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Obesity contributes to the development of severe concomitant diseases and substantially degrades the quality of life. 

This pathological condition is caused by multiple risk factors including hazardous workplace exposures and genetic predis-
position. The ApoE gene participates in regulation of lipid metabolism. Its most significant polymorphisms are rs429358 and 
rs7412 with the resulting е2, е3 and е4 alleles. 

This study did not consider effects of electromagnetic fields generated by office electrical equipment or the lifestyle of 
the subjects. The sample included people with a large age difference due to the rarity of the apolipoprotein е2 and е4 alleles. 
The sample was not standardized by age and years of work experience. 

The aim of this study was to investigate associations between the ApoE gene polymorphisms and body mass index in 
workers employed at a metallurgic plant. 

We examined 328 male office workers and workers of a converter workshop. The body mass index (BMI) was calculated 
based on the results of instrumental measurements of weight and height using the conventional formula. DNA was isolated from 
peripheral blood using the LumiPure DNA gel extraction kit, and polymorphisms were determined using amplification by Calero et 
al with modifications and horizontal agarose gel electrophoresis. The data were analyzed using the Kruskal – Wallis test. 

Statistically significant differences were established in the blue-collar workers. The highest mean BMI value was es-
tablished in the e2 allele carriers. 

We found that people with the e2 allele in their genotype were more prone to obesity. We also assume a potential asso-
ciation between the unsafe work environment and a more pronounced manifestation of the phenotype. These findings can be 
used for identifying individuals at risk and taking timely preventive measures. 
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Obesity is one of the main risk factors for 

the development of serious cardiovascular dis-
eases, such as stroke, coronary heart disease, 
pulmonary embolism, etc., and musculoskele-
tal disorders, with osteoarthritis being the 

principal concomitant pathology leading to 
disability [1–3]. According to the Federal State 
Statistics Service (Rosstat), in the year 2019, 
17.8 % of men and 24.5 % of women in the 
Russian Federation were obese (obesity 
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classes I to III) while 46.9 % of men and 
34.7 % of women were overweight [4]. 

It has been previously shown that peo-
ple aged over 40 and those having low 
physical activity are more likely to be 
overweight and obese. Little is known, 
however, about the prevalence of obesity in 
people employed in industries with unsafe 
working conditions. It is generally accepted 
that excess adipose tissue accumulates when 
energy intake exceeds energy expenditure; 
yet, both occupational risk factors and ge-
netic predisposition can also contribute to 
higher prevalence of obesity among the 
working population [5–8]. 

Apolipoprotein E (APOE) is one of the 
regulators of fat metabolism in the body of 
mammals. It is involved in the transport of 
triglycerides and cholesterol to various tissues 
by interacting with lipoprotein receptors of 
target cells. It is a key regulator of cholesterol 
redistribution [9–11]. The most important 
polymorphisms for the APOE gene are 
rs429358, which is characterized by the sub-
stitution of the amino acid cysteine for argin-
ine at position 112, and rs7412 with the sub-
stitution of arginine for cysteine at position 
158 [12, 13]. 

The study of the relationship between ge-
netic predisposition, occupational risk factors, 
and morbid obesity makes it possible to iden-
tify criteria for assessing health risks and con-
tributes to elaboration of effective preventive 
measures for the population at risk. 

Our objective was to investigate associa-
tions between the APOE gene polymorphisms 
and the body mass index in workers employed 
at a metallurgic plant. 

Materials and methods. We examined 
328 male employees of a ferrous metallurgy 
enterprise aged 23 to 66 years (mean age: 
43.61 ± 9.04 years). The sample was divided 
into 142 cases, all working in a basic oxygen 
furnace shop and exposed to occupational ha-
zards, and 186 controls selected from adminis-
trative/management personnel. 

The body mass index (BMI) was calcu-
lated based on the results of instrumental 

body height and weight measurements using 
the conventional formula. DNA was isolated 
from peripheral blood using the Lumi-
Pure DNA gel extraction kit and polymor-
phisms were then determined using amplifi-
cation by Calero et al with modifications and 
horizontal agarose gel electrophoresis [14]. 

PCR mixtures. We prepared two PCR 
mixtures: mixture A based on Arg primers 
(Arg112 and Arg158) and mixture B based on 
Cys primers (Cys112 and Cys158). Each mix-
ture contained 10 µl of BioMaster HS-Taq 
PCR-Color (2x), 0.4 µL of each primer, 0.8 µL 
of a common primer, DMSO, water, and 2.5 µl 
of the DNA sample. Amplification was carried 
out using a T100 Thermal Cycler (BIO RAD, 
USA) under the following conditions: prelimi-
nary denaturation for 5 min at 95 °C followed 
by 35 three-step cycles: denaturation for 30 s 
at 95 °С, primer annealing for 30 s at 61 °C, 
elongation for 60 s at 72 °C, followed by the 
final elongation during 15 min at 72 °C. The 
results were visualized using horizontal aga-
rose gel electrophoresis. 

For statistical analysis, the data on each 
patient were recorded twice in order to com-
pensate for the data loss when selecting only 
one allele, so each study participant with a 
heterozygous genotype was taken into ac-
count in both groups at once. The use of 
genotypes for the analysis was considered in-
appropriate due to resulting small sample 
sizes impeding application of appropriate sta-
tistical methods. The data were analyzed us-
ing the Kruskal – Wallis test in Statistica 12 
(StatSoft Inc). 

Results and discussion. In this study, we 
examined the relationship between APOE 
gene alleles and the body mass index in em-
ployees of a ferrous metallurgy enterprise pre-
sented in the table. 

Each cohort was divided into three sub-
cohorts depending on the allele present. 
When analyzing the whole sample, no statis-
tical differences were found, but we observed 
a tendency towards manifestation of the phe-
notype in people carrying the e2 allele  
(p = 0.074). 
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The mean body mass index in workers with different APOE gene alleles  

Cohort e2 e3 e4 p 

Administrative / management personnel 27.48 ± 4.45 
(n = 7) 

28.05 ± 4.54 
(n = 316) 

28.11 ± 4.32 
(n = 49) 0.683 

Workers of the basic oxygen furnace shop 29.24 ± 4.53 
(n = 21) 

28.21 ± 4.52 
(n = 225) 

28.36 ± 4.55 
(n = 38) 0.038 

N o t e s : e3 – normal genotype; e2 and e4 – mutant genotypes. The table shows mean values and the error of 
the mean; the number of alleles considered is in brackets; statistically significant differences (p ≤ 0.05) are in bold. 
The comparison was made within cohorts between alleles. 

 
No statistically significant differences 

were found within the control cohort 
(p = 0.683), which probably indicates the ab-
sence of an external factor affecting the mani-
festation of phenotypic traits in office workers. 

In contrast to the controls, BMI values in 
workers of the basic oxygen furnace shop were 
allele dependent (p = 0.038), with the highest 
mean value established in the APOE e2 carri-
ers. It is worth noting that the sample included 
people with a large age difference, so the data 
might be distorted by the absence of pheno-
type manifestations in younger subjects and 
the presence of concomitant diseases leading 
to weight gain in the older ones. We decided to 
include these groups of workers due to the rar-
ity of the e2 and e4 alleles. 

Hence, we can assume the relationship 
between the presence of the e2 allele of the 
APOE gene and weight gain. A statistically 
significant effect of this APOE variant on 
obesity has not yet been established, so it is 
impossible to ascertain that the correlation 
found in this study will be true for other 
populations, since anthropometric data are 
strongly influenced by such factors as eth-
nicity, sex, lifestyle, and concomitant dis-
eases [15–17]. 

It is worth mentioning, however, that 
there exists a relationship between conforma-
tion of the APOE protein and its binding ac-
tivity. Weisgraber states that APOE3 and 
APOE4 were equally effective at binding to 

low density lipoprotein receptors on cultured 
human fibroblasts, while APOE2 showed 
only 1 % binding capacity. This fact is asso-
ciated with the development of type 3 hyper-
lipoproteinemia, which can lead to obesity if 
not managed. According to the author, the 
presence of the e2 allele is not an absolute 
prerequisite of hyperlipoproteinemia and, as 
mentioned earlier, external factors play the 
main role in the development of this meta-
bolic syndrome [18–20]. 

Conclusion. We established that people 
with the e2 allele in the genotype are more 
likely to develop obesity; besides, the rela-
tionship between the exposure to occupa-
tional hazards and a more pronounced mani-
festation of the phenotype is possible. These 
findings can facilitate identification of indi-
viduals at risk and promote timely preven-
tive measures. 

Research limitations. The study did not 
take into account health effects of electro-
magnetic fields generated by office electrical 
equipment and lifestyle of the subjects. The 
sample consisted of people with a large age 
difference owing to the rarity of the apolipo-
protein e2 and e4 alleles. The sample was not 
standardized by age and years of work ex-
perience. 
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