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ORIGINAL ARTICLE

BODY COMPOSITION AND HASHIMOTO DISEASE

Ewa Malczyk1, Joanna Wyka2, Agata Malczyk1

 
1Department of Health Sciences and Physical Education, University of Applied Sciences in Nysa,  

Armii Krajowej 7, 48-300 Nysa, Poland 
2Department of Human Nutrition, Wroclaw University of Environmental and Life Sciences,

Chełmońskiego 37, 51-630 Wrocław, Poland

ABSTRACT
Background. Body weight or BMI do not provide any information about the content of muscle tissue, water content, 
body fat and its distribution in the body. Thyroid dysfunction is associated with a change in body weight, but also its 
composition regardless of physical activity.
Objective. The aim of the study was to compare the body composition of female patients diagnosed with Hashimoto's 
disease (HD) and the body composition of healthy women who have never been treated before due to thyroid diseases.
Materials and methods. The study involved 47 women diagnosed with Hashimoto disease (HD) and 65 women declaring 
good health. Body mass and height and body composition analysis using bioelectrical impedance analysis were performed 
using the TANITA multi-frequency segmental body composition analyzer. Variables having a distribution similar to the 
normal distribution were analyzed by the analysis of variance (ANOVA), otherwise the Kruskal-Wallis test was used.
Results. Women with Hashimoto disease were characterized by significantly higher values of body weight, and thus BMI 
index, than healthy women (respectively 73.64 kg vs. 64.36 kg, p <0.0001; 27.65 kg/m2 vs. 23.95 kg/m2,  p <0.001).The 
problem of excess body fat in the body statistically significantly more often affected women with Hashimoto disease than 
healthy women (44.7% vs. 13.8%, p <0.001).
Conclusions. The results regarding the weight and composition of the patients treated for thyroid disease indicate the need 
for further in-depth analyses. Even small abnormalities of the thyroid function in the range of reference values may result 
in the development of many adverse changes in the body.

Keywords: body composition, body mass index (BMI), Hashimoto disease (HD)

STRESZCZENIE
Wprowadzenie. Masa ciała czy BMI nie dostarczają żadnych informacji o zawartości tkanki mięśniowej, zawartości 
wody, tkanki tłuszczowej i jej rozmieszczeniu w organizmie. Zaburzenia czynności tarczycy wiążą się ze zmianą masy 
ciała, ale także jego składu niezależnie od aktywności fizycznej.
Cel. Celem pracy było porównanie składu ciała pacjentek, u których rozpoznano chorobę Hashimoto (HD) oraz składu 
ciała kobiet zdrowych, które nigdy wcześniej nie były leczone z powodu chorób tarczycy.
Materiały i metody. Badaniem objęto 47 kobiet z rozpoznaną chorobą Hashimoto (HD) oraz 65 kobiet deklarujących dobry 
stan zdrowia. Analizę masy i wysokości ciała oraz składu ciała z wykorzystaniem analizy impedancji bioelektrycznej 
przeprowadzono przy użyciu wieloczęstotliwościowego segmentowego analizatora składu ciała firmy TANITA. Zmienne 
o rozkładzie zbliżonym do normalnego analizowano za pomocą analizy wariancji (ANOVA), w pozostałych przypadkach 
stosowano test Kruskala-Wallisa.
Wyniki. Kobiety z chorobą Hashimoto charakteryzowały się istotnie wyższymi wartościami masy ciała, a tym samym 
wskaźnika BMI, niż kobiety zdrowe (odpowiednio 73,64 kg vs. 64,36 kg, p <0,0001; 27,65 kg/m2 vs. 23,95 kg/m2,  
p <0,001). Problem nadmiaru tkanki tłuszczowej w organizmie statystycznie istotnie częściej dotyczył kobiet z chorobą 
Hashimoto niż kobiet zdrowych (44,7% vs. 13,8%, p <0,001).
Wnioski. Uzyskane wyniki dotyczące masy i składu ciała pacjentek leczonych z powodu chorób tarczycy wskazują na 
potrzebę dalszych pogłębionych analiz. Nawet niewielkie odchylenia funkcji tarczycy w zakresie wartości referencyjnych 
mogą być przyczyną rozwoju wielu niekorzystnych zmian w organizmie.

Słowa kluczowe: skład ciała, wskaźnik masy ciała (BMI), choroba Hashimoto (HD)
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INTRODUCTION

Endocrine system diseases are an important health 
problem in Poland and worldwide [36]. Epidemiological 
data indicate that more than 300 million people 
worldwide have thyroid disease, and only 50% of them 
are treated [21]. In Poland, endocrinologists estimate 
that up to 22% of the population, primarily women, 
may have thyroid problems [20, 36]. According to 
GUS data, in Poland in 2014, thyroid diseases were 
among the ten most common chronic conditions 
among women aged 15 years and older (12.1% of the 
female population). In 2014, compared with 2009, 
the percentage of women declaring the presence 
of thyroid diseases in the 12 months preceding the 
survey, increased by 4.2%, and compared with 2004, 
by 5.6%. Additionally, it was noted that the prevalence 
of thyroid gland disease increases with age. Among 
women aged 60 years and older, the percentage of 
women declaring to have thyroid disease was 17.2% 
[16, 17, 18, 19]. One of the most common disorders 
of the thyroid gland and most often resulting from 
chronic autoimmune inflammation is hypothyroidism. 
It affects approximately 4-10% of the population [12, 
36]. Thyroid diseases are characterized by abnormal 
levels of hormones produced by the thyroid gland (T3 
and T4) and thyroid-stimulating pituitary hormone 
(TSH), resulting in many disorders of physiological 
body functions. Thyroid hormone deficiency can 
cause kidney dysfunction, glucose intolerance, 
hyperlipidemia, and decreased phosphate levels [1]. 
Patients with thyroid dysfunction may also be more 
likely to develop insulin resistance, type 2 diabetes and 
cardiovascular disease [13, 15, 37]. Some researchers 
even suggest that thyroid function tests should be 
considered in the diagnosis of metabolic disorders [1]. 
Thyroid dysfunction (hypothyroidism) alters appetite 
and makes it difficult to maintain normal body 
weight and composition (body fat). Thus, it can be 
concluded that thyroid hormones (T3, T4) are potent 
modulators of thermogenesis, and their deficiency can 
potentially contribute to the development of obesity 
[23, 32, 34]. There is clinical evidence to suggest 
that even mild thyroid dysfunction in the form of 
subclinical hypothyroidism can lead to significant 
changes in body weight and thus may be a risk factor 
for overweight and obesity. However, the relationship 
between hypothyroidism and obesity is still under 
debate [8, 34].

Most studies on the relationship between thyroid 
dysfunction and body weight change are based on the 
analysis of simple indicators, such as body weight or 
BMI [2, 10, 26, 27]. These indicators do not provide 
any information about the content of muscle tissue, 
water content, body fat and its distribution in the 
body. As reported by Sanyala and Raychaudhuri [34], 

Body composition and Hashimoto disease

thyroid dysfunction is associated with a change in body 
weight, but also its composition regardless of physical 
activity. Adipose tissue is not only for energy storage, 
but is above all an active internal endocrine organ. It 
contains many types of cells, such as fat cells, immune 
cells and fibroblasts. It consists of brown and white 
adipose tissue. Brown adipose tissue (BAT) plays a 
key role in the production of heat by thermogenesis. 
The prevalence of BAT decreases with increasing 
body weight, and therefore active BAT in adults plays 
an important role in maintaining normal body mass, 
i.e. prevents obesity and also insulin resistance [6].

In turn, white adipose tissue is responsible for 
storing energy in the form of triacylglycerols in 
situations of a positive energy balance and release 
of free fatty acids during a shortage of energy, but 
above all it is the main endocrine organ. Its products, 
including adiponectin, leptin, and resistin, are involved 
in many metabolic changes. Adiponectin is particularly 
effective in the transformation of glucose and fatty 
acids in the liver and muscles, sensitizes the tissues 
to insulin, and also has anti-inflammatory and anti-
atherosclerotic effects. In people with excessive body 
fat, the adipokine secretion profile undergoes specific 
changes. The production process of adiponectin 
is slowed down, resulting in a higher incidence of 
metabolic diseases and diabetes. The concentration of 
leptin increases in proportion to the amount of fat in 
the body. Leptin is a hormone that improves insulin 
sensitivity and modulates the function of pancreatic 
cells, and also regulates energy consumption and body 
weight. However, at an excessively high concentration 
in obese people it can cause the opposite effect – 
resistance to lectin. Deficiency, but also resistance 
to leptin, intensifies lipogenesis, thereby promoting 
deposition of adipose tissue [3, 6, 15]. In a study 
conducted by Marzullo et al. [29], it was suggested that 
excess leptin in obesity is a risk factor for autoimmune 
thyroid disease, thus indicating a relationship between 
the main cause of acquired thyroid insufficiency and 
obesity. Thyroid hormone deficiency also results in 
impaired physiological functions affecting adipose 
tissue metabolism through decreased lipoprotein 
lipase (LPL) activity. This was confirmed in a study 
by Chen et al [6 ], who showed a significant increase 
in serum triacylglycerols, cholesterol, and LDL 
lipoprotein fractions in hypothyroid patients. These 
researchers also [6] determined elevated leptin levels 
in hypothyroid subjects who had a high BMI. In 
turn, Ouchi et al. [31] found that thyroid-stimulating 
hormone (TSH) had a direct effect on the secretion of 
leptin. Leptin, stimulates the release of thyrotropin, the 
hypothalamic hormone and increases the conversion 
of thyroxine (T4) to triiodothyronine (T3) [26]. Such a 
relationship was also proven in studies by Betra et al. 
[3] and Roef et al. [33] conducted among young with 
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euthyroid and obese men. In addition, excess adipose 
tissue, especially visceral, leads to the development of 
chronic subclinical inflammation. During lipolysis, 
large amounts of free fatty acids are released into the 
circulation, which activate the immune system, thus 
promoting inflammatory and atherosclerotic processes 
[35].

The aim of the study was to compare the body 
composition of female patients diagnosed with 
Hashimoto’s disease (HD) and the body composition 
of healthy women who have never been treated before 
due to thyroid diseases.

MATERIAL AND METHODS

The research was conducted among 112 women 
aged 20-65 living in the south-western part of Poland 
(Opolskie and Dolnośląskie Voivodships). The 
criteria for inclusion in the study were: age over 18 
years, gender: women, declared good health or with 
Hashimoto disease (diagnosed by a doctor and lasting 
for 3 to 5 years) consent to participate in the study. The 
exclusion criteria were: below 18 years old, gender: 
men, implanted pacemaker, pregnancy, menstruation, 
atherosclerosis, diabetes, hypertension, overactive 
thyroid gland, stroke, liver disease and systematic use 
of diuretics. The study involved 47 women diagnosed 
with HD and 65 women declaring good health and never 
before treated for thyroid disease. Before participating 
in the study, the participants were asked to complete 
a questionnaire containing questions regarding their 
age, sex, education, type of family, place of residence, 
physical activity and financial status. Healthy women 
were compared with women with Hashimoto’s disease 
according to age distribution (≤ 30 years, 31-40 
years, 41-50 years, 51-65 years), education (primary, 
secondary, high), type of family (lonely, married, 
family with children), place of living (urban, rural), 
physical activity (lack, moderate activity, over 30 min/
day), financial status (below 1000 PLN, 1000-2000 
PLN, 2001-3000 PLN, 3001-4000 PLN, above 4000 
PLN). 

Body composition analysis
The research was carried out in the morning hours. 

Body height measurement was done in an upright 
position, without footwear, using an anthropometer 
with an accuracy of 0.1 cm. However, body mass 
measurement (with an accuracy of 0.1 kg) and body 
composition analysis using bioelectrical impedance 
analysis (BIA) were performed using the MC 780 
SMA TANITA multi frequency segmental body 
composition analyzer. Analysis of body composition 
allowed determination of mass and percentage of 
adipose tissue, mass of lean tissue, muscle mass, total 
water content in the body, mass of intracellular and 

extracellular water, ratio of extracellular water to 
total water content and bone mass. On the basis of the 
obtained measurements, the body mass index (BMI) 
and the index of visceral tissue were also determined. 
To assess the nutritional status on the basis of the BMI, 
WHO classification criteria were adopted [30]. Normal 
values for body fat were adopted in accordance with 
WHO/NIH recommendations [5]. Women containing 
more than 35% of adipose tissue were classified 
as obese. The reference values for the indicator of 
visceral tissue and water content in the body were 
adopted as recommended by the manufacturer of the 
body composition analyzer TANITA, respectively 
0-12 and 45%-60% [ 25].

Statistical analysis
The hypothesis on the normal distribution of the 

analyzed variables was verified using the Shapiro-
Wilk test. Variables having a distribution similar to the 
normal distribution were analyzed by the analysis of 
variance (ANOVA), otherwise the Kruskal-Wallis test 
was used. The mean value, standard deviation, median, 
minimum and maximum values of all analyzed 
variables were calculated for the entire examined 
group. In order to confirm the lack of difference 
in the sociodemographic evaluation between the 
examined women who were diagnosed with HD and 
healthy women, the Chi-squared independence test 
with the Yates correction was carried out. This test 
was also used to verify selected parameters of body 
composition (content of adipose tissue, index of 
visceral tissue, water content in the body) and BMI 
depending on the health of the examined women. 
Statistically significant differences were adopted at p 
<0.05. Statistical analyses were carried out using the 
Statistica v.13.1 software.

RESULTS

General characteristics
The studied groups of women were not different 

in terms of age, education, type of family, place of 
residence, physical activity or financial status (p>0.05). 
The average age of healthy women (control sample) was 
46 years and of patients 48 years. The most numerous 
group was that of women aged 41 to 50 (31.3%), 
and then aged 31-40 (28.6%). The fewest (13.3%) 
participants of the study were aged between 19 and 30 
years (Table 1). Over 72% of the surveyed women had 
a university degree, and about 2% were professional. 
Other women declared secondary education. The 
women who took part in the study (65.2%) lived with 
children or in multigenerational families. Every fifth 
respondent lived in a married or informal relationship 
(19.6%). Among the respondents, 15.2% were alone. 
Participants in the study lived in urban areas (56.2%) 
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as well as rural areas (43.8%). Over half (52.7%) of 
women declared moderate physical activity, and every 
fifth woman admitted to physical inactivity. Most 
women earned between 1000 and 2000 zlotys (55.3%), 
and then from 2001 to 3000 zlotys (23.2%). Statistical 
analysis did not show differences between healthy 
women (control sample) and women with HD in terms 
of age, education, type of family, place of residence, 
physical activity and financial status (Table 1). Women 
diagnosed with HD reported that they had suffered 
from the disease from an average of 3 to 5 years and 
were under constant endocrine control.

Analysis of selected anthropometric parameters
Taking into account the BMI, it was found that 

almost half (48.2%) of the subjects were characterized 
by normal body weight (Table 2). They were 
significantly more often healthy women than women 
with diagnosed hypothyroidism (66.2% vs. 23.4%, 
p <0.0001). On the other hand, anomalous body 
mass was diagnosed more often (76.6% vs. 33.8%, 
p <0.0001). Regardless of the health condition, the 
examined women were overweight most often. 
Obesity was found in every fifth participant of the 
study. Body fat deficiency was observed in one woman 
(1.7%) (Table 2). According to the adopted WHO/NIH 

criteria for the content of adipose tissue in the female 
body, it was found that 26.8% of the respondents were 
characterized by its improper content. The problem of 
excess body fat in the body statistically significantly 
more often affected women with HD than healthy 
women (44.7% vs. 13.8%, p <0.001). The majority 
(98.2%) of the study participants were characterized 
by the correct value of the visceral tissue index. The 
abnormal water content in the body was demonstrated 
in 23.2% of women. Statistically significantly more 
often they were women with HD than healthy subjects 
(36.2% vs. 13.8%, p <0.01). The correct values of this 
parameter were found in 76.8% of subjects, and in this 
group healthy women dominated (86.1% vs. 63.8%, 
p<0.01) (Table 2).

The results of the body composition analysis are 
presented in Table 3. Women who were diagnosed with 
HD were characterized by significantly higher values 
of body weight, and thus BMI index, than healthy 
women (respectively 73.64 kg vs. 64.36 kg, p <0.0001; 
27.65 kg/m2 vs. 23.95 kg/m2, p <0.001). Also the body 
composition of the studied women with HD differed 
statistically significantly from healthy women. In 
patients, significantly higher content of adipose tissue 
(33.62% vs. 26.77%, p <0.0001), fat free mass (48.45 
kg vs. 46.46 kg, p = 0.0232), muscle mass (46.04 kg 

Table 1. Socio-economic characteristics of the surveyed women

Parameter
All women

[%]
Healthy women 

[%]
Women with HD

[%]
100.0 58.0 42.0

Age [years]

≤ 30 13.3 18.5 6.4
31-40 28.6 27.7 29.8
41-50 31.3 24.6 40.4
51-65 26.8 29.2 23.4

Education
primary 1.8 3.1 0.0

secondary 25.8 30.8 19.1
high 72.4 66.1 80.9

Type of family
lonely 15.2 16.9 12.8

married 19.6 18.5 21.3
family with children 65.2 64,6 65.9

Place of living
urban area 56.2 63.1 46.8
rural area 43.8 36.9 53.2

Physical activity
lack 18.8 18.5 19.1

moderate activity 52.7 47.7 59.6
over 30 min/day 28.5 33.8 21.3

Financial status

<1000 PLN 5.4 9.2 0.0
1000-2000 PLN 55.3 58.5 51.1
2001-3000 PLN 23.2 23.1 23.4
3001-4000 PLN 11.6 7.7 17.0

>4000 PLN 4.5 1.5 8.5
p-value – test Chi^2 with Yates, p<0.05, 4 PLN = 1 EURO
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Table 2. Analysis of selected anthropometric parameters in the group of healthy and HD women

Parameter
All women

[%]
Healthy women

[%]
Women with HD

[%]
100.0 58.0 42.0

BMI [kg/m2]

normal 48.2 66.2 23.4
unnormal including: 51.8 33.8 76.6

underweight 1.7 4.6 0.0
overweight 79.3 72.7 83.3

obesity 19.0 22.7 16.7

Adipose tissue [%]
<35 73.2 86.2 55.3
>35 26.8 13.8 44.7

Visceral tissue index
1-12 98.2 100.0 95.7

13-59 1.8 0.0 4.3

TBW [%]
normal 76.8 86.1 63.8

unnormal 23.2 13.8 36.2
p-value – test Chi^2 with Yates, p<0.05

Table 3. Descriptive statistics of anthropometric parameters in the group of healthy women with HD

Parameter
Healthy women Women with HD

p-valueMean ± SD;
Median; min-max

Mean ± SD;
Median; min-max

Body mass [kg] 64.36±12.37
61.85; 47.8-118.5

73.64±11.66
73.60; 52.9-102.5 <0.0001

BMI [kg/m2] 23.95±4.15
22.90; 18.3-38.3

27.65±4.56
27.00; 20.2-41.6 <0.001

Adipose tissue [%] 26.77±6.65
26.20; 12.8-42.3

33.62±6.16
34.10; 16.3-41.9 <0.0001

FM [kg] 17.80±7.76
16.30; 6.6-48.1

25.27±7.43
24.80; 8.6-42.9 <0.0001

Visceral tissue index 4.18±2.64
4.00; 1.0-11.0

7.12±2.80
7.00; 1.0-13.0 <0.0001

FFM [kg] 46.46±5.77
45.00; 37.6-60.4

48.45±4.48
48.00; 43.0-61.4 0.0232

Muscles mass [kg] 44.10±5.48
42.70; 35.7-56.9

46.04±4.28
45.80; 40.8-58.3 0.0123

Bone mass [kg] 2.36±0.29
2.30; 1.9-3.5

2.47±0.23
2.40; 2.2-3.1 0.0275

TBW [%] 52.29±4.90
52.80; 41.0-62.1

47.24±4.57
46.64; 41.4-60.5 <0.0001

TBW [kg] 33.16±4.11
32.1; 26.9-50.4

34.47±3.23
34.10; 30.5-43.7 0.0370

ECW [kg] 14.22±1.96
13.90; 11.2-22.8

15.38±1.54
15.20; 12.7-19.5 <0.001

ICW [kg] 18.95±2.34
18.80; 15.7-28.7

19.07±1.94
18.70; 16.0-24.4 0.6491

ECW / TBW [%] 42.84±1.82
42.40; 39.3-46.6

44.66±1.95
44.88; 39.7-47.6 <0.0001

p-value – ANOVA and Kruskal-Wallis test p<0.05

E. Malczyk, J. Wyka, A. Malczyk
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vs. 44.10 kg, p = 0.0123) and bone mass (2.47 kg vs. 
2.36 kg, p = 0.0275) were found (Table 3). Statistical 
analysis also proved that in women with HD the fat 
tissue distribution (assessed as visceral tissue index) 
was dominant, in contrast to healthy women (7.12 
vs. 4.18, p<0.0001). The health status of the studied 
women also had a significant effect on the total body 
water (TBW%), which was statistically significant 
higher in healthy women than in patients with HD 
(52.29% vs. 47.24%, p <0.0001). At the same time, the 
female patients were characterized by a significantly 
higher content of extracellular water (ECW kg) than 
healthy women (15.3 kg vs. 14.22 kg, p <0.001). The 
ECW/TBW ratio was also significantly higher in 
patients with HD than in healthy women (44.66 vs. 
42.84, p <0.0001).

DISCUSSION

In the present study, an abnormal ratio of body 
weight to height was found in 76.6% of women 
diagnosed with HD, overweight in 83.3% and obesity 
in 16.7% of women. In the control group (healthy 
women) overweight and obesity were found in 
72.7% and 22.7% of the subjects respectively. Lee 
et al. [24] investigating 101 patients with primary 
hypothyroidism, achieved a reduction in TSH level 
from 18.3 mIU/L to 2.3 mIU/L after a five-month 
thyroxine treatment period (p <0.0001). There were no 
statistically significant changes in body weight (from 
79.6 kg to 78.9 kg, p = 0.30) or BMI (from 29.3 kg/m2 
to 28.8 kg/m2 , p = 0.25). Bjergved et al. [4] in studies 
conducted among adults over 11 years indicated the 
existence of a relationship between body weight and 
serum TSH concentration. Other researchers [7,22] 
suggested that the observed weight loss obtained 
after starting treatment for hypothyroidism results 
from the loss of previously accumulated water in 
the body. Karmisholt et al. [22] justified their theory 
by conducting research among 12 newly diagnosed 
patients with hypothyroidism whose mean TSH 
value was 102 mIU/L. The conducted studies showed 
changes in weight and body composition after one 
year from taking the therapy. There was a statistically 
significant decrease in body weight (on average by 
4.3 kg). However, there was no significant change 
in body fat content. In this study, women with HD 
not only had significantly BMI, but also statistically 
significantly higher fat content in the body compared 
to healthy women (control sample). Our research 
as well as cited authors confirmed earlier analyses 
carried out by Miyakaw et al. [28]. They reported 
that women with HD were characterized by higher 
content of adipose tissue compared to people with 
normal thyroid hormone levels. In our research, the 
excess of centrally located fatty tissue did not exceed 

the reference values, although the determined index 
of visceral tissue was statistically significantly higher 
in patients than in healthy women. De Pergola et al. 
[11] drew the conclusion, based on studies carried 
out among 201 women with HD and overweight or 
obesity, that progressive central fat accumulation is 
associated with increased levels of TSH, independent 
of insulin sensitivity, metabolic parameters and blood 
pressure. In addition, they suggested that the control 
of TSH secretion by free thyroid hormones is probably 
impaired in obesity. Considering the above, it can be 
suggested that accumulated fat during subclinical or 
clinical hypothyroidism may further disturb metabolic 
functions (decreased adiponectin concentration, 
increased leptin secretion) and consequently negatively 
affect the body, predisposing to obesity and increasing 
the risk of other metabolic diseases. 

A recently published study by Glymph and 
Gosmanov [14] suggested differentiation of the T4 
dose for obese and non-obese women with HD after 
complete thyroidectomy. In addition, they show that 
a better predictor to help determine the optimal T4 
dose for obese women after complete removal of the 
thyroid gland is ideal body weight than total body 
water (TBW). However, the authors of the study 
claim that the use of ideal body weight as a substitute 
measure of fat free mass can potentially lead to 
underestimation or overestimation of body weight, 
and cause differences in the calculation of T4 per kg 
of ideal body weight. Effectively, this problem can be 
eliminated by introducing patient body analysis in the 
treatment standard. 

Our own studies also included analysis of total 
body water as well as extracellular (ECW) content 
in the body. It was observed that every fifth woman 
tested had abnormal water content (TBW) in the body. 
Statistically significantly more often they were people 
with HD (36.2% vs. 13.8%; p<0,01, table 2). In the study 
by Miyakawa et al. [28], lower water content (TBW) 
was found in the HD group compared to the control 
group. In the study by Lorenzo et al. [9], analyzing 
the effects of subclinical hypothyroidism on body 
composition, 31 women considered BIA analysis as 
an important tool for assessing body composition and 
body fluid distribution in subclinical hypothyroidism.

CONCLUSION

In conclusion, our own research and other 
researchers regarding the weight and composition 
of the patients treated for thyroid disease indicate 
the need for further in-depth analyses. Even small 
abnormalities of the thyroid function in the range of 
reference values may result in the development of many 
adverse changes in the body. The diagnosis of thyroid 
dysfunction including HD diseases should be extended 
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by the body composition, especially body fat, to 
minimize the risk of other diseases. Proper assessment 
of anthropometric parameters may determine the 
correct dose of drugs in pharmacotherapy in thyroid 
diseases.
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ABSTRACT
Background. Fruit and fruit products are important part of our daily diet. In addition to the ingredients necessary for the 
proper functioning of the body, these products can also be a source of intake elements harmful to human health. 
Objective. Analysis of the results of monitoring studies conducted in Poland in 2015 concerning contamination of lead 
(Pb), cadmium (Cd), arsenic (As), mercury (Hg) and tin (Sn) in fruit and fruit products and exposure assessment. 
Material and methods. Approximately 600 samples of fresh, frozen, dried fruits, fruit preserves and canned fruits 
were tested. The laboratories of State Sanitary Inspection were involved in testing. Accredited and validated analytical 
methods were used. The test samples were prepared in accordance with the standard PN-EN 13804:2013. The contents 
of lead, cadmium and tin were determined by using flame atomic absorption spectrometry (FAAS) or flameless with 
electrothermal atomization spectrometry (GFAAS); arsenic by using hydride generation atomic absorption spectrometry 
method (HGAAS) and mercury the "cold vapor" atomic absorption spectrometry (CVAAS) method. 
Results. Contamination of investigated samples with elements harmful to human health (Pb, Ca, As, Hg and Sn does not 
rise concern to human health and was in most cases comparable with contamination reported in other European Union 
countries. The estimated average exposure of adults and children to lead intake with fruit and fruit products ranged from 
0.5% to 14.6% of the respective Benchmark Dose Lower Confidence Limit (BMDL) established by the European Food 
Safety Authority (EFSA). The mean intake of cadmium with these groups of foodstuffs was in the range 0.3 - 8.5% of the 
TWI value (Tolerable Weekly Intake) established by EFSA for adults and children (0.1 - 3.6% of the PTMI (Provisional 
Tolerable Monthly Intake) established by JECFA. In case of arsenic mean intake was in the range 0.5 - 1.6% BMDL whilst 
for mercury (inorganic form) intake represented 0.5 - 1.4% of TWI value established by JECFA and then confirmed by 
EFSA. 
Conclusions. Based on the obtained results, it was found that content of Pb, Cd, As, Hg and Sn in the tested samples 
of fruit and their products does not pose a risk to consumer health. Estimated exposure of consumers does not exceed 
tolerable doses established by EFSA and JECFA for these elements.

Key words: food, fruit, monitoring, lead, cadmium, mercury, arsenic, tin, exposure assessment

STRESZCZENIE
Wprowadzenie. Owoce i przetwory owocowe stanowią istotną część naszej codziennej diety. Poza składnikami 
niezbędnymi do prawidłowego funkcjonowania organizmu, produkty te mogą być również źródłem pobrania pierwiastków 
szkodliwych dla zdrowia. 
Cel badań. Analiza wyników badań monitoringowych przeprowadzonych w Polsce w 2015 roku dotyczących 
zanieczyszczenia owoców i produktów owocowych pierwiastkami szkodliwymi dla zdrowia - ołowiem (Pb), kadmem 
(Cd), arsenem (As), rtęcią (Hg) i cyną (Sn) oraz ocena narażenia.
Materiał i metody. Przebadano około 600 próbek świeżych, mrożonych i suszonych owoców, przetworów owocowych 
i owoców w puszkach. W badania zaangażowane były laboratoria Państwowej Inspekcji Sanitarnej. Zastosowano 
akredytowane i zwalidowane metody analityczne. Próbki do badań zostały przygotowane zgodnie z normą PN-EN 
13804:2013. Zawartość ołowiu, kadmu i cyny oznaczono metodą płomieniową absorpcyjnej spektrometrii atomowej  
(FAAS) lub bezpłomieniową z atomizacją elektrotermiczną (GFAAS); arsen przy użyciu metody absorpcyjnej 
spektrometrii atomowej z generowaniem wodorków (HGAAS) oraz rtęci metodą „zimnych par” (CVAAS). Oceny 
narażenia na badane pierwiastki pobrane z owocami i produktami owocowymi dokonano biorąc pod uwagę średnie 
uzyskane poziomy zanieczyszczania oraz średnie spożycie tych grup środków spożywczych w Polsce.
Wyniki. Zanieczyszczenie badanych próbek Pb, Cd, As, Hg i Sn nie budzi obaw zdrowotnych i w większości przypadków 
było porównywalne z zanieczyszczeniem stwierdzanym w innych krajach europejskich. Oszacowane średnie narażenie 
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dorosłych i dzieci związane z pobraniem ołowiu z owocami i produktami owocowymi wahało się od 0,5% do 14,6% 
najniższej dawki wyznaczającej – BMDL (Benchmark Dose Lower Confidence Limit) ustanowionej przez Europejski 
Urząd ds. Bezpieczeństwa Żywności (EFSA). Średnie pobranie kadmu z tymi grupami środków spożywczych wahało 
się od 0,3% do 8,5% tymczasowego tolerowanego tygodniowego spożycia – TWI (Tolerable Weekly Intake) ustalonego 
przez EFSA dla dorosłych i dzieci (0,1 - 3,6% PTMI - tymczasowe tolerowane miesięczne pobranie) ustalonego przez 
JECFA. W przypadku arsenu średnie pobranie mieściło się w zakresie 0,5 -1,6% BMDL, podczas gdy dla rtęci (forma 
nieorganiczna) stanowiło 0,5 - 1,4% wartości TWI.
Wnioski. Na podstawie uzyskanych wyników stwierdzono, że zawartość Pb, Cd, As, Hg i Sn w badanych próbkach 
owoców i przetworów owocowych nie stanowi zagrożenia dla zdrowia konsumenta. Oszacowane narażenie konsumentów 
nie przekracza tolerowanych dawek ustalonych przez EFSA oraz JECFA dla tych pierwiastków.

Słowa kluczowe: żywność, owoce, monitoring, ołów, kadm, rtęć, arsen, cyna, ocena narażenia

INTRODUCTION

Fruits are an important component of the daily 
diet [5, 24]. They are a source of vitamins (especially 
C, K, β-carotene, folates), minerals, fiber and natural 
antioxidants that remove free oxygen radicals harmful 
to the body [1, 12, 13, 26, 28]. A diet rich with, among 
others in fruit reduces the risk of cardiovascular 
diseases and cancer [12, 17]. According to the data of 
the Polish Central Statistical Office (GUS), the average 
monthly fruit consumption in our country per capita 
is 3.86 kg, including bananas and citrus fruits 1.51 kg, 
berries 0.42 kg and apples 0.94 kg [11]. Contamination 
of environment may lead to accumulation of lead 
and cadmium in these foodstuffs, which are the 
source of heavy metals intake [15, 25, 26, 27]. The 
presence of some metals in the fruit products, e.g. 
tin, may be related with the migration of this element 
from packaging such as cans due to surface damage. 
Despite the implementation of the principles of good 
manufacturing and agricultural practice in food 
production, it is not possible to completely eliminate 
the presence of chemical contaminants in food. It is 
also impossible to completely remove them from food, 
only a small part, e.g. present on the surface of fruits 
can be removed by careful washing and peeling [25, 
27]. Metals accumulate in the body, and the effects 
of their toxic activity usually become visible after a 
number of months, years and even generations. These 
are primarily cardiovascular, kidney, nervous and 
skeletal diseases, abnormal development children, 
mutagenic and teratogenic changes, allergies, as well 
as neoplastic diseases.

Recent risk assessments performed by the European 
Food Safety Authority (EFSA) and the Joint FAO/
WHO Expert Committee on Food Additives (JECFA) 
contributed to the verification of previously accepted 
safe doses of tolerable intake of elements harmful to 
human health and they were mostly reduced. 

In 2010 the Panel on Contaminants in the Food Chain 
(CONTAM) of the European Food Safety Authority 
identified lead for developmental neurotoxicity 
and cardiovascular effects in young children, and 
nephrotoxicity in adults as the critical effects for the 
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risk assessment. The respective benchmark dose lower 
confidence limits (BMDLs) established by EFSA were 
as follows: for developmental neurotoxicity in young 
children BMDL01, 0.50 µg/kg body weight (b.w.) per 
day, for effects on systolic blood pressure in adults 
BMDL01, 1.50 µg/kg b.w. per day and for effects 
on prevalence of chronic kidney disease in adults 
BMDL10, 0.63 µg/kg b.w. per day [4]. 

In case of cadmium, EFSA established a tolerable 
weekly intake (TWI) at 2.5 μg/kg b.w. [19, 20]. In 2010, 
JECFA considering the long half-life of cadmium, 
and taking into account the negligible effect of daily 
exposure on overall exposure, decided to express the 
tolerable intake for Cd as a monthly value of PTMI at 
25 μg/kg b.w. [20]. For arsenic, the CONTAM panel 
of EFSA established BMDL01 values between 0.3 μg/
kg and 8 μg/kg b.w. per day for lung, skin, and bladder 
cancer, as well as skin lesions [18]. JECFA for arsenic 
computed BMDL0.5 at 3.0 µg/kg b.w. per day (2.0 µg/
kg b.w. per day – 7.0 µg/kg b.w. per day) [14, 22]. 

In 2010, JECFA adopted PTWI for inorganic 
mercury at 4.0 μg/kg and for organic mercury at 
1.6 μg/kg b.w. In the final opinion of 2012, EFSA 
established a TWI for methylmercury at 1.3 μg/kg 
b.w and confirmed TWI at 4.0 μg/k b.w. for inorganic 
mercury [21]. The maximum levels for certain heavy 
metals are set by Commission Regulation (EC) No 
1881/2006 with late changes [3].

The monitoring studies provide information on the 
systematic assessment of contamination with heavy 
metals groups of products that contribute significantly 
to dietary intake, as well as relatively low consumption 
foodstuffs, but containing raw materials characterized 
by the accumulation of metals [25, 27]. These studies 
are cyclical.

According to Regulation (EU) 2017/625 of the 
European Parliament and of the Council of 15 March 
2017 in order to verify that the requirements of the 
legislation are compiled in Member States, official 
controls and monitoring of foodstuffs are carried out. 
The selection of foodstuffs monitored in subsequent 
years, in addition to the systematic assessment of 
contamination, is dictated by the verification and 
setting of subsequent limits for metal content in 
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food legislation within the European Commission’s 
Expert Committee on Environmental and Industrial 
Contaminants and the FAO/WHO Codex Alimentarius 
Commission [25, 26, 27].

The aim of the studies was the analysis of the 
results of monitoring undertaken in Poland in 2015 
concerning contamination of lead (Pb), cadmium 
(Cd), arsenic (As), mercury (Hg) and tin (Sn) in fruit 
and fruit products and exposure assessment.

MATERIALS AND METHODS

The investigation carried out in 2015 included the 
determination of lead, cadmium, arsenic, mercury 
and tin (only for products in metal packaging) 
in fruit and their products. The research covered 
approximately 600 samples of fresh, frozen and dried 
fruits, fruit preserves and canned fruits. Samples were 
collected throughout the country by the Sanitary and 
Epidemiological Stations, based on a plan developed 
by the Food Safety Department of the National 
Institute of Public Health NIH – National Research 
Institute (NIH NIH-NRI), taking into account inter 
alia, population in the region and the share of domestic 
samples (taken from the market and producers 
respectively) and imports, which ensures that the 
results are representative. The samples were taken in 
accordance with the Commission Regulation (EC) No 
333/2007 [2]. 

Laboratories of the State Sanitary Inspection 
participating in the studies used validated analytical 
methods that meet the criteria set out in the legislation 
for methods recommended in the official food control. 
As part of the internal confirmation of the validity 
of the test results, reference materials with certified 
metal content were used. Laboratories also checked 
their proficiency in this area by participating in 
interlaboratory tests. Laboratories of the State Sanitary 
Inspection participate in proficiency tests organized, 
among others by the Laboratory of the Food Safety 
Institute NIH NIH-NRI. 

The contents of lead and cadmium in tested 
samples were determined by flame atomic absorption 
spectrometry (FAAS) method or flameless with 
electrothermal atomization spectrometry (GFAAS). 
Arsenic was determined using hydride generation 
atomic absorption spectrometry (HGAAS) method 
and mercury by “cold vapor” atomic absorption 
spectrometry (CVAAS) method. The test samples 
were prepared in accordance with the European 
Standard PN-EN 13804:2013 [6]. 

Statistical assessment of the analytical results
Statistical assessment of results was performed 

according the substitution method used by EFSA for 
the treatment of left-censored data – LC (below limit 

of detection, limit of quantification (LOD/LOQ)). For 
results reported to be below the LOD/LOQ, the value 
equal to the LOD/LOQ (upper bound – UB), zero 
(lower bound – LB) or half the LOD/LOQ (medium 
or middle bound – MB) was used [23]. Different 
numbers of results below LOD/LOQ were observed 
in the analyzed samples. Depending on element left-
censored data were between 100% for mercury in 
frozen fruits and 7% for tin (Sn) in canned fruits.

Health exposure to the studied elements from fruits 
and fruit products was assessed taking into account 
the average contamination levels obtained and average 
domestic consumption of these food products in Poland.

RESULTS AND DISCUSSION

The investigation conducted in 2015 included 
around 269 samples of fresh fruits (including 
165 samples of berries and other small ones, i.e. 
raspberries, strawberries, currants, blackberries, 
gooseberries, cranberries, blueberries and grapes and 
104 samples of other fresh fruits), 52 samples of dried 
fruits, 59 samples of frozen fruits (including 39 berries 
and other small ones and 222 preserves (including 67 
small fruit, 83 other fruits and 72 samples of canned 
fruits). 

The lead content was determined in 530 samples 
of fruit and fruit products, cadmium in 603, arsenic in 
554, mercury in 559 and tin in 69. 

The research covered products from domestic 
production and imported from European Union 
countries and from outside the EU, corresponding 
to the profile of products on the market in a given 
voivodship. According to the assumption, samples 
of domestic products constituted about 2/3 (65%) of 
the examined samples, foodstuffs produced in other 
European Union countries - about 20%, and the 
remaining - samples from outside the EU - about 15%.

The results of the studies are given in the Figures 
1-4. Parameters presented in the figures (values of 
mean, median and 90th percentile) concerning only 
middle bound (MB) approach.

Lead
Mean content of lead in in the group of berries 

and other small fresh fruits such as strawberries, 
raspberries, currants, blueberries and gooseberries, 
was in the range from lower bound (LB) to upper 
bound (UB): LB: 0.008 ÷ UB: 0.017 mg/kg; P90 LB: 
0.026 ÷ UB: 0.038 mg/kg) (Figure 1). 

The highest value of lead was detected in a sample 
of red grapes from Peru at 0.084 mg/kg. Investigation 
carried out by other authors indicate higher 
contamination of small fruit such as strawberries 
and black currents, the mean contamination was 
as follows: 0.074 mg/kg and 0.074 mg/kg [13]. For 

https://standards.iteh.ai/catalog/standards/cen/d7f910be-61a0-437a-a9b8-739221257c31/en-13804-2013
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Figure 1. Lead content in fruit and their products, mg/kg

fresh fruit other than berries and small ones, mean 
contamination was in the range (LB-UB: 0.006 - 0.015 
mg/kg); P90: (LB-UB: 0.022 - 0.029 mg/kg). There 
were no significant differences in the contamination of 
fruits from the domestic market compared to imported 
ones, including from other EU countries. The results 
of lead found in this group of fruits was lower than 
in the previous monitoring studies led in the years 
2004-2008 [25, 26] and slightly lower in comparison 
to results collected by other Member States [14]. 

Average contamination of frozen fruits such as 
berries and other small fruits with lead was in the 
range: (LB-UB) 0.011 - 0.022 mg/kg; (P90: 0.037 - 
0.003 mg/kg) whilst for other frozen fruits: 0.004 
- 0.015 mg/kg (P90: 0.018 - 0.026 mg/kg). Domestic 
fruits, especially berries and other small ones, were 
characterized by lower mean (MB) contamination than 
the imported ones (domestic: 0.015 mg/kg; imported: 
0.022 mg/ kg), whilst in case of other fruits there was 
no difference in contamination. Lead content in dried 
fruits was between LB: 0.021 mg/kg and UB: 0.034 
mg/kg; P90: 0.042 - 0.099 mg/kg and was comparable 
to reported in other EU countries (mean LB-UB: 0.023 
- 0.028 mg/kg) [14]. The highest value was reported in 
a sample of dried raisins from Iran – 0.150 mg/kg

The results survey of a total diet study undertaken 
by the Food Safety Authority of Ireland (FSAI) in 2012-
2014 indicate lower lead contamination of dried fruits 
as compared with results obtained in Poland, mean was 
in the range (mean LB-UB): 0 - 0.02 mg/kg [8].

Products from domestic fruit, especially berries 
and other small ones, were characterized by higher 
lead contamination, average (MB) was 0.018 mg/kg 
compared to imported products, average: 0.008 mg/
kg. For preserves from other fruits, the contamination 

of domestic fruits was lower - 0.009 mg/kg compared 
to imported products, including those from other EU 
countries - 0.017 mg/kg (mean MB) (e.g. Portugal, 
Germany, Denmark, Greece and from outside the 
EU: Thailand, China). Whereas, in the case of canned 
fruits, the mean (MB) contamination of domestic and 
imported products was comparable (country: 0.020 
mg/kg; import 0.015 mg/kg). Higher results in scope 
of contamination with lead were obtained in Ireland, 
mean was in the range (LB-UB): 0.02 - 0.11 mg/kg [8].

Cadmium
The mean cadmium content of the tested fresh 

berries and small fruits, imported from other countries, 
was slightly lower compared to domestic products 
(Figure 2). 

The average content of cadmium in domestic 
products was in the range: 0.005- 0.006 mg/kg (LB-
UB), while in imported products 0.000 - 0.001 mg/
kg (LB-UB). In case of fresh fruits domestic origin 
other than berries and small ones, even lower levels 
were observed: mean (LB-UB) was: 0.002 - 0.003 mg/
kg. Only slightly higher contamination of berries and 
small fruits with cadmium was observed in other EU 
countries, mean: 0.003 - 0.005 mg/kg [20]. 

The survey conducted by the Food Standard 
Australia and New Zealand agency indicate slightly 
higher contamination of small fruits with cadmium, as 
compared with results obtained in Poland (mean was 
0.015 mg/kg) [7].

Cadmium contamination of tested samples of frozen 
small fruits was slightly higher than in case of other 
frozen fruits other than berries. The obtained mean 
contamination was in the range: 0.010 - 0.011 mg/kg 
(LB-UB). The average (LB-UB) cadmium content in 
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Figure 2. Cadmium content in fruit and their products, mg/kg

the preserves of berry fruits was: 0.002 - 0.003 mg/kg 
(P90: 0.007 - 0.007 mg/kg) whilst in preserves from 
other fruits 0.001 - 0.002 mg/kg (P90: 0.001 - 0.003 mg/
kg). Cadmium contamination of the tested domestic 
and imported products did not differ significantly.

Domestic dried fruits characterized slightly higher 
mean contamination with cadmium than imported 
dried fruits, mean was: 0.007 - 0.008 mg/kg (P90: 
0.018 mg/kg) and 0.0014 - 0.004 mg/kg P90 (LB: 0.000 
÷ UB: 0.003 mg/kg) respectively. Contamination with 
cadmium of the tested imported dried fruits was lower 
than observed in other European countries, mean was 
in the range: 0.0022 - 0.0072 mg/kg [20]. Content 
of cadmium in canned products regardless of origin 
was low, mean was: 0.0003 - 0.002 mg/kg; P90 (LB-
UB: 0.000 - 0.003 mg/kg). Similar low results were 
obtained in Ireland [8]. 

Arsenic
Contamination with arsenic was low and does not 

pose a health concern. The mean (LB-UB) content of 
arsenic in the tested samples was between 0.001 mg/
kg in preparations from berries and other small fruits, 
including canned fruits to 0.021 mg/kg in frozen 
berries and other small fruits, (90th percentile 0 - 
0.050 mg/kg) (Figure 3).

Contamination of domestic fresh berries and small 
fruits was comparable to the imported products and 
similar to other fresh fruits. In case of dried fruits 
domestic origin, lower contamination with arsenic 
was observed in comparison to imported dried fruits, 
mean was in the range: 0 - 0.016 mg/kg and 0.007 - 
0.021 mg/kg (LB-UB) accordingly; (90th percentile 
(LB-UB) was: 0 - 0.026 mg/kg) whilst for imported 
product 0.023 - 0.032 mg/kg. Contamination of 

berries and other small fruits as well as dried fruits 
with arsenic reported in Poland was comparable to 
observed in other EU countries whilst other fruits was 
significantly lower [19]. The highest values of arsenic 
were in the samples of frozen domestic strawberries at 
0.123 mg/kg and fresh kiwi from Spain at 0.09 mg/kg. 

Mercury
The reported mean mercury contents in tested 

samples were low and did not pose a health risk. The 
mean contents (LB-UB) of mercury in the groups of 
fresh fruits such as berries and other small fruits as 
well as other fruits were as follows: 0.0004 - 0.0021 mg/
kg (90th percentile 0.001 - 0.005 mg/kg) and 0.0003 - 
0.0017 mg/kg (90th percentile (0.0001 - 0.004 mg/kg). 
Similar low results were obtained for frozen fruits, 
fruits preparations and canned products. Slightly 
higher level of mercury was detected in dry fruits – 
mean (LB-UB) was in the range: 0.0009 - 0.003 mg/kg 
(90th percentile: 0.002 - 0.005 mg/kg). Contamination 
of mercury domestic and imported fruits and their 
products was comparable (Figure 4). The highest value 
of mercury was found in the imported dried apples at 
0.016 mg/kg. Obtained results in scope of mercury 
contamination were comparable with results collected 
by EFSA from other EU countries [21]. Investigation 
carried out in UK within Total Diet Study showed 
significantly lower contamination of fresh fruits and 
fruit product with mercury [16]. The results of the 
conducted studies indicate a comparable mercury and 
cadmium contamination, lower with lead and arsenic 
in comparison to the monitoring studies carried out in 
the years 2004-2008 [25, 27].
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Figure 3. Arsenic content in fruit and their products, mg/kg
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Figure 4. Mercury content in fruit and their products, mg/kg

Tin
Contamination with tin of tested fruit samples and 

their products does not pose a health risk. The mean 
(LB-UB) content was in the range: 69.7 - 70.1 mg/
kg (90th percentile LB-UB: 140 - 140 mg/kg), the 
highest value was registered in the sample of pears 
in syrup from China – 206 mg/kg, the lowest value 
in a sample of sliced tomatoes of domestic origin – 
2.39 mg/kg. In Total Diet Study conducted in UK 
the highest concentration of tin was measured in the 
canned or jarred vegetables (30.1 mg/kg) with lower 
levels detected in the fruit products (6.16 mg/kg) [9]. 
The main reason of significant migration of tin is 

poor quality of packaging and it is mainly the case of 
imported products.

Estimation of intake of toxic elements
Assessment of risk to human health was performed 

taking into account current reference doses for elements 
introduced by EFSA and JECFA. To assess the dietary 
exposure to noxious elements (Pb, Cd, As, Hg) from 
commercially available fruits and their products mean 
and high contamination levels (90th percentile), middle 
bound values were taken into account. 

The calculated intake is based on the Central Office 
of Statistics data on the consumption of these groups 
food products in Poland [11].

The content of lead, cadmium, arsenic, mercury and tin in fruit and their products – monitoring studies
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Taking into account the highest mean of medium 
bound (MB) value for lead present in the group of 
fresh fruits (berries, small fruits and other fruits), the 
calculated mean intake of lead with fresh fruits on MB 
values of contamination would constitute 3.3% of the 
BMDL10 dose (nephrotoxicity effects - adults) and 1.4% 
of the dose BMDL01 (cardiovascular disorders – adults). 
It should be emphasized that in the case of children by 
several fold lower body weight, lead uptake expressed 
as % BMDL value would be much higher. For mean 
(MB) value of contamination intake would be 14.6 % 
of BMDL01 value. At the level of 90th percentile (MB) 
intake of lead with fresh fruits would be: 7.13 %, 2.9% 
and 31.5 % BMDL value respectively.

Mean intake of lead with fruits preparations would 
be below 0.5% of BDML value for cardiovascular and 
nephrotoxicity effects for adults, whilst for children 
constituted 1.3 - 2.1% BMDL01. Calculated intake of 
lead at 90th percentile of contamination was in the 
range from 0.12% for adults (cardiovascular disorders) 
to 1.3% of BMDL01 value (the effect neurotoxicity in 
young children). Estimated dietary exposure based on 
(MB) mean and 90th percentile lead occurrence was 
lower than assessed in France in the scope of fruit 
products, whilst slightly higher for fresh fruits [10].

Mean intake of cadmium from the fresh fruits, 
ranges from 2.4% of the TWI established by EFSA 
for adults to 8.5% TWI for children, which represents 
1.04 - 3.6% of the PTMI value established by JECFA. 
Cadmium exposure based on 90th percentile (MB) 
assumption of contamination would be in the range: 
6.8% TWI for adults to 23.7% TWI for children. It 
represents from 2.9% to 10.2 % PTMI established by 
JECFA. Mean intake of cadmium with different fruit 
products was low and constituted from 0.3% for adults 
to 1.2% TWI for children (0.1 - 0.5% PTMI). Exposure 
at 90th percentile (MB) assumption of contamination 
in case of fruit products ranges from 0.7% TWI value 
for adults to 2.5% TWI for children (0.3-1.1% PTMI). 
Estimated exposure to cadmium was lower than in 
France for fruit products and only slightly higher for 
fresh fruits [10].

Intake of arsenic with fresh fruits does not exceed 
tolerable doses (approx. 0.5% of BMDL0.5 value for 
adults and 1.6% for children. Arsenic exposure based 
on 90th percentile MB assumption constituted 0.9 - 
3.2% BMDL value respectively. Intake of arsenic with 
fruits products was even lower and does not exceeded 
0.5% of BDML value for both children and adults 
(90th percentile of exposure: 0.2 - 0.5% of BMDL for 
both effects).

Estimated exposure to mercury, assuming that 
total mercury is represented only by its inorganic 
compounds does not exceed tolerable dose (4.0 μg/kg 
b.w. per week). 

Based on mean (MB) concentration of mercury in 
fresh fruits, the dietary exposure to inorganic mercury 
from the investigated products corresponds from 0.5% 
of TWI for adults to 1.4% TWI for children. Taking 
into account 90th percentile (MB) assumption intake 
of mercury (as inorganic) would be in the range 1.1 
- 3.2% respectively. Calculated mean (MB) intake 
of inorganic mercury with fruit products as well as 
intake at 90th percentile of contamination level was 
below 0.5% of TWI for adults and children and did not 
pose a health hazard.

CONCLUSIONS

1. The contents of lead, cadmium, arsenic, mercury 
and tin found in the tested foodstuffs were low and 
did not pose a risk to consumer health.

2. There were no significant differences in 
contamination of domestic products and products 
from other European Union countries 

3. Estimated consumer exposure does not exceed the 
tolerable doses established by EFSA and JECFA 
for these elements.

4. The monitoring studies of fruit and their products 
in this scope will be continued.
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ABSTRACT
Background. Globalisation is the direct or indirect source and cause of many economic, social, political and cultural 
processes and phenomena. These processes also affect agribusiness and food production. One of the important 
developments in recent decades is the ever-increasing scale of food adulteration. Its consequence is a reduction in the level 
of food safety, both in its health and economic aspects. The latter is due to the presence of impaired, or even adulterated, 
food on the market, which exposes consumers to non-equivalent exchanges. Sectors particularly vulnerable to these 
illegal trade practices include meat and fish products. 
Objective. The aim of the article is to identify the dominating methods/categories of food adulteration using the example 
of the Polish market for the food production sectors of meat and fish. 
Material and methods. The research was conducted using data from the Agricultural and Food Quality Inspection 
(AFQI), the official food control institution responsible for quality and food adulteration controls in Poland. The study 
covered the period from 2010 to 2020. 
Results. Research has shown an exceptionally significant level and diversity of methods of adulterating meat and fish 
products. These products are adulterate much more often than other food products. The conducted research has shown 
many methods and ways of adulterating both meat and fish products. It is worth emphasizing that the greater concentration 
of counterfeiting methods concerns meat products. 
The study revealed an extremely significant variety of adulterating methods for meat and fish products, significantly 
beyond those typically cited in the literature.
Conclusions. The results of the research indicate the need to intensify official food controls on the Polish market. In 
particular, this should apply to the group of meat and fish products due to their high level of adulteration.

Key words: food, food quality, food adulteration, meat products, fish products

STRESZCZENIE
Wprowadzenie. Globalizacja jest bezpośrednim, bądź pośrednim źródłem i przyczyną wielu procesów oraz zjawisk 
gospodarczych, społecznych, politycznych i kulturowych. Procesy te dotykają także agrobiznesu oraz produkcji 
żywności. Jednym z ważnych w ostatnich dekadach zjawisk jest stale narastająca skala fałszerstw żywnościowych. Jego 
konsekwencją jest obniżenie poziomu bezpieczeństwa żywności, zarówno w aspekcie zdrowotnym, jak i ekonomicznym. 
W tym drugim wynikającym z obecności na rynku żywności o obniżonej jakości, lub wręcz zafałszowanej, co naraża 
konsumentów na nie ekwiwalentność wymiany w trakcie czynionych zakupów. Sektory szczególnie narażone na te 
nielegalne praktyki handlowe obejmują produkty mięsne i rybne.
Cel. Celem artykułu jest identyfikacja dominujących metod/kategorii fałszowania żywności na przykładzie rynku 
polskiego w sektorach produktów mięsnych i rybnych. 
Materiał i metody. Badania przeprowadzono na podstawie danych Inspekcji Jakości Handlowej Artykułów Rolno-
Spożywczych (Agricultural and Food Quality Inspection - AFQI), instytucji urzędowej kontoli żywności odpowiadającej 
w Polscce za kontrole w zakresie jakości oraz zafałszowania żywności. Badaniami objęto okres 2010 – 2020. 
Wyniki. Badania wykazały wyjątkowo znaczący poziom oraz zróżnicowanie metod fałszowania produktów mięsnych 
i rybnych. Produkty te są fałszowane znacznie częściej, niż inne artykyły spożywcze. Przeprowadzone badania 
wykazały wiele metod oraz sposobów fałszowania zarówno produktów mięsnych, jak i rybnych. Warto podkreślić, że 
większa koncentracja metod fałszowania dotyczy produktów mięsnych.  Badania wykazały duże zróżnicowanie metod 
fałszowania produktów  miesnych i rybnych na rynku polskim, znacznie wykraczające poza typowo stosowane metody 
podawane w literaturze.
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Wnioski. Uzyskane wyniki wskazują na konieczność intensyfikacji urzędowych kontroli żywności na rynku polskim. 
W szczególności powinno to odnosić się do grupy przetworów mięsnych i rybnych z uwagi ich wysoki poziom 
zafałszowania.

Słowa kluczowe: żywność, jakość żywności, fałszowanie żywności, produkty mięsne, produkty rybne

INTRODUCTION

Processes taking place in the world under the 
influence of globalization lead to many new previously 
unknown, or which occur to a limited extent, events 
and phenomena. They are both positive and negative 
in their nature [9, 12, 34, 39]. The first group includes 
freedom of trade, capital flows, new investment 
and innovation opportunities, and easier access to 
education and culture. The second group, on the other 
hand, includes the growth of economic crime, easy 
inter-regional or even global transmission of crisis 
events, and the increased risk of spreading pandemics, 
as we have all seen in 2020. 

The above processes in agribusiness and food 
production occur according to the following sequence: 
(i) the development of global trade makes the path 
“from farm to fork” longer, (ii) longer distribution 
channels (growth in the number of intermediaries), 
(iii) an increasingly anonymous market, (iv) more and 
more products of other climate zones in the average 
consumer’s diet, (v) more and more products from 
the native climate zone produced in other zones 
and regions of the world in the average diet, (vi) an 
increasing tendency to market food which is not 
nutritious or even dangerous to health, (vii) increasing 
difficult in/of traceability and, as a result, more and 
more adulterated food and  reduced food security 
and food safety. The globalisation of the food chain 
has led to greater complexity and thus less consumer 
confidence in how and where food is grown, harvested 
and processed, and by whom.

In this situation, the risk of placing adulterated 
(including mislabelled) and impaired quality food 
on the market increases. This was indisputably 
proven by the horsemeat scandal in 2013, and it has 
been confirmed by subsequent actions within the 
framework of the “OPSON” operation implemented 
since 2011[21]1.

A significant increase in identified cases of food 
adulteration and contamination, otherwise known 
as food incidents, occurred in the late 20th century 
[17, 33]. The author’s own analysis of more than 700 
significant incidents, measured by the number of 
diagnosed cases of illness, or the size of the adulterated 
food batch questioned  shows that in the second 
decade of the 21st century there were in the world on 
average more than  two times as many incidents per 
1 Operation OPSON is a Europol INTERPOL joint operation targeting 

fake and substandard food and beverages carried out since 2011. 
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year as there were in the first decade of this century. 
This gives the grounds for the theory of the world’s so-
called second wave of food counterfeiting. After the 
first one that took place in the mid-19th century [24]. 
While the primary cause of the first wave was rapidly 
progressing industrialisation and the consequent 
emergence of the anonymous consumer. The cause of 
the second wave is progressive globalisation, which 
dramatically lengthens supply chains, making the 
food market more spatially dispersed and even more 
anonymous, thus exposing it to the risk of introducing 
adulterated or reduced-quality food.

Meat processing is one of the sectors particularly 
vulnerable to food adulteration [6, 7, 10, 25, 35].

According to the study by Di Pinto et al., in Italy 
in 2014 at the Department of Veterinary Medicine, 
University of Bari Aldo Moro [10], as much as 57 % 
of the controlled samples of meat products were 
adulterated. Out of 36 products declared as made 
entirely from poultry meat, 20 (55.5 %) additionally 
contained beef and pork, and out of the 12 products 
that according to the label were made from pork, as 
many as 75 % contained beef. In contrast, according to 
Tembe, Mukaratirwa  and Zishiri [35], out of 40 tested 
samples, 26 (65 %) were adulterated with meat not 
shown on the label including 100 % poultry products 
and 60 % sheep products, and according to Cawthorn 
et al. (tests in the Republic of South Africa, in 2012) 
[7], out of 139 products as many as 95 (68 %) were 
adulterated. 

Fish processing and fish products are also among the 
sectors vulnerable to adulteration and counterfeiting. 
In this case, it is not only consumers who are exposed 
to the effects of illegal practices (by offering toxic fish 
species2 and fish grown in polluted and contaminated 
water bodies), but also the environment and fish 
resources (overharvesting of endangered species, 
the use of unauthorised fishing methods, fishing in 
protected waters [18]. 

Counterfeit fish products are commonly included 
in the food category most exposed to fraud and 
adulteration. According to the European Commission, 
fish products rank second on the list of the most 
adulterated food products [17]3, while according 
to INTERPOL-Europol (Operation OPSON) these 
were third in 2015 [19], fifth in 2017 [20] and ninth in 

2 Toxic fish species  - some species of puffer fish, scombroid fish, escolar 
or oilfish, and ciguatoxic fish species.

3 Olive oil is the product most vulnerable to counterfeiting, according to 
the same report. 

https://www.researchgate.net/profile/Donna-Maree_Cawthorn?_sg%5b0%5d=HR_Sv4jTr9ul2D2nXJTkizk4_Ggv5B7ncM7pu9dY86J7QTObf4evAek-APYaoO_1_s-u3Nk.VuhHeAJh5vP042ztXHeYz1LhvJAAMVeWoOTn8J-3GBtw48KkjgxDPS-NaM1zq0G4_TjAgR6G7eJb9gUcRiNgIQ&_sg%5b1%5d=cwbVOpgBnouZ_LGWIvuxblAXTleqFE2DLqEki1ezhTnyBtwPl-S08xl39MIrOrli22Yzjh4.nDkmDCU4LOpznAQQP7sM6uq_JVFRm8LZoFj6HOREZbO9EWDQsAWnSTWzEqR65lSRZmz6oNGBN-ogVOFNxUXhDA
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2019 [21], which may indicate an improvement in the 
quality and safety of fish products, but does not mean, 
however, that the status is satisfactory. 

The fish sector is in some ways unique within 
the food industry. The problem of legality and 
irregularities concerns the entire supply chain, from 
the acquisition of raw materials to the final product. 
Illegal fishing accounted for 21 % of total catches in 
the 1980s, dropping to 18 % by the beginning of the 
2000s, which is only 3 percentage points. However, this 
followed reductions in illegal fishing in a few regions, 
such as the Northeast Pacific, Southeast Atlantic, 
and Northeast Atlantic, as other regions experienced 
increases [1]. The consequence of this is the situation 
in the subsequent links of the fish chain. Almost half of 
Argentine sea bass comes from outside area 87 where 
it is traditionally caught [26]. Between 2009 and 2014 
as much as 65 % of fish offered in markets and bazaars 
in Sardinia (Italy) was mislabelled (incorrect species) 
[27]. In Canada and the USA on average about 40 % 
of fish products are mislabelled [31], with China at up 
to 85 % [41]. 

Showing the place of meat and fish products in 
the collection of food incidents, and more specifically 
cases of adulteration meat and fish products on the 
Polish market, is possible on the basis of the EU 
databases RASFF (Rapid Alert System for Food and 
Feed) and AAC-FF system (Administrative Assistance 
and Cooperation System – Food Fraud; from 2019 
included in one system, Information Management 
System for Official Controls – IMSOC).

The cases covered by the RASFF system illustrate 
the scale of threats to food safety from the meat and 
fish products, especially cases of food contamination, 
while those included in the AAC-FF system, cases of 
food adulteration, i.e. threats to the economic safety of 
consumers [28, 29].

The high level of adulteration of meat and fish 
products is also confirmed by the structure of AAC-
FF system notifications. For example, in 2018, out of 
234 cases that were reported to this system, 36.8 % 
involved adulteration of meat and fish products [37]. In 
2019, these two product groups accounted for 27.0% of 
all submissions [36], while in 2020 already 30.0% [14].

In contrast, under the RASFF System, of the 4,015 
notifications in the EU in 2019, 890 cases (22.2 % of 
the total) concerned meat and fish products, of which 
115 involved adulteration [15]. In 2020, these two 
product groups accounted for 14.8% of all notifications 
[13]. And in 2015, of a total of 3,049 notifications, 632 
(20.7 %) were for meat and fish products. Adulteration 
concerned 99 cases [16]. Thus, for many years, meat 
and fish products have accounted for between15.0% 
and 25.0% of all cases reported to the RASFF. The 
relatively small number of adulteration cases is 
a consequence of the specificity of this system, which 

primarily registers cases of food and forage dangerous 
to the health and life of consumers, rather than cases of 
food adulteration. This increased level of adulteration 
of meat and fish products, as compared to the average 
for all the food, is also observed on the Polish market. 

According to Polish law, a food product is 
adulterated when its composition is inconsistent with 
the law, with changes having been made to it, including 
changes to labelling, aimed at concealing its actual 
composition or other properties, in particular if: a) 
procedures have been performed which have changed 
or concealed its actual composition or appearance; b) 
the labelling includes a name which does not comply 
with the provisions of law; c) the labelling includes 
false data regarding its composition, origin, shelf life 
or minimum durability date, net content or commercial 
quality class [38]. This is a broad approach to product 
counterfeiting, as its scope coincides with the notion 
of adulteration and mislabelling, which is present in 
the legislation of other countries (e.g. the USA)4.

The research on official food inspections 
conducted in the years 2005–2020 shows that the 
average level of irregularities in the scope of the so-
called physicochemical parameters (like protein, fat, 
water, etc.), i.e. those indicating product adulteration 
in relation to total food, amounted to 14.3% in this 
period, which means that almost every seventh batch 
was adulterated to a lesser or greater extent (Table 1). 
Meat products accounted for 24.9% of such batches, 
while fish products accounted for 23.2%, which is 
respectively 10.6 and 8.9 percentage points more than 
for food in general. On the other hand, there were on 
average 27.5% mislabelled samples, compared with 
37.7% for meat products and 34.2% for fish products, 
which is respectively 10.2 and 6.7 percentage points 
more than for food in general.

Table 1. Average level of adulteration1) and mislabelling of 
food on the Polish market between 2005 and 2020 (in %)

Food in total Meat 
products

Fish 
products

Adulteration 14.3 24.9 23.2
Mislabelling 27.5 37.7 34.2

1) – In the table - in order to maintain the comparability of the Polish market 
research with research results from other countries - the adulteration of 
the product is understood as irregularities in the scope of the so-called 
physicochemical parameters (like protein, fat, carbohydrates, water, etc.).

Source: Own calculations based on AFQI inspection results 
from the relevant years.

Quality irregularities and product adulteration are 
of a different and variable nature along the supply chain. 
With respect to fish products, the main ones include: 

4 See also the explanation under Table 1.
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(i) at the stage of selling caught fish it is mislabelling of 
the place of fishing, substitution of wild species with 
farmed species, or species substitution of fish from 
within the same family (substitution of more expensive 
species with cheaper ones [23]; (ii) at the stage of 
initial processing – overstating the weight of glaze or 
coating; (iii) at the stage of secondary processing, the 
range of irregularities is extremely wide, from under-
weighing of fish flesh, to overweighing vegetable, oil 
and water additives, and switching fish species; (iv) 
at the HORECA sector5 stage – switching fish species 
and underweighting fish flesh.

The above examples indicate that the counterfeiting 
of meat and fish products is a real and serious 
problem. It requires taking decisive remedial actions, 
leading to the systematic reduction and elimination 
of these practices that are harmful to the market 
and consumers. Given the scale and spatial scope, 
actions are undertaken at national, regional and global 
levels. To be effective, however, it is first necessary 
to recognise the precise ways in which meat and fish 
products are adulterated and undervalued. 

The aspect of the susceptibility of particular 
product groups to adulteration is frequently addressed 
in the literature as well as in ongoing discussions 
[5, 8, 22, 32]. In contrast, far less space is devoted 
to examining the main methods/categories of 
counterfeiting. Therefore, the basic aim of this study 
is to determine the dominating methods/categories 
of food adulteration using the example of  two food 
production sectors, i.e. meat and fish products, in the 
Polish market.

MATERIAL AND METHODS

The basic research area in this study are the main 
methods/categories of adulteration, typical for the 
studied food processing sectors, i.e. meat and fish 
products in the Polish market. The study concerned 
the period from 2010 to 2020. 

The study used the database of the Agricultural 
and Food Quality Inspection (AFQI), the official food 
control institution responsible for quality and food 
adulteration control in Poland.

In order to determine the basic adulteration 
methods/categories of meat and fish products, the 
results were examined of all inspections performed 
by the AFQI in food industry establishments in the 
years 2010 to 2020 which ended with a positive result, 
i.e. finding adulteration of a controlled batch/sample6 

5 HORECA (also Horeca, HoReCa) - term for the food service and hotel 
industries.

6 A batch of food is a specific quantity of an agri-food item produced, 
processed, or packaged under the same conditions at a given 
production facility. A sample is a portion of a food batch taken at one 
time, in a random manner, for the purpose of inspection or evaluation 
for quality including adulteration of an agri-food item (Act, 2000).

of meat and fish products (the so-called result control, 
i.e. checks as a result of which financial penalties have 
been imposed). 

In the period from 2010  to 2020, a total of 1,867 AFQI 
inspections ended with establishing the adulteration of 
food products and issuing an administrative decision 
on imposing a financial penalty on the inspected 
company (inspection outcome). According to Polish 
law, all decisions on punishment for food adulteration 
shall be made public. 

Out of the total number of 1,867 identified cases of 
food adulteration, 507 (27.2 % of the total) concerned 
meat and fish products, of which 383 related to meat 
and 124 to fish. For the 507 controls that ended with 
establishing adulteration of the examined food, 712 
food batches were controlled in total (1.4 batches 
per one control), from which samples were taken for 
laboratory tests. 

In this study, the results of all 712 inspected batches 
of meat and fish products were analysed for methods/
categories of product adulteration.

Based on the preliminary analysis of the control 
test results, a list of methods/categories of adulteration 
of meat and fish products was compiled. A total of 35 
different types of adulteration were identified including 
17 common to meat and fish products, 13 typical for 
meat products only and five for fish products only 
(Table 2).

Correlation measures, including Pearson linear 
correlation [1.1] analysis and Spearman’s rank 
correlation, were used to examine similarities in terms 
of the frequency of occurrence of certain categories of 
adulteration and food mislabelling irregularities. 

Due to the linearity of the studied dependencies, 
the Pearson coefficient was used as the basis for 
inference. Spearman’s rank correlation follows the 
use of variables in rank form, which often leads to an 
increase in the correlation measure [40], therefore, this 
measure was used to verify the findings from the first 
stage of the research as a supplementary measure. 

RESULTS AND DISCUSSION

The methods of food adulteration are a consequence 
of many factors including: (i) the specificity of 
individual food industries [24]; (ii) the degree of 
food product processing – highly processed products 
(including meat and fish) are more often adulterated due 
to the difficulty of detecting counterfeiting [3, 22]; (iii) 
the unit price of a product – the higher the unit price of 
the product, the more often it is adulterated – branded 

Methods of adulteration of meat and fish products on the Polish market 
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Table 2. List of methods of adulteration of meat and fish products found during AFQI inspections in the years 2010 – 2020

Lp. Methods of adulteration Meat 
products

Fish 
products

1. Omitting some of the ingredients present in the product from the labelling  

2. No list of ingredients for the compound ingredient  

3. Incorrect determination of ingredient content  --
4. Presence of raw meat not declared on the labelling  --
5. Meat/fish content lower than declared  

6. Displaying ingredients on the labelling not present in the product  

7. Excessive water content in relation to declared  

8. No information on the type of casing used  --
9. Higher fat content in comparison to declared  

10. No information on the presence of allergens  

11. Presence of MSM undeclared on the labelling  --
12. No information on the animal species of the main raw material  --
13. Extension of the best-before date on the labelling  

14. Incorrect product name due to raw material/process used  

15. No information/incorrectly stated country of origin of the  raw material1)  

16. Use of two different product names on the labelling  

17. Not indicating ingredients on the labelling in descending order of weight  --
18. Providing info on the label that suggests unique properties of the product  

19. Providing contradictory information on the labelling  

20. Protein content lower than declared  

21. MSM content lower than declared  --
22. Presence of prohibited substances in the product  --
23. No information on quantity/net weight of the product  --
24. No information about the primary ingredient  --
25. Product net weight lower than declared  

26. No quantitative content of the ingredient used in the product name (QUID)  

27. Excessive salt content in relation to declared  --
28. Fat content lower than declared  

29. Listing in the label the ingredient(s) not resulting from the specification  --
30. Meat content overstated in relation to declared  --
31. Salt content lower than declared -- 

32. Abnormal organoleptic characteristics of the product -- 

33. Using fish species different from declared -- 

34. Incorrect graphics in relation to product composition -- 

35. Underestimated weight of vegetables in relation to declared -- 
 – such a method of adulteration has been found;   
-- – such a method of adulteration has not been found
1) – for fish products: incorrect indication on the label of where the fish was caught

alcohols, organic, traditional, regional products [30]; 
(iv) the market position of a given food product and its 
place in the average consumer’s diet – usually products 
that occupy a significant place in the diet are more often 
adulterated [2, 4]; and finally (v) consumer attitudes 
and expectations – taking actions to hide ingredients 
and properties of food products that are undesirable to 

consumers, or to convince them of the existence of such 
properties despite their actual absence. 

Food adulteration is a serious problem in terms of 
food safety. However according to the EFSA research 
(EFSA: Eurobarometr 2019) in terms of food safety, 
the average Polish consumer is most concerned about 
antibiotic and hormone residues in meat products – 49% 

S. Kowalczyk



366 No 4

of consumers (44% on average in the EU-28) and food 
additives (dyes, preservatives) – 45% (36% in the EU-
28). Far fewer are concerned about pesticide residues 
in food – 24% (39% in EU-28) or contamination 
with bacteria - 26% (30% in the EU - 28). Therefore, 
Polish consumers perceive, although not the primary 
problem, the health safety of food (chemical, biological 
contamination), and they attach less importance to its 
economic safety (food adulteration). This is probably 
a consequence of the main criteria determining the 
choice of a given food item, where taste comes first - 
58% of responses (49% in EU-28), price comes second 
- 53% of responses (51% in the EU-28) [11].

This does not mean, however, that the Polish 
consumer does not attach any importance to economic 
safety and food quality. The awareness of the attitudes 
and expectations of consumers is visible, for example, 
in the behavior of food producers, including the 
quality and safety of meat and fish products. Market 
reputation in the era of strong competition is becoming 
an increasingly important determinant of companies’ 
strategies in this area.

Meat products 
The conducted research has shown that the basic 

method of counterfeiting meat and fish products on the 
Polish market is omitting on the labelling some of the 
ingredients actually present in the product. The lack 
of information on the product labelling regarding all 
ingredients used concerned 23.6% of the tested batches 
of meat products and 16.4% of the fish products (Table 

3). The main substances omitted in the ingredient lists 
of meat and fish products are food additives, especially 
preservatives and colourants. This is a consequence 
of the aforementioned exceptional fear of these 
substances among Polish consumers. 

In the case of meat products, a similar category 
of falsification was the lack of information about the 
presence of a specific meat ingredient in the product 
composition, for example, the addition of poultry meat 
in sausages declared as “pork”. This method was found 
in 8.8 % of the batches of the tested meat products. 

In the case of meat products, the second most 
common method of counterfeiting is the indication 
of raw materials on the product labelling that are not 
actually present in the product (10.2% of disputed 
batches). This applies primarily to ingredients sought 
after by consumers, such as, e.g. better quality types of 
raw meat (ham, sirloin, loin, etc.), valuable spices, but 
also, surprisingly, food additives not actually present 
in the product. 

The most frequent adulteration methods of meat 
products also include the following: incorrect product 
name due to the raw material or technological process 
used – e.g. using the term “ham” for a product made of 
joined pieces of meat or lack of information about the 
cooking process used for a sausage (8.3%), lower meat 
content in comparison to the declaration on the labelling 
(7.3%) and also, which proves not only the lower quality 
of the product, but also its safety for consumers, lack of 
information about allergens used (6.0%) (Figure 1). 
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Figure 1. Main methods of adulteration of meat products on the Polish market in 2010–2020
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Table 3. Proportion of each method of adulteration of meat and fish products found during AFQI inspections in the years 
2010 – 2020 in relation to all irregularities (in %)

Lp. Methods of adulteration Meat 
products

Fish 
products

1. Omitting from the labelling some of the ingredients present in the product 22.6 16.4
2. No list of ingredients for the compound ingredient 6.2 2.6
3. Incorrect determination of ingredient content 0.9 1.6
4. Presence of raw meat not declared on the labelling 8.8 --
5. Meat/fish content lower than declared 7.4 18.0
6. Displaying ingredients on the labelling not present in the product 10.2 6.3
7.  Excessive water content in relation to declared 5.5 10.0
8. No information on the type of casing used 1.8 --
9. Higher fat content in comparison to declared 1.3 1.6
10. No information on the presence of allergens 6.0 4.3
11. Presence of MSM undeclared on the labelling 2.1 --
12. No information on the animal species of the main raw material 1.1 --
13. Extension of the best-before date on the labelling 4.3 2.6
14. Incorrect product name due to raw material/process used 8.3 7.4
15. No information/incorrectly stated country of origin of the main raw material1) 0.7 5.8
16. Use of two different product names on the labelling 0.8 1.1
17. Not indicating ingredients on the labelling in descending order of weight 1.4 --
18. Providing information on the label that suggests unique properties of the product 4.7 4.7
19. Providing contradictory information on the labelling 0.3 1.1
20. Protein content lower than declared 1.1 0.5
21. MSM content lower than declared 0.4 --
22. Presence of prohibited substances in the product 1.3 --
23. No information on quantity/net weight of the product 0.5 --
24. No information about the primary ingredient 0.3 --
25. Product net weight lower than declared 0.1 3.7
26. No quantitative content of the ingredient used in the product name (QUID) 0.5 1.6
27. Excessive salt content in relation to declared 0.3 --
28. Fat content lower than declared 0.8 1.1
29. Listing in the label the ingredient(s) not resulting from the specification 0.1 --
30. Meat content overstated in relation to declared 0.3 --
31. Salt content lower than declared -- 1.1
32. Abnormal organoleptic characteristics of the product -- 4.7
33. Using fish species different from declared -- 2.1
34. Incorrect graphics in relation to product composition -- 0.6
35. Underestimated weight of vegetables in relation to declared -- 1.1
36. Total 100.0 100.0

One of the relatively frequent methods of 
adulteration is providing false information on the label 
suggesting exceptional properties of the product, such 
as: “homemade”, “country”, “traditional”, “regional” 
(impersonating products with PDO, PGI, TSG marks7) 
(4.7% of the examined meat products and the same 
4.7% of fish products).

7 PDO – Protected Designation of Origin, PGI - Protected Geographical 
Indication, TSG - Traditional Speciality Guaranteed.

Fish products
As far as fish products are concerned, in addition to 

the above-mentioned omission of selected ingredients 
on the product labelling, the most frequent methods 
of counterfeiting include lowering the fish content of 
the product (18.0%) and the increase in the content 
of water-oil substances and glaze (10.0%) associated 
with the previous method of adulteration. 

Overstating the content of water and oily 
substances, as well as vegetable mixture additives, 
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is a typical method of adulterating canned fish, while 
excessive glaze is a typical method of adulterating 
frozen fish. As in the case of meat products, one of 
the important methods of counterfeiting fish products 
is indicating raw materials on the product label 
which are not actually present in the product (6.3% 
of questioned batches). In the case of fish products, 
however, this does not apply only to food additives, 
but also to vegetables, oil and spices. 

Fish product-specific methods of adulteration and 
the underestimation of its quality include the addition 
of raw non-value-added fish material (pieces of fish 
meat, skin, skeleton fragments, etc.). This method is 
particularly used for canned food, since the type of 
packaging, which is an “opaque” metal can, makes it 
impossible for the consumer to assess the composition 
of the product when making a purchase decision.

General arrangements
Both meat and fish products are adulterated in 

many different ways, which is generally not analysed 
in scientific studies. The addition of “distinct” types of 
meat (e.g. pork meat in a product declared as poultry) 
and the substitution of fish species – more expensive 
ones with cheaper ones – are usually cited as the basic, 
and in fact the main, methods of adulteration [7, 10]. 
Meanwhile, studies conducted have shown many 
methods and ways of counterfeiting both meat and fish 
products (Table 3, Figure 1 and Figure 2). 
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Figure 2. Main methods of adulteration of fish products on the Polish market in 2010–2020

It is worth emphasising that the higher 
“concentration” of adulteration methods concerns 
meat products. Although the top five main methods of 
adulterating these products are responsible for 57.3% 
of all counterfeits, and fish - for 58.2%, i.e. at a similar 
level, the ten main methods of adulteration meat 
products are responsible for 84.0% of all counterfeits, 
while fish - 81.2.

For some of the identified cases of adulteration it is 
difficult to explain the intention of a given action. This 
includes, for example, indicating two different product 
names on the label (e.g. pork sausage/pork ham, or 
veal sausage/turkey sausage).

Studies have shown that many methods and ways 
are used for food adulteration, including meat and fish 
products. Some of them are “universal”, which means 
that they are used to counterfeit various food products, 
whereas some of them are typical only for selected 
groups of products, which results from the specific 
composition of these products and the technologies 
used for their production. 

The share of the main methods of adulteration 
meat and fish products shows large changes in certain 
years. For example, the share of the main method of 
adulteration meat products, i.e. omitting in the labeling 
some of the ingredients present in the product, ranged 
from 17.5% in 2020 to 30.4% in 2016 (Figure 3). The 
share of the same method of adulteration in the case 
of fish products ranged from 16.4 % in 2020 to 31.8% 
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in 2016. However, the share of the main method of 
adulteration fish products, i.e. - fish content lower than 
declared - ranged from 0.0% in 2017 to 60.0% in 2015 
(Figure 4).

In the case of meat and fish products, despite 
some differences in the methods of adulteration 
used, the vast majority of methods are the same. 
This is confirmed by the correlation coefficient of the 
distribution of adulteration methods used for these two 
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groups of products. The Pearson linear correlation 
coefficient for the whole examined period (2010-2020) 
amounted to 0.75, which indicates the high similarity 
and frequency of occurrence of the methods used to 
adulteration these two groups of products (Spearman’s 
rank correlation coefficient for the same period was 
0.85, which confirms the findings regarding the 
convergence of the analyzed phenomena).

CONCLUSIONS

The research conducted has shown far-reaching 
diversity in the methods used to adulterate meat 
and fish products. Substitution of more expensive 
ingredients with cheaper ones is extremely common, 
however, dishonest manufacturers use a much more 
diversified range of possible methods and ways of 
adulteration which are therefore more difficult to 
detect.

There is no reasonable indication that the above 
illegal practices are limited to the two product groups 
examined, namely meat and fish. The diversity of 
adulteration methods used applies to virtually all food 
groups. Hence, it is reasonable to assume that food 
adulteration occurs in many different ways, which are 
often overlooked by control activities or food control 
institutions are not aware of them. This also applies to 
consumers. 

Given the dynamic nature of international trade and 
its implications, such as the continuous lengthening of 
food supply chains, preventing such illegal practices 
requires cooperation and coordination of efforts at the 
supra-national level. The complexity and the many 
layers of commercial relationships in the modern world 
have been demonstrated by the inspections carried out 
in the EU countries after the horsemeat scandal.

This means that effective combating of unfair trade 
practices, such as food adulteration, is possible only 
through the cooperation of the control services of 
individual countries.
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ABSTRACT
Background. Vitamin C is one of the most important water-soluble vitamins. It is responsible for many important 
functions in the body, including: it has a positive effect on maintaining immunity, protects the body against free radicals, 
and also participates in the synthesis of hormones. Juices can be a good source of this vitamin. Most of the juices available 
on the market are processed products. Untreated juices, which do not contain added preservatives, sugar and are not 
pasteurized, constitute a smaller group on the market. Therefore, this group of juices can be a valuable product in human 
nutrition.
Objective. The aim of the study was  to analyze the content of ascorbic acid (AA), dehydroascorbic acid (DHAA) and 
vitamin C (TAA) in non-preserved juices, depending on their type and storage time.
Material and methods. The analysis of  TAA, AA and DHAA content in juices was carried out in ten types of non-
preserved juices from two companies (A and  B), purchased in a chain of retail outlets. The analyzed juices in company 
A were: sauerkraut and carrot, grapefruit, orange, apple and mandarin, while in company B: orange, apple, apple and 
quince, grapefruit and mandarin. In test 1, the first ten juices were analyzed, in test 2 - another ten juices after one 
month, in test 3 - juices from test 2 were used, and three days after opening the package and storing the juices in standard 
refrigeration conditions, the stability test of AA was analyzed. The AA and TAA contents were determined using the high 
performance liquid chromatography (HPLC) method. The DHAA content was calculated by subtracting the AA content 
from the TAA content.
Results. The highest TAA content was found in citrus juices, i.e. grapefruit, orange and mandarin, and the lowest in 
sauerkraut and carrot juices and apple juice. Moreover, ascorbic acid in apple juice was characterized by the lowest 
durability.
Conclusions. In the production of non-preserved apple juice, consideration should be given to the natural protection of 
ascorbic acid by the addition of citrus or other fruit juice, vegetable juice or by using a mild technology in the production 
process.

Key words: vitamin C, ascorbic acid, dehydroascorbic acid, non-preserved juices 

STRESZCZENIE
Wprowadzenie. Witamina C jest jedną z najważniejszych witamin rozpuszczalnych w wodzie. Odpowiedzialna jest 
za wiele ważnych funkcji w organizmie m.in.: wpływa korzystnie na utrzymanie odporności, chroni organizm przed 
działaniem wolnych rodników, a także ma udział w syntezie hormonów. Soki mogą stanowić dobre źródło tej witaminy. 
Większość dostępnych na rynku soków, to produkty przetworzone. Mniejszą grupę na rynku stanowią soki niepoddane 
utrwaleniu, które nie zawierają dodatku konserwantów, cukru i nie są poddawane procesowi pasteryzacji. W związku 
z tym ta grupa soków może być wartościowym produktem w żywieniu człowieka.
Cel badań. Celem pracy była analiza zawartości kwasu askorbinowego (AA), dehydroaskorbinowego (DHAA) oraz 
witaminy C (TAA) w sokach niepoddanych utrwaleniu, w zależności od ich rodzaju oraz czasu przechowywania.
Materiał i metody. Analizę zawartości TAA oraz AA i DHAA przeprowadzono w dziecięciu rodzajach soków 
niepoddanych utrwaleniu produkcji dwóch firm (A i B), zakupionych w sieci placówek handlowych. Analizowanymi 
sokami firmy A były: sok z kiszonej kapusty i marchwi, grejpfruta, pomarańczy, jabłka i mandarynki, natomiast, produkcji 
firmy B: sok z pomarańczy, jabłek, jabłek i pigwy, grejpfruta i mandarynki. W teście 1 analizie poddano pierwsze dziesięć 
soków, w teście 2 -  po upływie miesiąca -  kolejne dziesięć soków, w teście 3 -  wykorzystano soki z testu 2 i po upływie 
trzech dni od otwarcia opakowania i przechowywania soków w standardowych warunkach chłodniczych, poddano 



374 No 4

analizie sprawdzenia trwałości AA. Zawartość AA i TAA w sokach oznaczano metodą wysokosprawnej chromatografii 
cieczowej (HPLC). Zawartość DHAA obliczano odejmując oznaczoną zawartość AA od zawartości TAA.
Wyniki. Największą zawartością witaminy C charakteryzowały się soki cytrusowe, tj. z grejpfruta, pomarańczy 
i mandarynki, a najmniejszą  soki z kapusty kiszonej i marchwi oraz sok jabłkowy. Ponadto kwas askorbinowy w soku 
jabłkowym cechował się najmniejszą trwałością.
Wnioski. W produkcji soku jabłkowego niepoddanego utrwaleniu należałoby rozważyć naturalną ochronę kwasu 
askorbinowego poprzez dodatek soku z owoców cytrusowych lub innych owoców, warzyw lub poprzez zastosowanie 
łagodnej technologii w procesie produkcji.

Słowa kluczowe: witamina C, kwas askorbinowy, kwas dehydroaskorbinowy, soki niepoddane utrwaleniu 

INTRODUCTION

Fruit and some vegetable juices are a significant 
sources of vitamin C in human diet. Vitamin C is 
the collective term for L-ascorbic acid (product of 
its one-electron oxidation, L-ascorbyl radical) and 
L-dehydroascorbic acid [4, 27]. Vitamin C is water 
soluble and is responsible for many important functions 
in the body, including promotes detoxification of the 
body, is beneficial for maintaining immunity, protects 
the body against free radicals, stimulates collagen 
production, increases the bioavailability of non-heme 
iron, is involved in the synthesis of hormones [9, 20]. 
Therefore, vitamin C is important for maintaining the 
health of the human body, preventing colds, cancer, 
cardiovascular diseases, hypertension, and supporting 
the healing of wounds [1, 3, 18, 21, 23], but also an 
association has been shown between vitamin C intake 
and the prevention or treatment of Covid-19 infections 
[5, 22]. There are studies that have also shown the effect 
of consuming foods rich in vitamin C, i.e. vegetables 
and fruits, including juices, on the mental health of 
children and adolescents [11, 12]. 

The main source of vitamin C are fresh vegetables, 
fruits and juices [17]. However vitamin C is readily 
oxidized and degraded at different rates depending 
on storage conditions. In the presence of oxygen 
ascorbic acid (AA) is oxidized to dehydroascorbic 
acid (DHAA), which has vitamin C activity [4]. Most 
of the commercially available juices are processed, 
and synthetic vitamin C is added during the process. 
There is little information about the content of 
vitamin C in fresh fruit juices, which do not contain 
any preservatives or sugar. They are produced even 
without pasteurization, which keeps the flavor and 
aroma of fresh fruits and vegetables. 

Common fruit juices were associated with 
a significant reduction in risk and markers of cancer, 
improvement cardiovascular parameters, including 
reduced blood pressure and endothelial function, 
attenuated cognitive impairment of aging and 
neurodegeneration in humans. Beneficial effects on 
bone health, recurrent UTI in high risk women and 
pulmonary function were reported. All juices had 
significant anti-oxidant activity in vivo and in vitro in 
addition to other mechanisms related to disease risk 

Content of ascorbic and dehydroascorbic acids  and vitamin C in non-preserved juices

such as cell signaling, inflammation, cell proliferation, 
and apoptosis. The possible health-related and disease 
prevention benefits of consuming 100% juice as part 
of a balanced diet should be appreciated [13]. These 
benefits are due, among others, the presence of 
vitamin C, which is listed as the essential nutrient of 
fresh juices.

The aim of this study was to determine the content 
of L-ascorbic acid and the sum of ascorbic and 
dehydroascorbic acids in the ten types of fruit and 
vegetable juices, not preserved, purchased at retail, 
depending on its type and storage time. 

MATERIAL AND METHODS

The juices from the two of the most important Polish 
producers were selected to the study. Fruit juices were 
obtained by directly mechanical extraction processes 
from the fragmented fruits and/or vegetables. They 
were naturally cloudy, unpasteurized, without dyes 
and preservatives. The finished product was packed 
in glass bottles in order to guarantee the maintenance 
of the original aroma and flavor of fresh fruits and 
vegetables. The technological process was conducted 
in accordance with the Hazard Analysis and Critical 
Control Points (HACCP) system and the standards 
of Good Agricultural Practice, and International 
Featured Standards. 

Juices purchased twice at an interval of one month 
to check the repeatability of the vitamin C content in 
different batches of juices (test 1 and 2). To check the 
stability of ascorbic acid determination was repeated 
on a second batch of samples stored in the refrigerator 
after three days of opening the package (test 3). 
Manufacturers recommended storing the juices in the 
refrigerator, up to 4 days (except sauerkraut juice -7 
days). 

To study were selected following juices: sauerkraut 
and carrot mix, grapefruit, orange, apple, mandarin 
(Producer A); orange, apple, apple-quince, grapefruit, 
mandarin (Producer B).

Determination of vitamin C
The following reagents were used: 

L-dehydroascorbic acid (Cat.nr. 261556); Sodium 
dihydrogen phosphate (NaH2PO4) (Cat.nr. S8282); 
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Dodecyltrimetyl ammonium chloride (Cat.nr. 44242); 
Disodium ethylenediamine-N,N,N’,N’,-tetraacetic 
acid (Na2EDTA) (Cat.nr. E0399); Tris[2-carboxyethyl]
phosphine hydrochloride (TCEP) (Cat.nr. C4706); 
Trizmabuffer (0,3M) (Cat.nr. T1449); meta-Phosphoric 
acid (MPA) (Cat.nr. 04103) were obtained from 
Sigma-Aldrich, USA. All reagents were of analytical 
grade purity. The mobile phase consisted of 2% of 
acetonitrile in the aqueous part prepared as follows: 
2.5 mmol/L NaH2PO4, 2.5 mmol/L dodecyl-tri-methyl 
ammonium chloride and 1.25 mmol/L Na2EDTA 
dissolved in water.

Ascorbic acid (AA) and vitamin C (total ascorbic 
acid - TAA) were determined. The method of 
extraction was adapted from Karlsen et al. [16]. 
A juice sample (0.5 mL) were mixed with 10% MPA 
(0.5 mL) and centrifuged at 3500 x g in 15 min. Than 
two volumes of 300 μL of the supernatant were used 
for the determination of AA and TAA. 

The clear supernatant (300 μL) was diluted with 
the aqueous part of the mobile phase (300 μL), mix 
and centrifuged as previously. Than 100 μL of 
supernatant was injected onto the HPLC column to 
AA determination. Second volume of supernatant 
(300 μL) was mixed with the aqueous part of the 
mobile phase (150 μL) and the solution (150 μL) of 
the TCEP (2.3 mmol/L of TCEP in trizmabuffer 
(800 mmol/L; pH 9.0). The sample was kept 7 min 
in the dark at room temperature for the reduction of 
dehydroascorbic acid (DHAA). After centrifugation 
100 μL of the supernatant was injected onto the HPLC 
column to TAA determination. The content of DHAA 
was calculated by subtracting the content of AA from 
TAA content.

Chromatographic analyzes were carried out using 
high-performance liquid chromatograph with a UV-
VIS detector (Gilson Company, Middleton, WI, USA). 
For AA and TAA separation the isocratic method was 
achieved on a Discovery® C18 column (5 μm, 15 cm 
x 4,6 mm, SUPELCO; Supelco Analytical cat. no. 
504955, Bellafonte, PA, USA) connected with a pre-
column of the same company. The flow rate was 0.75 
ml/min, and the wavelength was λ= 264 nm. Accuracy 
of the method was estimated by analysis of the 
standards of AA. The limit of quantification (LOQ) of 
the method was 44 μg (0.25 μmola)/L.

Statistical analysis
The mean and standard deviation of the three tests 

were calculated for the ascorbic acid, dehydroascorbic 
acid vitamin C content. Differences between the 
three testes (test 1 vs. test 2 and test 2 vs. test 3) 
were compared using the Mann-Whitney U test. The 
significance level of p<0.05 was used. The following 
software was used: Statistica 13.

RESULTS

The content of TAA in the analyzed samples of 
unpreserved juices was diversified. Regardless of the 
producer, the highest amounts of TAA were found in 
orange and grapefruit juice and mandarin juice, i.e. 
citrus juices in tests 1 and 2 in both producers A and 
B (Table 1 and Table 2). This is about half the amount 
of fresh fruit in oranges, the content of TAA is 49 
mg/100 g of fresh weight of the product, in grapefruit 
40 mg/100 g, and in mandarins 30 mg/100 g [17]. The 
lowest TAA was found in sauerkraut and carrot brine 
and apple juice in tests 1 and 2 in both juice producers 
(Table 1 and Table 2). These values   were two times 
lower than declared by the manufacturer.

The content of AA from two different batches differed 
statistically significantly in grapefruit (20.78±0.01 vs. 
15.78±0.58) and apple juice (2.77±0.25 vs. 10.98±0.06) 
in producer A (Table 1) and orange (15.93±0.39 vs. 
37.66±0.31) in producer B (Table 2). The content of 
DHAA differed statistically significantly between the 
two batches of the tested juices (Table 1 and Table 2), 
except for the mandarin juice in producer B (Table 
2). On the other hand, the content of TAA from two 
different batches differed statistically significantly in 
apple (5.33±0.95 vs. 11.68±0.30) and mandarin juice 
(17.05±0.37 vs. 13.38±0.02) in producer A (Table 1) 
and in orange juice (20.36±0.84 vs. 37.93±0.06) in 
producer B (Table 2).

After three days of refrigerated storage (test 3), the 
content of AA and TAA in apple juices was below 
the limit of quantification in both producers (Table 
3). Moreover, the content of AA (37.66±0.31 vs. 
28.43±0.63) and TAA (37.93±0.06 vs. 33.91±1.01) in 
orange juice producer B and AA content (20.03±0.12 
vs. 15.70±0.18) in mandarin juice in producer B 
decreased significantly (Table 3). However, after three 
days of refrigerated storage, the content of DHAA 
in grapefruit juice and mandarin juice increased in 
producer B and orange juice in both producers (Table 
3). 

The highest amounts of TAA were found in citrus 
juices: grapefruit, mandarin and orange (Table 3), 
which seem to be the most stable during storage, as 
the decrease in TAA was slight (up to 10%).

DISCUSSION

The study showed that the highest content of TAA 
was found in citrus juices, i.e. grapefruit, orange and 
mandarin, and the lowest in sauerkraut and carrot 
juices and apple juice. Moreover, AA in apple juice 
showed the lowest stability.

Vitamin C-rich juices, like citrus juices, are 
also good sources of polyphenols. Vitamin C and 
polyphenols act synergistically and define the 
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antioxidant properties of juices. Many studies have 
shown that bioactive compounds, for example, 
polyphenols, and so on can play an important role in 
reducing oxidative stress and protect against various 
diseases [19]. In a study by Soriano-Maldonado 
et al. [24] showed that a joint consumption of apple 
juice natural antioxidants such as vitamin C and 
polyphenols might provide mild favorable effects 
on cardiometabolic markers, as compared to apple 
polyphenols alone.

The amounts declared by producers do not differ 
significantly from the expected vitamin C content in 
fresh fruit. However, as shown in this study, the TAA 
content in unfixed juices was lower. AA degradation 
occurs in both the aerobic and anaerobic pathways 
[14] and depends on many factors such as oxygen, 
light, heat, temperature, and storage time [7, 8, 26]. As 
demonstrated by Johnston and Bowling [15], ready-
to-eat orange juices had a higher concentration of 
oxidized vitamin C compared to orange juices from 
frozen concentrates, but the rate of vitamin C decrease 
after opening was similar for all juices, about 2% per 
day. Taking into account the factors influencing the 
vitamin C content in the finished product: on the one 

hand, the fruit varieties, their ripeness and storage 
method, and on the other hand, the access of oxygen, 
light during production processes and the method of 
storage, transport and display on store shelves, there 
should be a batch of juices for the determination of 
vitamin C content.

The research also shows that the lowest content of 
TAA was in the juice of sauerkraut and carrots and 
apple. Moreover, AA in apple juice showed the lowest 
stability. It seems that in the production of fruit juices, 
the possibility of naturally protecting AA in apple 
juice by the addition of citrus juice or other fruits, 
vegetables [2, 10] or by using a gentle technology in 
the production process should be considered [6, 25]. 

CONCLUSIONS

Based on the research, it can be concluded that from 
the nutritional point of view, unpasteurized juices, 
mainly from citrus fruits, can be a valuable source of 
TAA. It seems that in the production of fruit juices, the 
possibility of naturally protecting AA in apple juice by 
the addition of citrus juice or other fruits, vegetables. 
The conducted studies should be treated as a pilot, 

Table 3. Comparison of the average content of AA, DHAA and TAA in the juices of both producers (A and B) before and 
after three days of refrigerated storage

Juice# Test AA* content
[mg/100 ml]

DHAA** content
[mg/100 ml]

TAA*** content
[mg/100 ml]

Declared TAA 
value [mg/100 ml]

Sauerkraut and carrot fix
Producer A

2 6.13±0.31 0.51±0.35 6.65±0.03
15.0

3 4.62±0.35 0.82±0.10 5.44±0.25
Grapefruit
Producer A

2 15.48±0.58 2.35±0.16 18.13±0.42

38.0
3 14.07±0.01 2.76±0.05 16.84±0.05

Grapefruit
Producer B

2 21.84±1.27 0.59±0.58a 22.22±1.86
3 22.41±1.86 2.06±0.11b 24.47±1.98

Orange
Producer A

2 22.48±0.25 0.26±0.26a 22.75±0.01

43.1
3 20.61±0.11 2.71±0.14b 23.33±0.26

Orange
Producer B

2 37.66±0.31a 0.27±0.24a 37.93±0.06a

3 28.43±0.63b 5.48±0.38b 33.91±1.01b

Apple
Producer A

2 10.98±0.06a 0.69±0.24a 11.68±0.30a

15.0
3 <LOQ## <LOQ <LOQ

Apple
Producer B

2 10.83±0.02a 0.09±0.02a 10.93±0.05a

3 <LOQ <LOQ <LOQ
Apple-quince
Producer B

2 12.73±1.24a 0.01±0.01a 12.74±1.25a

-
3 <LOQ <LOQ <LOQ

Mandarin
Producer A

2 12.84±0.53 0.53±0.50 13.38±0.02

27.1
3 12.28±0.36 0.98±0.37 13.26±0.01

Mandarin
Producer B

2 20.03±0.12a 0.01±0.01a 20.04±0.12
3 15.70±0.18b 1.79±0.49b 17.49±0.30

# Juices analyzed immediately after opening the package (Test 2) and after three days of refrigerated storage (Test 3)
## LOQ - limit of quantification -  44 μg (0.25 μmola)/L
*  AA - Ascorbic acid; ** DHAA - Dehydroascorbic acid ; *** TAA - sum of AA and DHAA (vitamin C) 
a, b - statistically significant (Mann-Whitney U test); p<0.05  
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and to draw clear conclusions, systematic long-term 
studies and a larger number of samples for analysis 
are necessary.
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ABSTRACT
Background. People following a vegetarian diet can obtain all the essential nutrients from a variety of foods. Among the 
nutrients, protein, iron, calcium, zinc, and vitamins B12 and D3 require special attention.
Objective. To assess the knowledge of dietary recommendations among different groups of vegetarians and the diet they 
follow.
Material and methods. The study involved a total of 390 subjects (360 women and 30 men), aged 18–60 years, who 
were following different vegetarian diets. The study was conducted in November 2020 via Facebook using the Computer-
assisted web interviewing (CAWI) method. Participation in the study was voluntary and anonymous, and sample selection 
was intentional (participants were members of groups for vegetarians in Facebook). Statistical analysis was carried out 
using the Chi2 test, using Statistica 13.3 (at p=0.05).
Results. To develop the results, the respondents were divided into 4 groups according to their diet: vegan, pescovegetarian, 
lactovegetarian, and people following other types of diets. The body mass index of nearly 2/3 of the respondents was 
within the normal range, and more than 80% of the respondents rated their health as good or very good. An analysis of 
the frequency of consumption of food products showed that, regardless of the type of vegetarian diet they followed, the 
participants adhered to the principles of proper nutrition. The respondents who rated their nutritional knowledge as very 
good were more likely to consume vegetables, fruits, legumes, and whole-grain cereals, and rarely consumed sweet and 
salty snacks, alcoholic and energizing drinks, or fast food. Vegans more frequently consumed fruits, vegetables, legumes, 
vegetable fats, and vegetable substitutes for meat and dairy products compared to other vegetarians. In addition to plant 
products, pesco- and lactovegetarians included selected animal-derived products in their food rations, thus skillfully 
diversifying the diet. More than 80% of the vegetarians used dietary supplements, mainly vitamins D and B12.
Conclusions. Regardless of the type of vegetarian diet followed, the participants seemed to be aware of how to balance 
their diet and the ingredients that should be supplemented, even though a vast majority of them did not consult a diet 
specialist. 

Key words: vegetarian diet, nutrition, health

STRESZCZENIE
Wprowadzenie. Osoby przestrzegające diety wegetariańskiej mogą dostarczać sobie wszystkie potrzebne składniki 
odżywcze z różnorodnych produktów spożywczych. Składniki wymagające szczególnej uwagi to białko, żelazo, wapń, 
cynk oraz witaminy B12 i D3.
Cel badań. Ocena znajomości zaleceń żywieniowych i sposobu żywienia wśród różnych grup wegetarian.
Materiały i metody. W badaniu udział wzięło dobrowolnie i anonimowo 390 osób (360 kobiet i 30 mężczyzn) w wieku 
18-60 lat, stosujących różne diety wegetariańskie. Badanie było prowadzone w listopadzie 2020 r. za pośrednictwem 
portalu społecznościowego Facebook z wykorzystaniem metody CAWI (Computer-Assisted Web Interviewing). Dobór 
próby był celowy (członkowie grup dla wegetarian). Analiza statystyczna została przeprowadzona z wykorzystaniem 
testu Chi2, przy użyciu programu Statistica 13.3 (przy p=0,05).
Wyniki. Do opracowania wyników respondenci zostali podzieleni na 4 grupy według stosowanej diety: wegańska, pesco- 
lub laktoowowegetariańska i inne rodzaje diet. BMI blisko 2/3 respondentów mieściło się w granicach normy, a ponad 
80% oceniło swój stan zdrowia jako dobry lub bardzo dobry. Z analizy częstości spożycia produktów spożywczych 
wynika, że bez względu na rodzaj diety wegetariańskiej osoby uczestniczące w badaniu przestrzegały zasad prawidłowego 
żywienia. Respondenci, którzy ocenili swoją wiedzę żywieniową jako bardzo dobra, częściej spożywali warzywa, owoce, 
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rośliny strączkowe i produkty zbożowe pełnoziarniste, a rzadko sięgali po produkty tj. słodkie i słone przekąski, napoje 
alkoholowe i energetyzujące czy żywność typu fast food. Sposób żywienia wegan charakteryzował się częstszym niż 
innych wegetarian spożyciem owoców, warzyw, roślin strączkowych, tłuszczy roślinnych oraz roślinnych zamienników 
mięsa i nabiału. Pesco- i laktoowowegetarianie, oprócz produktów roślinnych, planowali w swoich racjach pokarmowych 
wybrane produkty pochodzenia zwierzęcego, umiejętnie urozmaicając dietę. Ponad 80% wszystkich wegetarian chętnie 
sięgało po suplementy diety, w tym głównie witaminę D i B12.
Wnioski. Bez względu na rodzaj diety wegetariańskiej, osoby je stosujące są świadome tego, jak bilansować takie diety 
i jakie składniki suplementować, mimo, że zdecydowana większość z nich nie konsultuje swojego sposobu żywienia ze 
specjalistą. 

Słowa kluczowe: diety wegetariańskie, sposób żywienia, zdrowie

INTRODUCTION

A vegetarian diet is defined as a diet that excludes 
meat and seafood such as fish. According to the 
American Academy of Nutrition and Dietetics and 
Dietitians of Canada, which are some of the world’s 
largest dietary associations, properly planned 
vegetarian diets (such as vegan diet) are beneficial to 
health and nutritionally appropriate at all stages of life 
(including pregnancy, lactation, infancy, childhood, 
adolescence) and may help in the prevention and 
treatment of certain chronic diseases, including type 
2 diabetes, hypertension, and metabolic syndrome. 
Furthermore, it has been reported that “plant-based 
diets are more environmentally friendly than diets 
rich in animal products because they use fewer 
natural resources and are associated with much less 
environmental damage” [1, 13]. However, vegetarian 
and vegan foods may lack several nutrients, including 
vitamin B12, which is not found in plants, and so 
people strictly following a vegetarian or vegan diet 
should consume vitamin B12-enriched foods or take 
dietary supplements of this vitamin. In addition, 
supplementation of other nutrients such as iron, zinc, 
selenium, calcium, iodine, vitamin D, and omega-3 
fatty acids, which are more abundant in animal foods 
than in plant foods, is very important [10, 19].

In a systematic review of 12 studies [16] 
lactoovovegetarians or vegans had higher overall diet 
quality (4.5–16.4 points higher on the Healthy Eating 
Index 2010, HEI-2010) compared with nonvegetarians 
in 9 of 12 studies. Higher HEI-2010 scores for 
vegetarians were driven by closer adherence to 
recommendations for fruit, whole grains, seafood and 
plant protein, and sodium.

A study conducted at the Department of Psychology 
of the SWPS University in Katowice, Wrocław, and 
Warsaw (79 people on a meat-free diet and 41 people 
on a meat-containing diet) [4] indicated that people on 
a vegan diet had comparatively more knowledge about 
healthy eating than those following a vegetarian diet 
or a diet containing meat and other animal products. 
Participants following a vegan diet for preventative 
health care seemed to be more knowledgeable about 
healthy eating. 

Knowledge of nutritional recommendations in vegetarians and vegans

Vegetarians, especially vegans, are characterized 
by a lower incidence of hypertension and lower systolic 
and diastolic blood pressure compared to meat eaters 
[3]. People who followed different types of vegetarian 
diets had a lower risk of developing type 2 diabetes 
compared to those who consumed meat. The mean 
BMI was the lowest in vegans (23.6 kg/m2) and was 
higher in vegetarians (25.7 kg/m2), pescovegetarians 
(26.3 kg/m2), semivegetarians (27.3 kg/m2), and 
nonvegetarians (28.8 kg/m2) [25].

In the AHS-2 cohort, vegans were characterized 
by a 16% lower risk of all cancers compared to 
nonvegetarians, while in the EPIC-Oxford study, 
vegans, vegetarians, and fish eaters had an 11–19% 
lower risk. In the AHS-2 cohort, pescovegetarians 
were identified to have a significantly lower risk of all-
cause mortality and coronary heart disease, while in 
the EPIC-Oxford study, fish eaters had a significantly 
lower risk of mortality from cancers than their 
nonvegetarian counterparts [23].

Vegetarians also represented a lower risk of ischemic 
heart disease (IHD) compared to nonvegetarians who 
were from a similar environment. Moreover, these 
participants were found to have a lower risk of obesity, 
diabetes, diverticulitis, and cataract. It appears that the 
state of health of vegetarians over a longer period of 
time is generally good, and in case of some diseases 
the state of health can be even better in vegetarians 
than in omnivorous [2]. For the most part, the decision 
to switch to a vegetarian diet is not consulted with 
a specialist, so despite the undeniable benefits of plant-
based diets, severe dietary restrictions and insufficient 
knowledge about how to balance such diets can cause 
nutritional deficiencies. Vegetarians who consume less 
animal-source foods are considered to be a risk group 
for vitamin B12 deficiency. More often frequencies 
of vitamin B12 deficiency have been reported in 
vegans than in vegetarians as well as in individuals 
who adhere to a vegetarian diet since birth than in 
those who adopt such a diet later in life. In addition 
to vitamin B12 deficiency, it is also well known that 
eliminating all animal products from the diet increases 
the risk of vitamin D, calcium, long-chain n-3 fatty 
acids, and zinc deficiencies [11]. Moreover, the pooled 
results of the systematic review and meta-analysis 
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indicated that those on plant-based diets (compared to 
omnivore population) exhibited lower bone mineral 
density (BMD) at the lumbar spine and a reduced 
whole-body BMD. Vegetarian diets, with a deficiency, 
among others. calcium and vitamin D can compromise 
overall bone health [12].

However, additional studies are needed, 
particularly on the long-term impact of diets that 
exclude all or almost all animal products on the health 
status of vegetarians and vegans. It is also important 
to diversify the range of consumed products in order 
to balance completely vegetarian diets, as well as to 
be aware of the nutrients that should be paid more 
attention when planning a menu. For this reason, 
the present work aimed to assess the knowledge of 
dietary recommendations among different groups 
of vegetarians as well as the diet followed by these 
people.

MATERIALS AND METHODS

The survey was conducted among 360 women (92%) 
and 30 men (8%), aged 18–60 years. The participants 
were following some type of vegetarian diet and were 
residing in the Polish territory. They were divided into 
4 groups depending on the diet used: vegan (n=89), 
pescovegetarian (n=88), lactoovovegetarian (n=116), 
or any other type (n=97).

The study was conducted in November 2020 using 
the Computer-assisted web interviewing (CAWI) 
method. A proprietary questionnaire was created for 
the study in Google Forms and made available on online 
forums for vegetarians and vegans on the Facebook 
platform. Participation in the study was voluntary and 
anonymous, and sample selection was intentional. The 
survey consisted of 2 parts and a metric. The first part, 
which evaluated the knowledge of the participants 
about the current dietary recommendations, contained 
7 closed one-choice questions and 3 multiple-choice 
questions. The second part, which focused on the 
diet and eating behaviors of the participants, included 
13 closed one-choice questions, 2 multiple-choice 
questions, and 1 open short-answer question. For 24 
questions, the respondents were asked to choose one 
answer from 6 variants that characterize the frequency 
of consumption of individual products: never, 1–3 times 
a month, once a week, several times a week, once a day, 
and several times a day. These variants are assigned 
scores from 0 (for nonconsumption of the product) to 
6 (for the most common consumption), respectively. 
The repeated questions concerned the reasons for 
the change in the diet, nature of the food consumed, 
nutritional knowledge, and dietary supplements taken, 
which were encoded as 1 if the respondents marked 
the answer or as 0 if no answer was marked. In 
addition, the nutritional knowledge of the respondents 

was assessed using selected questions from the edible 
KomPAN questionnaire used for studying the views 
and dietary habits of 16- to 65-year-old subjects [8, 
9]. The answers obtained for the questions that can 
have one possible answer were analyzed by creating 
count and frequency tables and correlation tables, 
considering characteristics such as the type of diet 
used or the self-study of dietary knowledge. For 
correlation tables, a Chi2 test was performed to verify 
if the analyzed characteristics were significantly 
related, while Cramer’s correlation was determined 
to assess the level of dependency. A linear graph 
was made based on the frequency of consumption, 
showing at the same time all average frequencies for 
all the products tested, and a correlation model was 
developed based on the constituent variances.

A subjective assessment of the nutritional 
knowledge of the respondents was performed using 
Fisher’s test in the variance analysis. The materiality 
level was taken as 0.05%. All statistical analyses were 
performed using Statistica 13.3 Plus.

RESULTS

A significant proportion of the participants (almost 
75%) were young (aged 18–30), while about 18% were 
between the ages of 31–40 and the remaining 6% 
were 41–60 years old. An overwhelming majority of 
vegetarians who participated in the study were from 
large cities (55%), about 1/3 of the respondents were 
from medium or small towns, and about 16% were from 
rural areas. Almost half of the respondents had higher 
education, more than 40% had secondary education 
(because a large part of the group were students), 
and about 4% declared primary, lower secondary, or 
vocational education. 

The BMI of the subjects was not found to be 
determined by the type of vegetarian diet they 
followed. It is noteworthy that 3/4 of the vegetarians 
who took part in the study diet had a normal BMI, 
while 17% were overweight or obese, which may result 
in negative health consequences, such as metabolic 
syndrome, in the future when additional risk factors 
develop.

When assessing their health, the respondents most 
often indicated that it is good (54%) or very good 
(27%), and when assessing their diet, most people 
(74%) declared that they eat well, i.e. in accordance 
with healthy eating recommendations. With respect 
to the diet type, pescovegetarians most often rated 
their health as good, while vegans were most likely, 
of all groups, to have very good health. A similar 
relationship was observed for dietary assessment.

The main reason indicated by the participants for 
changing to a vegetarian diet was ethical, followed 
by health and environmental considerations. Most 
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respondents gave more than 1 reason for changing 
their diet (Table 1).

A majority of the subjects consumed, as 
recommended, usually 3 or 4 meals during the day. 
More than 75% of the respondents declared that they 
tried to eat their meals at regular intervals of 3–4 
hours. 

Figure 1 shows the average frequency of 
consumption of each food group by people following 
different vegetarian diets. It can be observed that 
regardless of the type of vegetarian diet followed, 
subjects adhered to most of the principles of proper 
nutrition. Among the 4 groups, the vegan diet is 
characterized by the highest intake of vegetables, 
fruits, legumes, vegetable fats, whole-grain cereal 
products, seeds, nuts, and vegetable substitutes 
for dairy and meat, which is most likely due to the 
exclusion of all zoonotic products (Figure 1).

Among the vegetarians surveyed, 70% reported 
that they do not add sugar for hot drinks such as coffee 
or tea, about 5% indicated that they used sweeteners, 
and about 25% declared that they add 1 or more 
teaspoons of sugar to their drinks. Most of them (67%) 
occasionally (1–3 times a month) consumed meals 
outside the home, prepared by catering services. 
A significant problem noted among the subjects was 
frequent eating between main meals. As many as 
78% of the participants declared that they frequently 
consumed snacks 1 time a week or more often. The 
most commonly consumed snacks included fruit 
(60%), nuts, seeds and pips (53%), and sweets (41%), 
which are rich in simple sugars and/or fat (Table 2).

An overwhelming proportion of respondents rated 
their nutritional knowledge as sufficient (43%) or good 
(36%), regardless of the diet they used. Figure 2 shows 
the extent to which the level of nutritional knowledge 

Table 1. Characteristics of the group of people participating in the survey

Parameters Variants of answers
Pesco-

vegetarian 
diet [%]

Vegan diet 
[%]

Lactoovo-
vegetarian 

diet [%]

Different  
diet [%]

Statistical 
significance*

p
Nr of people n 88 89 116 97

Age

18-30 71.59 66.29 77.59 81.44

0.07565
31-40 19.32 24.72 16.38 13.40
41-50 7.95 3.37 5.17 4.12
51-60 1.14 5.62 0.86 1.03

BMI
<18.5 kg/m2 22.22 19.44 25.00 33.33

0.6114818.5-24.99 kg/m2 23.26 23.26 31.25 22.22
≥25 kg/m2 19.70 22.73 25.76 31.82

Education

basic 0.00 2.25 0.00 0.00

0.60057
junior high school 2.27 1.12 3.45 1.04

professional 1.14 2.25 1.72 2.08
medium 38.64 37.08 43.10 42.71
higher 57.95 57.30 51.72 54.17

Domicile

village 17.05 13.48 17.24 14.43

0.30416
city up to 20,000 residents 4.55 4.49 10.34 12.37

city 20-100 thousand residents 23.86 15.73 22.41 20.62
city over 100,000 residents 54.55 66.29 50.00 52.58

Self-
assessment 
of health 
condition

bad 0.00 2.25 1.72 6.19

0.015
neither good nor bad 15.91 7.87 22.41 12.37

hard to say 1.14 2.25 1.72 2.06
good 62.50 49.44 47.41 57.73

very good 20.45 38.20 26.72 21.65

Reasons for 
changing to 
a vegetarian 

diet

health considerations 47.73 71.91% 31.90 56.70 0.00000
ethical considerations 70.45 84.27 80.17 53.61 0.00001

environmental considerations 57.95 59.55 54.31 39.18 0.01958
taste preferences 37.50 28.09 34.48 35.05 0.58797

another 3.41 10.11 5.17 2.06 0.07338
* Chi2  test

Knowledge of nutritional recommendations in vegetarians and vegans
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<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0154
0.4829
0.0809
0.1437
0.001

0.0698
0.7103
0.0394
0.1199
0.0016
0.1713
0.7681
0.2485
0.0212
0.0012
0.0368
0.0404

White meat (e. g. turkey, chicken)
Fishes
Eggs
Animal fats (e. g. butter)
Yellow cheeses (including cream and blue cheese)
Curd cheeses (including homogenized)
Milk and milk drinks (including fermented)
Alkoholic drinks
Energy drinks
Sweetened carbonated & non carbonated drinks
Salty snacks (np. chips)
Sweets (e. g. bars, cookies)
Fast food
Vegetable meat substitutes (e. g. soy cutlets)
Vegetable dairy substitutes (e. g. yoghurts)
Vegetable fats (e. g. oil, olive oil, margarine)
Seeds, grains, nuts
Whole grain cereal products (e. g. oat flakes)
Grain products cleaned (e. g. white rice, semolina)
Whole grain bread
Light bread (e. g. wheat, mixed, toasted)
Legumes (e. g. soybeans, beans, peas)
Fruits
Vegetables

 pescovegetarian
 vegan
 lactoovovegetarian
 other

Figure 1. The frequency of consumption of product groups 
Explanations: 0 – never, 1 – 1-3 times a month, 2 – once a week, 3 - a few times a week, 4 – once a day, 5 – several times 
a day (horizontal axis) (vertical axis - p value, Fisher's test)

Table 2. Characteristics of the diet of the studied group

Parameters Variants of answers

Pesco-
vegeta-rian 

diet 
[%]

Vegan 
diet 
[%]

Lactoovo-
vegetarian 

diet 
[%]

Different 
diet 
[%]

Statistical 
significance 

p*

Nr of people n 88 89 116 97

Number 
of meals 

consumed 
during the day

1 meal 0.00 1.12 0.00 0.00

0.00402
2 meals 2.27 7.87 7.76 11.34
3 meals 27.27 31.46 36.21 29.90
4 meals 46.59 47.19 50.86 52.58

5 meals and more 23.86 12.36 5.17 6.19

Length of 
breaks between 

meals

1-2 hours 1.14 0.00 0.86 1.03

0.78965
2-3 hours 25.00 29.21 23.28 31.96
3-4 hours 65.91 60.67 63.79 53.61

5 hours and more 7.95 10.11 12.07 13.40

Eating at 
regular times 

of the day

not 13.64 25.84 31.90 30.93
0.03544Yes. but only some 56.82 50.56 52.59 51.55

Yes. all of them 29.55 23.60 15.52 17.53

The frequency 
of eating 

between meals

never 3.41 13.48 9.48 8.25

0.45538

1-3 times a month 11.36 13.48 10.34 15.46
once a week 19.32 14.61 22.41 16.49

a few times a week 37.50 33.71 30.17 29.90
once a day 18.18 19.10 14.66 22.68

several times a day 10.23 5.62 12.93 7.22
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The frequency 
of eating meals 

away from 
home

never 7.95 14.61 6.90 6.19

0.12390
1-3 times a month 62.50 65.17 73.28 64.95

once a week 22.73 14.61 17.24 17.53
a few times a week 5.68 5.62 1.72 11.34
several times a day 1.14 0.00 0.86 0.00

* Chi2  test

0 1 2 3 4 5

0.6706
0.7127
0.7482
0.9112
0.0294
0.0343
0.5049
0.4562
0.1408
0.0003

<0.0001
<0.0001

0.0067
0.2481
0.0317
0.0653
0.0001
0.1152
0.0876
0.0597
0.0011
0.0001
0.0456
0.0008

White meat (e. g. turkey, chicken)
Fishes
Eggs
Animal fats (e. g. butter)
Yellow cheeses (including cream and blue cheese)
Curd cheeses (including homogenized)
Milk and milk drinks (including fermented)
Alkoholic drinks
Energy drinks
Sweetened carbonated & non carbonated drinks
Salty snacks (np. chips)
Sweets (e. g. bars, cookies)
Fast food
Vegetable meat substitutes (e. g. soy cutlets)
Vegetable dairy substitutes (e. g. yoghurts)
Vegetable fats (e. g. oil, olive oil, margarine)
Seeds, grains, nuts
Whole grain cereal products (e. g. oat flakes)
Grain products cleaned (e. g. white rice, semolina)
Whole grain bread
Light bread (e. g. wheat, mixed, toasted)
Legumes (e. g. soybeans, beans, peas)
Fruits
Vegetables

 insufficient
 sufficient
 good
 very good

Figure 2. Self-assessment of nutritional knowledge 
Explanations: 0 – never, 1 – 1-3 times a month, 2 – once a week, 3 - a few times a week, 4 – once a day, 5 – several times 
a day (horizontal axis) (vertical axis - p value, Fisher's test )

explains the variation observed in the frequency of 
consumption of individual products. Respondents 
assessing their nutritional knowledge as very good 
showed more healthy behaviors as they more often 
consumed vegetables, fruits, legumes, and whole-
grain cereal products as well as seeds and nuts, while 
they rarely consumed sweet and salty snacks, light 
bread, alcoholic beverages and energy drinks, and fast 
food. On the other hand, people who assessed their 
knowledge as insufficient least consumed wholesome 
products such as vegetables, fruits, and whole-grain 
cereals, and most often consumed products high 
in salt, simple sugars, and fats (e.g. sweets, cheese) 
(Figure 2). 

The study also showed that vegetarians are very 
knowledgeable about the products that can substitute 
meat and other animal-derived products in their diet 
in terms of protein content. In the multiple-choice 
question, legumes (i.e. soybean, bean, pea, chickpea, 
broad bean) were the most frequently selected as 

a good alternative to meat in terms of nutritional 
value while being more beneficial to health and the 
environment. 

When asked about the minimum recommended 
amount of fruit and vegetables consumed per day, 
39% of respondents answered correctly (400 g), 
while interestingly 44% indicated a higher value (500 
g). A vast majority of respondents (83%) correctly 
indicated the daily ratio of fruit to vegetables (3/4 
vegetables; 1/4 fruit). In addition, 75% were aware of 
the recommendation that salt intake should be limited 
to 5 g per day. This was reflected in reality, as almost 
64% of the participants did not add salt to the prepared 
foods and sandwiches at the table. Almost 90% of the 
respondents were aware that at least 1.5–2 liters of 
water should be taken per day, and over 57% followed 
these recommendations. Regardless of the type of diet 
followed, vegetarians who participated in the study 
consumed dietary supplements, mainly vitamins D 
(36%) and B12 (27%). Only 1/4 of the respondents 
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declared that they consulted their diet with a doctor, 
nutritionist, or other professional. No significant 
differences were noted among the different groups of 
respondents in terms of the use of dietary supplements 
or dietary consultation (Table 3).

DISCUSSION

Among the participants, meat-free diets were 
most commonly followed by young people aged 
18–30 years (about 75%). A survey conducted by the 
Ariadna Panel (May 2019; n=1077) [21] investigating 
public opinion regarding the attitude of Poles toward 
plant-based products and dishes confirmed that plant-
based diets were particularly popular among young 
people: 27% of vegetarians and vegans were under 
24 years old, while 25- to 34-year-old respondents 
accounted for 24%. More than half of the people who 
follow a vegetarian or vegan diet are under the age 

Table 3. Characteristics of the diet of the studied group

Parameters Variants of answers
Pesco-

vegetarian 
diet [%]

Vegan 
diet 
[%]

Lactoovo-
vegetarian 

diet [%]

Different 
diet 
[%]

Statistical 
significance 

p*
Nr of people n 88 89 116 97

Self-
assessment of 

the diet

Very bad 0.00 0.00 4.31 0.00

0.00790
Bad 7.95 10.11 12.07 11.34

Good 81.82 66.29 73.28 76.29
Very good 10.23 23.60 10.34 12.37

Self-
assessment 

of nutritional 
knowledge

Insufficient 13.64 7.87 16.38 13.40

0.82213
Sufficient 40.91 41.57 45.69 43.30

Good 37.50 41.57 31.90 36.08
Very good 7.95 8.99 6.03 7.22

Consulting 
diet with 

a specialist

Yes 21.59 28.09 19.83 21.65
0.54254

No 78.41 71.91 80.17 78.35

Amount of 
water you 

drink during 
the day

less than 1 l 10.23 6.74 12.93 8.25

0.05259
1-1,5 l 36.36 21.35 41.38 30.93
1,5-2 l 25.00 40.45 24.14 35.05

2 l and more 28.41 31.46 2.55 25.77

The habit of 
sweetening hot 

drinks

Not 69.32 78.65 66.38 65.98

0.28772

Yes, I use low energy 
sweeteners 7.95 2.25 4.31 7.22

Yes, I sweeten it with one 
teaspoon of sugar (or honey) 17.05 12.36 21.55 23.71

Yes, I sweeten with two or 
more teaspoons of sugar (or 

honey)
5.68 6.74 7.76 3.09

Custom of 
salting ready 
meals at the 

table

Not 61.36 68.54 64.66 59.79

0.69919Yes, but only sometimes 30.68 26.97 28.45 28.87

Yes, I salute most of the dishes 7.95 4.49 6.90 11.34

* Chi2  test

of 35. In a survey conducted by the Maczfit analytics 
team (November–December, 2020; n=1415) [20], 
assessing the nutritional habits of inhabitants from 
the largest Polish cities (Warsaw, Cracow, Poznan, 
Lublin, Szczecin, Gdynia, Gdansk, Sopot, Bydgoszcz, 
Łodz, Wroclaw, and Bialystok), the largest number 
of respondents who declared following a vegetarian 
diet were within the age range of 18–25 years (71%), 
while vegetarians over the age of 46 accounted for 
5% of the respondents. In the study by Pyrzynska 
[18] on subjects following a vegetarian diet (n=100), 
the highest number of completed questionnaire was 
obtained from persons aged 15–34 years, which 
accounted for as much as 90% of the respondents.

The results of the present study showed that 
a significantly higher proportion of respondents 
following a vegetarian diet were women (92%). 
However, the survey conducted by the Ariadna Panel 
[21] showed that the proportion of women among 
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nonmeat eaters was low. The gender proportions of 
this group match with that of the general population of 
the country. In the Maczfit study [20], it was observed 
that one in 5 people followed a vegetarian diet (21%), 
and among them the majority were women (86%). 

In the present study, the majority of vegetarians 
came from large cities (over 100,000 inhabitants) 
(55%), about 1/3 from medium or small cities, and 
about 16% from rural areas. On the other hand, in the 
study by Ariadna Panel [21], 8% of the rural population, 
accounting for nearly 37% of all respondents, followed 
a meatless diet in the month before the study. In small 
towns with up to 20,000 inhabitants, as many as 
12% of the respondents declared no consumption of 
meat products, which is the best result among all the 
surveyed groups. However, among meat eaters, the 
residents of large cities (over 500,000 inhabitants) were 
most likely to limit their meat consumption. Nearly 
half of those living in metropolitan areas declared that 
they had reduced their meat consumption in the past 
year. 

In the present self-reported survey, a majority 
of participants had higher education (about 56%) or 
high school education (over 40%), which was due 
to the fact that a large part of the study group were 
students. In contrast, in the Ariadna Panel study [21], 
there were only fewer people among vegetarians and 
vegans with higher education, which was mainly due 
to the fact that young-aged respondents constituted 
a significant part of the study group. In the Maczfit 
study [19], as in the present study, the respondents 
who declared as vegetarians were mainly those with 
higher and secondary education (secondary—50%, 
higher—49%). In the study by Pyrzyńska [18], the vast 
majority of respondents came from cities and declared 
secondary or higher education.

In the present study, ethical considerations (72%) 
were most frequently cited as the reason for changing 
to a vegetarian diet, followed by health (51%) and 
environmental concerns (53%), taste (34%), and 
others (5%). A study conducted by Śliwińska et al. 
[24] also showed that the most important reasons 
cited by people for switching to a vegetarian diet were 
the welfare of animals (96%), concern for their own 
health (95%), environmental protection (74%), and 
undesirable taste of meat (74%). In the present study, 
most of the respondents declared eating usually 3 or 
4 meals a day. More than 75% tried to eat their meals 
at regular intervals of 3–4 hours, which is in line 
with recommendations, while 2/3 of the respondents 
declared eating between main meals at least once 
a week. The habit of eating between meals, as well 
as the type of products consumed, may play a role in 
maintaining normal body weight, or contribute to the 
development of overweight or obesity. The study by 
Schüz et al. [22] indicated that among respondents, 

snacking accounted for up to 1/3 of daily energy 
intake and potentially contributed to weight gain. 
A study by Hampl et al. [6] that analyzed the food 
intake patterns and BMI among American adults (1756 
males, 1511 females) confirmed that consumption 
of snacks, especially sweetened beverages, remains 
a problem. However, the direct relationship between 
total snacking frequency and BMI has not been 
documented in studies [6, 14].

The present study showed that vegetarians and 
vegans had a fairly good knowledge of the basic 
recommendations for proper nutrition, as well as the 
composition of meat-free diets including components 
(e.g. calcium, iron) that may be deficient in products 
that are poorly selected. It is worth noting that the 
respondents’ knowledge of these recommendations 
was put into practice, as they most frequently consumed 
vegetables, fruits, and legumes. Whole-grain bread 
and cereal products were chosen more often than light 
bread and refined cereal products, and plant-based 
products were frequently chosen as sources of fat than 
animal products. A study conducted at the Department 
of Psychology of the SWPS University in Katowice, 
Wrocław, and Warsaw (79 people on a meat-free diet 
and 41 people on a meat-containing diet) [4] indicated 
that people on a vegan diet had comparatively more 
knowledge about healthy eating than those following 
a vegetarian diet or a diet containing meat and other 
animal products. Participants following a vegan 
diet for preventative health care seemed to be more 
knowledgeable about healthy eating. This was also 
confirmed by the results of the present study, as 
vegans were more likely to correctly answer questions 
about dietary components that should be limited (e.g. 
salt, saturated fatty acids, sugar), the recommended 
amount of fruits and vegetables, or products that can 
substitute meat in the diet. A systematic review of 12 
studies meeting the inclusion criteria (adults aged ≥18 
years, living in Western countries, and following any 
form of a vegetarian diet or nonvegetarian diet; diet 
quality measured by an a priori index) [16], which 
compared the quality of vegetarian and nonvegetarian 
diets, revealed that lactovegetarians or vegans were 
characterized by higher overall dietary nutritional 
value compared with nonvegetarians, which was 
assumed to partly explain the improvement in their 
health status. However, more research is needed 
considering other confounding factors such as 
awareness of the health effects of meat products and 
the nutritional value of plant-based products, as well 
as other nondietary lifestyle characteristics.

This study showed that regardless of the type of 
vegetarian diet followed, a significant proportion of 
vegetarians frequently used dietary supplements, 
mainly vitamin D (36%) and B12 (27%), as they were 
more aware of the risks associated with nutritional 
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deficiencies, although only 1/4 of the respondents 
consulted their diet with a doctor, dietician, or other 
specialist. A 2017 study conducted by researchers 
from the Karol Marcinkowski Medical University in 
Poznań [5], which assessed the prevalence of the use of 
dietary supplements among vegetarians and traditional 
eaters, also confirmed that dietary supplements were 
widely used by vegetarians, compared to those who 
do not exclude meat and other animal products from 
their diet. Vitamin B12 supplement was the most 
commonly taken among vegetarians (nearly 62% of the 
respondents). In addition, vitamin D was significantly 
more often taken by vegetarians than other individuals. 
In the publication “Normy żywienia dla populacji 
Polski i ich zastosowanie” [Nutrition standards for the 
Polish population and their application] from 2020, the 
authors emphasize that the market currently has plant-
based drinks (e.g. soy, oat, and rice drinks), enriched 
with vitamin B12, which may constitute a source of 
this vitamin for vegans [7]. 

Vegetarian diets based on unprocessed and low-
processed products are characterized by a lower 
content of saturated fatty acids, cholesterol, and 
sugar, as well as a higher content of dietary fiber, 
unsaturated fatty acids, some minerals, vitamins, 
and phytochemicals, compared to diets including all 
food groups [26]. Various studies have shown that 
vegetarians have a lower rate of mortality related to 
certain chronic diet-related diseases, as well as fewer 
risk factors for these diseases. This is especially 
true for obesity, type 2 diabetes, hypertension, IHD, 
and some cancers [26]. The American Prospective 
Cohort Study AHS-2, a 5-year cohort study of 73,308 
Seventh-Day Adventist men and women, found that 
vegetarian diets were associated with lower overall 
mortality and lower mortality related to certain 
cancers. These associations were more significant 
in the case of men than in women [15]. The present 
study showed that the respondents who declared their 
nutritional knowledge as very good showed more 
health-promoting behaviors compared to those who 
rated their knowledge as inadequate. People who were 
aware of how a well-balanced plant-based diet should 
be more often consumed vegetables, fruits, legumes, 
and whole-grain cereal products, as well as seeds and 
nuts, and rarely reached for products such as sweet and 
salty snacks, light bread, alcoholic and energy drinks, 
and fast food. Such plant-based diet may be beneficial 
to health as long as supplements of vitamins B12 and 
D and calcium-fortified dairy alternatives are used, 
and the health is monitored regularly.

The numerous health benefits associated with 
a vegetarian diet result not only from the diet but 
also from lifestyle changes. Vegetarians usually do 
not smoke, limit or exclude alcohol intake, and are 
more physically active [26]. However, the present self-

reported survey did not include any questions about 
lifestyle, and hence it is impossible to compare the 
results with other studies. Moreover, the study sample 
was small and narrowed down to users of the social 
networking site Facebook who are members of themed 
groups for vegetarians and vegans. This purposeful 
selection of research sample is a limitation, as the results 
do not reflect the level of nutritional knowledge and 
diet of all adult vegetarians in Poland, but only that of 
the users of a certain website who are interested in the 
topic. In addition, the data on nutritional knowledge and 
diet were collected through an online questionnaire, 
and the respondents were not asked about the details 
of their dietary habits. The questionnaire also did not 
accurately examine the nutritional value of diets based 
on current note-taking, and did not include questions 
about other lifestyle elements such as the use of 
stimulants, physical activity, quantity and quality of 
sleep, and mental and social health, which makes it 
difficult to clearly determine the causal relationships 
between vegetarian diets and the health status of the 
subjects. However, the present study can serve as 
a basis for designing further studies on a larger and 
more representative group of vegetarians in terms 
of gender, age, education, and size of the locality of 
residence, and considering additional non-nutritional 
factors. Such studies could improve the knowledge on 
the long-term effects of different types of vegetarian 
diets on the health status of people following them.

CONCLUSIONS

The health-promoting quality of the diet followed 
by vegans, which is characterized by increased intake 
of vegetables, fruits, whole-grain cereals, pulses, 
vegetable fats, and seeds and nuts, was related to their 
declared level of nutritional knowledge.

The level of education and awareness of the 
adverse effects of intensive animal husbandry on the 
environment and health of people who consume large 
amounts of animal products can have a significant 
impact on the decision to switch to a vegetarian or 
vegan diet.

Regardless of the type of vegetarian diet, people 
who followed such a diet were mostly aware of how to 
balance the rations and the components that should be 
supplemented, although the vast majority of them did 
not consult their diet with a specialist.
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ABSTRACT
Background. About 7 million people in Poland receive pensions. The amount of benefits paid to pensioners is reflected 
in the income at their households and expenses, including food expenses.
Objective. The aim of the study was to evaluate the dietary patterns of Polish seniors in the retirees̀  households on the 
basis of an analysis of food consumption and energy and nutrient intake.
Material and method. Food consumption evaluation was based on household budget survey conducted by Statistics 
Poland in 2019 throughout the whole country. Energy and nutrient intake were calculated  using the conversion factors.
Results. The consumption of unprocessed red meat in retirees’ households was 1.83 kg/person/month, meat products – 
2.90 kg and kitchen salt – 0.24 kg. 6.52 kg of vegetables and 5.99 kg of fruit were consumed per person per month. The 
mean energy intake in members of these households was 2387 kcal/day. The proportion of energy from fat was high – 
36.6%. 14.2% of energy was derived from protein  and 49.6% from digestible carbohydrates. The share of animal fat (55.0 
g) was higher than vegetable fat (43.7 g). It was associated with a high percentage of energy from saturated fatty acids 
– 13.4%. The content of polyunsaturated fatty acids was less than half of the saturated fatty acids. Calcium and vitamin 
D intake was low (658 mg and 3.8 µg respectively).
Conclusions. Red meat, processed meat and salt consumption by seniors was too high in relation to the nutritional 
recommendations. Vegetables and fruit were consumed in amounts that are recommended. Seniors diet was improperly 
balanced, e.g. due to the high percentage of energy from fat, including saturated fatty acids. However, the intake of 
polyunsaturated fatty acids was low. Calcium and vitamin D intake was lower than Reference Intakes.

Key words: seniors, food consumption, dietary patterns, household budget survey

STRESZCZENIE
Wprowadzenie. Emerytury w Polsce pobiera ok. 7 mln osób. Wysokość świadczeń wypłacanych emerytom przekłada 
się na dochody, którymi dysponują ich gospodarstwa domowe i wydatki, w tym wydatki na żywność.
Cel. Celem badań była ocena zwyczajów żywieniowych polskich seniorów w gospodarstwach domowych emerytów na 
podstawie analizy spożycia żywności oraz energii i składników odżywczych.
Materiał i metody. Ocena spożycia została dokonana na podstawie danych GUS z badania budżetów gospodarstw 
domowych przeprowadzonego w 2019 r. w całym kraju. Po zastosowaniu współczynników przeliczeniowych obliczono 
również wartość energetyczną diety i zawartości w niej składników odżywczych.
Wyniki. Spożycie nieprzetworzonego mięsa czerwonego w gospodarstwach domowych emerytów wyniosło 1,83 kg/
osobę/miesiąc, przetworów mięsnych – 2,90 kg, a soli kuchennej – 0,24 kg. Spożywano miesięcznie w przeliczeniu 
na osobę  6,52 kg warzyw i 5,99 kg owoców. Wartość energetyczna diety członków gospodarstw emerytów wynosiła 
średnio 2387 kcal/dobę. Duży był udział energii z tłuszczu – 36,6%. Z białka pochodziło 14,2%, a z węglowodanów 
przyswajalnych 49,6% energii. Znacznie więcej tłuszczu wnosiły produkty pochodzenia zwierzęcego (55,0 g), niż 
roślinnego (43,7 g). Wiązał się z tym wysoki odsetek energii z kwasów tłuszczowych nasyconych – 13,4%. Zawartość 
kwasów wielonienasyconych stanowiła mniej niż połowę kwasów nasyconych. Stwierdzono niskie spożycie wapnia i 
witaminy D (odpowiednio: 658 mg and 3,8 µg).
Wnioski. Wśród seniorów zbyt duże było spożycie mięsa czerwonego i przetworzonych produktów mięsnych oraz 
soli. Warzywa i owoce spożywane były w ilościach odpowiadających zaleceniom. Dieta seniorów była nieprawidłowo 
zbilansowana m.in. ze względu na duży udział energii z tłuszczu, w tym z kwasów tłuszczowych nasyconych. Przy tym 
małe było spożycie kwasów wielonienasyconych. Spożycie wapnia i witaminy D było niższe od Referencyjnych Wartości 
Spożycia.

Słowa kluczowe: seniorzy, spożycie żywności, zwyczaje żywieniowe, badanie budżetów gospodarstw domowych
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INTRODUCTION

The household budget survey is a national survey 
that focuses on household spending on goods and 
services that gives an overview of living conditions 
in the country. Data from household budget survey 
are a valuable source of information on national 
food consumption. Data on food consumption are an 
important aspect of health monitoring in a country, 
especially if they are collected regularly and include 
a representative group of subjects. These requirements 
are met by household budget survey. Data from this 
survey can be used especially to analyse trends in the 
consumption of various products and any potential 
changes in dietary patterns and the comparison of food 
consumption between different households [5, 6, 8]. 

In each household, one person is defined as its head 
or reference person. This is a person whose personal 
characteristics can be used in the classification and 
analysis of information on the household [13]. 

The household budget survey in Poland is 
conducted by Statistics Poland. It covers five basic 
socio-economic groups of the population, including 
households of retirees. The head of these households 
is the person who receives a highest pension. Source 
of maintenance of other members of a household could 
be different. However, most of the people living in 
these households are retired. In 2019, they accounted 
for 81.8% of the members of retirees’ households [8]. 

Retirees constitute a large part of the Polish 
population. In 2019, pensions were received by 
6,977,000 people. However, the number of people in 
post-productive age was 8,407,900 that year which 
was 21.9% of total population. Retirees’ households 
are inhabited mainly by the elderly. In 2019, people 
aged 65 years and over accounted for 67.5% of 
members of these households, aged 60-64 years – 
15.4%. A prognostic analysis showed that the share of 
post-productive age people (including retirees) would 
be grown to 26.2% in 2030 [9]. Therefore, it is very 
important to identify selected nutritional factors in 
this group.

The aim of the study was to evaluate the dietary 
patterns of Polish seniors in retirees̀  households on the 
basis of an analysis of food consumption and energy 
and nutrient intake.

MATERIAL AND METHODS

Food consumption evaluation was based on 
household budget survey conducted by Statistics Poland 
in 2019 throughout the country. This survey in 2019 
covered 35,923 households including 12,054 retirees’ 
households (33.6%). The total number of persons living 
in all households was 93,674, including 22,072 persons 
living in retirees’ households (23.6%) [8]. 

Dietary patterns of Polish seniors in retirees` households  

Household budget survey provides information on 
the living conditions of the population, i.e. available 
income, expenditures, food consumption, housing 
conditions and equipment of the households with 
durables. The above information is combined with the 
data on different demographic, social and economic 
characteristics of the households and their members. 
The survey covers randomly selected sample of 
all households with the exception of those living in 
institutional households (for example retirement 
home) [20]. 

The survey is conducted through the use of monthly 
rotation which means that each month different 
households participate in it. Each participating 
household keeps a special diary for a month, where 
registers incomes, expenditures and food quantities 
purchased, obtained free or derived from individual 
farm, garden or business activity. Food consumption 
is assessed by purchasing and receiving from other 
sources The methodology used does not include however 
food quantities consumed in catering establishments, 
canteens, hospitals, nurseries, kindergartens, etc. 
These feature is common for household budget 
surveys in many countries and originates from the fact 
that expenditures on eating out of the household are 
intentionally underestimated [8]. 

Data on food consumption were converted 
into energy and nutrient amounts through energy 
and nutrient conversion coefficients worked out at 
the Institute with the use of the national Tables of 
Composition and Nutritive Value of Food [17].

The manuscript presents the food products 
consumption and energy and nutrient intake among 
members of retirees’ households compared to other 
households together, i.e. employees, farmers, the self-
employed and pensioners.

RESUTLS

Food consumption
Figures 1 and 2 presents data on the consumption 

of particular groups of food products expressed in 
kilograms, litters and units per month in retirees’ 
households and other households.

In the group of cereal products the consumption 
of bread, other bakery products and flour (Figure 1) 
by retirees’ households was 3.79, 1.25 and 0.82 kg/
person/month.

It was observed more than 4 kg/person/month the 
consumption of potatoes and their products and close 
to 7 kg/person/month the consumption of vegetables 
and their products by retirees’ households. The less 
value was observed in the consumption of fruits and 
their products including juices (5.99 kg/person/month). 
All these kinds of products were consumed in higher 
amounts in retirees’ households than in others.
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a)– with potato chips
Figure 1. Food group consumption in retirees’ households in comparison to other households in Poland, 2019 (kg/person/
month)

Figure 2. Food group consumption in retirees’ households in comparison to other households in Poland, 2019 (kg/person/
month) - continuation

It is necessary to underline the high consumption 
of sugar and confectionery products in the retirees’ 
households (more than 1 kg/person/month of sugar 
and near 0.6 kg/person/month of the confectionery 
products). 

The consumption of meat and meat products (Figure 
2) was close to 7 kg/person/month, including 1.83 kg 
of unprocessed red meat and 1.85 kg of processed red 

meat. In the respect of fish and fish products, it was 
0.40 kg/person/month. 

The consumption of butter and animal fats was 
more than 0.5 kg/person/month but the consumption 
of vegetable fats was almost 2 times higher  (0.9 kg/
person/month).

In the retirees’ households the consumption of milk 
and dairy drinks was 4 l/person/month. The cheese 
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and cream consumption was 1.09 and 0.52 kg/person/
month respectively.  

The consumption of kitchen salt (excluding salt 
contained in food products) in retirees’ households 
was 0.24 kg/person/month.

In comparison to the other types of households, the 
food consumption by retirees̀  households was in the 
most cases higher, excluding non-alcoholic beverages.

Energy and nutrient intake
Tables 1-3 presented the results of energy and 

nutrient intake by members of retirees’ households in 
comparison to members of other households. These 
results were expressed per person per day. 

The energy intake by retirees was 2387 kcal/
person/day (Table 1) and it was found the 31% of the 
energy of animal origin in it. 

The total protein intake was 83 g/person/day and 
there was 61% of protein of animal origin in it. The 
total fat intake was close to 100 g/person/day (36.6% 
of energy) and the share of the fat of animal origin 
was 56%. 

There were observed a quit similar proportions 
of energy from total protein, total fat and digestible 

carbohydrates in retirees’ diets and in the group of 
other households.

The intake of saturated fatty acids and 
monounsaturated fatty acids was respectively 36 and 
40 g/person/day but the polyunsaturated fatty acids 
intake was 17 g/person/day.

The mineral intake (Table 2) by retirees̀  
households was higher than in the group of other 
households. The calcium intake was 658 mg/person/
day but the phosphorus intake was almost twice 
higher (exceed 1300 mg/person/day). Moreover the 
sodium dietary intake was very high in the group of 
retirees̀  households members and it was close to 5400 
mg/person/day.

Similarly as in the respect of minerals, the intake 
of vitamins (Table 3) by the members of retirees̀  
households was higher than in the group of other 
households. The intake of vitamin A was 1304 µg/
person/day in the group of retirees̀  households 
members. The intake of vitamin D was less than 4 µg/
person/day. The intake of the water soluble vitamins 
like B1, B2 and B6 was close to 2 mg/person/day. The 
intake of niacin was resulted as 23.6 mg/person/day. 
Folates intake was 289 µg/person/day. The intake of 
vitamin C was equal to 100 mg/person/day. 

Table 1. Energy and selected nutrients average intake in households of retirees in comparison to other households in 
Poland, 2019 (per person/day)

Energy and nutrients Unit Retirees’ 
households

Other 
households

Total energy kcal 2387 1785
Energy from products of animal origin kcal 732 517
Energy from products of vegetable origin kcal 1655 1268
Protein: in total g 83.2 61.5
              of animal origin g 50.4 37.0
              of vegetable origin g 32.8 24.4
Fats:    in total g 98.7 71.5
            of animal origin g 55.0 37.7
            of vegetable origin g 43.7 33.8
Digestible carbohydrates g 291 224
Proportion of energy from total protein % 14.2 14.0
Proportion of energy from total fat % 36.6 35.4
Proportion of energy from digestible carbohydrates % 49.6 51.0
Saturated fatty acids g 35.7 25.7
Monounsaturated fatty acids g 39.8 28.9
Polyunsaturated fatty acids g 17.2 12.7
Proportion of energy from saturated fatty acids % 13.4 13.0
Ratio of polyunsaturated and saturated fatty acids 0.5 0.5
 Cholesterol mg 312 218
 Fibre g 21.6 16.0

Dietary patterns of Polish seniors in retirees` households  
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DISCUSSION

In 2019, average monthly available income in 
retirees’ households amounted to PLN 1,864 per capita 
and accounted for 102.4% of the national average. At 
the same time, average monthly expenditures in these 
households amounted to PLN 1,364 and accounted for 
108.9% of the national average. Retirees’ households 
belonged to households with a relatively high rate of 
expenditures in available income - 73.2%. For total 
households this rate was 68.8% [8]. 

Expenditure on food and non-alcoholic beverages 
had the highest share in the structure of expenditures. 
In retirees’ households, they accounted for 28.2% of 
all expenditures, with 25.2% for total households. 
The amount spent by retirees on the purchase of food 
and non-alcoholic beverages was PLN 385 per person 
per month, while for all households it was PLN 314. 

Expenditure on food and non-alcoholic beverages 
in other households was lower than in retirees’ 
households [8]. 

Taking into account the differences in food intake 
between retirees’ household and the other types of 
households it is worthy to underline the differences 
in expenditures on hotels and restaurants. In 2019 
the average value for these expenditures by retirees’ 
household was 49 PLN and they were about 20% lower 
than in all types of the households [8]. 

Data from different EU counties collected by 
European Statistical Office – Eurostat indicate that the 
structure of household expenditure differs between 
age groups. Households with a reference person aged 
60 years or more in most countries tend to spend 
proportionally more of their expenditure on food 
and non-alcoholic beverages than other households. 
In 2015 their expenditure on these products was 7% 
higher than the average share for all households in 
EU. This proportion was the highest in Cyprus (33% 
higher) and Estonia (27% higher). In three countries: 
Denmark, Germany and Sweden expenditure on food 
and non-alcoholic beverages in households of the 
elderly was lower (respectively 7%, 2% and 2%) than 
in all households [4]. 

The households of retirees surveyed in Poland 
most often consisted of two (51.5%) or one person 
(36.3%), which could determine the expenditure on 
food and non-alcoholic beverages [8]. The number 
of people in a household affects the differences in the 
level and structure of expenses. Expenditure on food 
and non-alcoholic beverages per capita is the highest 
in small households and decreases with the increase 
of the number of people in the household. Higher 
expenditures on food and non-alcoholic beverages in 
small households can be associated with the economy 
scale effect related to savings in the joint preparation 
of meals [11]. 

The expenditure analysis indicated that retirees’ 
households spent the most on food and non-alcoholic 
beverages of all households. Data presented in our 
manuscript showed that retirees’ households were 
characterised by a high consumption of food products 
compared to other households. 

Earlier data also indicated a higher consumption of 
food products in retirees’ households. An analysis of 
data from household budget survey from 2014, carried 
out by Turczak [23], showed that in the households of 
retirees and pensioners, the per capita consumption 
of meat, fish and seafood, milk, cream, eggs, oils and 
fats, fruit, vegetables, sugar, jam, honey, chocolate and 
confectionery products, coffee and tea were higher 
than the average consumption in Poland. On the other 
hand, the consumption of fruit and vegetable juices 
was low compared to the average.

Table 2. Minerals average intake in retirees’ households 
in comparison to other households in Poland, 2019 (per 
person/day)

Minerals Unit Retirees’ 
households

Other 
households

Sodium mg 5398 3480
Potassium mg 3817 2750
Calcium mg 658 526
Phosphorus mg 1330 997
Magnesium mg 392 285
Iron mg 13.2 9.5
Zinc mg 11.7 8.6
Copper mg 1.8 1.3
Manganese mg 5.3 3.8
Iodine µg 217 126

Table 3. Vitamins average intake in retirees’ households 
in comparison to other households in Poland, 2019 (per 
person/day)

Vitamins Unit Retirees’ 
households

Other 
households

Vitamin A µg 1304 856
β-carotene µg 2996 2113
Vitamin D µg 3.8 2.6
Vitamin E mg 13.5 10.0
Vitamin B1 mg 1.8 1.3
Vitamin B2 mg 1.9 1.4
Niacin mg 23.6 16.6
Vitamin B6 mg 2.1 1.6
Folates µg 289 207
Vitamin B12 µg 4.2 2.9
Vitamin C mg 100 73

K. Stoś, M. Ołtarzewski, E. Rychlik
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Considering that retirees’ households usually 
consist of two persons, we wanted to know the 
differences between monthly food consumption by this 
type of households and the whole group of households 
of two people [8]. It was observed 5% higher 
consumption of bread and cereal products in the group 
of retirees’ households in comparison to the total types 
of households. However the highest consumption of 
cereal products was in farmers’ households. Also, in 
the respect of meat and meat products the farmers’ 
households represented the highest consumption of this 
group. Among the other groups of animal products like 
milk, cream and eggs, a higher consumption of these 
products was also noted among farmers’ households. 
It is necessary to underline the highest consumption 
of cheese and yogurts in the employees’ households 
of non-manual labour positions. However, the fish 
consumption was highest in the retirees’ households. 
In respect of fruit consumption, the retirees̀  and 
self-employed households where characterised by 
the highest consumption. However, in the group 
of vegetable the farmers’ households consumed 
the highest monthly amount. Taking into account 
sugar and sugar product consumption the farmers’ 
households consumed them the most, but the retirees’ 
households were in the second place in this respect. 
In conclusion the comparison of food consumption 
between different types of two-person households did 
not indicate the retirees’ households as a group of the 
highest consumers of the most of the food products as 
it was shown in the result section of this paper. The 
higher consumption of the most of food products in 
retirees’ households than in the group of the other 
households seems to be the result of, among others, 
different number of members in households.

We analysed the food consumption from household 
budgetary survey also in 2010-2018 and we stated that 
the inhabitants of rural areas consumed more bread, 
potatoes, meat products, milk and dairy drinks, eggs 
and sugar [21]. It can be assumed that they are mostly 
farmers. 

Data on the consumption of some food products 
in retirees’ households made it possible to compare it 
with the recommendations.

The consumption of vegetables and fruit was 12.51 
kg/person/month, which was equal to 411.3 g/person/
day. Considering the recommendations of the World 
Health Organisation (WHO) concerning the daily 
consumption of vegetables and fruit, which should 
be at least equal to 400 g [26], the total consumption 
of products from these was in line with these 
recommendations. 

The consumption of unprocessed and processed 
red meat was 3.68 kg monthly, i.e. 845 g per week. 
Consumption of all processed meat was 2.90 kg 
per month, i.e., 667 g per week. The World Cancer 

Research Fund/American Institute of Cancer Research 
(WCRF/AICR) recommends to limit weakly red meat 
consumption to no more then 350-500 g cooked 
weight (500 g of cooked meat roughly equivalent of 
700-750 g of row meat) [25]. It is also recommended to 
consume very little, if any, processed meat. In relation 
to these recommendations, the consumption of red 
and processed meat in retirees’ households should be 
assessed as too high. However, it should be noted that 
opinions on the reduction of red and processed meat 
are not unanimous. Nutritional Recommendations 
(NutriRECS) Consortium suggests that adults 
continue current unprocessed red meat and processed 
meat consumption as the results of meta-analyses 
showed that the possible effects of red and processed 
meat consumption on all-cause mortality, cancer 
mortality and incidence and adverse cardiometabolic 
outcomes are very small, and the evidence is of low 
certainty [12, 15, 29]. 

Members of retirees’ households consumed 0.24 
kg of salt per month, i.e. 7.9 g/day. However, taking 
into account the sodium content in food products, the 
total salt intake was 13.5 g/day. It clearly exceeded the 
WHO recommendations of no more than 5 g/day [27]. 

When analysing the energy intake from individual 
macronutrients in retirees’ households, a very high 
percentage of energy from fats was observed – 36.6%, 
exceeding the Polish Dietary Reference Value (DRV) 
of 20-35% [14]. The energy intake from carbohydrates 
was relatively low – 49.6%. It was in the range of the 
Polish DRV, but close to the lower value of this range. 
Retirees consumed more animal fat than vegetable fat. 
The structure of fatty acids intake was the result of 
this. Their diet was characterised by a high content of 
saturated fatty acids providing 13.4% of energy. In the 
diet ensuring the proper nutritional value, their intake 
should be as low as possible. Moreover, the content of 
the polyunsaturated fatty acids represented only half 
of the saturated acids and their ratio was equal to 0.5.

The intake of the most of minerals and vitamins 
by seniors̀  households was higher than Reference 
Intakes (RIs for labelling) [14] excluding calcium and 
vitamin D.

Household budget survey may not include the 
entire food consumed by studied person. Moreover, the 
obtained data show the average consumption among 
all inhabitants of the households and do not reflect the 
differences depending on age and gender. Therefore, 
not all the data resulting from this methodology may 
correspond to the recommendations.

Data on individual consumption facilitate a more 
accurate assessment of the energy and nutritional 
value of the diet.

Surveys of Polish seniors showed many abnormalities 
in their diet. Among subjects living in family homes in 
West Pomeranian voivodeship the energy intake was 

Dietary patterns of Polish seniors in retirees` households  
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relatively low – 1603 kcal/day [3]. The energy value of 
the diet of the elderly in Łódź was also low – 1681 kcal/
day, moreover this study reported an unfavourable trend 
of a decrease in energy intake and an increase in the 
proportion of energy from fat and saturated fatty acids 
with age [10]. In the Lower Silesia Voivodeship, energy 
intake was 1707 kcal among men and 1373 kcal among 
elderly women [19]. In turn, in the same voivodeship 
in rural areas energy intake was 1731 kcal in men and 
1312 kcal in women and the proportion of energy from 
fat was too high [28]. 

Surveys among seniors confirmed a high proportion 
of energy from fat and saturated fatty acids, as well 
as household budget survey. In a study conducted in 
Krakow concerning mainly fat consumption, it was 
estimated that among the elderly, total fat and saturated 
fatty acids exceeded the recommended values [16]. An 
excess of saturated fatty acids has also been reported 
in the diet of seniors from Łódź. Moreover LCPUFAs 
and dietary fibre intake was too low [10]. 

Vitamin and mineral deficiencies were often 
reported in the diets of seniors from various regions 
of Poland. Among subjects from West Pomeranian 
voivodeship the intake of calcium, magnesium, 
vitamin D, E, folate was too low [3]. The diet of 
elderly from Łódź contained insufficient amounts of 
potassium, magnesium, vitamin C, vitamin D and 
folate [10]. In the diet of seniors from Lower Silesia 
Voivodeship the content of vitamins D, C, folate, 
potassium, calcium, magnesium and iodine was lower 
than the Polish DRVs.  Moreover, in the diet of women 
insufficient content of vitamin B1 was found, and in the 
meals of men – zinc and vitamin E [19]. Inhabitants 
of rural areas of that voivodeship consumed diet with 
low amount of vitamin C and folate [28] compared to 
Polish DRVs.

Some studies have found a high sodium intake, 
confirming the finding of a high salt consumption 
households budget survey. Too much sodium has been 
reported in the diet of elderly from West Pomeranian 
and Łódź [3, 10]. 

In other countries, abnormalities in the diets of 
seniors have also been found. In Cork, Ireland total 
fat and saturated fat intake was high while dairy food 
consumption was inadequate. A considerable proportion 
of subjects, particularly males, had inadequate intake of 
calcium, magnesium, zinc, vitamin C, vitamin D and 
folate [18]. The elderly people from Palma de Mallorca, 
Spain were consuming a diet with too high proportion 
of energy from protein, fat, saturated fatty acids and 
sugars, and too low from carbohydrates. Dietary fibre 
intake was low. High percentages of subjects had 
inadequate intake of calcium, magnesium, zinc, vitamin 
D, E and folic acid [22]. According to nationwide survey 
in Germany dietary intake was adequate for most 
nutrients. However, the intake of dietary fibre, calcium 

and vitamin D in a large proportion of subjects was 
too low [24]. A high prevalence of inadequate intake 
of vitamins A, D and E, calcium, magnesium and 
pyridoxine was observed in in the Brazilian seniors [7]. 

Surveys on individual food consumption do not 
clearly show how eating habits change after retirement. 
The results of survey conducted in Helsinki, Finland 
showed that transition to retirement was associated 
with an increase in fruit consumption among men and 
a decrease in vegetable consumption among women. 
Fish consumption did not change with the employment 
status [2]. Fish consumption did not differ by retirement 
status in a survey of British people from London [1]. 
However, the authors of mentioned surveys assessed 
only the number of portions, they had no information 
about its size.

The observed differences in food consumption 
between households of retired people and others could 
result not only from the employment status, but also 
from the age structure, the number of people in the 
household and methodology of the survey.

Taking into account the food consumption and 
nutrient intake data in retirees’ households, it should 
be borne in mind that, as a consequence of the 
methodology used, budget survey does not take into 
account food consumption outside households (mass 
catering sector). If such studies could be carried 
out, they would undoubtedly show that groups of 
households such as, in the first place, the self-employed 
and employees, actually eat a diet more abundant in 
energy and nutrients. This hypothesis is justified by 
the data on the amount of monthly (disposable) income 
per person by socio-economic groups of households. 
According to them, the income of self-employed 
households (the highest among all groups) was more 
than 1/5 higher than the average for of the total 
number of households, and the incomes of employees’ 
households slightly exceeded this average [20]. 

The results of household budget survey presented 
in this manuscript indicate that they are a valuable 
source of data on food consumption. The conducted 
analyses confirmed the usefulness of this study for 
comparing consumption between different types of 
households. However, other characteristic should 
also be considered, such as number of people in the 
household. 

The data from the study allowed for a general 
characterisation of the diet, however the results of 
individual consumption studies should also be taken 
into account when assessing dietary intake. Data from 
household budget survey showed that Polish seniors, 
who were a significant part of retirees’ households, 
consumed too much red and processed meat and salt.

 Their diet contained too much energy from fat, 
including saturated fatty acids. Among minerals and 
vitamins the intake of calcium and vitamin D was too 
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low. On the other hand, individual consumption surveys 
showed that the diet of the elderly was frequently 
deficient in vitamins and minerals, especially calcium, 
magnesium, vitamin D, vitamin C and folate.

CONCLUSIONS

There are some abnormalities in the diets of 
Polish seniors. Data from household budget survey 
indicated that  red and processed meat consumption 
was too high. This was accompanied by a very high 
salt intake. Vegetables and fruit in retirees’ households 
were consumed in the amounts that meet the 
recommendations. The diet of seniors from retirees’ 
households was improperly balanced, e.g. due to 
the high percentage of energy from fat, including 
saturated fatty acids. At the same time, the intake of 
polyunsaturated fatty acids, calcium and vitamin D 
was low.

Data from household budget survey indicated 
a higher consumption of food products in retirees’ 
households than in the group of the other households, 
except non-alcoholic beverages. It could result, 
among others, from different number of members 
in households, because the comparison of data on 
consumption in two-person households did not 
confirm a higher consumption of most food products 
in households of retired people.

In order to accurately assess dietary intake, data from 
the household budget survey could be supplemented 
with data on individual food consumption.
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ABSTRACT
Background. COVID-19 pandemic poses a significant threat in area of public health. In the light of dynamic increase 
of infections European countries decided to implement special safety measures in order to stop spread of SARS-CoV-2 
virus. Reduction of the activity of shopping galleries, grocery stores and gastronomy directly impacted the change of 
consumer behaviours.
Objective. The aim of this research was the analysis of consumer behaviour during COVID-19 pandemic regarding the  
use of gastronomical services, grocery shopping and undertaken safety measures.
Material and methods. The main instrument was original survey conducted on-line in November 2020. The form 
consisted of metrics and close-ended questions about consumer behaviour during COVID-19 pandemic. 1080 respondents 
took part in the study (females - 850; men - 230). Results were mapped out in Statistics 13.1 program and graphical 
representation was prepared in Microsoft Excel.
Results. More than half of respondents were working people (n=629; 58%). Vast majority of working respondents during 
the study were working stationary (n=304; 48%), while remotely only 33% (n=208). Among young respondents almost 
half of the group was unemployed (n=158; 45%), while the rest of the group was employed (n=195; 55%). Professional 
activities in the group of respondents that were still learning was mostly stationary/ physic (n=57; 29%). During the 
pandemic the stationary form of working switched into remote in every third of respondent (n=307; 28%).
Conclusions. Global pandemic of COVID-19 forced people to change their current behaviours - both consumer and 
social. Consumers are aware of risks borne by SARS-CoV-2 infection, which may be concluded from undertaken safety 
measures.

Keywords: COVID-19, SARS-CoV-2, consumer behavior, pandemic, gastronomy

STRESZCZENIE
Wprowadzenie. Pandemia COVID-19 stanowi duże zagrożenie w obszarze zdrowia publicznego. W związku 
z dynamicznym wzrostem zakażeń, kraje Europy postanowiły wdrożyć specjalne środki ostrożności w celu zahamowania 
rozprzestrzeniania się wirusa SARS-CoV-2. Ograniczenie działalności m.in. galerii handlowych, sklepów spożywczych 
oraz gastronomii bezpośrednio przyczyniło się do zmiany zachowań konsumenckich.
Cel. Celem badań była analiza zachowań konsumentów w dobie pandemii COVID-19 dotyczących korzystania z usług 
gastronomii, zakupów spożywczych oraz podejmowanych przy tym środków ostrożności.
Materiał i metody. Badanie zostało przeprowadzone za pomocą ankiety on-line w listopadzie 2020 roku. Formularz 
składał się z metryczki i zamkniętych pytań dotyczących zachowań konsumentów podczas pandemii COVID-19. 
W badaniu wzięło udział 1080 respondentów (kobiet - 850; mężczyzn 230). Wyniki zostały zmapowane w programie 
Statistica 13.1, a reprezentację graficzną sporządzono w programie Microsoft Excel.
Wyniki. Ponad połowa respondentów uczestniczących w badaniach stanowiły osoby pracujące (n = 629; 58%), z czego 
większość pracowała w trybie stacjonarnym (n = 304; 48%), natomiast zdalnie tylko 33% (n = 208). Wśród młodych 
respondentów prawie połowa grupy była bezrobotna (n = 158; 45%), a pozostała część grupy była zatrudniona (n = 195; 
55%). Aktywność zawodowa w grupie badanych nadal się uczących miała głównie charakter stacjonarny lub fizyczny (n 
= 57; 29%). W czasie pandemii stacjonarna forma pracy zmieniła się na zdalną u co trzeciego badanego (n = 307; 28%). 
Wnioski. Globalna pandemia COVID-19 zmusiła ludzi do zmiany dotychczasowych zachowań - zarówno konsumenckich, 
jak i społecznych. Konsumenci są świadomi zagrożeń, jakie niesie ze sobą zakażenie SARS-CoV-2, o czym świadczą 
podjęte środki bezpieczeństwa.

Słowa kluczowe: COVID-19, pandemia SARS-CoV-2, zachowania konsumenckie, gastronomia
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INTRODUCTION

COVID-19 worldwide
Current COVID-19 pandemic poses a significant 

threat in area of public health. In the first quarter of 2020 
over 180 thousand SARS-CoV-2 cases were reported. 
According to date from March 16th 2020 mortality 
connected to the infection of COVID-19 amounted 
over 7 thousand people [2]. Situation rapidly changed 
- according to data from World Health Organization, 
number of active cases as for the November 10th 2020 
reached over 50 million. Mortality resulting from 
infection reached 1 257 523 cases that day [10].

As a result of dynamic increase of infections 
European countries decided to implement special 
safety measures in order to stop the spread of SARS-
CoV-2 virus. Authorities of various countries decided 
to implement major restrictions in the social life, 
which were directly connected with switching to 
remote teaching by educational entities, calling off 
mass events or limiting economic activity [5].

Consumer during pandemic
Many factors influenced behaviour of consumers 

- psychological, social or physiological [11]. Sanitary-
epidemiological situation caused by the global spread 
of SARS-CoV-2 directly influenced the change of 
current behaviours. Panic regarding risk of getting 
infected with COVID-19 played a significant role and 
to large extent forced clients to change the typical way 
of doing shopping [9].

Constant increase of online stores’ popularity may 
be observed. Prices in e-shops are usually lower than 
in comparison with stationary facilities of the same 
producer, which has a crucial impact on choice of this 
form of doing shopping, especially by younger group 
of consumers [1]. 

According to data from PBI (Polish Internet 
Research) in September 2020, 27,7 million of users 

used the Internet [7], which stands for vast majority of 
Polish society, that accounts for 38 million (GUS, June 
30th 2020). According to the above, over 73% of Polish 
citizens have access to the Internet.

The aim of this study was the analysis of consumer 
behavior during COVID-19 pandemic regarding use 
of gastronomical services, grocery shopping and 
undertaken safety measures.

MATERIAL AND METHODS

The main instrument was original survey conducted 
on-line in November 2020. The form consisted of 
metrics including respondent’s gender, age, place of 
residence, professional status, and potential mode 
of working (remote/ stationary) and twelve close-
ended questions about consumer behaviour during 
COVID-19 pandemic. The survey was validated 
in terms of validity, reliability and accuracy of 
measurement scales.

Subjects were asked to provide answers to the 
questions concerning ordering meals „to-go”, concert 
related to this activity, used safety measures during 
stationary shopping and its frequency.

Results were mapped out in Statistics 13.1 
program and graphical representation was prepared in 
Microsoft Excel.

RESULTS

The 1080 respondents took part in the study 
(females - 850; men - 230). More than half of the 
respondents were people between 18-25 years old 
(n=576). Another age groups were 26-35 years old 
(n=314); 36-45 (n=142); 46-55 (n=30), 56-65 (n=14); 
65+ (n=4) (Figure 1).

Grouping based on place of residence was based 
on data indicated in questionnaire (countryside, city 
over 100 thousand citizens, city between 100 - 200 

Figure 1. Age of responders
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thousand citizens and city over 200 000 citizens). 
The biggest group were persons living in urban areas 
with over 200 000 citizens (n=382), while the smallest 
group lived in cities between 100 - 2000 thousand 
citizens (n=175) (Figure 2).

Over half of respondents were working people 
(n=629; 58%). The vast majority of them were 
performing their jobs in stationary form (n=304; 48%), 
while in remote form 33% of respondents (n=208).

Professional activity of students and school kids 
(n=352; 33%) was split. Among young people almost 
half was unemployed (n=158; 45%) while the rest was 
employed (n=194; 55%). Fulfilling professional duties 
in still-at-school respondents was mostly remote 
(n=137’ 71%). Other subjects were working stationary/ 
physically (n=57; 29%).

Unemployed people accounted for less than 5% 
(n=53) of all respondents, while people retired / on 
pension - only 1%. Among retirees and pensioners 
only two subjects declared themselves as employed - 
one of them worked stationary (physically), the second 
one remotely.

The remaining respondents’ (n=33; 3%) 
employment status was different than proposed by 
authors. People in this group mostly didn’t take up any 
professional activity (n=22; 66%).

During the pandemic the stationary form of working 

switched into remote in every third of respondent 
(n=307; 28%). The vast majority of respondents 
(n=772; 71%) performed their professional duties 
without changes (Table 1).

More than half of subjects of age 18-25 used the 
possibility of food delivery from time to time (n=323; 
56%). Similar results arise in remaining age groups 
(respectively: n=179, 57%; n=142, 61%; n=30, 63%) 
except from the 55-65 and 65+ years old, which are 
unwilling to order food „to-go” (respectively: n=9, 
64%; n=2, 50%).

Basically each age group under examination 
(except the oldest ones) willingly benefits from food 
delivery under given address. People age 26-35 show 
the biggest will to order meals „to-go” except limited 
activity of gastronomy industry (Table 2).

Figure 2. Reasons why consumers order take-away meals

Table 1. Responders’ form of work

Did your work mode change during 
the pandemic?

Student Working 
person

Unemployed 
person

Retired 
person Other

number 
of results

number of 
results

number 
of results

number 
of results

number 
of results

Yes, I manly work from home 128 176 0 1 2
No, I worked from home before 9 32 0 0 2
No, I still work from home 38 304 0 0 5
No, I work phisically 19 100 0 1 2
I don’t work 158 17 52 11 22
No answer 0 0 1 0 0
Total 352 629 53 13 33
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Respondents were asked to indicate the concerns 
about delivering food. The group that is less willing 
to order food (n=127; 12%) are usually unafraid of 
personal delivery (n=90; 71%). Part of consumers 
declare that during COVID-19 pandemic they have 
concerns about how meal are prepared and whether all 
safety means are met during this process (n=13; 10%).

Analysis of respondents’ answers showed that they 
do not order take away due to risk of getting infected 
with COVID-19 (n=6; 7%). Another issue for not 
ordering food from restaurants appears to be financial 
problem (n=4; 3%).

The reason why most of consumers (n=846; 78%) 
order take away is because they want to eat something 
that is above their culinary abilities. Implementation 
of severe restrictions in gastronomy encouraged many 
respondents to support it through delivering food 
under given address (n=691; 64%). Consumers declare 
that one of the reasons they decide to order food 
from the restaurant is lack of time for its preparation 
at home (n=534; 94%) and lack of will to prepare it 
(n=637; 59%).

Respondents were asked to answer the question 
about the way of ordering food. The options were - 
by phone, by food ordering sites, stationary or do not 
order. Most of them ordered food by mobile device 
- by phone. However, the popular way appears to be 

site dedicated do ordering food. This is the mean most 
preferably chosen by 18-25 (n=245; 43%) and 26-35 
years old group (n=126; 40%). The least popular way 
is ordering food stationary - this mean was chosen by 
less than 8% of respondents (n=83).

Respondents were asked to answer the question 
about frequency of doing shopping, undertaken safety 
measures during visits in stores and methods of 
payment.

Obtained results showed that consumers visit stores 
nearly as often as before increase of COVID-19 cases 
(n=639; 59%). It turned out that every third respondent 
does shopping with decreased frequency (n=364, 34%). 
Less than 2% (n=23) declared increased frequency of 
doing shopping, while the rest (n=54, 5%) was unable 
to tell. Half of the respondents (during the study) stated 
that they visit stores few times a week (n=544; 50%). 
However, 34% of subjects (n=367) indicated that they 
do shopping once a week.

Respondents were asked to answer the question 
about used payment methods. Around 45% (n=477) 
of respondents used cashless payment methods 
(credit card, BLIK code etc.) more often than before 
pandemic. Among respondents appeared people (n=98; 
9%) that were unable to assess whether the frequency 
of payments e.g. with credit card was increasing 

Table 2. Ordering meals to take-away by consumers

Despite the limitation of 
gastronomy activities, do you 

use the option of ordering 
meals to take away?

18-25 yrs 
old

26-35 yrs 
old

36-45 yrs 
old

46-55 yrs 
old

56-65 yrs 
old

65+ yrs 
old Total

number 
of results

number
 of results

number 
of results

number 
of results

number 
of results

number 
of results

number 
of results

Yes 200 103 34 1 1 1 340
No 53 32 21 10 9 2 127
Sometimes 323 179 87 19 4 1 613
Total 576 314 142 30 14 4 1080

Table 3. Consumers’ fears connected with ordering food to take-away
Do you have any fears connected with ordering food to take-away? n % 

No, I’m not afraid to order take-away meals 90 70.9
Sometimes I feel anxious – about how are the meals prepared, are all precautions followed etc. 13 10.2
I am afraid of ordering meals to take-away – I’m scared of getting infected by the virus 9 7.1
I do not eat outside my house 6 4.7
I would order if I could afford it. Eating at home is much cheaper 4 3.1
Costumers not wearing face masks 1 0.8
The waiting time is too long 1 0.8
I prepare my meals by myself 1 0.8
I used to work in the gastronomy – so I know how it works, that’s why I do not 1 0.8
I am afraid that they won’t deliver 1 0.8
Total 127 100

n - number of results

Consumer behaviour during COVID-19 pandemic
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with increase of COVID-19 cases. Other respondents 
(n=505; 47%) did not see such a dependence.

The most popular safety measures during visiting 
the stores turned out to be: face masks (n=1046; 97%) 
and hand sanitizers (n=893; 83%). Respondents also 
often declared that they keep the safe distance between 
other customers (n=868; 80%) (Figure 3).

DISCUSSION

A report issued by the National Bank of Poland 
[6] shows that an increase in cashless payments was 
observed in the first half of 2020. Study presented in 
this report showed that 40% of respondents (n=412) 
performed payments with e.g. credit cards or other 
forms of electronic means [6]. Similar results were 
obtained by POLASIK Research [8] conducted for 
the Cashless Poland Foundation. Phone interviews 
performed in middle of May 2020 showed, that 
39% (n=172) of respondents declared more frequent 
payments with e.g. credit card than in comparison 
with pre-pandemic times [6]. Own study shows 
similar results - among all of the respondents 45% 
(n=477) forms of cashless payments, such as credit 
cards, BLIK were used more frequently.

According to the E-commerce in times of 2020 
crisis prepared by the Chamber of Electronic Economy 
in March 2020 [4], 17% of respondents used disposable 
gloves and 18% - face masks. In our study, conducted 
in November 2020, already 97% of respondents used 
face masks and 15% uses disposable gloves. It is 
a result of, among others, legally imposed obligation 
of wearing masks in public spaces.

Analysis conducted by takeaway.com (in Polish 
pyszne.pl) [3] showed that services of food delivery is 
the most popular among students (22%) and employed 
people (69%). The study showed that people in 25-34 
age group account for more than 50% of purchases. 

Analysis of own examination creates similar view. 
The most willing to order deliveries are people in 18-
35 age group (n=805; 75%).

CONCLUSIONS

Global pandemic of COVID-19 forced people to 
change their current behaviours - both consumer and 
social. Change of working conditions from contact 
to remote causes in society creating home conditions 
similar to those from before the outburst of pandemic. 
It may be indicated by the fact customer’s loyalty 
towards closed gastronomy facilities - people are 
willing to order “take-away” to support the industry. 
It is also inseparable element of providing workplaces 
for the employees of the places.

Consumers are aware of risks borne by SARS-
CoV-2 infection, which may be concluded from 
undertaken safety measures - not only those 
mandatory, such as face masks. Keeping safe distance 
and hands disinfection are one of main respondent’s 
declarations.
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ABSTRACT
Background. Onset of overweight and obesity has been previously reported as a result of population migration to western 
countries. 
Objective. To determine the nutritional status, weight status and their association with socioeconomic status in sub-
Saharan settled in El Jadida city in a Mediterranean country Morocco. 
Materials and methods. A descriptive study was carried out in 2018 on 256 sub-Saharans migrants living in the city of 
El Jadida in Morocco. Information on socio-economic and socio-demographic characteristics as well as anthropometric 
measurements was collected. The body mass index (BMI) and abdominal obesity by measuring waist circumference 
(WC) and waist circumference to hip ratio (WHR) and the distribution of body fat by calculating the sum of skin folds 
are determined. 
Results. Analysis results indicate that height, waist circumference, hip circumference, sum of trunk skinfolds, total sum 
of skinfolds, and BMI increase with age. The prevalence of underweight decreases with age, overweight was 38.7% in 
the youngest age group (18-25 years) and reached higher values after 35 years (44.10%). In addition, the prevalence of 
general obesity (based on BMI) increased with age and abdominal obesity (based on WHR and WC) was more marked 
in sub-Saharan people aged 26 to 35 years. These results also reveal the coexistence of underweight, overweight and 
obesity in all age groups. The analysis revealed a significant association between several variables and obesity. Significant 
associations were found between age and BMI (P=0.04), between level of education (university) and WHR (p=0.02), 
between sex and WHR, and between sex and WC (p=0.049). The study revealed also that the majority of the study sample 
gained weight after their settling in the host country. 
Conclusions. The study data show that obesity including overweight and abdominal obesity were prevalent among sub-
Saharan migrants residing in the city of El Jadida. This prevalence is associated with socio-demographic and socio-
economic factors. 

Key words: Morocco, obesity, BMI, WHR, Sub-Saharans, migrant

INTRODUCTION

Morocco, once considered as a land for short 
duration stays and of transit to Europe [8] has since 
the early 2000s become a host country for immigrants 
from sub-Saharan Africa and the Middle East 
and, increasingly from Asia and Europe [8]. Thus, 
following the introduction of certain motivational 
measures, in particular the adoption of a national 
immigration and asylum policy since the end of 2013 
and the regularization of the situation of some 50,000 
foreigners between 2014 and 2018, Morocco has moved 
from a country of transit to a country of residence 

mainly for migrants of sub-Saharan origin [8]. The 
traditional diets in the countries of origin of the latter, 
as for all populations, have a different composition from 
that of the host country. As a result, these migrants 
are forced to adopt new eating habits characterized 
simultaneously by the traditional food culture of 
the host country and by a modern diet generated by 
globalization and / or urbanization [14]. These factors 
have led in Morocco as elsewhere, to a change in 
the Moroccan food style as well, both quantitatively 
and qualitatively as part of the nutritional transition 
underway in the country [5, 28]. This transition 
parallels demographic and epidemiological transitions 
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[37] which have favored the development of a number 
of chronic nutrition-related diseases [32, 37]. Indeed, 
the emergence of weight excess and obesity in relation 
to these dietary changes has been associated with the 
onset of metabolic syndrome, diabetes, hypertension, 
cardiovascular disease and rheumatologically 
problems [7, 11]. The onset of overweight and obesity 
as a result of population migration has been previously 
reported in communities of American immigrants 
of various ethnic origins (South / Central America 
Europe / Russia Africa, Middle East / Asia).

Indeed, a study carried out in 2007 [25] on Asians 
who settled in the USA for at least 10 years who had 
a normal weight in their country of origin, and who 
become overweight in relation, among other things, to 
dietary changes in the host country [21].

In most countries in sub-Saharan Africa, diets 
are based on cereals, roots and tubers, little animal 
products and foods high in fiber and low in fat [1]. 
Despite a topographically diverse land, with a wide 
representation of agro ecological climates and a dietary 
diversity of over 150 food crops of which 115 are 
indigenous, most diets in sub-Saharan Africa consist 
mainly of grains or roots [9]. In addition, about 80% 
of root crops and tubers in Africa are consumed by the 
households that grow them, and only small quantities 
are sent to distant markets, even within the country 
[11]. These foods are the main sources of energy, 
representing since the 1960s, 46 and 20% respectively 
of the total intake. The diet is known for very little 
protein of animal origin, vegetables and fruits rich in 
micronutrients and diversity of quality. However, due 
to the high cost of these foods, they are inaccessible, 
unavailable and unevenly distributed locally or are not 
a priority for households due to insufficient income to 
meet the needs of quality food [9, 12].

On the other hand, the diet in Morocco is of 
Mediterranean type, known as one of the healthiest 
diets [35], with olive oil as the main source of 
dietary fat and an adequate daily intake of water. 
The Mediterranean diet also includes moderate 
consumption of eggs and dairy products, and reduced 
consumption of red meats, processed meats, and foods 
high in sugar and fat.

Since diet is an important lifestyle factor, eating 
habits characterized by an intake of sweets, rice, 
meats, fruits and vegetables, have been associated with 
reduced risk of diabetes among Ghanaian immigrants 
[13, 15]. Also, the diet of Cameroonians characterized 
by an intake of fruits, vegetables, tubers and legumes 
has been reported to be associated with a reduced risk 
of hypertension [30]. In addition, with the advent of 
globalization and economic development in low and 
middle income countries (LMICs), a westernization of 
diets rich in added sugars, fats and foods of animal 
origin is observed [36]. Migration to countries with 

higher income than that of the country of origin is also 
accompanied by potential changes in diet linked to 
changes in the physical environment and in the eating 
behavior adopted in the host country [31]. This is 
reflected in the changes in dietary habits of Ghanaian 
immigrants in the United Kingdom (UK) [33] and in 
Europe where an improvement in dietary diversity has 
also been observed [5] but was, however, associated 
with cardiovascular disease and the risk of obesity and 
diabetes type 02 T2DM [22, 39].

The present work therefore aims to study the 
effect of dietary changes and associated factors on the 
nutritional status of a sub-Saharan population who 
immigrated to Morocco.

MATERIALS AND METHODS 

Study population
This study was carried out on a sample of sub-

Saharan migrants residing for at least one year, in 
El Jadida, a province in the north-west of Morocco. 
This descriptive study took place between May 2018 
and January 2020. The study involved a random 
sample of 256 men and women (non-pregnant), aged 
18 and over and belonging to different social classes 
(students, employees, traders, etc.). Residence in the 
city of El Jadida (Moroco) for at least one year was 
the inclusion criterion, while being pregnant was an 
exclusion criterion for women, to avoid biasing the 
results regarding anthropometric measurements. 
A questionnaire was designed to collect information 
on socio-demographic and socio-economic 
characteristics and anthropometric parameters were 
measured. Before being included in the survey sample, 
participants signed a consent agreement after being 
informed about the purpose of the study.

The sociodemographic characteristics collected 
were: sex, age, marital status, monthly income 
and education level. The following anthropometric 
measurements were carried out in accordance to 
the standards recommended by the World Health 
Organization (WHO) [22].

The body weight with light clothing and without 
shoes was measured in the respondents, to the nearest 
0.1 kg, using a standard beam scale (Scale 500, 
Decathlon Morocco). Height was measured using 
a tape measure with heels joined together against the 
wall, legs straight, shoulders relaxed, arms hanging 
out and head resting on the wall. Waist circumference 
(WC) was measured on respondents in a standing 
position with feet 25 cm apart, using a tape that was 
placed uncompressed midway between the iliac crest 
and the last rib of ribcage. Waist circumference was 
obtained using the average of two measures. The 
hip circumference measurement (HC) was taken 
on participants in a standing position with their feet 
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together and the tape measure placed around the 
buttocks at the level of the pubic symphysis and the 
fleshy part of the buttocks.

The amount and distribution of body fat is assessed 
by measuring the thickness of the subcutaneous fatty 
tissue folds at 4 sites using a Lange Skinfold Caliper 
(Lange Skinfold Caliper” Cambridge Scientific 
Industries, Inc. Cambridge, Maryland). All skin fold 
thicknesses are measured on the left side of the body at 
four sites: the biceps, the triceps (limb), the subscapular 
is and the suprailiac (trunk) skinfolds. The sum of the 
four measured skinfold thicknesses was considered to 
be an indicator of total subcutaneous fat while the sum 
of the trunk skinfold thicknesses as an index of central 
obesity.

BMI was calculated by dividing body weight in 
kilograms by the square of height (in m). The WC 
to H (WHR) ratio is used to assess the distribution 
of body fat and specifically as indicators of visceral 
or abdominal fat deposition. [23]. The participants 
are classified as with high or normal WCs based on 
gender-specific cutoffs for increased cardiometabolic 
risk (high WC: in women ≥88 cm, men ≥102 cm) [33]

Participants were divided into BMI categories 
based on World Health Organization / National 
Institutes of Health guidelines with underweight 
(BMI <18.5 kg / m2), normal weight (BMI 18, 5–24.9 
kg / m2), overweight (BMI 25–29.9 kg / m2) and obese 
(BMI ≥30.0  kg / m2). [30]

Waist-to-hip ratios (WHR) were obtained 
by dividing the waist circumference by the hip 
circumference. Men with WHR <0.90, 0.90-0.99, and 
≥ 1.0 are considered to be normal weight, overweight 
or obese respectively, while women classified in the 
same weight categories are respectively considered to 
be normal weight. 0.80; 0.80 - 0.84 and ≥ 0.85, [22]. In 
addition, the WHO defined the risk zones following 
the RTH report as being> 0.90 for men and> 0.85 for 
women [33].

The length of residence was calculated in months 
from the arrival of sub-Saharan participants in 
Morocco to the date of the survey.

Data analysis
The data collected was analyzed using the version 

21 of SPSS Software for Windows (Statistical 
Package for Social Sciences). Statistical analysis 
included description of the characteristics of the study 
population and the determination of the means of 
anthropometric variables. The ANOVA test was used 
to compare the means of anthropometric variables 
in the different categories of age, gender, education 
level, marital status and length of residence. The Chi2 
test was used to determine the associations between 
BMI, WHR, WC and the age groups. Simple logistic 
regression was also used to search for possible risk 

factors determining general or abdominal obesity by 
calculating OR. The p value ≤ 0.05 was set as threshold 
for statistically significant differences.

Ethical considerations
Participants in this survey were informed about 

the study objectives and the possibility for them to 
interrupt their participation to the survey at any time if 
they so wish. They signed a free and informed consent 
before being included in the study sample. All data 
collected has been treated as strictly confidential.

RESULTS

The socio-economic and socio-demographic 
characteristics are presented in Table 1. The Table 
shows that 55.1% of the sub-Saharans participating in 
the present study, were men and 44.9% were women 
with the majority of them being single and more than 
80% had a monthly income of less than 3000 MAD. 
In addition, 13% of the respondents were illiterate 
and almost half had a university education level, 
representing a percentage of 46.9%.

Table 1. Socioeconomic and sociodemographic 
characteristics of the migrants studied

Variables N %

Sex
females 141 55.1
males 115 44.9

Age groups 
18 – 25 yrs 110 43.0
26 – 35 yrs 66 25.8

>36 yrs 80 31.3

Matrital status

single 148 57.8
maried 72 28.1

widower 4 1.6
divorced 28 10.9

cohabitation 4 1.6

Monthly income  
(in US dollars) 

< 300 $ 207 80.9
300 $ – 500 $ 36 14.1

> 500 $ 13 5.1

Education attainment
< 7yrs 88 34.4
7 – 14 48 18.8

> 14 yrs 120 46.9

Table 2 presents the data concerning the 
anthropometric parameters of the sub-Saharans 
surveyed. The results show that the participants had an 
average age of 31.21 ± 10.10 years, an average weight of 
75.82 ± 15.8 kg and an average height of 1.75 ± 0.09cm. 
The means of the body mass index (BMI), the waist 
circumference (WC), the hip circumference (H) and 
the waist-to-hip ratio (WHR) were respectively 24.56 
± 5.0 kg / m2, 82.59 ± 15.59 cm, 98.86 ± 14.66 cm, and 
0.85 ± 0.2 cm in these migrants. The Table 2 data also 
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Table 2. Anthropometric measurements and duration of residence of the sub-Saharans residing in the province of El Jadida

N Mean ± SD Min Max

Age (years) 256 31.21 ± 10.10 18 51

Women 141 31.19 ± 11 18 51

Men 115 31.02 ± 9.01 19 51

Height (m) 256 1.75 ± 0.09 1.48 1.96

Women 141 1.75 ± 0.09 1.96 1.96

Men 115 1.76 ± 0.09 1.54 1.48

Weight (Kg) 256 75.82 ± 15.80 44 125

Women 141 74.94 + 15.22 44 125

Men 115 76.90 ± 16.49 44.40 119.00

BMI (Kg/m2) 256 24.56 ± 5.00 16.81 42.87

Women 141 24.50 ± 4.81 16.81 42.87

Men 115 24.63 ± 5.25 17.14 41.18

WC (cm) 256 82.59 ± 15.59 55 130

Women 141 81 ± 14 61 130

Men 115 84  ± 17 55 127

HC (cm) 256 98.86 ± 14.66 60 184

Women 141 99 ± 15 65 184

Men 115 99 ± 14 60 140

WHR 256 0.85 ± 0.20 0.38 1.63

Women 141 0.85 ± 0.20 0.38 1.63

Men 115 0.85 ±  0.21 0.45 1.41

Sum of trunc skinfold thicknesses (mm) 256 26.91 ± 12.47 7.00 68.00

Women 141 27.28 ± 12.40 7.00 67.00

Men 115 26.45 ± 12.60 7.00 68.00

Sum of all skinfold thicknesses (mm) 256 52.25 ± 20.61 17.00 111.00

Women 141 51.08 ± 19.77 17.00 112.00

Men 115 53.36 ± 21.41 19.00 110.00

% Fat Mass 256 25.31 ±  9.43 9 51

Women 141 24.88 ± 8.69 10.79 49.38

Men 115 24.63 ± 8.58 10.03 51.83

Residency duration 256 47.40 ± 24.48 12 102

Women 141 48 ± 23 102 102

Men 115 47 ± 25 12 12

Legends:  BMI- Body Mass Index; WC- Waist Circumference; HC- Hip Circumference; WHR - Hip Waist Ratio; FMI - 
Fat Mass Index ; N - number; % - percentage

Nutritional status of sub-Saharans residing in El Jadida, Morocco
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7show that the participants had an average of the sum of 
the trunc skin folds of 26.91 ± 12.47 while that of the 
four skinfolds was 52.25 ± 20.61. The percentage of 
body fat in the study population was on average 25.31 
with a standard deviation of 9.43.

Table 3 presents the means of anthropometric 
measurements among the sub-Saharans studied 
according to three age groups (18-25; 26-35 and > 35 
years). The results of the analysis indicate that height, 
waist circumference, hip circumference, sum of trunk 
skinfolds, total sum of skinfolds and BMI increase 
with age.

Table 4 shows that the prevalence of underweight 
decreases with age while that of general obesity 
(based on BMI) has increased and that abdominal 
obesity (based on WHR and WC) was more prominent 
among sub-Saharans aged 26 to 35. The prevalence 
of overweight was 38.7% among the youngest age 
group (18-25 years) and reached higher values after 35 
years (44.10%). The results also show coexistence of 
underweight, overweight and obese in any age group.

Table 5 shows the association between obesity 
as determined by BMI, WHR or WC and the socio-
economic characteristics. The analysis revealed 
a significant association between several variables and 
obesity. Indeed, significant associations were found 
between age and BMI (P= 0.04), between education 
level (university) and WHR (P = 0.02), between sex 
and WHR and between sex and WC (P = 0.049).

Table 6 presents descriptive statistics of sub-
Saharan people who gained or lost weight after settling 
in El Jadida in Morocco. The percentage of sub-
Saharans who gained weight was 75.4% in the total 
population; it was higher among women (58%) than 
among men (42%). Referring to age, young people are 
the most likely to either gain weight or stay that way 
with a percentage of 38.10%.

DISCUSSION

The present study examined the determinants of 
the body fat distribution among sub-Saharans residing 
in the city of El Jadida in Morocco. Body mass index 
(BMI), waist circumference (WC) and WC / hip 
circumference ratio (WHR), in accordance with WHO 
references [26, 39], as well as the thickness of the skin 
folds, as indicators of body composition, have been 
evaluated in this work.

Excess body fat is well documented as a risk 
factor for many chronic diseases such as diabetes, 
hypertension, hyperlipidemia and cardiovascular 
disease [36]. All these health problems have been 
associated with obesity which itself is characterized 
by a high amount of fat in the body composition. The 
distribution of body fat, particularly the accumulation 
of intra-abdominal fat has been reported to be 
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Table 4. Prevalence of obesity among the sub-Saharan population residing in the city of EL JADIDA by age group

Age groups  18 – 25 yrs 26  – 35 yrs >35 yrs Total N(%) p value

BMI

Underweight 60 33.30 6.70 15 (5.86)

0.013
Normal 49 21.40 29 .7 145 (56.64)

Overweight 38.70 27.40 33.90 62 (24.22)

Obesity 17.60 38.20 44.10 34 (13.28)

WHR
No Risk 46.40 20.90 32.7 196 (76.56)

0.005
Risk 31.70 41.70 26.70 60 (23.44)

WC
No Risk 47.30 22.20 30.50 203 (79.3)

0.009
Risk* 26.40 39.60 34 53 (20.7)

FMI
Low to normal 49.6 29.3 21.1 123 (48.2)

0.003
High 37.1 22.00 40.9 132 (51.8)

Total  110 66 80 256 (100)

Legends : WC : Waist Circumference;BMI : Body Mass Index; WHR: Hip Waist Ratio;* : High WC and WHR are of 
cardiovascular and metabolic risk  FMI : Fat Mass Index ; N :number;%: percentage

Table 5. Association of obesity and socioeconomic and demographic characteristics

BMI WHR WC

p value Odds Ratio
 (CI at 95%) p value Odds Ratio

(CI at 95%) p value Odds Ratio
 (CI at 95%)

Sex 0.23  1.38 (0.81-2.34) 0.04 0.55 (0.30-1.00) 0.00 10.47 (4.68-23.42)

Age 0.04 1.03 (1.00 -1.06) 0.67 0.99 (0.95-1.02) 0.17 1.027 (0.98-1.06)

Marital status 0.73 0.95 (0.72- 1.25) 0.10 1.32 (0.93-1.87) 0.89 0.97 (0.67-1.41)

Education level 0.37 0.91 (0.75 - 1.11) 0.02 1.27 (1.02-1.58) 0.11 0.81 (0.64-1.04)

Monthly income 0.79 0.93 (0.57-1.53) 0.41 1.27 (0.71-2.26) 0.14 0.61 (0.32-1.18)

Legend: WC: Waist Circumference; BMI: Body Mass Index; WHR: Hip Waist Ratio; CI: Confidence Interval;  
N :number;%: percentage

Table 6. Prevalence of weight status variation in the sub-Saharans migrants after settling in Morocco by sex and age 
groups

Gained weight
[%]

No change
[%]

Lost weight
[%] P value

Age group

18 – 25 yrs 38.10 38.10 44.60

> 0.0526  – 35 yrs 28.60 33.30 23.80

>35 yrs 33.30 28.60 31.60

Sex
Female 47.60 45.20 58

> 0.05
Male 52.40 54.80 42

Total N(%) 193 (75.4) 21 (8.2) 42 (16.4%) 256

Legend:  N - number; % - percentage

Nutritional status of sub-Saharans residing in El Jadida, Morocco
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associated with adverse health consequences and as 
an important predictor of cardiovascular risk [13, 14, 
15, 16, 23, 33].

Studies on anthropometry, in particular fat 
measurements, among people in North African 
countries are limited [31, 38] as is sub-Saharan Africa 
that only used weight and weight (BMI) as corpulence 
indicators to assess the prevalence of overweight and 
obesity.

Data from the High Commission for Planning 
(HCP) survey on household living standards in 2006-
2007 among the Moroccan population also showed 
that the scourge of overweight and obesity has not 
spared Morocco. Obesity was, indeed estimated in 
2007 as nearly 11.3% among adults aged 20 and over, 
with 8.9% in the stage of severe obesity and nearly 
2.4% suffering from severe morbid obesity. In sub-
Saharan Africa (SSA), although undernutrition is 
still widespread, the prevalence of overweight and 
obesity is steadily increasing. Consistent with the 
migrant data from the present study, more recent 
research from the SSA region has reported significant 
increases in overweight and obesity rates, especially 
among populations living in urban areas. Indeed, 
a study carried out in 2016 among 5,190 sub-Saharan 
Africans, aiming at determining the interrelationships 
between the main anthropometric indices (BMI, 
WC, WHR) for the measurement of overweight and 
obesity in a poor urban environment, confirmed the 
constant increase in overweight and obesity in sub-
Saharan Africa (SSA) [34]. Consequently, the rates 
of cardio-metabolic diseases could increase with 
these prevalence increases of overweight and obesity 
in SSA [40] and would present an additional burden 
to the problems of undernutrition, because of the 
precariousness health care system in these developing 
countries to fight against the increase in these diseases 
[2].

In addition, BMI has traditionally been considered 
the best anthropometric standard for measuring 
obesity in adults. Most BMI standards used were 
created based on population samples composed of 
Caucasians and calculated using height and weight 
measurements. Research has shown that BMI alone 
may not be an appropriate tool for determining obesity 
today, due to differences in ethnicity and individual 
genetics [34]. In our analysis, the discrepancy between 
BMI and other indices was high, indicating that BMI 
was the lowest measure of obesity compared to other 
indices [34].

The present study revealed high prevalence of 
overweight (62%) and obesity (34%) among surveyed 
sub-Saharans migrants. In addition except the WHR 
ratio, all anthropometric data including WC, hip 
circumference, sum of all skin folds, sum of the trunk 
skin folds and the BMI, depend on age with a high risk 

estimated by as high WC (≥88 cm in women and ≥102 
cm in men) [33], more particularly in young people 
of less than 35 years old indicating that accumulation 
of intraabdominal fat begin early in the youngest age 
group. These results corroborate with those found in 
Arab Gulf women [26].

The Chi2 analysis table shows that the prevalence 
of overweight was higher among the young age group 
people (18-25 years) whereas the prevalence of obesity 
is increasing with age achieving almost double in 
age between 26 to 35 yrs old and in the youngest age 
group (of 18 to 25 yrs). Similar trends were found 
for the prevalence of central obesity estimated by 
fat deposition as high WHR and high WC. These 
results indicate an increasing fat mass with age in this 
population, especially in younger people age groups 
warning on an increase of obesity-related diseases 
in this population in the future. Similar observations 
were reported by studies carried out Nigerian 
populations [27]. Contrary to the above, a recent 
study carried out on sub-Saharans found also higher 
prevalence’s of obesity and overweight in older groups 
[34]. Indeed, a high prevalence of overweight and 
obesity has been found particularly at an age above 
35 years in Cameroonian urban populations [29]. 
The study revealed also that the majority of the study 
sample gained weight after their settling in the host 
country. This result is in accordance with previous 
studies on migrant of various ethnic origin which 
become overweight or obese once moving to USA [21, 
25]. This result could be related to the improvement 
of their socioeconomic status but other environment 
factors linked to the observed weight excess need to 
be explored in this migrant population. 

 
CONCLUSION

In conclusion, our results suggest that the 
anthropometric parameters used here could be useful 
to characterize overweight and obesity (body fat 
and fat distribution). The study provides insight into 
the relationship between overweight and obesity 
using different anthropometric parameters and the 
socioeconomic characteristics, age and gender. 

Based on BMI alone, the study showed a high 
prevalence of overweight and obesity in the young 
population which could be due to the change 
of residence and to the socioeconomic status 
improvement. The results provides evidence for 
supporting the establishment of an intervention 
program to preventing increases of obesity-
linked diseases such as diabetes, hypertension, 
atherosclerosis and their future complications in sub-
Saharan migrants populations residing in Moroccan 
urban areas. In the meantime, more studies must be 
carried out to investigate the environmental causes of 

H. Daif, H. Chamlal, I. Barakat et al.



416 No 4

this obesity in the sub-Saharan culture as well as the 
influence of the Moroccan diet.
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ABSTRACT
Background. Irritable bowel syndrome (IBS) is the most common gastrointestinal disorder that is driven by the gut-
brain axis and affects 1-20% of the population. Most patients note that various foods elicit abdominal symptoms, 
and they eliminate these products from their diets. A diet that is low in fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols (FODMAP) is currently one of the mainstays in IBS treatment.
Objective. The aim of this study was to assess the knowledge of IBS patients about the disease, treatment and the 
principles of the low-FODMAP diet that can alleviate gastrointestinal symptoms. 
Material and methods. The participants were adults diagnosed with IBS, the inclusion criteria were: absence of 
comorbidities requiring an elimination diet, age over 18 years, and consent to participate in the study. The respondents 
filled out an anonymous questionnaire containing questions about the IBS diagnosis, disease history and treatment, as 
well as 45 questions assessing the participants’ knowledge about the low-FODMAP diet.
Results. In 28% of the cases, IBS was diagnosed by a general practitioner; in nearly 40% of the cases – by a gastroenterology 
specialist; in 10% of the cases – by a dietitian, whereas the remaining respondents had arrived at the diagnosis independently 
or with the help of support groups for IBS patients. After diagnosis, only every fourth respondent sought treatment in 
a gastroenterology clinic. In the studied population, 237 of the respondents had followed to the low-FODMAP diet, and 
the differentiating factors were sex (p=0.002), place of residence (city with a population higher than 100,000 vs. rural 
area; p=0.0001) and education (university vs. vocational school p=0.0043). Respondents who had been recently diagnosed 
with IBS (less than 12 months vs. more than 12 months before the study) were more likely to follow the FODMAP diet.
Conclusions. The surveyed population was characterized by high levels of knowledge about the low-FODMAP diet, 
but many respondents did not strictly comply with dietary guidelines, in particular the duration of each dietary phase. 
Age was significantly correlated with the respondents’ knowledge, and the participants’ familiarity with low-FODMAP 
guidelines decreased with age. Nutritional consultations did not significantly improve the respondents’ knowledge about 
the low-FODMAP diet. 

Key words: irritable bowel syndrome; low-FODMAP diet, fermentable carbohydrates, gastrointestinal symptoms

STRESZCZENIE
Wprowadzenie. Zespół jelita drażliwego (IBS- irritable bowel syndrome)  określa się jako najczęstszą czynnościową 
chorobę przewodu pokarmowego występujący u około 1–20% populacji. Większość pacjentów zauważa, że różne 
pokarmy wywołują objawy brzuszne i eliminują te produkty ze swojej diety. Dieta uboga w fermentujące oligosacharydy, 
disacharydy, monosacharydy i poliole (FODMAP) jest obecnie jednym ze sposobów leczenia IBS.
Cel. Celem przeprowadzonego badania była ocena wiedzy osób chorujących na zespół jelita drażliwego na temat samej 
choroby, jej leczenia i postępowania żywieniowego z zastosowaniem diety o niskiej zawartości FODMAP, które może 
przyczyniać się do łagodzenia objawów.
Materiały i metody. W badaniu wzięły udział osoby ze zdiagnozowanym zespołem jelita drażliwego, kryterium 
włączenia do badań był brak innych chorób wymagających stosowania diety eliminacyjnej, wiek powyżej 18 lat oraz 
wyrażona zgoda na udział w badaniach. Wykorzystano anonimowy kwestionariusz ankiety zawierający metryczkę 
dotyczącą diagnozowania choroby, jej przebiegu i leczenia, oraz część właściwą składającą się z 45 pytań dotyczących 
wiedzy na temat diety low-FODMAP.
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Wyniki. Diagnozę u 28% pacjentów postawił lekarz rodzinny, w prawie 40% przypadków lekarz gastroeneterolog, 
u co 10 osoby dietetyk, a pozostałe osoby zdiagnozowały się samodzielnie lub na grupach wsparcia dla osób z IBS. Po 
rozpoznaniu choroby tylko co 4 chory deklarował, że jest pod opieką poradni gastroenterologicznej. Respondenci jako 
jedną z metod leczenia stosowali dietę o niskiej zawartości FODMAP, taki sposób leczenia żywieniowego wskazało 237 
osób, czynnikami różnicującymi była płeć (p=0.002), miejsce zamieszkania (miasto powyżej 100 tysięcy mieszkańców 
vs wieś, p=0.0001) i wykształcenie (wyższe vs zawodowe, p=0.0043). Dietę low-FODMAP częściej stosowały osoby, 
u których niedawno rozpoznano IBS (poniżej 12 m-cy od diagnozy vs powyżej 12 m-cy).
Wnioski. Wiedza na temat diety low-FODMAP w badanej populacji była dobra, ale jej zastosowanie w praktyce w wielu 
przypadkach było błędne, szczególnie w zakresie długości trwania etapów diety. Wiek był istotnie statystycznie powiązany 
z poziomem wiedzy, im wyższy wiek ankietowanych tym niższa wiedza na temat diety w IBS. Opieka dietetyka podczas 
stosowania diety o niskiej zawartości FODMAP nie wpłynęła znacząco na poziom wiedzy respondentów.

Słowa kluczowe: zespół jelita drażliwego; dieta low-FODMAP; węglowodany łatwofermentujące; objawy żołądkowo-
jelitowe.

INTRODUCTION

Irritable bowel syndrome (IBS) is the most 
common gastrointestinal disorder that is driven by 
the gut-brain axis and affects 1-20% of the population. 
In North America, IBS is diagnosed in 5-10% of the 
population, and it is three to four times more prevalent 
in women [1,17]. In Poland, up to 13% of the adult 
population may be affected by IBS, and gut motility 
disorders are the most prevalent condition diagnosed 
in gastroenterological patients (up to 50% of the cases) 
[1]. Half of the patients experience the first symptoms 
before the age of 35, and the prevalence of IBS in this 
age group is 25% higher than among patients older 
than 50 [21]. Around 5-6% of the affected population 
meet Rome IV Criteria for the diagnosis of IBS, 
including recurrent abdominal pain at least 1 day per 
week during the previous three months on average, 
with onset at least six months previously [1,13,18,28].

Irritable bowel syndrome is a chronic disease, 
and symptoms can recur throughout the patient’s 
life. Effective management of IBS requires a correct 
diagnosis and the patient’s cooperation with a physician, 
dietitian and, in some cases, a psychotherapist [1]. 

Pharmaceuticals such as bulking agents, 
anticholinergics, antispasmodics and antidiarrheals 
are mostly ineffective in IBS treatment, and many 
gastroenterologists recommend dietary management 
[14,15]. In addition to dietary changes, the use of 
peppermint oil preparations is recommended to 
reduce IBS symptoms [29]. Most patients note that 
various foods elicit abdominal symptoms, and they 
eliminate these products from their diets. A diet that 
is low in fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols (FODMAP) is currently 
one of the mainstays in IBS treatment [4,9,29]. These 
compounds can lead to osmotic stress, increased water 
absorption, intestinal wall stretching and pain. They 
are fermented by intestine bacteria which produce 
excess gas [19]. In the low-FODMAP diet, these 
products are eliminated or restricted to minimize 

symptoms, and the patient’s individual response is 
assessed. 

The aim of this study was to assess the knowledge 
of IBS patients about the disease, treatment and the 
principles of the low-FODMAP diet that can alleviate 
gastrointestinal symptoms. 

MATERIAL AND METHODS

Study site and period 
The study was conducted in Poland between 

January and June 2020.

Methods
The participants were adults diagnosed with IBS 

who were members of patient support groups on 
Facebook and Instagram as well as patients of the 
nutrition clinic at the University of Life Sciences 
in Lublin. The inclusion criteria were: confirmed 
diagnosis of IBS, absence of comorbidities requiring 
an elimination diet, age over 18 years, and consent to 
participate in the study. 

The respondents filled out an anonymous 
questionnaire containing questions about the IBS 
diagnosis, disease history and treatment, as well as 45 
questions assessing the participants’ knowledge about 
the low-FODMAP diet (fermentable oligosaccharides, 
disaccharides, monosaccharides and polyols; their 
dietary sources and impact on IBS symptoms), dietary 
habits, lifestyle and well-being during treatment. 
The questionnaire contained single- and multiple-
choice closed-ended questions as well as open-ended 
questions. A total of 336 respondents completed 
the questionnaire, and 259 correctly filled out 
questionnaires were returned and used in the analysis. 

Statistical analysis
A total of 259 correctly filled out questionnaires 

were returned, and the resulting data were subjected 
to mathematical and statistical analyses in the 
Statistica 10 program. The relationship between the 

The low-FODMAP diet as an effective tool for managing irritable bowel syndrome 
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respondents’ knowledge about the low-FODMAP 
diet and environmental factors was evaluated by 
calculating Spearman’s rank correlation coefficients. 
The odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were calculated. The significance of ORs 
was assessed by Wald’s statistics. The levels of 
statistical significance were set at P < 0.05 (*), P< 
0.01 (**) and P< 0.001 (***). The Shapiro-Wilk test 
was used to test the normality of distributions. The 
average nutritional status of groups was compared in 
ANOVA, and frequency distributions were evaluated 
in Pearson’s chi-squared (χ2) test. Two-tailed p-values 
<0.05 were considered statistically significant in 
all tests. Analyses were performed using Statistica 
software (version 13.1 PL; StatSoft Inc., Tulsa, OK, 
USA; StatSoft, Krakow, Poland).

RESULTS

A total of 195 women (75.3%) participated in the 
study (Table 1). The average BMI in the surveyed 
population was 23.17±5.04 kg/m2 (min – 17.8 kg/m2, 
max – 38.54 kg/m2). The average BMI was significantly 
lower among female (22.61 kg/m2) than male (26.8 kg/
m2) respondents (p=0.001). Normal BMI values were 
significantly more often noted among respondents 
who resided in cities with a population higher than 
100,000 (p<0.05), had university education (p<0.05) 
and had been diagnosed with IBS 3-9 months before 
the study (p<0.05). A significantly higher number 

of overweight participants had been diagnosed with 
IBS several years before the study (p<0.05) and had 
secondary school education (p<0.05). In the studied 
population, the average time since IBS diagnosis 
was 4 years and 3 months (minimum – 7 months, 
maximum – more than 10 years in a 46-year-old male 
patient). In 28% of the cases, IBS was diagnosed by 
a general practitioner; in nearly 40% of the cases – by 
a gastroenterology specialist; in 10% of the cases – 
by a dietitian, whereas the remaining respondents had 
arrived at the diagnosis independently or with the help 
of support groups for IBS patients. After diagnosis, 
only every fourth respondent sought treatment in 
a gastroenterology clinic (most of these patients had 
been diagnosed in the previous 12 months; p<0.05), 
whereas only 20% of the respondents had consulted 
a dietitian. Most participants sought additional 
information about IBS and disease management on 
the Internet or among friends.

The respondents assessed their health status 
subjectively, and the results revealed that their 
subjective well-being improved with an increase in 
the length of time since diagnosis (p=0.002) and that 
disease symptoms were less likely to exert a negative 
impact on their quality of life. Nearly a third of 
the surveyed subjects were physically active and 
engaged in recreational activities such as Nordic 
walking, jogging and cycling. More than 75% of 
the respondents used dietary supplements to boost 
immunity and improve digestive function. The use 

Table 1. Description of the study group
Women (n=195) Men (n=64) p-value

Age ns
18-30 106 34
31-65 89 30

BMI (kg/m2) <0.01
<19.99 15 3

20-24.99 157 37
>25 23 24

Education ns
University 150 39

Secondary school 32 11
Vocational school 13 14
Place of residence <0.05

City > 100,000 111 26
City < 100,000 50 26

Rural area 34 12
Time since diagnosis ns

< 12 months 73 28
13-24 months 82 25
>24 months 40 11

M. Kostecka, J. Kostecka-Jarecka, M. Kowal
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of dietary supplements was highest among women 
younger than 30 (p<0.05) who were overweight and 
had university education (p<0.05). The most popular 
dietary supplements were herbal blends and herbs 
such as lemon balm, mint, chamomile, oak bark and 
yarrow, as well as vitamin and mineral supplements. 
Nearly every seventh participant had been prescribed 
a course of antibiotics unrelated to IBS at least once 
a year (not all antibiotic therapies were combined with 
probiotic supplementation), which gives serious cause 
for concern. Pharmacotherapy was effective in less 
than 50% of the surveyed population: it eliminated 
bloating in 60% of the cases, relieved constipation in 
1/3 of the cases, and eliminated diarrhea in 44% of the 
cases. 

The symptoms experienced by the patients before 
diagnosis were analyzed in the next stage of the study. 
The majority of the respondents had experienced 
digestive symptoms, mostly diarrhea (64%) and 
constipation (59%). The studied population represented 
all IBS sub-types classified based on the predominant 
stool pattern according the Bristol Stool Form Scale 
(124 diarrhea-predominant patients, 75 constipation-
predominant patients, 41 mixed-type patients, whereas 
the remaining patients were unsubtyped). 

In the studied population, 85% of the participants 
had experienced bloating, and more than 75% - stomach 
growling. Other symptoms, including flatulence, 
nausea, weight loss and fatigue, were also reported. In 

most cases, these symptoms were experienced under 
the specific circumstances described in the literature 
(Figure 1), mainly in the first half of the day, after 
waking and after eating a meal, often after breakfast 
(p=0.001) or a large meal consumed during the day 
(p=0.004).

In the studied population, 237 of the respondents 
had followed to the low-FODMAP diet, and the 
differentiating factors were sex (p=0.002), place of 
residence (city with a population higher than 100,000 
vs. rural area; p=0.0001) and education (university 
vs. vocational school p=0.0043). The remaining 
participants eliminated various foods from their 
diets, but they did not strictly comply with FODMAP 
guidelines, and some foods were eliminated on several 
occasions or over a period of several weeks/months. 

Respondents who had been recently diagnosed 
with IBS (less than 12 months vs. more than 12 months 
before the study) and who had consulted a dietitian 
were more likely to follow the low-FODMAP diet 
(Table 2). 

A sound knowledge of food products that should 
be eliminated from the diet, adherence to the 
prescribed dietary regimen and the reintroduction 
of selected food products play an important role in 
the low-FODMAP diet. The respondents’ overall 
knowledge of the low-FODMAP diet was calculated 
as the percentage of correct answers in the questions 
addressing the low-FODMAP diet. The percentage of 

Figure 1. Symptoms experienced before diagnosis/treatment

Table 2. The relationship between adherence to the low-FODMAP diet and population characteristics based on the results 
of the Chi-squared test

χ2 df p V

Do you follow the low-
FODMAP diet?

Sex 0.03 1 0.867 0.01
Education 7.30 3 0.063 0.19

Time since diagnosis 12.60 2 0.002 0.25
Have you consulted a dietitian? 7.75 1 0.005 0.19

χ2- Chi-square statistic, df- degrees of freedom, p- level of significance, V- Cramer’s V

The low-FODMAP diet as an effective tool for managing irritable bowel syndrome 
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correct answers ranged from 38.46% to 100% (77.01% 
± 11.49% on average), and every third respondent 
correctly answered at least 80% of the questions. Age 
was significantly correlated with the participants’ 
knowledge about the low-FODMAP diet, which 
was found to decrease with age. The respondents’ 
knowledge was not differentiated by education, 
time since diagnosis, BMI or subjective well-being 
(p>0.05).

An analysis of the results (Table 3) indicates 
that consultations with a dietitian did not affect the 
respondents’ knowledge about the low-FODMAP diet. 
This observation was further confirmed by the fact that 
the surveyed subjects sought additional information 
about the disease on the Internet or among friends, and 
only every fifth participant had consulted a dietitian. 

The consumption of fermentable carbohydrates, 
including monosaccharides, disaccharides, 
oligosaccharides and polysaccharides, is limited 

or eliminated in the low-FODMAP diet. A sound 
knowledge of food products containing these 
compounds is required for the low-FODMAP diet to 
be administered safely and effectively (Table 4). 

The respondents found it most difficult to correctly 
identify the dietary sources of oligosaccharides and 
polyols. More than half of the surveyed subjects 
were unaware that garlic and onions contain 
oligosaccharides, and that these products should 
not be consumed by IBS patients. More than 50% 
of the participants were also unaware that artificial 
sweeteners, chewing gum and mushrooms contain 
polyols. 

Half of the respondents who followed the low-
FODMAP diet adhered to this dietary regime only 
once, and the elimination phase lasted 4 weeks and 
3 days on average (minimum – 3 weeks, maximum 
– more than 9 weeks). The reintroduction phase 
lasted 11 weeks and 2 days on average (maximum – 

Table 3. Analysis of the correlations between the respondents’ knowledge about the low-FODMAP diet, adherence to the 
dietary regimen, consultations with a dietitian, physical activity and pharmacotherapy

Level of knowledge
No Yes

Z p
M [%] SD [%] M [%] SD [%]

Do you follow the low-FODMAP 
diet? 72.65 13.14 80.13 8.97 4.13 0.000

Have you consulted a dietitian 
after diagnosis? 76.89 11.02 77.42 13.11 0.65 0.518

Are you physically active? 77.98 11.06 76.47 11.72 0.81 0.416
Do you take any medication 
approved for IBS? 76.64 11.46 77.37 11.56 0.26 0.793

M- mean, SD- standard deviation, Z- Z-score in the Mann-Whitney U-test, p- level of significance

Table 4. Correlation between the respondents’ age and time since diagnosis vs. their knowledge of fermentable 
carbohydrates that are eliminated in the FODMAP diet

Level of knowledge* (max 5 points)
Dietary 

guidelines (max 
20 points)

Monosaccharides 
and their food 

sources

Disaccharides 
and their food 

sources

Oligosaccharides 
and their food 

sources

Polyols and their 
food sources

Age
18-30 4.2 4.5 3.9 3.3 18.4
 31-65 3.8 3.7 1.8 2.1 13.6

Difference 0.4 0.8 2.1 1.2 4.8
p-value >0.05 <0.05 <0.01 <0.05 <0.01

Time since diagnosis
< 12 months 4.4 4.7 2.6 3.1 16.9
13-24 months 4.0 4.2 3.3 3.3 18.7
>24 months 4.1 4.0 4.0 2.9 17.3
Difference 0.4 0.7 1.4 0.4 1.8

p-value >0.05 <0.05 <0.05 >0.05 >0.05
* expressed as the average number of points in the knowledge test (separately for each carbohydrate group that is eliminated 
in the low-FODMAP diet)
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18 weeks). The remaining respondents skipped the 
elimination phase (17%) or prolonged the elimination 
phase beyond 6 weeks, mainly due to the fear of 
symptom recurrence. The participants who did not 
strictly comply with low-FODMAP guidelines had 
never consulted a dietitian or had attended only one 
consultation after diagnosis. 

DISCUSSION

The low-FODMAP diet should be introduced only 
once during treatment as the first-line therapy for IBS. 
The diet should involve a personalized eating plan 
to eliminate all IBS symptoms. The low-FODMAP 
is not a life-long diet, and the entire therapeutic 
program should be supervised by an experienced 
dietitian [7,12,24]. In the studied population, only 
20% of the respondents adhering to the elimination 
diet had consulted a dietitian, and in this group, only 
36 individuals had regularly visited a nutrition clinic 
during the entire treatment and the reintroduction 
phase. The skills of a dietitian in dietary assessment, 
knowledge of FODMAP food composition and 
experience with the low-FODMAP dietary approach 
are likely to impact on the success of the diet [2,26,30]. 
Experience in gastrointestinal disorder management, 
consideration of symptom types, severity, baseline 
FODMAP intake, and overall nutritional content and 
meal pattern are vital in the assessment. If a strict 
low-FODMAP diet is deemed necessary, it should 
only be introduced for an initial period of 4 to 6 
weeks. Research suggests that a strict long-term, low-
FODMAP diet may negatively impact the intestinal 
microbiome, and if it is used for a long time - it is a diet 
that exposes the patient to a deficiency of vitamins and 
minerals.

The low-FODMAP diet is an effective tool in IBS 
management. In the studied population, 75% of the 
respondents who had followed the low-FODMAP 
diet reported a decrease or complete disappearance 
of symptoms associated with IBS such as abdominal 
pain, flatulence, diarrhea and stomach growling. 
Similar results were reported by Halmos [9] in the 
Australian population, by Staudacher [25] in the 
British population, and by Gibson [7], in whose study, 
IBS symptoms significantly subsided in 70-75% of the 
respondents who adhered to the low-FODMAP diet 
for 6 weeks. 

The main goal of the elimination phase of the low-
FODMAP diet is to silence the symptoms of disease. 
In the next stage, selected foods are reintroduced to 
identify products rich in fermentable carbohydrates 
that are tolerated by the patient. In the studied 
population, nearly 25% of the participants delayed the 
reintroduction phase in fear of symptom recurrence. 
The long-term goal of low-FODMAP diet education 

is to reintroduce high-FODMAP foods to personal 
tolerance [2]. Recent research has highlighted the 
potential negative impact of a strict low-FODMAP 
diet on the intestinal microbiome [8, 25]. Therefore, 
the restrictive phase of the diet should only be 
continued until symptoms improve, usually within 
4-6 weeks. There is evidence to suggest that prolonged 
adherence to a restrictive elimination diet can increase 
the risk of eating disorders [23]. Dunn and Bratman 
[5] hypothesized that in patients with good dietary 
management and disordered eating, gastrointestinal 
symptoms may create food aversion and cause 
alterations to eating patterns. Such behaviors have 
recently been linked to orthorexia nervosa, a condition 
in which people restrict their diet. This condition is 
associated with symptoms such as an “obsessive focus 
on food choice, planning, purchase, preparation, and 
consumption; food regarded primarily as [a] source 
of health rather than pleasure; [and] exaggerated faith 
that inclusion or elimination of particular kinds of food 
can prevent or cure disease or affect daily well-being” 
[23]. In this study, eating disorders were reported by 
15 respondents, most of whom had been diagnosed 
with IBS in the previous 6 months (more than 3 
months after the first symptoms) and who belonged to 
the diarrhea-predominant subtype of IBS. 

Fructans and galacto-oligosaccharides have 
prebiotic properties. A reduction in their intake can 
decrease bacterial counts of the genera Lactobacillus 
and Bifidobacterium in the gut microbiome [8, 10, 
20, 22]. Furthermore, the production of butyrate-
producing bacteria is markedly reduced in absolute 
and relative terms, and the counts of mucus-degrading 
bacteria are increased with a strict reduction in 
FODMAP intake [11]. In the present study, more than 
90% of the participants were aware that gut microbiota 
can affect IBS, and 50% of the respondents took 
dietary supplements containing probiotic bacteria, 
mostly Lactobacillus rhamnosus GG, Saccharomyces 
cerevisiae and Bifidobacterium longum W11. The 
results of clinical trials comparing the efficacy of 
single- and multi-strain probiotics are ambiguous [6]. 
The British Dietetic Association published a systematic 
review which indicated that no strain or dose-specific 
probiotic was consistently effective in improving 
any IBS symptoms or the quality of life (QoL) [16]. 
Tiequn et al. [27] reported that Lactobacillus strains 
were more effective than placebo, whereas Cayzeele-
Decherf et al. [3] concluded that Saccharomyces 
cerevisiae CNCM I-3856 significantly minimized 
abdominal pain and discomfort in IBS patients. In 
contrast, a meta-analysis conducted by Yuan et al. 
[31] demonstrated that Bifidobacterium infantis 35624 
was not more effective than placebo in alleviating IBS 
symptoms. 

The low-FODMAP diet as an effective tool for managing irritable bowel syndrome 
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CONCLUSIONS

The surveyed population was characterized by high 
levels of knowledge about the low-FODMAP diet, but 
many respondents did not strictly comply with dietary 
guidelines, in particular the duration of each dietary 
phase.

Age was significantly correlated with the 
respondents’ knowledge, and the participants’ 
familiarity with FODMAP guidelines decreased with 
age.

Nutritional consultations did not significantly 
improve the respondents’ knowledge about the low-
FODMAP diet. 

The low-FODMAP diet can be an effective tool for 
managing irritable bowel syndrome, but patients who 
do not fully comply with FODMAP guidelines are at 
higher risk of malnutrition or even eating disorders. 
Prolonged elimination of cereal-based products, dairy 
products, legumes, fruit and vegetables can alleviate 
the symptoms of diseases, but it can also compromise 
the patients’ health. 
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ABSTRACT
Background. Low birth weight (LBW) is an important predictor of neonatal morbidity and mortality. It reflects the 
nutritional status of the mother and the quality of health care services during pregnancy. 
Objective. The objective of this study is to determine the factors associated with low birth weight of children born to 
Moroccan pregnant women in the province of El Jadida. 
Material and Methods. This cross-sectional case-control study was carried out in the maternity ward of El Jadida 
provincial hospital on 344 parturient women, half of whom had given birth to children with an LBW and the other half 
of children with normal weight (NW) at birth. Information on maternal gestational and socioeconomic characteristics as 
well as eating habits was collected using a questionnaire and anthropometric measurements were taken on the newborns. 
Results. The study identified 172 parturient who gave birth to newborns with LBW and 172 parturient who gave birth to 
newborns of NW. The proportions of LBW are greater in first-time mothers (50.6%) and professionally inactive (86.6%). 
The mean weight of LBW newborns is 2013.95 ± 372.95g compared to 3380 ± 217.59g for NW newborns. The determined 
factors associated with LBW are the low socio-economic level (OR = 3.18; 95% CI: 1.09-9.23), insufficient monitoring of 
prenatal consultation (OR = 2.91; 95% CI: 1, 71-4.95), origin from rural areas (OR = 0.52; 95% CI: 0.30-0.91) and lack 
of nutritional education (OR = 0.17; 95% CI: 0, 09-0.34). The daily calcium intake in mothers of newborns with LBW is 
33.82% of the recommended daily allowance (RDA), the daily iron requirement coverage was 50%, folates 66, 16% and 
zinc 87.72% of the RDA. 
Conclusions. Well-targeted and coordinated education and awareness-raising actions on early pregnancy and feeding 
pregnant women could have a positive impact on improving the birth rate of children with a weight deficit.

Key words: pregnant woman, low birth weight, risk factors, newborns, anthropometric measurements, nutritional status

INTRODUCTION

Low birth weight (LBW) is a major public health 
problem, leading to higher perinatal morbidity and 
mortality, in both developed and developing countries 
[27]. LBW includes both preterm births (<37 full weeks 
of gestation) and term newborns with intrauterine 
growth retardation, but it remains an important 
indicator of perinatal health due to its association 
with survival, health status and development of the 
newborn [13]. In addition, the intrauterine nutritional 
environment is an important determinant of the state 
of health and subsequent growth of an individual. 
Pregnant women with poor nutritional status, living 
in difficult conditions and receiving poor nutrition, are 

more likely to give birth to low birth weight children 
[21]. According to the World Health Organization 
(WHO), there are some 20 million newborns with 
LBW every year [26], the causes and consequences of 
LBW are often complex and play an important role in 
the life cycle of the individual. This leads to significant 
consequences for companies, in terms of very costly 
support and in terms of losses in human capital 
and economic productivity [14]. In 2012, the World 
Health Assembly (WHA) approved a Comprehensive 
Implementation Plan on Maternal, Child and Young 
Child Nutrition, which includes six global nutrition 
goals. One of these goals is the ambitious 30% reduction 
in the prevalence of PNH between 2012 and 2025 [26]. 
Morocco, however, recorded a rate of 17.3% of births 
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with a low weight in 2015. This rate placed Morocco in 
fourth place among African countries recorded with 
a high rate of births with a low weight [3]. In fact, 
anthropometric measurements of the newborn are 
fairly reliable indicators of the mother’s state of health 
and nutritional status before and during pregnancy. 
They are influenced by geographic, genetic, racial and 
nutritional factors [6].

The objective of this study is therefore to study 
certain maternal and socioeconomic risk factors 
associated with LBW and the relationship between the 
nutritional status of pregnant women and the weight of 
newborns at birth. 

MATERIAL AND METHOD

The study took place at the maternity ward of the El 
Jadida provincial hospital over a period from January 
1 to December 31, 2018. This hospital represents a 2nd 
level public health structure with a high influx of the 
rural population.

Sample
This is a cross-sectional case-control study that 

was carried out at the time of delivery, with 172 
mothers and their normal weight (NW) infants and 
172 mothers with infants with LBW. A normal weight 
child (NW) is defined as any newborn whose birth 
weight is between 2,500 and 4,000 grams. A low birth 
weight child (LBW) is defined as any newborn whose 
birth weight is less than 2500 g regardless of the term 
of pregnancy.

Inclusion and exclusion criteria 
All children born alive and their mothers are 

included in this study. Stillbirths and fetal deaths in 
utero are excluded from the study.

Information collected
The information was collected using an established 

questionnaire, making it possible to collect data on 
socio-demographic and gestational factors. Another 
semi-quantitative food frequency questionnaire was 
also completed with the participants in this study to 
transcribe the food consumption habits of the sample 
studied. The frequency of food consumption was 
reported per day, week or month and the portion size 
consumed by women was estimated. Daily intake is 
calculated by multiplying the relative frequency of 
consumption of each food by the nutrient content, 
standard serving size and amount of serving taken 
by each woman, obtained from the program Bilnut, 
version (2.01) [23].

Collection of anthropometric data at childbirth 
In mothers, the weight is measured in kilograms, 

before childbirth, using a scale in a standing position, 
motionless, without support, wearing only underwear. 
The mother’s height was measured using an adult 
measuring board, graduated in centimeters with the 
feet together, the arms hanging alongside the body, the 
knees well extended, the back, the buttocks and the 
heels applied against the vertical upright of the board.

The body mass index (BMI) was calculated by 
dividing the weight in kilograms by the square of the 
height in meters [28]. In newborns, data collection on 
weight, height, head circumference, arm circumference, 
thoracic perimeter and sex is collected within the first 
two hours after childbirth. The newborn’s weight is 
measured to the nearest 10 g using a SECA® brand 
baby scale. The height is measured using a measuring 
rod graduated in centimeters with the naked newborn 
flat on his back, the head firmly held against the fixed 
headrest board and the thighs and knees extended by 
the interviewer. Head circumference is measured at its 
greatest diameter. The thoracic perimeter is measured 
at the level of the nipples and the arm circumference 
on the left arm midway between the acromion and 
the olecranon. All these measurements were taken in 
centimeters using an inextensible tape measure. 

The Ponderal index (PI) is arrived at by the 
following formula: 

PI = birth weight x 100 / (Crown heal length)3 [8].

The Apgar score
The Apgar score is used to measure the state of the 

vital functions of a newborn baby, the elements that 
include it are: skin color, heart rate, reflexes, muscle 
tone and breathing. This Apgar score is designed to 
assess signs of hemodynamic compromise such as 
cyanosis, hypo perfusion, bradycardia, hypotonia, 
respiratory depression or apnea. Each element is 
scored 0, 1 or 2 depending on the conditions observed, 
then the results are then added together to give a score 
out of 10. The maximum score is 10 points, equivalent 
to the best possible health condition. The Apgar score 
is normal if it is ≥ 7 at 1 minute and 5 minutes after 
the infant is born. A score <7 and a fortiori less than 
3 should lead to appropriate management requiring 
neonatal intensive care [16].

Statistical analyses  
Statistical analyses are performed using SPSS 

software (Statistical Package for the Social Sciences) 
version 23. A bivariate analysis was performed using 
Pearson’s Chi-square test to separately study the 
independent variables associated with the dependent 
variable (LBW). The percentages of low birth 
weight were compared in the different modalities of 
the independent variables collected. Comparisons 
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between two groups were made using Student’s test. 
Comparisons between three or more groups were 
made using an ANOVA followed by a Tukey test 
to determine the differences between the groups. 
Correlations between two continuous variables were 
determined by calculating the Pearson coefficient (r). 
The probability threshold p ≤ 0.05 was retained as 
statistically significant.

Ethical considerations
The investigation obtained the approval of the 

regional directorate of the Moroccan Ministry of 
Health in greater Casablanca. Participation in the 
survey was subject to the free and informed consent 
of the persons selected. After receiving a detailed 
explanation of the survey process and conditions, the 
female respondents were free to decline or withdraw 
from the survey at any time. 

RESULTS

Table 1 illustrates the distribution of birth weight 
according to the characteristics of the mother and the 
newborn. The mean age of mothers of newborns with 
LBW is 26.02 ± 5.48 and that of mothers of normal 
weight newborns is 24.86 ± 5.34. The proportion of 
LBW children is greater among first-time mothers 
(50.6%), illiterates (59.9%) and among professionally 
inactive women (86.6%).

The results of the risk factor analysis, using a binary 
logistic regression model, provide information on 
a significant association of low birth weight with low 
socioeconomic status (OR = 3.18; 95% CI: 1.09- 9.23), 
insufficient of prenatal consultation monitoring (OR = 
2.91; 95% CI: 1.71-4.95), origin from rural areas (OR 
= 0.52; 95% CI: 0.30-0 , 91) and lack of nutritional 
education (OR = 0.17; 95% CI: 0.09-0.34). Table 1 also 
shows that newborns with LBW are 0.37 more likely 

Table 1. Socio-demographic characteristics of the study population

Socio-demographic 
characteristics

Newborn 
low birth weight 

(LBW)

Newborn 
normal weight 

(NW)
P Adjusted OR 

[95% CI]

N % N %

Age
<20

≥ 20; 30≥
> 30

28
108
36

16.3
62.8
20.9

22
123
27

12.8
71.5
15.7

NS -

Origin Urban
Rural

25
147

14.5
85.5

42
130

24.4
75.6 0.022 0.526 [0.304-0.911]

Socioeconomic level
Weak

Average
Raised

125
42
5

72.7
24.4
2.9

102
57
13

59.3
33.1
7.6

0.020 3.18 [1.09-9.23]

Study level

Illiterate
Primary

Middle School
High school
University

103
42
24
3
-

59.9
24.4
14
1.7
-

82
47
31
9
3

47.7
27.3
18
5.2
1.7

NS -

Profession
Without
Worker 

Employee

149
23
-

86.6
13.4

-

156
14
2

90.7
8.1
1.2

NS -

Parity Primiparous
Multiparous

87
85

50.6
49.4

97
75

56.4
43.6 NS -

Prenatal consultation <4 consultations
>4 consultations

115
57

66.9
33.1

147
25

85.5
14.5 0.000 2.91 [1.71-4.95]

Nutrition education Yes
No 

13
159

7.6
92.4

54
118

31.4
68.6 0.000 0.17 [0.09-0.34]

Pregnancy outcome

Mode of delivery Low way
Cesarean

139
33

80.81
19.18

158
14

91.86
8.13 0.004 0.37 [0.19-0.72]

Score of Apgar at 5 min 
of life

<7
≥ 7

94
78

54.65
45.34

5
167

2.90
97.09 0.000 40.25 [15.74-102.92]

Neonatal intensive care Yes
No

121
51

70.34
29.65

4
168

2.32
97.67 0.000 99.64 [35.07-283.10]

CI = Confidence Interval, OD: Odds ratio, NS = Not Significant, LBW: Low Birth Weight, NW: Normal Weigh

H. Elfane, S. El-Jamal, K. Sahel et al.
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to deliver vaginally. The use of the Apgar score, which 
provides information on the quality of newborns at the 
5th minute of their birth, shows that the prevalence of 
LBW is very high in newborns with an Apgar score 
<7 at the 5th minute of birth life (OR = 40.25; 95% CI: 
15.74-102.92).

Table 2 reports the anthropometric characteristics 
of newborns with LBW and those at normal weight. 
The results concerning these anthropometric 
parameters in newborns of LBW which appear to be 
much lower than those of newborns of normal weight. 
The distribution of newborns with LBW according to 
sex shows a female predominance (60.64%) with all 
measurements statistically higher than for boys.

Table 3 shows the relationships between maternal 
age, weight, height and body mass index (BMI) 
and anthropometric parameters of the newborn. It 

Study of the association of the nutritional profile of pregnant women with the birth weight of newborns in Morocco
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appears that with the exception of maternal age, the 
weight, height and body mass index of the mother are 
significantly correlated with all the anthropometric 
parameters of newborns with LBW. As for newborns 
of normal weight, only the mother’s weight was 
correlated with the child’s weight.

Table 4 shows the average daily intake for each of 
the eight food groups. High consumption was observed 
for all food groups in mothers of NW newborns 
compared to mothers of LBW children except for the 
legume group. The analysis of the different types of 
food consumed per day shows a high consumption 
of cereals which is significantly correlated with the 
weight of newborns (P = 0.035) and a low consumption 
of the groups of meats and derivatives, eggs, products 
dairy and vegetables compared to the female group of 
NW newborns.

The approximate averages of the daily energy 
and nutrient intakes, relative to the recommendations 
(RDA) for all women are shown in Table 5. On 
average, nutritional intakes exceed the recommended 
daily values   for all groups of newborn mothers with 

respective rates of (108.84% vs 124.72%) for energy), 
(133.52% vs 152.39%) for proteins, (104.70% vs 
137.64%) for vitamin C and (139.14% vs 144.85%) 
for magnesium intakes in mothers of newborns with 
LBW and newborns with NW respectively. However, 
except for zinc (87.72% vs 100.18%) which covers 
the recommended daily allowance for mothers of 
newborns of normal weight, insufficient iron intakes 
(52.37% vs 70.77%), folates (66.16% vs 72.66%) and 
calcium (33.82% vs. 60.23%) are recorded in the 
two groups of mothers of children LBW and NW 
respectively.

DISCUSSION

The results of the present study reveal that the 
determinants of LBW are multiple and intricate. 
The data reported here show that a high proportion 
(62.8%) of underweight newborns is among mothers 
aged 20 to 30 years. However, there is no significant 
association between maternal age and LBW. This 
result is consistent with those found by some authors 

Table 4. Pearson’s correlation for food groups consumed / day by mothers and weight of LBW newborns and NW newborns

Food groups Mothers of LBW 
newborns P Mothers of NW 

newborns P

Cereals (g day-1) 488.83 ± 112 0.651 534.07 ± 106.55 0.035
Meat and derivatives (g day-1) 68.53 ± 26.25 0.024 86.95 ± 43.19 0.097
Dairy products (g day-1) 77.42 ± 45.58 0.032 134.12 ± 58.39 0.197
Fish (g day-1) 31.73 ± 17.60 0.611 51.40 ± 27.32 0.687
Eggs (g day-1) 25.05 ± 16.71 0.039 34.43 ± 21.68 0.146
Fruits (g day-1) 168.61 ± 62.94 0.676 229.61 ± 112.85 0.834
Vegetables (g day-1) 271.96 ± 66.41 0.041 359 ± 92.90 0.167
Legume (g day-1) 28.21 ± 11.77 0.295 30.55 ± 25.41 0.463

LBW: low birth weight ; NW: normal weight

Table 5. Daily energy and nutritional intake of cases, controls and the total population compared to the recommended 
daily allowance (RDA)

Daily energy and 
nutritional intake RDA§

Mothers of LBW 
newborns

% RDA for 
mothers of LBW 

newborns 

Mothers of NW 
newborns 

% RDA for 
mothers of NW 

newborns
Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Energy (Kcal day-1) 2500 2721 ± 1036.96 108.84 ± 41.47 3118 ± 860.54 124.72 ± 34.42
Iron (mg day-1) 27 14.14 ± 7.46 52.37 ± 27.62 19.11 ± 9.28 70.77 ± 34.37
Folates (µg day-1) 600 397 ± 172.53 66.16 ± 28.75 436 ± 183.14 72.66 ± 30.52
Protein (g day-1) 71 94.8 ± 61.87 133.52 ± 87.14 108.2 ± 50.84 152.39 ± 71.60
Vitamin C (mg day-1) 80-85 * 89 ± 77.78 104.70 ± 91.50 117 ± 95.45 137.64 ± 112.29
Calcium (mg day-1) 1000 338.20 ± 155.01 33.82 ± 15.50 60.23 ± 324.83 60.23 ± 32.48
Zinc (mg day-1) 13-11 * 9.65 ± 7.24 87.72 ± 65.81 11.02 ± 8.36 100.18 ± 76
Magnesium (mg day-1) 400-350 * 487 ± 295.57 139.14 ± 84.44 507 ± 275.77 144.85 ± 78.79

*Indicates levels used by pregnant women ≤18 years old and >18 years old. SD: standard deviation. §https://ods.od.nih.
gov/HealthInformation/Dietary_Reference_Intakes.aspx

H. Elfane, S. El-Jamal, K. Sahel et al.
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who have reported that there is no relationship 
between maternal age and fetal growth [12,5]. The 
information concerning the mothers of newborns with 
an LBW, namely their profession, the associated low 
monthly income, the low level of education and the 
rural origin testify to a state of precariousness among 
this population. This social fragility often at the base 
of a poor nutritional state of mothers is responsible 
for LBW [9]. In this study, no significant association 
was found between LBW and parity. The literature 
reports primiparity as a protective factor against 
unfavorable fetal outcomes and in particular against 
LBW [11], while increased parity has been described 
as a factor favoring unfavorable pregnancy outcomes 
in the mother and fetus [19]. Regarding the follow-up 
of prenatal consultation follow-up, women who do not 
have any follow-up during pregnancy or who have 
poor prenatal follow-up are 2.91 times more likely 
to give birth to newborns with LBW. This finding is 
consistent with that reported by other research [7, 25] 
affirming that the lack of monitoring of pregnancy 
does not predict the curable medical causes of LBW 
or monitor anemia or nutritional deficiencies in 
mothers. In addition, nutrition education, which is an 
integral part of prenatal consultation monitoring, is 
significantly associated with LBW in the present study. 
Univariate analysis shows that the variables that persist 
significantly associated with LBW are origin, socio-
economic level, prenatal consultation monitoring and 
nutritional education. Data from the present study 
also report strong associations between Apgar score, 
neonatal resuscitation, and LBW. These factors are 
important predictors of child survival, responsible 
in the short term for fetal and neonatal mortality and 
infant morbidity [20, 22]. Of the 344 live newborns 
studied in this study, the mean weight was 2013.95g 
± 372.95 for LBW newborns and 3380 ± 217.59g 
for NW newborns. This difference in birth weight 
can be explained by the unfavorable socioeconomic 
conditions and nutritional situation in LBW[17]. In 
the sample studied, the newborns were predominantly 
female with a rate of 60.46% among the newborns of 
LBW and 63.95% of the newborns of normal weight. 
Data on anthropometric parameters show that with the 
exception of height and Ponderal index, the weight, 
head circumference and thoracic perimeter were 
lower in boys than in girls. Furthermore, the results 
found in this study show that there is no significant 
influence of the mother’s age on the anthropometric 
parameters of newborns. On the other hand, the 
weight, height and BMI of the mother significantly 
influence the anthropometric measurements of 
newborns at birth. These data support the hypothesis 
that the nutritional status of the mother, reflected by 
body mass index, height and weight in late pregnancy, 

plays a determining role in fetal growth in newborns 
of LBW included in this study [1].

The dietary data evaluated with the mothers of the 
two groups of newborns made it possible to determine 
the consumption profile of the different food groups. 
The results obtained show that overall, the diet of 
all women provides a high consumption of cereals. 
However, it appears that meats, fish, eggs, dairy 
products and vegetables are consumed little by mothers 
of newborns with LBW compared to mothers of 
newborns of normal weight. A statistically significant 
association is found between low birth weight and 
low consumption of meats, eggs, dairy products and 
vegetables. In addition, this low consumption of food 
groups, essential for a good evolution of pregnancy, 
could be explained by the cost of these foods. Several 
studies in the literature have indeed demonstrated the 
effect of socio-economic status on the quality of diet 
[15, 17]. This diet being poor in fruits and vegetables, 
meats and dairy products in addition to the high 
consumption of cereals source of energy could justify 
the high prevalence of overweight recorded among 
mothers of newborns with LBW (62.2%), while the 
requirements for most nutrients are not covered. These 
results are in agreement with those of the literature 
confirming that a good quality diet is correlated with 
a normal height and weight state [10].

In all the mothers participating in the study, the 
results reported show that the energy intakes are 
sufficient to lead a normal pregnancy. They are even 
higher than those found in other populations [2, 4], 
probably due to the high consumption of bread among 
the Moroccan population in general. In addition, the 
intake of protein, vitamin C and magnesium are also 
adequate. However, with the exception of zinc, which 
only covers the daily intake of mothers of normal 
weight newborns, mothers of both groups of newborns 
have deficient intakes of calcium, iron and folates. 
These deficiencies appear to be more increased in 
mothers of newborns with LBW whose intakes only 
cover 33.82% of the RDA for calcium, 50% for iron, 
66.16% for folates and 87.72% for zinc. Inadequate 
intakes of these nutrients could have a negative impact 
on the health of the mother-child couple. Indeed, 
calcium deficiencies are responsible for maternal 
hypertension and eclampsia attacks [24], and anemia 
induced by iron, folates and zinc deficiency can 
generate harmful effects for the mother and increase 
the risk of preterm delivery and the risk of low birth 
weight in the newborn [2, 18]

CONCLUSION

Recognition of risk factors for LBW may lead to 
specific recommendations for parturient. Awareness 
of the importance of a balanced diet for pregnant 

Study of the association of the nutritional profile of pregnant women with the birth weight of newborns in Morocco



433No 4

women should therefore be promoted. This must 
take place during the life cycle, that is, in antenatal 
consultations but also from childhood, adolescence 
and adulthood. Indeed, the Sustainable Development 
Goals for children, such as LBW and wasting, will 
only be achieved if maternal nutrition is high on the 
stakeholders’ agenda.

If increasing the consumption of zinc and folic acid 
appears to be a challenge through dietary diversity, 
supplementation/fortification programs before and 
during pregnancy should be promoted to avoid these 
deficiencies.
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ABSTRACT
Background. Excessive heat exposure and dehydration among agricultural workers have been reported to reduce kidney 
function and lead to chronic kidney disease of unknown etiology (CKDu). 
Objective. This cross-sectional study aimed to assess heat exposure, factors related to dehydration and the relationship 
between dehydration and biomarkers of kidney function among sea salt workers in Thailand. 
Material and methods. Wet bulb globe temperature (WBGT) was used at the time workers started work outdoors on salt 
farms. Urine-specific gravity, urine osmolarity, and serum creatinine were collected from 50 workers after work. 
Results. The results showed that more than 50% of the participants were dehydrated after work. The maximum hours spent 
working per day was 10. The average water intake was 1.51 L. Urine specific gravity was highly significant correlated 
with urine osmolality (rs = 0.400, p<0.01), and urine osmolality was significantly correlated with the estimated glomerular 
filtration rate (eGFR) (rs = 0.349, p<0.05). In bivariate analysis adjusted for age, sex, and current alcohol consumption, 
we found that a WBGTTWA ≥ 30°C (OR = 0.08, 95% CI = 0.01-0.44, p = 0.003) and hours spent working (OR=2.22, 95%  
CI = 1.42-3.47, p <0.001) were independently associated with dehydration. This suggests that workers should increase 
their time spent on breaks and increase water consumption. 
Conclusions. Educational program on heat exposure and heat-related illness prevention strategies should be provided.

Keywords: heat exposure, dehydration, kidney function, agricultural work

INTRODUCTION

From 2000 to 2016, approximately 125 million 
people were exposed to and impacted by heat waves, 
which represents an increase in exposure from 
previous periods [1, 2]. Recent studies have examined 
the effects of increased heat exposure on health 
and have found it to be linked with heart disease, 
respiratory disease, and nephropathy [3, 4]. Several 
studies in high-heat countries, such as Nicaragua, El 
Salvador, and Guatemala, found that chronic kidney 
diseases occurs in groups of agricultural workers who 
engage in primarily outdoor activities and experience 
extreme heat exposure, such as sugarcane workers and 
rice farmers, without finding a common cause, such 
as hypertension or diabetes. Therefore, these people 
are classified as having chronic kidney disease of 
unknown etiology (CKDu). Past studies have identified 
possible causes of CKDu among agricultural workers, 
including heat exposure and dehydration [5, 6]. CKDu 

is therefore another health concern for people who 
work outdoors in hot areas.

Normally, the core human body temperature is 
maintained below 38°C or 38.5°C in unacclimatized 
and acclimatized workers, respectively [7]. When the 
body temperature increases, sweat is produced to cool 
the body through evaporation. However, if the loss of 
heat through the evaporation of sweat cannot balance 
the exposure to heat, heat stress can occur [8]. Heat 
stress often occurs in conjunction with dehydration 
and other heat-related symptoms, such as headache, 
muscle cramps, and fatigue. Previous studies have not 
yet clarified how dehydration causes CKD, but many 
researchers believe that occupational heat stress and 
dehydration are some of the factors affecting kidney 
health [9].

Thailand is a country located in the tropical zone, 
and its inhabitants regularly engage in agriculture. 
Sea salt farming has been an occupation since ancient 
times and is still practiced today. Salt is harvested 
between January and May every year during periods 
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of hot weather. During the harvest, human laborers 
using ancient techniques are the main form of labor. 
It is difficult work, even though there are tools that 
can reduce the workload to a certain degree. Salt 
farm workers work 4-10 consecutive hours a day and 
are inevitably exposed to heat because salt farms are 
in open areas with no available shade, even during 
breaks. Previous studies of the health effects of this 
type of work on salt farm workers found signs and 
symptoms associated with heat exposure. However, 
studies assessing biomarkers have been lacking. 

The objectives of this study were to assess heat 
exposure, possible factors related to dehydration and 
the relationship between dehydration and biomarkers 
of kidney function in salt farm workers. 

MATERIAL AND METHODS

Study site and population
As salt farming is a seasonal production, the land 

will be prepared before the rainy season starts. The 
harvest season will start around January or February 
and end before the rainy season (May-June). This 
cross-sectional study was conducted on the first week 
of February 2020 when the first round of salt was 
ready to be harvested. Samut Sakhon Province, an area 
approximately 45 km south of Bangkok, is one of three 
largest areas for sea salt farming and has established 
a sea salt learning center to share relevant knowledge 
with local farmers and anyone else who is interested. 
In this study, the sea salt workers were from the Khok 
Kham subdistrict, the largest area in Samut Sakhon 
Province. The protocol of this study was presented 
to the chairman of the sea salt learning center by our 
research team, and the chairman provided a list of 
workers in this area (approximately 80 workers). We 
randomly selected males and females who had worked 
on salt farms for at least 1 harvest season, were aged 
between 18-60 years, and did not report having 
a history of hypertension, diabetes or kidney disease. 
After excluding those workers who did not meet the 
eligible criteria, 50 workers met the eligibility criteria, 
were willing to participate in this study, and signed 
informed consent forms. The workers on the sea 
salt farm were separated into five categories: farm 
owners, deliverers, extractors, pilers, and scoopers. 
The deliverers are men, who scoop the salt from the 
pile into the cart and push the cart to the storeroom. 
The extractors are both male and female workers, and 
they extract the salt from the ground using a wooden 
tool. The pilers form the salt into triangular piles. 
Farm owners usually drive a compactor, check the sea 
water level in each pond, and test the salinity. Lastly, 
scoopers help the deliverers scoop the salt into carts. 
They work as a team and do not switch roles.

With regard to the workload [10], deliverers and 
extractors perform “heavy work (>350 kcal/hr)”, 
pilers and scoopers perform “moderate work (200-
350 kcal/hr)”, and farm owners perform “light work 
(<200 kcal/hr)”. Agrochemicals are not used in any 
step in the process of salt farming. Sea salt workers 
normally wear long pants and short-sleeved or long-
sleeved shirts. Most wear sandals or socks; a few wear 
boots while working. Some workers use hats or fabric 
to cover their faces or sunglasses. Workers bring their 
own water and beverages from home. They can refill 
their bottles with water provided by the owner of the 
salt farm. All participants received a marked bottle to 
measure their water intake while working. This study 
was approved by the Ethics Review Committee for 
Research Involving Human Research Subjects, Health 
Science Group, Chulalongkorn University, Thailand 
(COA No. 035/2020)

Data collection
Data were collected on sea salt farms during the 

harvest season. Heat exposure data were collected on 
two days in the same week in the study area. Subjects 
worked on sea salt farms in the area for at least 2 weeks. 
The participants were assumed to be acclimatized 
to heat. A standardized wet bulb globe temperature 
(WBGT) monitor, model ISO 7243 (3M QUEST temp 
32°), was used to measure ambient conditions 1.25 
m above the ground. WBGT data collection started 
when the workers began to work outdoors on the salt 
farms. The monitor was set up as close to the workers 
as possible and calibrated before use. Digital data 
were recorded every hour, and six parameters were 
measured: natural wet bulb temperature (Twb), dry 
bulb temperature (Tdb), globe bulb temperature (Tg), 
WBGT, relative humidity (%RH), and heat index (HI). 
The average WBGT was calculated, using the hour 
individuals worked, as the time-weighted average 
WBGT (WBGTTWA) for all individuals to determine 
their heat exposure. Individual skin temperatures 
were measured with a forehead infrared thermometer 
while the workers were working on the sea salt farm.

After-shift data were collected at the sea salt 
learning center, which is located in the middle of the 
sea salt area; the learning center was spacious and 
clean, and a toilet was available. Medical examinations 
and blood collection were performed by medical 
technicians from hospitals in the area interested in 
health-promoting activities. First, urine samples 
were collected in standard polypropylene specimen 
containers, and each participant provided 20-50 ml of 
mid-steam urine. For the urinalysis, the urine specific 
gravity, urine osmolarity, urine creatinine, pH and 
color were recorded. Next, medical examinations, 
including measurements of blood pressure, pulse 
rate, weight, and height, were performed. Then, 2-3 
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ml of blood was drawn and used to test the levels of 
kidney biomarkers, namely, serum creatinine, blood 
urea nitrogen [11] and uric acid. Finally, validated 
questionnaires were used to ask participants about 
their characteristics and exposure factors, including 
age, alcohol consumption and smoking, medical and 
herbal supplement intake, water and other beverage 
intake, frequency of urination, work experience on 
salt farms, hours spent working, and heat-related 
symptoms. Blood and urine samples were packed on 
ice and immediately sent to a certified laboratory. The 
methods of analysis were the following; reflectance 
photometry was used for urine specific gravity, 
freezing point depression method for urine osmolality 
and Jaffe’s kinetic method was used for serum 
creatinine. 

Statistical analysis
Data analyses were performed using SPSS version 

22 for Windows. Descriptive statistics, including 
frequencies, percentages and medians (IQRs), 
were used to describe the characteristics and heat 
exposure factors. Nonnormally distributed variables 
were tested with the Kolmogorov-Smirnov test. For 
primary outcome, associations between dehydration 
and exposure factors, including age, sex, use of herbal 
supplements, smoking and alcohol consumption, 
workload, WBGT, water intake, other beverage intake, 
hours spent working and work experience, were tested 
with binary logistic regression. Significant predictors 
of CKD identified in previous studies, including age, 
sex and current alcohol consumption, were used as 
covariates [12]. For secondary outcomes, associations 
between dehydration, based on the urinalysis, and 
kidney biomarkers, as measured in the blood samples, 
were tested with Spearman’s correlation analysis. 

RESULTS

The sea salt workers were 58% male, with an 
average age of 47.16 years. More than half of the 
participants did not drink alcohol (60%) and were 
nonsmokers (68%). The average water intake on the 
study day was 1.53 liters (approximately 70% was 
accounted for by other beverages). Approximately half 
of the participants had worked at sea salt farms for 
more than 15 years. Fifty-six percent of participants 
worked more than 4 hours, 70% took fewer than two 
rest breaks, and 50% wore long-sleeved shirts with 
long pants. In total, 48% engaged in heavy work, 
36% in moderate work, and 16% in light work. Most 
workers did not feel hotter than normal on the study 
day (90%); however, 44% of the workers had heat-
related symptoms (Table 1).

As presented in Figure 1, heat exposure 
measurements at the sea salt farms started at 6:00 AM 

Table 1. Sea salt worker characteristics and exposure factors 
in Thailand (n=50)

Characteristics and exposure 
factors

n (%), mean, 
median (IQR)

Sex
    Male 29 (58.0)
    Female 21 (42.0)

Age (years) 47.16, 51.0  (41.75, 
56.0)

    <29 6 (12.0)
    30-39 5 (10.0)
    40-49 12 (24.0)
    >50 27 (54.0)
Alcohol consumption status
    No 30 (60.0)
    Yes 20 (40.0)
Smoking status
    No 34 (68.0)
    Yes 16 (32.0)
Water intake, L 1.53, 1.50 (1.0, 2.0)
     ≤ 1 21 (42.0)
    > 1 29 (58.0)
Other beverage intake
    No 15 (30.0)
    Yes 35 (70.0)

Working experience 16.24, 12.50 (5.0, 
25.0)

    < 15 yrs 26 (52.0)
    ≥ 15 yrs 48 (48.0)
Hours spent working
    ≤ 4 hours 22 (44.0)
    > 4 hours 28 (56.0)
Number of breaks
     ≤ 2 35 (70.0)
    > 2 15 (30.0)
Clothing
    Short-sleeved/long-sleeved shirt 
+ shorts/long pants 25 (50.0)

    Long-sleeved shirt+ long pants 25 (50.0)
Workload
    Light work 8 (16.0)
    Moderate work 18 (36.0)
    Heavy work 24 (48.0)
Felt hotter than normal
    No 45 (90.0)
    Yes 5 (10.0)
Heat-related symptoms on the 
study day
    No 28 (56.0)
    Yes 22 (44.0)

T. Luangwilai, M.G. Robson, W. Siriwong
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and continued until 4:00 PM. The WBGT over the 2 
days varied from 25.30°C to 30.30°C, and the average 
was 28.84°C. The dry bulb temperature varied from 
27.20°C to 30.95°C, and the average was 29.53°C. 
The wet bulb temperature varied from 24.60°C to 
27.25°C, and the average was 26.43°C. The globe bulb 
temperature varied from 16.90°C to 40.85°C, and the 
average was 35.84°C. The RH ranged from 51.50 to 
81.00%, with an average of 63.05%. The mean HI 
was 32.55°C. The WBGTTWA calculated to determine 
individual heat exposure on each working day was 
29.83°C.

Most of the participants had urine that was yellow 
(72%) and not cloudy (82%). The median urine pH 
was 5.26, the urine specific gravity was 1.025, the 
urine creatinine level was 189.05 g/L, and the urine 
osmolality was 863 mOsm/L. The median levels of the 
serum biomarkers were as follows: serum creatinine, 
0.9 mg/dL; blood urea nitrogen, 13.0 mg/dL; and uric 
acid, 6.85 mg/dL. In total, 58% of the workers were not 
dehydrated, while 42% were dehydrated. The eGFR, 
calculated with the CKD-EPI equation, showed that 
52% of the workers were defined as having stage 1 
CKD, and three out of 50 (6%) workers had low eGFR 
(< 60 ml/min/1.73 m2) (Table 2).

Based on results from binary logistic regression, 
WBGTTWA ≥ 30°C (p = 0.003) was significantly 
associated with dehydration. Those workers that were 
exposed to high heat, based on a WBGTTWA ≥ 30°C, 
were 0.11 times more likely to be dehydrated than 
with a WBGTTWA < 30°C. Moreover, the number of 
hours spent working was significantly associated with 
dehydration (p <0.001), and each unit increase in the 
number of hours spent working increased the odds 
of dehydration 2 times (OR = 2.0, 95% CI 1.37-2.91). 
Then, after adjusting for age, sex, and current alcohol 
consumption, we found that a WBGTTWA ≥ 30°C (OR 
= 0.08, 95% CI = 0.01-0.44, p = 0.003) and the number 

Figure 1. Heat exposure monitored by wet bulb globe temperature measurements on a sea salt farm 
(Dry=Dry Bulb Temperature; Wet=Wet Bulb Temperature; Globe=Globe Bulb Temperature; WBGTout=Wet Bulb Globe 
Temperature Outdoor; HI=Heat Index; RH=Relative Humidity)

Table 2. Biomarkers in Sea Salt Workers in Thailand (n=50)
Biomarkers n %, median (IQR)

Urine biomarkers
  Color
     Pale yellow 5 (10.0)
     Yellow 36 (72.0)
     Deep yellow 4 (8.0)
     Orange 2 (4.0)
     Brown 3 (6.0)
  Appearance
     Clear 41 (82.0)
     Turbid 9 (18.0)
pH 5.26 ± 0.52
Urine specific gravity 1.025 (1.02,1.03)

Urine creatinine (g/L) 189.05 
(140.0,247.825)

Urine osmolality (mOsm/L) 863.0 
(675.25,953.0)

Serum biomarkers
   Serum creatinine (mg/dL) 0.9 (0.8,1.1)
   Blood urea nitrogen (mg/dL) 13.0 (11.0,16.0)
   Uric acid (mg/dL) 6.85 (5.70,7.85)
Hydration status based on urine 
specific gravity
    Euhydration (≤ 1.025) 29 (58.0)
    Dehydration (> 1.025) 21 (42.0)
Kidney function
    Estimated glomerular filtration 
rate, eGFR-EPI, ml/min/1.73 m2 90.60 (72.08,99.43)

   Reduced kidney function stage, n 
(%) – eGFR-EPI
       Stage 1, eGFR > 90 26 (52.0)
       Stage 2, eGFR 60-90 21 (42.0)
       Stage 3a, eGFR 45-59 3 (6.0)

Effect of heat exposure on dehydration and kidney function among sea salt workers in Thailand
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of hours spent working (OR=2.22, 95% CI = 1.42-
3.47, p <0.001) were independently associated with 
dehydration, as shown in Table 3.

The correlation between hydration status and 
kidney function showed that the urine specific gravity 
was correlated with urine osmolality (rs = 0.400, p< 
0.01), and urine osmolality was correlated with the 
eGFR (rs = 0.349, p< 0.05), as shown in Table 4.

DISCUSSION

The sea salt workers in this study were local 
Thai people living in Samut Sakhon Province. More 
workers were male, and their ages ranged from 18 to 
60 years old. They had an average of 12.5 years of 
experience working on salt farms. The number of 
hours spent working each day ranged from 2 to 10, 
depending on how many salt ponds were ready to be 
harvested. Each salt pond takes approximately 2-3 
hours to harvest, and workers harvested between 
1 and 3 pounds per day. Many jobs on agricultural 

Table 3. Binary logistic regression predicting dehydration based on urine-specific gravitya in sea salt farm workers in 
Thailand (n=50)

Variables
Univariate

p-value
Adjusted**

p-value
OR 95% CI OR 95%CI

Age ≥40 years 2.28 0.52-9.92 0.270 2.28 0.51-10.15 0.276
Male sex 0.94 0.30-2.93 0.917 0.90 0.28-4.20 0.903
Use of herbal supplement 0.65 0.05-7.97 0.755 0.54 0.04-7.21 0.642
Current smoking 1.61 0.48-5.36 0.433 1.81 0.39-8.32 0.441
Current alcohol consumption 0.87 0.27-2.75 0.872 0.92 0.23-3.63 0.910
Medium-heavy workload 0.36 0.07-1.75 0.211 0.34 0.06-1.68 0.188
WBGTTWA≥ 30°C 0.11 0.02-0.49 0.003* 0.08 0.01-0.44 0.003*
Water intake ≤ 1 L 0.53 0.16-1.71 0.293 0.52 0.16-1.74 0.295
No intake of other beverages 0.59 0.16-2.09 0.418 0.56 0.14-2.10 0.392
Hours spent workingb 2.00 1.37-2.91 <0.001* 2.22 1.42-3.47 <0.001*
Work experience 1.05 1.00-1.11 0.023 1.05 1.00-1.11 0.044

* Association significant at p<0.05, **Adjusted for age, sex, current alcohol consumption
a Urine specific gravity (0 ≤ 1.025 and 1 > 1.025), b Continuous data 

Table 4. Spearman’s correlation analyses of the associations between hydration and kidney function (n=50) in sea salt 
workers in Thailand 

Predictor
Spearman’s correlation coefficient (rs) (p-value)
Hydration status Kidney function

urine specific gravity urine osmolality eGFR
Hydration status
    Urine specific gravity 1.00
    Urine osmolality 0.400** (0.004) 1.00
Kidney function
    eGFR 0.089 (0.540) 0.349* (0.013) 1.00

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

farms involve heavy workloads, including sugarcane 
cutting, corn farming and rice farming. In this study, 
many workers had heavy workloads. Sea salt farm 
activities involve intense manual labor, repetitive 
movements, whole-body movements, few breaks, and 
long periods spent working in the heat. The delivery 
task was the most labor intensive job on these salt 
farms, and only men performed this task. Other jobs, 
including extracting the salt, piling the salt, scooping 
the salt and managerial tasks, were performed by both 
male and female workers. A previous study on sea salt 
workers in Thailand involved a population that was 
75% male, with an average age of 36.6 years [13].

Heat exposure was measured by the WBGT, a gold 
standard for studies investigating occupational heat 
stress. The recorded WBGT varied from 25.30°C to 
30.30°C, with an average of 28.84°C. Overall, the 
average level of heat exposure was not greater than 
that stipulated in the regulations for those working in 
hot conditions (heavy work should not be performed 
when the temperature is over 30°C, moderate work 
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should not be performed when the temperature is 
over 32°C, light work should not be performed when 
the temperature is over 34°C) [14]. Samut Sakhon 
Province is approximately 1-2 meters above sea level 
(masl). In general, regions at relatively low altitudes 
and coastal areas (<500 meters above sea level; masl) 
have higher temperatures than regions at relatively 
high altitudes (≥500 masl), and the difference is 
approximately 4°C [15]. The mean WBGT increased 
over the course of the morning and was the highest 
at noon. Sea salt workers continue to work at noon 
because their tasks have to be finished, and only 
30% of the workers took more than 2 breaks. The 
Occupational Safety and Health Administration [16] 
has recommended maintaining an appropriate WBGT 
in the work environment to avoid excessive increases 
in body temperature. Workers should rest 75% of the 
time when WBGT exceeds 30°C (OSHA1999). Field 
workers are more frequently exposed to heat than 
workers in other areas [12]. A study of the health 
impact of climate change in Thailand included 5 
types of worksites: sites in the pottery industry, power 
plants, sites in the knife industry, construction sites 
and agricultural sites. The outdoor WBGT ranged 
from 25.2°C -34.6°C, and the highest was 34.6°C at the 
agricultural sites [17]. Moreover, this study reported 
that most workers did not feel hotter than normal on 
the study day, although 44% of the workers had heat-
related symptoms, which was similar to the findings 
of a previous study on a salt farm that reported an 
average WBGT of 33.83°C and heat-related symptoms 
in 50.88% of the workers, despite the fact that they 
did not feel hotter than normal (53.22%). This study 
found a moderate positive correlation between heat-
related symptoms and the WBGT [13]. The WBGT in 
our study did not exceed the recommendation in the 
regulations, but nearly half of the workers had heat-
related symptoms.

Hydration was assessed with urine biomarkers, 
which is a convenient method for a field study. The 
urine biomarkers included urine specific gravity and 
urine osmolarity. Urine specific gravity is the most 
popular biomarker of hydration, while urine osmolarity 
is considered a good marker, with a sensitivity of 
91% and an adequate specificity for dehydration [18, 
19]. We collected urine samples from each worker 
immediately after work. The criteria for dehydration 
were a urine specific gravity >1.025 g/ml [20] and 
a urine osmolarity >700 mOsm/L [21]. The median 
urine specific gravity and median urine osmolarity 
were at the upper limits of euhydration. Twenty-
one sea salt workers had urine specific gravity that 
indicated that they were dehydrated. This is similar 
to the findings in a study involving miners, in which 
42% of the population was dehydrated after work [22]. 
Several studies on dehydration in agricultural workers 

have noted that working in hot temperatures, the loss of 
water and electrolytes, an imbalance in the core body 
temperature, high humidity and a heavy workload can 
lead to dehydration [23].

The intake of water and the intake of other 
beverages were not associated with dehydration. 
Workers in this study had an insufficient intake of 
liquids. This may be due to their jobs, which required 
them to work in long stretches without stopping (2-3 
hours). Participants consumed beverages other than 
water, such as energy drinks, electrolyte drinks, 
sugary drinks and coffee. The average amount of water 
consumed on a work day was 1.5 L, which is less than 
the recommended amount. To prevent heat-related 
illness, the American Conference of Governmental 
Industrial Hygienists recommended threshold limit 
value [7] is approximately 235 ml of water every 20 
minutes when working in a hot environment. Thus, to 
prevent dehydration, sea salt workers should increase 
their water intake and number of breaks while working.

Kidney function was monitored by the eGFR. The 
CKD-EPI formula was used to calculate the eGFR in 
this study [24]. The average post-shift serum creatinine 
level in these sea salt workers was higher than that 
in a previous study among sugarcane workers in 
Nicaragua [25] but lower than that in another study in 
sugarcane workers in El Salvador [26]. Moreover, the 
average post-shift eGFR in sea salt workers was lower 
than that in previous studies in sugarcane workers in 
several countries, such as Nicaragua, El Salvador and 
Guatemala [25-27]. Sugarcane workers work in hot 
conditions, with a WBGT ranging from 30.9°C-35.5°C, 
which is similar to the work environment experienced 
by sea salt workers; however the tasks and other 
aspects of the work environment are different. Salt 
farms are open, and there are no shady spots or tents in 
which to rest. The wage is earned by the entire team, 
unlike sugarcane workers, who are paid individually. 
This encourages sea salt workers to continue their 
work until they are finished, without taking a break; 
they try to hurry to finish and start another round of 
harvesting.

Many studies have concluded that the decreased 
kidney function indicated by the eGFR value after 
work was due to several occupational factors that led 
to heat stress and dehydration. Urine specific gravity 
and urine osmolarity increase with dehydration[20]. 
We found that dehydration, as indicated by urine 
specific gravity, was significantly related to urine 
osmolarity (r=0.400). Two cross-sectional studies 
on heat exposure and dehydration were conducted 
in Sri Lanka [20] and Japan [21]. The study in Sri 
Lanka showed that approximately 40% of the paddy 
farmers were dehydrated after work and that there was 
a significant correlation between urine specific gravity 
and urine osmolarity (r=0.917) [20], while the study 
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of 23 construction workers in Japan found that 21% 
of the workers were dehydrated and that there was 
a strong correlation between urine specific gravity 
and urine osmolarity (r=0.87) [21]. Moreover, our 
study showed that urine osmolarity was significantly 
related to the eGFR (r=0.349). Workers at lower 
altitudes are more likely to be exposed to heat than 
those at higher altitudes; heat exposure can cause 
dehydration and is related to the development of CKD 
[26]. The loss of water from the body stimulates the 
release of the hormone vasopressin, causing the urine 
to become more concentrated and also causes renal 
vasoconstriction, which is associated with the GFR. If 
the water loss is severe or prolonged, it can impair the 
GFR or cause ischemia, leading to acute kidney injury 
(AKI) [1]. There is evidence that if AKI is sustained 
and prolonged, it can progress to CKD [8].

This study has several limitations. First, the sea 
salt workers were randomly selected from only one 
area of the salt farm, and the sample size was limited. 
Second, we only obtained one set of urine and blood 
samples after work. Third, we measured only the 
volume of water intake. We did not measure the 
volume of other beverages consumed, which could be 
linked to dehydration. However, we found that many 
of the workers were dehydrated and that there were 
relationships between heat exposure and dehydration 
and between dehydration and kidney biomarkers.

CONCLUSIONS

This study provides new evidence that sea salt 
workers are at a relatively higher risk of CKDu in 
countries affected by climate change. The findings 
showed that these workers have a heavy physical 
workload in a hot environment, and sea salt workers 
were found to be dehydrated after work, which could 
lead to a decrease in kidney function. We suggest that 
workers should increase their number of breaks and 
their intake of liquids. Education on hazardous heat 
exposure and heat-related illness prevention strategies 
should be provided.
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ABSTRACT
Background. Bisphenol A (BPA) is a product in the manufacture of Bis-GMA, which is commonly used in dentistry, and 
is known to have a number of adverse effects.
Objectives. The aim of this study is to evaluate to assess the knowledge, attitude and practice based on exposure and 
handling of BPA containing materials among dental surgeons for better understanding about the level of care rendered to 
the patients.
Material and methods. A questionnaire survey was conducted on 400 dental surgeons in Southern India. The questionnaire 
consisted of 20 objective type questions out of which ten questions assessed knowledge and five questions assessed the 
attitude and five questions to understand the practice related measures taken by the dentist. The data collected were 
analysed using SPSS version 23.
Results. A total of 402 responses were collected for this online questionnaire survey over a period of 2 months. It was 
found that females showed higher knowledge and attitude towards exposure to BPA which was statistically significant 
when compared to males. It showed that dentists with more than 20 years of practice had a higher level of knowledge. 
Though most of the groups agreed fairly on safety practice to be undertaken related to BPA exposure in their clinics, the 
ones with experience more than 20 years displayed the least positive attitude and dentists with 6-10 years of practice had 
the least positive behaviour among all.
Conclusions. In spite of having a good knowledge regarding the harmful effects of BPA, dental surgeons are not very 
cautious while using materials containing them on a regular basis. Therefore, there is a need to enhance the awareness 
with the help of Continuing Dental Education programs or proper instructions on the packaging.

Key words: knowledge, attitude, practice, Bisphenol A, composite, dental surgeons

INTRODUCTION

Bisphenol A (BPA) is a by-product during the 
manufacture of polycarbonate plastics and epoxy 
resins, which play an important role in food and 
drink packaging. Although diet is a major source of 
BPA exposure in most people; air, dust, and water 
and direct skin contact are others. BPA can leach out 
from containers with internal epoxy resin coatings or 
products made of polycarbonate plastic such as baby 
bottles, tableware, food containers, and water bottles 
into the products that we consume. Leaching of BPA 
depends more on the temperature of the liquid than 
the age of the container ie. more migration with higher 
temperatures [8, 17]. 

BPA plays an important role in dentistry. It is the 
main raw material for Bis-GMA and polycarbonate 
products. Generally, the molecules with a double 
benzoic ring possess estrogenic properties. It was 
in 1996, Olea et al. [17] found detectable levels on 
BPA in the saliva of patients who received sealants. 
However, it is still a controversial topic, as it has not 
been confirmed by any large-scale study [16, 27].

Based on the toxicity of BPA, it has been classified 
as a category 3 toxic substance and a significant risk 
factor in human fertility. However, concern is not 
focused exclusively at molecular level. A significant 
effect on psychosocial health of children is being 
reported from a recently published study measuring 
the exposure from BPA derivatives such as composite 
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resins. Higher levels of anxiety, depression and social 
stress in children was reported with higher levels and 
longer exposure (5 years) to dental composite resins 
[14]. Furthermore, there are recent studies done on 
dental staff indicating more reports of allergic contact 
dermatitis among them [9, 10, 11, 15, 24].

With such level of existing evidence of prolonged 
release of BPA and associated side effects affecting 
both mental and physical health, it is very essential 
to minimize the exposure to BPA while use of dental 
products and services. For this, mainly private 
practitioners play a pivotal role to minimize the 
exposure of BPA to their patients, assistants and 
themselves in their private clinical practice. Since 
most private practitioners attend continuous dental 
education programs from time to time, we expect 
them to be updated with the knowledge and practice 
related ill effects of BPA. Their attitude towards 
patient care and self-care from exposure to BPA needs 
to be assessed along with knowledge and practice to 
impart better education through such programs. There 
are studies which assess all of these among specialists 
in dental colleges but hardly any studies on private 
practitioners which cater to the majority of the general 
population. Hence this questionnaire survey was 
needed to assess the knowledge, attitude and practice 
based on exposure and handling of Bisphenol A 
containing materials among dental surgeons for better 
understanding about the level of care rendered to the 
patients and sensitivity towards the ill effects of BPA 
from dental products.

MATERIAL AND METHODS

Study sample
This cross-sectional questionnaire study was 

carried out in Southern India. Further, a questionnaire 
was circulated online (Google forms format) amongst 
the sample group which consists of all private dental 
surgeons working in private dental clinics across South 
Indian states of Karnataka and Kerala. A statistically 
calculated sample size of 400 practitioners who have 
been practicing and holding a minimum undergraduate 
level of qualification (BDS) were included in the study. 

Validation survey
The questionnaire was subjected to face and content 

validation by 3 dental faculties and each question was 
rated using a 5 point Likert scale to test content validity 
with range from very important to not important. 
Questionnaire was tested by 25 randomly selected 
private dental surgeons for the validity of the survey. 
Ethical clearance for this study was obtained from 
Institutional Review Board (ABSM/EC/53/2020).

Questionnaire content
A consent form with brief study description and 

a Questionnaire was circulated among the sample 
group and responses were compiled digitally in google 
forms. The survey form collected basic demographic 
data such as name, age, gender, qualification, if 
attached to dental college or not. The questionnaire 
consisted of 20 objective type questions out of which 
ten questions assessed knowledge and five questions 
assessed the attitude and five questions to understand 
the practice related measures taken by the dentist. A 
sample questionnaire is given below. 

SAMPLE QUESTIONNAIRE:

Questionnaire:
Demographic details:

Age: _______Years ______
Gender: M/F
Educational Qualification: BDS____
MDS (Mention Specialty) _________
No. of years into practice: 
• 1-5 years
• 5-10 years
• 10-15years
• 15-20years
• >20 years
Are you attached to a dental college: Yes/No
If Yes, What is your designation: Tutor/ Senior 
Lecturer/ Reader/ Associate Professor/Professor

QUESTIONS 

Knowledge based:

1. BPA is an important constituent of _______?
a. Restorative composite
b. Amalgam
c. Impression materials
d. Don’t know

2. Sensitivity/ill effects due to BPA exposure is seen 
more in ______?

a. Males
b. Females
c. Equally susceptible
d. Don’t know

3. BPA is a product leached out of which of the 
following?

a. Orthodontic adhesives
b. Dental composite resin
c. Prosthetic crowns
d. All the above
e. None of the above

Knowledge, attitude and practice on exposure to Bisphenol A among dental surgeons in southern India
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4. Soon after a composite restoration, what happens 
to the concentration of BPA?

a. Increases in saliva
b. Increases in Urine
c. Both the above
d. Don’t know

5. Which of the following is a potential side effect of 
BPA?

a. Developmental defects
b. Infertility
c. Type 2 diabetes
d. All of the above
e. Don’t know

6. Does the type of curing light used and the distance 
between tip and material when cured affect the 
amount of BPA release from the material?

a. Yes
b. No
c. Don’t know

7. BPA release from self-cure resin when compared 
to light cure resin is_______?

a. More in self cure than light cure
b. Less in self cure than light cure
c. Same in both
d. Don’t know

8. Does tooth that have amalgam restorations release 
BPA?

a. Yes
b. No
c. Don’t know

9. BPA can have which of the following actions on 
human body?

a. Estrogenicity
b. Cytotoxicity
c. Both of the above
d. Don’t know

10. Does use of a rubber dam use reduce BPA exposure 
to patients?

a. Yes
b. No
c. Don’t know

Attitude based:

1. Do you think that BPA exposure can affect the 
dentist and the dental technician’s health apart 
from the patients?

a. Strongly agree
b. Agree

c. Neutral
d. Disagree
e. Strongly disagree

2. Do you think that there should be awareness 
campaigns on ill effects of BPA to improve your 
knowledge and assess the patients under risk from 
BPA exposure?

a. Strongly agree
b. Agree
c. Neutral
d. Disagree
e. Strongly disagree

3. Would you want to know more on safety measures 
to be taken by dentists and dental assistants to 
prevent BPA exposure?

a. Yes
b. No

4. Do you feel the need to follow strict measures to 
reduce BPA exposure in private clinical practice?

a. Strongly agree
b. Agree
c. Neutral
d. Disagree
e. Strongly disagree

5. Do you think the BPA levels in dental materials 
should be highlighted by companies for the safety 
and awareness of the private dental practitioner?

a. Strongly agree
b. Agree
c. Neutral
d. Disagree
e. Strongly disagree

Practice based:

6. How often do you check the BPA levels in dental 
restorative materials you use in daily routine?

a. I never check
b. I check it every time
c. I check it sometimes

7. Do you educate your patients about the possible 
side effects of BPA?

a. Yes
b. No
c. Sometimes

8. Do you take any protective measures for yourself 
and your dental assistantsto avoid BPA exposure 
from aerosols developed during dental procedures 

H. A. Kumar, C. R. Soans, P.S. Murali et al.



446 No 4

involving dental composites like Orthodontic 
debonding procedure?

a. Yes
b. No
c. Sometimes

9. Do you prefer composite restoration over amalgam 
restoration?

a. Always
b. Never
c. Sometimes

10. Do you ask your patients to gargle immediately 
following intraoral use of dental materials 
containing BPA?

a. Always
b. Never
c. Sometimes

Statistical analysis
The data was entered in Microsoft excel and 

analyzed using SPSS version 23 for descriptive and 
inferential statistics. Descriptive statistics were 
expressed in terms of number and percentage. The 
inferential statistics were analyzed using ANOVA and 
Pearson’s correlation coefficient. 

RESULTS

A total of 402 responses were collected for this 
online questionnaire survey over a period of 2 months. 
Mean age of the participants of this survey was 
33.06+6.649 years. Table 1 shows the distribution of 
respondents based on gender. Almost equal number of 
responses were obtained from both genders. 

Table 1. Gender based distribution of responses
Variable Frequency Percent

Gender

Male 200 49.8
Female 198 49.3

Do not wish to 
specify 4 1.0

Table 2 shows the responses of participants 
indicating their experience or years of practice in 
their profession. Maximum respondents falling into 
the category with 1-5 years of experience and least 
responses obtained from group with 16-20 years of 
experience 

Table 2. Years of practice based responses
Variable Frequency Percent

No. of years into 
practice

1-5 years 213 53.0
6-10 years 88 21.9
11-15years 61 15.2
16-20years 8 2.0
>20 years 32 8.0

Table 3 and Table 4 show responses obtained from 
participants indicating if they are attached to a dental 
college and if yes then the designation they hold in 
their respective departments.

Table 3. Responses based on attachment to college
Variable Frequency Percent

Attached to a 
dental college

Yes 151 37.6
No 251 62.4

Table 4. Designation of respondents attached to college
Variable Frequency Percent

Designation

Tutor 11 2.7
Senior Lecturer 75 18.7

Reader 44 10.9
Associate 
professor 16 4.0

Professor 5 1.2
Not attached to 

college 251 62.4

The knowledge of total respondents are summarized 
in the Table 5 below for all the ten questions based on 
percentage of correct and incorrect response. 93.5% 
gave the correct response that BPA is an important 
constituent of restorative resin. 90.5% gave an incorrect 
response saying males show greater sensitivity/ill 
effects towards BPA, which isn’t true. Almost equal 
correct and incorrect responses were recorded when 
asked to choose the material that releases BPA in 
question number three. 55% responses were correct 
and agreed to that concentration of BPA increases in 
saliva soon after the restoration. When asked about 
the potential side effects of BPA only 60% could give 
a correct response to it. We obtained almost equal 
correct and incorrect responses to the question which 
assess knowledge regarding the type of curing light 
and type of composite resin used, which may result 
in varying amounts of BPA release. More than 70% 
responded correctly when asked whether amalgam 
use leads to intra-oral release of BPA. Only 38% could 
rightly answer that BPA release could cause both 
cytotoxic and estrogenic effects in our body. Almost 
50% of the dentists are unaware that the use of rubber 
dams could reduce BPA exposure.
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Table 5. Responses to knowledge based questions
Question Correct response Incorrect response

1 376 (93.5%) 26 (6.5%)
2 38 (9.5%) 364 (90.5%)
3 186 (46.3%) 216 (53.7%)
4 221 (55%) 181 (45%)
5 162 (40.3%) 240 (59.7%)
6 199 (49.5%0 203 (50.5%)
7 192 (47.8%) 210 (52.2%)
8 287 (71.4%) 115 (28.6%)
9 153 (38.1%) 249 (61.9%)
10 195 (48.5%) 207 (51.5%)

The responses obtained for the attitude based 
questions are summarised in the Table 6 below with four 
questions showing responses based on 5 point Likert 

scale and one question with yes/no as its response. 56% 
of the dentists agreed to the fact that BPA exposure 
could affect dentists and the dental technicians, 
whereas 35.6% were unaware of the potential threat 
and 10% disagreed with this fact. 100% of dentists 
agreed on conducting awareness campaigns for ill 
effects of BPA exposure for practitioners. Almost all 
dentists agreed on following strict measures to reduce 
BPA exposure and agreed on the fact that companies 
should highlight the BPA content and its ill effects on 
their dental products. 95% of the dentists were willing 
to know more on the safety measures to be taken by 
them to reduce BPA exposure to dentists as well as 
dental assistants.

Table 7 shows the responses obtained to the 
practice based questions. 75.9% of participants do not 
check the BPA levels in the material they use regularly 

Table 6. Responses to attitude based questions
Question SA A N D SD

11. BPA exposure can affect the dentist and the dental 
technician’s health apart from the patients

62
(15.4%)

164 
(40.8%)

143
(35.6%)

32 
(8%)

1 
(2%)

12. There should be awareness campaigns on ill effects 
of BPA to improve your knowledge and assess the 
patients under risk from BPA exposure

170 
(42.3%)

232 
(57.7%) 0 0 0

13. Need to follow strict measures to reduce BPA 
exposure in private clinical practice

151 
(37.6%)

219 
(54.5%)

32
(8%) 0 0

14. BPA levels in dental materials should be 
highlighted by companies for the safety and awareness 
of the private dental practitioner

220 
(54.7%)

167 
(41.5%)

15 
(3.7%) 0 0

SA - strongly agree, A - agree, N - neutral, D - disagree, SD - strongly disagree

Question Yes No
15. Want to know more on safety measures to be taken by dentists 
and dental assistants to prevent BPA exposure 382 (95%) 20 (5%)

Table 7. Responses to practice based questions
Question Responses

16. How often do you check the BPA levels in dental restorative 
materials you use in your daily routine?

I never check 305 (75.9%)
I check it every time 3 (0.7%)
I check it sometimes 94 (23.4%)

17. Do you educate your patients about the possible side effects of 
BPA?

Yes 11 (2.7%)
No 289 (71.9%)

Sometimes 102 (25.4%)
18. Do you take any protective measures for yourself and your 
dental assistants to avoid BPA exposure from aerosols developed 
during dental procedures involving dental composites like 
Orthodontic debonding procedure?

Yes 131 (32.6%)
No 208 (51.7%)

Sometimes 63 (15.7%)

19. Do you prefer composite restoration over amalgam restoration? Always 216 (53.7%)
Never 25 (6.2%)

Sometimes 161 (40%)
20. Do you ask your patients to gargle immediately following 
intraoral use of dental materials containing BPA?

Always 111 (27.6%)
Never 117 (29.1%)

Sometimes 174 (43.3%)

H. A. Kumar, C. R. Soans, P.S. Murali et al.



448 No 4

Ta
bl

e 
8.

 S
ig

ni
fic

an
ce

 o
f v

ar
ia

bl
es

 in
cl

ud
ed

 in
 th

e 
st

ud
y

Va
ria

bl
es

n
K

no
w

le
dg

e
A

tti
tu

de
B

eh
av

io
r

M
ea

n 
ra

nk
C

hi
-s

qu
ar

e
P 

va
lu

e
M

ea
n 

R
an

k
C

hi
 -s

qu
ar

e
P 

va
lu

e
M

ea
n 

R
an

k
C

hi
-s

qu
ar

e
P 

va
lu

e

G
en

de
r 

M
al

e
20

0
19

3.7
1

19
.0

39
0.

01
1*

22
7.6

1
27

.7
87

0.
00

0*
17

8.
53

19
.9

93
0.

00
0*

Fe
m

al
e

19
8

21
2.

28
17

2.
65

22
6.

53
D

o 
no

t w
is

h 
to

 sp
ec

ify
4

57
.3

8
32

4.
13

11
1.1

3

Ye
ar

s i
nt

o 
pr

ac
tic

e

1-
5 

ye
ar

s
21

3
17

9.
29

34
.0

05
0.

00
0*

21
2.

56

12
.2

76

0.
01

5*
20

2.
32

23
.6

25
0.

00
0*

6-
10

 y
ea

rs
88

22
1.

96
18

1.1
3

24
2.

93
11

-1
5 

ye
ar

s
61

21
4.

08
19

2.
24

17
1.7

2
16

-2
0 

ye
ar

s
8

12
2.

88
10

5.7
5

13
0.

75
>2

0 
ye

ar
s

32
28

8.
77

22
5.

50
15

6.
58

D
es

ig
na

tio
n

Tu
to

r
11

11
7.0

0

74
.9

13
0.

00
0*

37
7.

50

98
.9

86

0.
00

0*
17

1.
50

24
.8

53
0.

00
0*

Se
ni

or
 le

ct
ur

er
75

29
4.

63
12

0.
51

22
3.

85
Re

ad
er

44
15

1.
43

22
9.

57
15

4.
74

A
ss

oc
. p

ro
fe

ss
or

16
17

2.
97

32
8.

41
18

9.
34

Pr
of

es
so

r
5

61
.10

28
.5

0
18

.8
0

N
ot

 a
tta

ch
ed

 to
 c

ol
le

ge
25

1
19

0.
77

20
8.

42
20

8.
75

in their practice. 71.9% of participants have never 
informed their patients about BPA and its side effects 
but interestingly 25.4% did sometimes inform their 
patients about the same. Almost 52% of participants 
did not take any protective measures for BPA exposure 
during dental procedures. Over 53.7% participants 
did prefer composite restoration over amalgam but 
almost 40 % still sometimes used amalgam, while 6% 
don’t prefer amalgam restoration at all. Almost 30% 
of practitioners never asked their patients to gargle 
immediately after use of BPA-containing products, 
while 43.3% did sometimes ask their patients to gargle 
immediately.

As shown in Table 8, differences in the knowledge, 
attitude and practice (KAP) behaviour of the 
participants was analysed. Significant difference 
was observed in the KAP of participants based on 
their gender. Females displayed higher knowledge 
and attitude than males. However, the behaviour of 
participants not willing to disclose their gender was 
positive followed by males.

A significant difference was observed in the 
KAP of participants based on their years of practice. 
Participants with >20 years of practice had a higher 
level of knowledge and those with 16-20 years of 
practice had the least knowledge. However, those with 
16-20 years of practice displayed a better attitude and 
behaviour. Those with >20 years of practice displayed 
a least positive attitude and participants with 6-10 
years of practice had the least positive behaviour. 

A significant difference was observed in the KAP 
of participants based on their years of practice. Senior 
lecturers had a higher knowledge level and professors 
had the least knowledge. Professors displayed a higher 
attitude and behaviour whereas tutors displayed the 
least positive attitude and senior lecturers displayed 
the least positive behaviour. 

The correlation between knowledge, attitude 
and behaviour showed that there was a negative 
correlation which was statistically significant. It 
showed that as knowledge increased, the attitude 
and behaviour decreased. As attitude increased, 
knowledge and behaviour decreased. As behaviour 
increased, knowledge and attitude decreased (Table 
9). This shows that in spite of having good knowledge 
regarding harmful effects of BPA, dental surgeons are 
not very keen while handling materials containing 
them.

Knowledge, attitude and practice on exposure to Bisphenol A among dental surgeons in southern India
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DISCUSSION

The aim of the present study was to evaluate the 
knowledge, attitude, and practice-based behaviour 
amongst dental surgeons who cater the majority of the 
general population in any community. We intended 
to reach out to the dentists practicing in South 
Indian states of Karnataka and Kerala to assess their 
knowledge, attitude and what they practiced regarding 
BPA, as it is used on a daily basis in dentistry. The 
outcomes of this survey could further be used to 
evaluate the need for special instructions on materials 
containing BPA to be promoted among them. It also 
reflects whether the controversies regarding BPA is 
taught to the practitioners in their academic course 
and also sometimes as a part of continuing dental 
education (CDE) program which is the major source 
to update the existing practitioners. 

We hypothesized that South Indian dentists know 
adequately about BPA and its ill effects from dental 
exposure. Private dental practitioners play a pivotal 
role in minimizing exposure of BPA to the majority 
of the population and be able to address any queries or 
worries expressed by patients.

We observed in our study that females showed 
higher knowledge and attitude towards exposure 
to BPA which was statistically significant when 
compared to males. We deduce that female dentists are 
more cautious about health issues arising due to BPA 
exposure. This is consistent with another study about 
BPA, where females were also found to show greater 
concern about it.4 Several studies suggest that women 
are more engaged in seeking health information and 
discussing health related issues [1, 5, 19].

Swan et al. [25] and Braun et al. [3] evaluated the 
effects of BPA on endocrine system, and concluded 
that it affected the fetal brain development. They 
found that it also altered behaviour in toddlers because 
of its effects on fetal sex hormones. Furthermore, it is 
thought to increase the risk of abortion, cause defects 
in the male genitalia, and increase the risk of asthma in 

children [20]. Studies shows that BPA acts as thyroid 
antagonist in rats and mice, altering the hormones 
produced by the gland [22, 28].

A significant difference was observed in the 
knowledge, attitude and practice of participants 
based on their years of practice in dentistry. Our 
results show that dentists with more than 20 years 
of practice had a higher level of knowledge. Though 
most of the groups agreed fairly on safety practice to 
be undertaken related to BPA exposure in their clinics, 
the ones with experience more than 20 years displayed 
the least positive attitude and dentists with 6-10 years 
of practice had the least positive behaviour among 
all. This could be probably because as experience in 
the field increases, the knowledge acquired over the 
period may be more that the ones with less experience, 
but what makes this finding more interesting is that 
the group with higher knowledge showed least positive 
attitude towards BPA containing products and its 
effects in their private practice. This can be correlated 
to the fact that there might be no direct effect on 
patients for which dentists tend to be more careless. 

Marzouk et al. [26] conducted a systematic review 
and their findings suggested that there was an increase 
in urinary BPA concentrations short term after dental 
treatment with any type of resin-based material. 
However, the extent to which it may affect the health 
of patients is unclear. Bellinger et al. [2] compared the 
behaviour of children who received composite and 
amalgam fillings. They found worse psychosocial 
behaviour in children who received composite fillings. 
In contrast, there are numerous studies stating that 
patient exposure to BPA from dental materials is 
negligible to cause any health hazards [1, 5, 7, 13]. 

Our assumption for the group of dental surgeons 
who are attached to the college was confirmed with 
our study findings, which shows that professors had 
highest knowledge, attitude and practice behaviour 
and the junior faculty had lesser knowledge, attitude 
and practice behaviour. This could be attributed to the 
fact, being senior faculties and attached to the college, 

Table 9: Significance of correlations among the variables
Knowledge Attitude Behaviour

Knowledge
Pearson correlation 1 -0.286** -0.131**

Sig. (2-tailed) 0.000 0.008
n 402 402 402

Attitude
Pearson correlation -0.286** 1 -0.065

Sig. (2-tailed) 0.000 0.191
n 402 402 402

Behaviour 
Pearson correlation -0.131** -0.065 1

Sig. (2-tailed) 0.008 0.191
n 402 402 402

** - correlation is significant at the 0.01 level (2-tailed).
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they could be more involved with research activity and 
be updated with the current research findings which 
will help them to be more sensitive towards their 
patients and reduce their patient exposure to BPA. 

While analysing the results of responses to practice-
based behaviours of the dentists, it was clear that most 
of them had a negative behaviour where they did not 
find out the BPA content of the material they use, did 
not educate the patient about BPA exposure nor did 
they take enough safety measure for themselves and 
for their assistant. Dentists showed higher inclination 
towards use of composite over amalgam which again 
is a contributing factor to BPA exposure, but it can be 
reduced by the use of rubber dam, gargling the mouth 
with water soon after the procedure. But the majority 
of the participants did not know that rubber dam could 
reduce BPA exposure as we asked about the same in a 
knowledge based question, whereas many dentists did 
ask their patients to gargle their mouths.

Most of the uncured monomers is present in 
the superficial layers of incompletely cured resin. 
Hence, eliminating this layer using prophylaxis cup 
[21], rubber dam application [6], and gargling for 30 
seconds with water immediately after the placement 
of composite fillings could reduce the potential BPA 
exposure [23]. It is important to note that, increasing 
the distance between curing light-tip to composite, or 
reducing the curing time, can significantly increase 
BPA release [18]. We strongly recommend the need to 
improve the awareness and behaviour towards BPA- 
containing dental materials to further decrease BPA 
exposure. This can be mainly done by promoting 
lectures or CDE programs for all the existing 
practitioners from time to time.  From our study we 
can see a negative correlation between knowledge, 
attitude and behaviour among the dental surgeons. A 
thorough strategy needs to be implemented to improve 
the attitude and behaviour of the dental fraternity and 
for a greater good for the community by reducing BPA 
exposure from dental treatments. 

CONCLUSIONS

In spite of having a good knowledge regarding the 
harmful effects of BPA, dental surgeons are not very 
cautious while using materials containing them on a 
regular basis. Therefore, there is a need to enhance 
the awareness with the help of Continuing Dental 
Education programs or proper instructions on the 
packaging.
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