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Abstract
The aim of this research was to study the influence of smoking on components of the metabolic syndrome and their 

relationship in the indigenous population of the Arctic territory of Yakutia.
Methods and Results: The material for the study was collected under expeditionary conditions in the Arctic territory of 

Yakutia in places of compact residence of indigenous peoples. Using the continuous method, we examined 348 subjects (225 women 
and 123 men). The average age of the respondents was 48.16±0.52 years (49.71±0.63 years for women and 44.98±0.91 years for 
men). The research program included the following sections: a questionnaire for objective assessment of state; anthropometric 
examination; assessment of blood pressure (BP);  determination of insulin and fasting glucose. In the survey, only those who 
smoked at least 1 cigarette per day during the last 12 months were considered smokers. The obtained results indicate that the 
indigenous population of the northern territory of Yakutia has a high frequency of risk factors for the development of cardiovascular 
pathology, such as overweight, obesity, and smoking. Overweight is equally common in both men and women; obesity is almost 
2.5 times more common in women. An increase in body weight and systolic BP is not associated with smoking; however, the 
simultaneous combination of all these factors can affect the risk of cardiovascular incidents. A negative relationship between  body 
mass indexand smoking was found. An increased index of insulin resistance is associated with the simultaneous spread of obesity 
among nonsmokers. The same association of glucose level with BP was obtained in both smokers and nonsmokers.

Conclusion: Metabolic disorders in the indigenous population of the northern territory of Yakutia are caused by a change 
in the traditional way of life and nutrition, with a decrease in physical activity and a lack of adherence to a healthy lifestyle. 
(International Journal of Biomedicine. 2020;10(4):467-471.)
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Introduction 
The prevalence of overweight and obesity is a 

global epidemic affecting both developed and developing 
countries.(1-3) Numerous researchers have demonstrated that 
there is a relationship between obesity and insulin resistance. 
Obesity is generally thought to lead to hyperinsulinemia 
based on pathophysiological and metabolic mechanisms.
Hyperinsulinemia, in turn, leads to the development of 
the metabolic syndrome and type 2 diabetes mellitus. 

The connection between insulin resistance and the risk of 
developing cardiovascular pathology has been established in 
many studies.(4-10) 

It is generally recognized that tobacco smoking is one of 
the negative factors affecting the human body.(11,12) According 
to the WHO, more than a billion people smoke, with a steady 
increase every year.(13) Russia is one of the top countries with 
a high prevalence of tobacco smoking.(14) Scientists have 
received conflicting results on the effect of smoking on body 
mass index (BMI). For example, scientists have found that 
nicotine, acting on the levels of various neurotransmitters, 
such as catecholamines, dopamine, and serotonin, suppresses 
appetite and, therefore, reduces food intake, which results 
in a lower BMI.(15,16) A meta-analysis of prospective cohort 
studies in China, Singapore, and the United States showed 
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that smokers with type 2 diabetes mellitus had an increased 
relative risk of cardiovascular complications and death.(17) The 
relationship between BMI and insulin levels under the direct 
or indirect influence of tobacco smoking is currently widely 
discussed in the scientific community.(18,19) Previously, results 
were published on the high prevalence of overweight and 
obesity among the indigenous peoples of the northern territory 
of Yakutia.(20) Given the change in the traditional lifestyle 
and nutrition, the study of the relationship between smoking, 
obesity, and insulin levels in this population remains relevant 
and poorly understood. 

The aim of this research was to study the influence 
of smoking on components of the metabolic syndrome and 
their relationship in the indigenous population of the Arctic 
territory of Yakutia.

Materials and Methods
The material for the study was collected under 

expeditionary conditions in the Arctic territory of Yakutia 
in places of compact residence of indigenous peoples 
(Nizhnekolymsky District, Verkhnekolymsky District, 
Tomponsky District). Using the continuous method, we 
examined 348 subjects (225 women and 123 men). Patient 
sample consisted of an adult population aged from 20 years 
to 70 years. The response rate was 70%. Average age of the 
respondents was 48.16±0.52 years (49.71±0.63 years for 
women and 44.98±0.91 years for men).

Inclusion criteria: representatives of indigenous peoples 
of Yakutia (the Yakuts, the Evens, the Chukchi, the Yukagir). 
Exclusion criteria: representatives of non-indigenous 
nationality and the Yakuts. The sample was formed according 
to the administrative lists of employees of the settlements. The 
response was 76%.

The research program included the following sections: 
a questionnaire for objective assessment of state; informed 
consent of the respondent to conduct research and donate 
blood; anthropometric examination; and blood sampling from 
the cubital vein in the morning on an empty stomach, with 12-
hour abstinence from food. After centrifugation, blood serum 
was stored in a freezer (-70°C) until analysis. In the survey, 
only those who smoked at least 1 cigarette per day during the 
last 12 months were considered smokers.

Overweight was considered to be a BMI≥25and<30kg/m², 
obesity was determined at a BMI of ≥30 kg/m².

Laboratory methods included the determination of insulin 
and fasting glucose. The generally accepted HOMA-IR index 
was used to calculate insulin resistance:(21,22) (Fasting blood 
insulin in mIU/mL × Fasting blood glucose in mmol/L)/22.5. 
An index value exceeding 2.7 is considered insulin resistance.

Blood pressure (BP) was measured twice with an OMRON 
M2 Basic automatic tonometer, with subjects in a sitting position. 
Average BP was calculated with a margin of permissible 
measurement error of ±3mmHg, according to the instructions for 
the correct measurement of BP outlined in the European clinical 
guidelines for the diagnosis and treatment of hypertension. 
The diagnosis of hypertension was based on 2017 ACC/AHA 
Guideline for or the Prevention, Detection, Evaluation, and 

Management of High Blood Pressure in Adults. (23)

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems. Written 
informed consent was obtained from each patient. 

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 19.0 (Armonk, NY: IBM 
Corp.). The normality of distribution of continuous variables 
was tested by the Kolmogorov-Smirnov test with the Lilliefors 
correction and Shapiro-Wilk test. Baseline characteristics were 
summarized as frequencies and percentages for categorical 
variables and as mean±SEM for continuous variables. For 
data with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. The 
frequencies of categorical variables were compared using 
the Chi‑square test. Spearman’s rank correlation coefficient 
was calculated to measure the strength and direction of the 
relationship between two variables. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
In the general population, almost half of the respondents 

(45.7%) were found to smoke; men had the largest percentage 
of smokers - 59.3%, women - 38.2%.

The average BMI was significantly higher in women 
than in men (28.73±0.42 kg/m² and 25.51±0.36 kg/m², 
respectively, P<0.001). In the general population, 35.9% of 
the respondents were overweight, and 31.9% were obese; 36% 
of women were overweight, 39.6% were obese. In men, 35.8% 
and 17.9%, respectively. Thus, an equally high incidence 
of overweight was found in both men and women. Obesity 
is most common among the female population. The high 
incidence of overweight, BMI and obesity is due to changes in 
lifestyle and low physical activity, especially among women.

We conducted a study on the relationship between 
smoking and BMI. In nonsmokers, BMI was statistically 
significantly higher than in smokers (28.93±0.44 kg/m² and 
26.01±0.39 kg/m², respectively, P<0.001). In nonsmoking 
men, as well as in women, the mean BMI was significantly 
higher than in nonsmokers (men: 27.20±0.58 kg/m2 and 
24.36±0.41 kg/m2, P<0.001; women: 29.55±0.55 kg/m2 and 
27.42±0.60 kg/m², P=0.013). A negative relationship between 
BMI and smoking has been confirmed in many studies;(15,16) 

nevertheless, it has been shown that smoking is an independent 
risk factor for the development of cardiovascular diseases, 
including stroke and coronary heart disease.(12,24-26) 

Table 1 presents a comparative analysis of overweight 
and obesity in the general population, depending on gender 
and on the status of smoking. The frequency of overweight 
in the general population of smokers was higher than 
in nonsmokers due to the higher rate of obesity among 
female smokers; however, the differences are statistically 
insignificant. With regard to obesity, all respondents had a 
significantly higher incidence of obesity in nonsmokers than in 
smokers. In our study, smoking did not affect the development 
of constitutional obesity, which is confirmed by the studies 
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of several researchers on the effect of nicotine on weight loss 
through an increase in various neurotransmitters.(15,16)

Comparing the systolic BP (SBP) level among the 
respondents, depending on their smoking status, the following 
results were obtained. In smokers, the average SBP was 
significantly lower than in nonsmokers (134.84±1.85 mmHg 
and 147.83±1.98 mmHg, respectively, P<0.001), while the 
average SBP in nonsmokers was higher than normal. There 
was also a negative correlation between the number of 
smoked cigarettes and the level of SBP (r=-0.226, P<0.001); 
the statistically significant correlation was obtained in women 
(r=-0.220, P=0.001) than in men (r=-0.147, P=0.104). 
Accordingly, 64.2% of nonsmoking respondents had a 
significantly increased BP, compared with smokers, whose 
BP increased in 35.8% of cases (P<0.001). Thus, we obtained 
results in which smoking is not associated with an increase 
in BP, possibly due to its indirect effect on BMI reduction. 
Results obtained by Li et al. (27) also revealed that the adjusted 
BP was lower in current smokers versus nonsmokers and 
former smokers. Nevertheless, according to previous research, 
the combination of these two risk factors affects the mortality 
rate from cardiovascular complications.(12,17,24-26,28,29)  

Due to conflicting research data on the effect of smoking 
on the level of insulin secretion, we carried out a comparative 
analysis of the average values of insulin and the HOMA-IR 
index in respondents, depending on their relationship with 
smoking. The average insulin concentration did not exceed the 
reference values in smokers; it was 7.19±1.23 IU/ml, which 
was significantly lower than in nonsmokers (12.74±2.35 
IU/ml) (P=0.035). By gender, only men had significant 
differences in mean insulin concentration (4.91±0.75 IU/ml 
in smokers and 8.42±1.76 IU/ml in non‑smokers, P=0.034). 
There were no significant differences in women. We also 
determined the average values of the HOMA-IR index, which 
were 1.48±0.24 in smokers and 2.77±0.46 in nonsmoking 
respondents (P=0.014). In nonsmokers, these indicators were 
higher than the reference values. Thus, our study shows that 
smoking suppresses insulin secretion, which may affect the 
development of type 2 diabetes. Similar results were obtained 
in the studies of certain foreign researchers.(18,19) The increased 
HOMA-IR index in nonsmoking respondents, which 
characterizes insulin resistance, is most likely associated with 
the prevalence of obesity among them. 

When comparing the relationship between the number 
of smoked cigarettes and BMI, we obtained a statistically 
significant negative correlation (r=‑0.318, P<0.001). This 
correlation was more clearly observed in men (r=-0.423, 
P<0.001) than in women (r=‑0.134, P=0.088). With insulin, 
a weak inverse relationship was obtained with the number 
of cigarettes smoked (r=-0.140, P=0.029). Separately, in 
men and women, there was no clear relationship (men: r=-
0.163, P=0.153; women: r=-0.140, P=0.029). We did not find 
any particular relationship between the number of cigarettes 
smoked and the glucose level (r=-0.045, P=0.489). Separately, 
in men and women, there was no correlation either. The 
obtained result does not reflect the influence of one of the 
risk factors on the development of atherosclerosis and type 2 
diabetes mellitus, since we have not determined the duration 
of smoking. Thus, the number of cigarettes smoked was not 
associated with BMI and insulin levels.

We analyzed the association of insulin, glucose, SBP 
and BMI parameters under the direct influence of smoking, 
and we studied the relationship between insulin and the 
level of SBP  in the general population. There was a weak 
positive correlation between insulin levels and SBP (r=0.239, 
P=0.003), which is confirmed by studies abroad.(6,8,31)  Analysis 
of the effect of smoking on the relationship between insulin 
and SBP showed that nonsmokers had a significant but 
weak correlation (r=0.197, P=0.034), in contrast to smokers 
(r=0.116, P=0.198).

A study of the relationship between insulin levels and 
BMI showed that there was a positive correlation between these 
indicators (r=0.283, P<0.001). Depending on the smoker’s 
adherence to smoking, the level of insulin was significantly 
correlated with BMI, equal to the correlation for nonsmokers 
(r=0.283 and r=0.223, respectively,  P<0.05 in both cases). As 
for the relationship between glucose level and BMI, a weak 
correlation was obtained in nonsmokers (r=0.287, P=0.002), 
but not in smokers (r=0.031, P=0.731). Glucose was also 
associated with SBP in both smokers (r=0.183, P=0.021) and 
nonsmokers (r=0.420, P<0.001). Thus, an association between 
the insulin level and BMI was obtained, including in smokers, 
which is confirmed by a number of studies abroad.(4, 8,18)

In summary, the indigenous population of the northern 
territory of Yakutia has a high frequency of risk factors for the 
development of cardiovascular pathology, such as overweight, 
obesity, and smoking. Overweight is equally common in both 
men and women; obesity is almost 2.5 times more common in 
women. An increase in body weight and SBP is not associated 
with smoking; however, the simultaneous combination 
of all these factors can affect the risk of cardiovascular 
incidents. We have confirmed the data of foreign scientists 
on the suppression of the level of insulin secretion under the 
influence of nicotine. An increased index of insulin resistance 
is associated with the simultaneous spread of obesity among 
nonsmokers. The same association of glucose level with BP 
was obtained in both smokers and nonsmokers. Metabolic 
disorders in the indigenous population of the northern territory 
of Yakutia are caused by a change in the traditional way of life 
and nutrition, with a decrease in physical activity and a lack 
of adherence to a healthy lifestyle. By addressing modifiable 

Table 1.
Frequency of overweight and obesity by BMI depending on status 
of smoking (%)

Overweight P-value Obesity P-value

Total
smokers 37.7

0.587
20.8

0.001
nonsmokers 34.4 41.3

Men smokers 32.9
0.412

9.6
0.042

nonsmokers 40.0 30.0

Women smokers 41.9
0.122

30.2
0.039

nonsmokers 32.4 45.3
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risk factors, including overweight, obesity, and smoking, it is 
possible to prevent morbidity and premature mortality from 
cardiovascular disease.
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