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Purpose: The burden of diabetes in Mongolia has risen tremendously over the last three decades, and an individually tracked, national
registry of diabetes is lacking. Therefore, we aim to investigate diabetes prevalence in Mongolia and analyze some associated factors.
Materials and Methods: A cross-sectional, nationally representative, population-based survey was carried out in Mongolia. We
recruited participants from randomly selected six different clusters for the required 3113 + 311 sample size. We collected detailed
demographics, diabetes condition and medications, anthropometric measurements, body composition, and glucose profiles. Oral
glucose tolerance tests were used to diagnose diabetes using the International Diabetes Federation algorithm. Chi-square and multi-
nomial logistic regression tests were used to determine associated factors. Age-standardized prevalence rates were estimated.
Results: We recruited 3272 participants in the study between June and October 2019. Crude prevalence rates for prediabetes and
diabetes were 10.8% (95% CI; 9.8-11.9) and 11.2% (95% CI; 10.1-12.3), respectively. Sixty-one adults were newly diagnosed with
diabetes. Age-standardized prediabetes and diabetes prevalence rates were 9.8% (95% CI; 8.5-11.1) and 10.0% (95% CI; 8.7-11.3)
among adults 30 or older. Higher BMI, central obesity, diabetes inheritance, sedentary habitus, and hypertension are significantly
associated with diabetes in adjusted analysis for sex and age group.

Conclusion: The prevalence of diabetes has increased at least threefold since 1999 in Mongolia. In addition, numerous modifiable
risk factors were associated with diabetes. Therefore, future investigations and programs should focus on combating obesity and
sedentary lifestyles and propose dietary recommendations in the context of expanding diabetes in Mongolia.
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Introduction

Diabetes prevalence is on the rise globally, and the International Diabetes Federation estimates show the highest potential
increase among middle-income countries by 2045." Among the world’s regions, the Western Pacific Region is home to
1.9 billion inhabitants and has the third-highest prevalence in the world.'*

Mongolia is a lower-middle-income, northeastern Asian nation with population 3.3 million people. Over the past
three decades, Mongolia has experienced tremendous changes.®> Since 1990, the burden of diseases has shifted pre-
dominantly into non-communicable diseases (NCDs) and injuries.” Suvd et al* conducted a national diabetes prevalence
survey in 1999 as a baseline, showing 3.1% age-standardized rates among adults aged 35 or above using an oral glucose
tolerance test (OGTT). Although the STEPS Survey on the Prevalence of Noncommunicable Disease and Injury Risk
Factors has been conducted since 2006 at a five-year interval, only fasting blood glucose measurements were used.’

Diabetes, Metabolic Syndrome and Obesity 2023:16 1833—1846 1833
Received: 20 March 2023 © 2023 Dayan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 14 June 2023
Published: 21 June 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0912-1517
http://orcid.org/0000-0001-8459-4253
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Dayan et al Dove

OGTT is preferred over fasting plasma glucose for diabetes prevalence studies, due to several factors including higher
sensitivity, higher efficiency in detecting early diabetes, detecting postprandial glucose metabolism alteration that are
often overlooked among elderly, and more.®

In Mongolia, the prevalence of diabetes is on the rise, and the latest STEPS survey of 2019 showed a prevalence rate
of 8.3% among the population aged 15-69.” While lacking the confirmatory OGTT, STEPS 2019 study reported overall
NCDs risk factors but not for diabetes.” Currently, sufficient diabetes control and individual-based registry systems are
lacking in Mongolia.® These suggest that diabetes prevalence study was strongly needed for Mongolian population.

Therefore, we aim to investigate diabetes prevalence with confirmatory OGTT in Mongolia and to provide updates on
risk factors associated with diabetes.

Materials and Methods
Study Design and Study Population

We designed a national, population-based, point prevalence study. Mongolia is divided into 21 provinces, and the capital,
Ulaanbaatar city, forms its five economic regions, including Western, Khangai, Central, Ulaanbaatar, and Eastern regions.
Same location sites were chosen intentionally similar to Suvd et al* investigations from 1999 to provide geographical
comparison. These include Khovd (Western), Arkhangai (Khangai), Umnugovi (Central), Dornod (Eastern) provinces,
and Songinokhairkhan and Bayanzurkh districts of Ulaanbaatar city. These six cluster sites were chosen to represent
geolocational and population characteristics, and direct comparison to the 20 years past of Mongolia with previous
investigation of Suvd et al.*

Within the urban clusters, the khoroo, a primary administrative unit of the Ulaanbaatar city, was randomly chosen
from Songinokhairkhan and Bayanzurkh districts. Forrural data collection, provincial centers (named soums) were
recruited.

Permanent residents of these cluster sites were invited through their local primary health-care centers using household
registrations with a sample size of 90-95 participants. Additionally, some (n=17; 0.52%) adults aged 22 and 29 were
considered eligible at specific clusters where the target sample was not fulfilled. Participants diagnosed with type 1
diabetes, gestational diabetes, and secondary hyperglycemic conditions were excluded. Participants who had not fasted
prior 8 hr were asked to visit the following day for enrollment.

Sampling Methods

We used a systematic random sampling method for every third or fifth household of the local household registries at the
primary health-care center. From the households, adults aged 30 or older and permanent resident of the khoroo or soums
were invited. An individual from the household was invited to participate and instructed to fast for at least 8 hr before
visiting the following day. Non-responders, no show-ups, sick and people who could not attend were documented and
next available residents were invited.

(1—
po- (1 =po)- (Zlfa/z +t21p- i‘éflfﬁé;
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The sample size was determined for an expected 8% (P;) prevalence rate (STEPS 2019 statistics)’ and previously
observed 6% baseline (Py) for 95% confidence level and 90% power for 1,512,000 population size aged 3070 as of
2019. We set the design effect (DE) at 2 for sample size calculation. Therefore, a sample size of 3113 increased by 10%

)2
n=DE- =3113

for losses, and missing data were aimed at recruitment, totaling 3424 participants. This sample size was allocated into the
six clusters equally to recruit balanced participants for age group and sex and geographically representative.

Data Collection

Trained study staff comprised resident physicians, graduate students, researchers, and local health-care workers con-
ducted the data collection process. Participants were interviewed and measured for detailed demographics, medications
history, anthropometric measurements, and blood glucose levels.
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We followed the International Diabetes Federation-2017 recommendations for diagnosing DMT?2 in this study with an
oral glucose tolerance test. Fasting plasma glucose levels were just after registration among all participants and followed
by an oral glucose tolerance test (OGTT) with 75 g of glucose anhydrate dissolved in 200 mL of water. After drinking the
glucose solution, surveys, anthropometry, and risk assessment were taken. After 2 hr, plasma glucose levels were
measured. We used CleverChek TD-4116 (TaiDoc Technology Corporation, Taiwan SAR, PRC) glucometer for plasma
glucose measurements in mmol/L units. Due to relatively large sample sizes and rural conditions, only plasma glucose
levels were measured at the site for accurate measurements of blood glucose levels. Therefore, previously known
participants with diabetes, along with individuals who had discomfort, nausea, and vomiting were discontinued from
OGTT. Participants who could not continue OGTT were not pursued for retesting to prevent any measurement
discrepancies and to prevent discomfort to the participant, and only fasting blood glucose measures were analysed.

A total of 26 item questionnaires were given to survey residential addresses, dates of birth, sex, hypertension history,
and medications. Diabetes status and medications, genetic history, alcohol and tobacco usage, physical activities, and
pregnancy were also part of the oral questionnaire. Questionnaire items are designed following the publicly available
STEPS 2019 study report and annexes in Mongolian.’

We collected body weight, height, waist, and hip circumference measurements for anthropometric measurements
(central obesity: >90 cm for men, >80 cm for women). In addition, blood pressures were measured three times, with
participants having no exposure to caffeine, physical exertions, and emotional distractions. We used the TANITA®™ BC-
541 (Tanita Corporation, Japan) bioelectrical impedance analysis tool for body composition estimates, including muscle,
fat, bone, and water contents.

Study Timeline
We collected the data between June 1, 2019, and October 30, 2019. Rural data collection was conducted in June, July,
and August of 2019, whereas urban data collection was continued in June, September, and October 2019.

Definitions/Outcome/Variables

Prediabetes and diabetes were the primary outcome measures in our study. Blood glucose measurements at 2 hr ranging
from 7.8 to 11.0 mmol/L were regarded as prediabetes. Participants with 2-hr plasma glucose read >11.1 mmol/L on oral
glucose tolerance test or participants on glucose lowering medications were defined as diabetes group according to IDF
criteria.’ Total of 97 independent variables are included in the dataset.

Data Analysis
We conducted data analysis using IBM® SPSS 25.0“ software, creating maps using GeoDa 1.20 software. The
Kolmogorov—Smirnov test for normality assessed the distribution of the data. We expressed a 95% confidence interval
for percentages, displayed as 95% (lower-upper bounds). The standard deviation of the mean is expressed along with the
means of continuous variables. We set the statistical significance level at p<0.05.

Crude prevalence rates are expressed in percentages for prediabetes and diabetes. Age-standardized prevalence rates
were estimated using the standard global population. We used the following formula for standardized age rates: d; —
Number of cases in age group, w; —Person-years at risk, y; —Standard world population for population 30 or older."®

d,‘ X W;
=1 Yi

We used a linear regression analysis to determine the linear relationships of continuous variables. One-way ANOVA
and linear comparison tests were used to compare means for groups of three or more. Chi-square and Fisher exact tests
were used as appropriate for associations with prediabetes or diabetes compared to normoglycemic individuals. This
analysis presents associations in chi-square tests as crude Odd’s Ratio (cOR). Furthermore, we used multinomial logistic
regression analysis for adjusted Odd’s Ratio (aOR) with age group and sex as covariates. Normoglycemic people were
regarded as control group to identify factors associated with prediabetic and diabetic groups for multinomial logistic
regression.
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Ethics

The protocol for this study has been approved by the Medical Research Ethical Committee at the Ministry of Health,
Mongolia, on 5 January 2018 (approval no.: 2018-38), and it conforms to the provisions of the Declaration of Helsinki (as
revised in Fortaleza, Brazil, October 2013). All informed consent was obtained from participants in Mongolian language.

Results
We recruited 3272 participants in the study in Mongolia, where 62% of them were from the four rural provinces. The six
study cluster representations ranged from 14.2% to 19.3% among the study population, with the highest recruitment in
the Songinokhairkhan district of Ulaanbaatar. Among participants, adults aged 50 to 59 had the highest proportion of
participants with 33.03%, followed by 40—49 and 60 and above. The female-to-male ratio was 1/0.65 in our study
population. The predominant Khalkh Mongolians represented 80.7% of the study participants, followed by other
miscellaneous Mongolian ethnicities and minorities (14.9%). Nearly half of the participants had completed high school,
while 30.9% of the population had higher education. Full demographic features are available in Table 1. Among
participants, 8.3% or 273 individuals did not have 2-hr plasma glucose reads or did not continue OGTT.

Prediabetes was found in 10.8% of the study population, higher in women (11.9%) than men (9.1%). An estimated
age-standardized prevalence of diabetes in Mongolia was 10.2% for men and 9.9% for women, according to the standard
world population among populations 30 and above (Table 2). The age-standardized prediabetes prevalence rates were

Table | Sociodemographic Characteristics of Study Participants

Male Female Total
n (%) n (%) n (%)
Age
29 or under 5(0.4) 12 (0.6) 17 (0.5)
30-39 157 (12.2) 248 (12.5) 405 (12.4)
4049 355 (27.6) 573 (28.9) 928 (28.4)
50-59 408 (31.7) 673 (33.9) 1081 (33)
60 and above 363 (28.2) 478 (24.1) 841 (25.7)
Geographical location
Urban 392 (30.4) 852 (42.9) 1244 (38)
Rural 896 (69.6) 1132 (57.1) 2028 (62)
Study site
Bayanzurkh district 196 (15.2) 418 (21.1) 614 (18.8)
Songinokhairkhan district 196 (15.2) 434 (21.9) 630 (19.3)
Khovd province 168 (13) 358 (18) 526 (16.1)
Umnugovi province 266 (20.7) 259 (13.1) 525 (16)
Dornod province 244 (18.9) 270 (13.6) 514 (15.7)
Arkhangai province 218 (16.9) 245 (12.3) 463 (14.2)
Ethnicity
Khalkh 1048 (81.4) 1591 (80.2) 2639 (80.7)
Buryat 41 (3.2) 47 (2.4) 88 (2.7)
Kazakh 19 (1.5) 38 (1.9) 57 (1.7)
Others 180 (14) 308 (15.5) 488 (14.9)
Educational attainment level
None 47 (3.6) 52 (2.6) 99 (3)
High school 708 (55) 1013 (51.1) 1721 (52.6)
Vocational training 119 (9.2) 252 (12.7) 371 (11.3)
Higher education 376 (29.2) 635 (32) 1011 (30.9)
Others 38 (3) 32 (1.6) 70 (2.1)
(Continued)
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8.2% for men and 10.8% for women. The overall prevalence of diabetes was 11.2% (95% CI; 10.1-12.3) in our study
population (Table 2). Among these, we newly diagnosed 61 (1.9%, 95% CI; (1.4-2.1)) individuals with type 2 diabetes.
Diabetes prevalence was slightly higher among males (10.2%) than females (9.9%).

Table | (Continued).

Male Female Total
n (%) n (%) n (%)
Employment status
Government or public sector 267 (20.7) 409 (20.6) 676 (20.7)
Non-governmental sector 123 (9.5) 189 (9.5) 312 (9.5)
Self-employed, small business 365 (28.3) 422 (21.3) 787 (24.1)
Unemployed 190 (14.8) 356 (17.9) 546 (16.7)
Others 343 (26.6) 608 (30.6) 951 (29.1)
Marital status
Never married 54 (4.2) 93 (4.7) 147 (4.5)
Married 1184 (91.9) 1608 (81) 2792 (85.3)
Divorced or separated 17 (1.3) 30 (1.5) 47 (1.4)
Widower 33 (26) 253 (12.8) 286 (8.7)
Total 1288 (39.4) 1984 (60.6) 3272 (100)

Table 2 Diabetes Prevalence Across Age Groups and Age-Standardized Rate in Mongolia, 2019

Prevalence of Prediabetes

Prevalence of Diabetes

Newly Diagnosed Cases

n (%) 95% CI n (%) 95% ClI n (%) 95% ClI
Male
Under 29 0 (0) 0 (0) 0 (0)
30-39 10 (6.4) 3.3-11 7 (4.5) 2-8.6 1 (0.6) 0.1-2.9
4049 22 (6.2) 4-9.1 38 (10.7) 7.8-14.2 8 (23) 1.1-4.2
50-59 41 (10) 74-13.2 44 (10.8) 8.1-14.1 7(1.7) 0.8-3.3
Above 60 44 (12.1) 9.1-15.8 59 (16.3) 12.7-20.3 10 (2.8) 1.4-4.8
Total 17 9.1) 7.6-10.7 148 (11.5) 9.8-13.3 26 (2) 1.4-2.9
Age-standardized rate’ 8.2% (6.2-10.3) 10.2% (8.1-12.3)
Female
Under 29 2 (16.7) 3.6-43.6 1 (83) 0.9-32.8 0 (0)
30-39 17 (6.9) 4.2-10.5 Il (4.4) 24-75 2 (0.8) 0.2-2.6
4049 56 (9.8) 7.5-12.4 39 (6.8) 5-9.1 5(0.9) 0.3-1.9
50-59 85 (12.6) 10.3-15.3 83 (12.3) 1015 11 (1.6) 0.9-2.8
Above 60 76 (15.9) 12.8-19.4 84 (17.6) 14.4-21.2 17 (3.6) 2.2-5.5
Total 236 (11.9) 10.5-13.4 218 (11) 9.7-12.4 35(1.8) 1.3-2.4
Age-standardized rate’ 10.8% (9.2-12.5) 9.9% (8.3-11.6)
Total
Under 29 2(11.8) 2.5-32.7 I (5.9) 0.6-24.4 0 (0)
30-39 27 (6.7) 4.5-94 18 (4.4) 2.8-6.8 3(0.7) 0.2-2
40-49 78 (8.4) 6.7-10.3 77 (83) 6.7-10.2 13 (1.4) 0.8-2.3
50-59 126 (11.7) 9.8-13.7 127 (11.7) 9.9-13.8 18 (1.7) 1-2.6
Above 60 120 (14.3) 12-16.8 143 (17) 14.6-19.7 27 (3.2) 2.2-4.6
Total 353 (10.8) 9.8-11.9 366 (11.2) 10.1-12.3 61 (1.9) 1.4-2.4
Age-standardized rate’ 9.8% (8.5-11.1) 10.0% (8.7-11.3)

Note: TAge standardized rates for diabetes prevalence weighted for standard world population.
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We found no association of dietary factors including fat and salt consumption with diabetes, p>0.05. Furthermore,
newly diagnosed diabetes did not differ when compared to previously diagnosed diabetes for sex, age, geolocational
status, ethnicity, education, marital status, alcohol consumption, tobacco smoking, occupational factors, and presence of
hypertension, p>0.05. However, we observed that dietary oil consumption, central obesity, and salty meal dietary
behavior were significantly associated with newly diagnosed diabetes. Participants with newly diagnosed diabetes had
salty meal diets more frequently than the previously diagnosed participants (fisher’s exact test, p=0.007). In addition, the
central obesity rate was lower, and oil consumption was higher in the newly diagnosed population compared to
previously diagnosed group, 78.7% and 88.5%, p=0.038, and 98.4% and 88.9%, p=0.021, respectively. On the other
hand, among previously diagnosed population, only 54% (n=164) answered that they take glucose lowering medications.

Figure 1 illustrates the geographical distribution of prediabetes and diabetes in Mongolia. Prediabetes prevalence was
highest in the Umnugovi province, followed by Ulaanbaatar city and Dornod province. Concurrently, diabetes prevalence
was highest in Khovd province with 14.3% and lowest in Arkhangai province. Diabetes prevalence was higher in urban
areas at 12.8%, in contrast to the 10.2% prevalence rate in rural areas. Similarly, prediabetes was higher in Ulaanbaatar
city (11.7%) than in the provinces (10.3%). Overall, the urban population had significantly higher diabetes and
prediabetes prevalence rates compared with the rural population (chi-square test, p=0.023).

The highest prevalence of diabetes in both sexes was in the eldest age group, adults above 60. There were noticeable
gaps between men and women in 40—49 and 50-59. Men aged 40-49 had a 3.9% higher prevalence of diabetes than their
female counterparts, while women had a 1.5% higher prevalence in 50-59 years. Table 2 and Figure 2 illustrate
Mongolia’s sex-specific and overall prevalence rates. For men and women, the prevalence rates for prediabetes and
diabetes were significantly different among age groups in the test of independence analysis, excluding the 29 or under
subgroups, ¥°=28.102, p<0.001, and ¥*=67.574, p<0.001, respectively (y*- test statistics for chi-square test).
Interestingly, younger males aged 30-39 (6.4%) had slightly higher prediabetes than males aged 40—49 (6.2%), while
females had an increasing pattern along with age, Table 2. Fasting plasma glucose and 2-h plasma glucose tolerance were
linearly related to age, B=0.115, p<0.001, and p=0.185, p<0.001, respectively (unstandardized beta coefficient of linear
regression).

Among the participants, men and women had anthropometric differences between subgroups of normoglycemic,
prediabetes, and diabetes conditions, Table 3. We observed significant differences between groups and stepwise patterns
accordingly. Men and women with diabetes who are obese (BMI>30.0) represented 48.3% and 50.2%, whereas 41.6%
and 39.2% were obese among participants with prediabetes, respectively. Among men and women with normal glucose
level, 27.1%, and 30.9% were obese. Overall, the study population was 33.1% obese, 39.8% overweight, 26.0% normal
weight, and 1.1% underweight according to BMI.

Table 4 summarizes the factors associated with prediabetes and diabetes in Mongolia. Although living in rural
provinces had 0.76 (95% CI; 0.61-0.95) times lower odds of having diabetes, there were no significant associations after
controlling for sex and groups.

Overweight and obese individuals had significantly higher odds of being prediabetic and diabetic in simple binary and
multinomial logistic regressions, supported by central obesity. For example, centrally obese adults had 1.89 (95% CI;
1.41-2.52) and 3.29 (95% CI; 2.4-4.59) times higher odds for having prediabetes and diabetes in adjusted analysis for
sex age groups.

Pre-hypertension and hypertension were significantly more prevalent in the prediabetic and diabetic populations
compared to normoglycemic populations. The diabetic population had 1.58 (95% CI; 1.16-2.14) times more hypertensive
individuals and 2.23 (95% CI; 1.65-3.02) times higher elevated arterial blood pressures than the non-diabetics,
respectively.

We did not observe associations between dietary factors, including salt and oil consumption, with diabetes. However,
smoking, alcohol consumption, and sedentary work were associated with prediabetes; however, no differences were
observed after adjusting for age and sex. Diabetic individuals had 1.53 (95% CI; 1.21-1.94) times higher sedentary works
in an adjusted analysis. Sitting for more than 6 hr per day was also associated with diabetes; aOR=1.268, p=0.03§.
Family history of diabetes was associated with both unadjusted and adjusted analyses, aOR=1.43 (95% CI; 1.02-2.02)
and aOR=2.86 (2.14-3.83) for prediabetes and diabetes, respectively.
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Figure 2 Prediabetes and diabetes prevalence across age groups in Mongolia; (A) males, (B) females.

Discussion
We found diabetes to be one in 10 among Mongolians aged 30 and above as of mid-to-late 2019. Of these, 1.9% of the
study population were diagnosed for the first time with type 2 diabetes. Prediabetes was near the diabetes prevalence rate,

slightly higher among women divergently from diabetes.

Table 3 Anthropometric Profile and Some Body Composition Features Among Normoglycemic, Prediabetic and Diabetic Mongolian
Adults

Normal Prediabetes Diabetes P value! P value*
Mean £ SD Mean + SD Mean = SD

Male

Body mass index (kg/m?) 273 +48 29.1 £54 30+48 0.0001 0.0001
Waist circumference (cm) 954 + 128 100.7 £ 13.7 1034 £ I1.5 0.0001 0.0001
Hip circumference (cm) 99.5 +8.1 101.7 £ 9.3 1028 £ 7.7 0.0001 0.0001
Waist-hip ratio 091 +0.08 0.94 £ 0.08 0.96 = 0.07 0.0001 0.0001
Body fat (%) 269 £ 6.2 294 %6 30+£55 0.0001 0.0001
Visceral fat mass (kg) 144 + 4 16.3 + 4.1 169 + 3.8 0.0001 0.0001
Visceral fat mass (%) 184 + 3.6 199 +33 19.7 + 3.4 0.0001 0.0001
Total muscle mass (kg) 529+73 537 £82 559+ 67 0.0001 0.0001
Total muscle mass (%) 69.8 £ 19.6 668 £58 66.3 £52 0.028 0.026
Total body water (%) 535 %45 51.7 £ 44 51 £45 0.0001 0.0001
Bone mass (kg) 29104 29+04 3.1 £04 0.0001 0.0001
Mean systole (mmHg) 128.6 + 18.1 132.7 + 18.6 1379 £ 21.7 0.0001 0.0001
Mean diastole (mmHg) 848 % 113 874 %109 90 + 123 0.0001 0.0001

(Continued)
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Table 3 (Continued).

Normal Prediabetes Diabetes P valuel P value®
Mean £ SD Mean + SD Mean + SD

Female

Body mass index (kg/m?) 28 +48 298 £ 5.7 304 £53 0.0001 0.0001
Waist circumference (cm) 935+ 11.6 969 + 11.7 99.7 + 12.2 0.0001 0.0001
Hip circumference (cm) 100.8 + 8.9 103 + 9.6 103.3 + 9.1 0.0001 0.0001
Waist-hip ratio 0.88 + 0.07 0.89 + 0.07 0.92 + 0.07 0.0001 0.0001
Body fat (%) 395+63 419 + 6.8 425+ 64 0.0001 0.0001
Visceral fat mass (kg) 88 +128 9.8 +3 104 + 238 0.018 0.005
Visceral fat mass (%) 125 +25 134 £24 13.8+23 0.0001 0.0001
Total muscle mass (kg) 386 £ 44 386 £ 44 395+43 0.0001 0.0001
Total muscle mass (%) 56.9 £ 6.1 54.7 £ 6.5 539+62 0.0001 0.0001
Total body water (%) 444 + 45 4265 422 + 438 0.0001 0.0001
Bone mass (kg) 24+04 24+04 25+04 0.023 0.006
Mean systole (mmHg) 1203 + 17.2 126.4 + 20.5 129 + 20.5 0.0001 0.0001
Mean diastole (mmHg) 80.9 = 10.6 833117 847+ 114 0.0001 0.0001

Notes: TOne-way ANOVA test, ¥T-test for linear contrasts in One-Way ANOVA test.

Since 1999, diabetes prevalence has increased 3.2 times in Mongolia over the 20 years. Despite the substantial
increase in diabetes prevalence, prediabetes prevalence did not differ from Suvd et al investigation from 1999.*
According to the third and fourth national surveys on the prevalence of non-communicable disease and injury risk
factors (STEPS), the diabetes prevalence was at 5.0% (2013)'" and 8.3% (2019)” among adults aged 25 to 64 and 15 to
69 by fasting blood glucose levels in Mongolia. These indicate that diabetes and other NCDs have been increasing in
Mongolia in the last three decades despite the government of Mongolia having a national program to combat the NCDs
from 2017."?

Several major systemic factors may have contributed to a substantial increase in diabetes prevalence. Demographic
shift was one of the most crucial drivers of diabetes in Mongolia. Over 20 years, the population of Mongolia had grown
from 2.44 to 3.22 million,"® and the average life expectancy at birth also increased by 6.1 years, respectively. Due to
desertification, climate challenges, and job opportunities, the traditionally nomadic herders migrated to Ulaanbaatar city
and provincial centers. In addition, the booming mining industry enabled migration to Umnugovi province, with 43%
population growth since the early 2000s.'* Umnugovi province had highest prevalence for prediabetes among the
provinces. Moreover, to these demographic shifts, the lifestyle has changed considerably more into urban and sedentary
lifestyles between 1999 and 2019, as technological advances were introduced in rural areas.'> Economic growth is also
another potential major contributor to the increase in diabetes. GDP per capita rose from 474USD to 4405USD between
2000 and 2019.'°

Across the provinces and regions of Mongolia, Khovd province had the highest prevalence rate of 14% and
Arkhangai province had the lowest (6%). Khovd province and western region are home to multiple Mongolian
ethnicities, while Arkhangai province is predominated by homogenous Khalkha Mongolians. Although genetics plays
an important role in development of diabetes, we found no evident determinant leading to differences in diabetes
prevalence. Further research is needed for rural Mongolian diabetes epidemiology, in link to herding families, mining
workers, and disadvantaged groups.

Diabetes control remains at an unsatisfactory level in Mongolia.® We found that nearly half of the previously
diagnosed diabetic population admitted not receiving any antidiabetic medications in our study. The western pacific
region has one of the highest proportions of undiagnosed diabetic people in the world.! We found 61 new diabetes cases
or 1.67 per 10-diabetic population in our survey, where 1 in every two diabetics are undiagnosed in the western pacific
region.” Although our findings suggest a lower undiagnosed diabetic prevalence rate than region, more undiagnosed rates
were reported on STEPS 20197 at least for males in Mongolia.
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Table 4 Factors Associated with Prediabetes and Diabetes in Mongolia, 2019

Variables Total Prediabetes Diabetes
n n (%) cOR [95% CI] p value aOR [95% CITt p value n (%) cOR [95% CI] p value aOR [95% CITt p value

Geographical location
Rural 2028 | 208 (10.3) | 0.836 [0.666—1.049] 0.122 0.92 [0.73-1.16] 0.48 207 (10.2) | 0.759 [0.608-0.947] 0.015 0.806 [0.642-1.012] 0.063
Urban 1244 | 145 (11.7) | | 159 (12.8) | |

Ethnicity
Khalkh 2639 | 295 (11.2) | 2.657 [0.964-7.321] 0.059 2.572 [0.931-7.108] 0.068 290 (I1) 1.045 [0.534-2.045] 0.898 1.024 [0.52-2.019] 0.944
Kazakh 57 9 (15.8) 3.872 [1.125-13.331] 0.032 3.849 [1.11-13.343] 0.034 5(8.8) 0.86 [0.276-2.683] 0.796 0.869 [0.275-2.742] 0.8l
Others 488 45 (9.2) 2.179 [0.761-6.243] 0.147 2.066 [0.719-5.939] 0.178 61 (12.5) | 1.182[0.579-2.412] 0.647 1.147 [0.558-2.359] 0.709
Buryat 88 4 (4.5) | | 10 (11.4) | |

Educational attainment
None 99 18 (18.2) 1.76 [1.012-3.061] 0.045 1.517 [0.861-2.673] 0.149 8 (8.1) 0.688 [0.323—1.462] 0.33 0.526 [0.244—1.138] 0.103
High school 1721 177 (10.3) | 0.927 [0.719-1.195] 0.559 0.867 [0.67-1.121] 0.277 181 (10.5) | 0.833 [0.652—1.064] 0.144 0.759 [0.592-0.974] 0.03
Vocational training 371 41 (11.1) 1.038 [0.707—-1.524] 0.85 0.848 [0.573-1.254] 0.408 48 (12.9) | 1.068 [0.745-1.531] 0.72 0.844 [0.584-1.219] 0.367
Other 70 8 (11.4) 1.002 [0.465-2.156] 0.996 0.987 [0.456-2.14] 0.974 5(7.1) 0.55 [0.216-1.4] 0.21 0.509 [0.198-1.308] 0.161
Higher education 1011 109 (10.8) I | 124 (12.3) I |

Employment status
Unemployed, social care, pension | 1497 | 191 (12.8) | 1.547 [1.238-1.935] 0.0001 1.091 [0.835-1.425] 0.524 202 (13.5) | 1.617 [1.297-2.015] | 0.0001 0.997 [0.764-1.3] 0.98
Employed 1775 162 (9.1) | | 164 (9.2) | |

Marital status
Never married 147 12 (8.2) 0.698 [0.381-1.278] 0.244 0.769 [0.418-1.416] 0.399 9 (6.1) 0.489 [0.246-0.971] 0.041 0.579 [0.29-1.159] 0.123
Divorced or separated 47 7 (14.9) 1.425 [0.629-3.232] 0.396 1.385 [0.608-3.158] 0.438 4 (8.5) 0.761 [0.269-2.151] 0.606 0.753 [0.264-2.148] 0.596
Widower 286 37 (12.9) 1.267 [0.876—1.834] 0.209 0.812 [0.547-1.206] 0.302 35 (12.2) 1.12 [0.769-1.631] 0.556 0.712 [0.477-1.062] 0.096
Married 2792 | 297 (10.6) | | 318 (11.4) | |

Body weight status
Underweight 37 4 (10.8) 1.594 [0.544—4.672] 0.396 1.504 [0.508—4.452] 0.461 4 (10.8) 3.047 [1.014-9.157] 0.047 2.985 [0.975-9.138] 0.055
Overweight 1302 | 131 (l0.1) | 1.478[1.082-2.019] 0.014 1.47 [1.074-2.013] 0.016 147 (11.3) | 3.171 [2.158-4.658] | 0.0001 3.28 [2.224-4.838] 0.0001
Obese 1083 | 153 (14.1) 2.36 [1.736-3.209] 0.0001 2.337 [1.713-3.187] | 0.0001 181 (16.7) | 5.338 [3.65-7.806] 0.0001 5.591 [3.805-8.215] | 0.0001
Normal 850 65 (7.6) | | 34 (4) | |

Central obesity
Yes 2338 | 286 (12.2) | 2.016 [1.526-2.664] 0.0001 1.886 [1.413-2.517] | 0.0001 318 (13.6) | 3.129 [2.284-4.286] | 0.0001 3.292 [2.379—4.558] | 0.0001
No 934 67 (7.2) | | 48 (5.1) | |

Arterial hypertension status
Hypertensive 1130 | 133 (11.8) | 1.565[1.178-2.078] 0.002 1.478 [1.108-1.972] 0.008 124 (11) 1.754 [1.296-2.374] | 0.0001 1.576 [1.16-2.141] 0.004
Elevated blood pressure 1065 | 131 (12.3) 1.756 [1.32-2.337] 0.0001 1.627 [1.206-2.195] 0.001 168 (15.8) | 2.709 [2.027-3.62] 0.0001 2.228 [1.646-3.017] | 0.0001
Normotensive 1077 89 (8.3) | | 74 (6.9) | |

Fat consumption
Yes 2993 | 320 (10.7) | 0.874 [0.594-1.284] 0.492 0911 [0.617—1.344] 0.639 331 (I1.1) | 0.852[0.585-1.241] 0.404 0.935 [0.638-1.368] 0.728
No 279 33 (11.8) I | 35 (12.5) | |
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Additional salt
Yes
No
Salty meals in diet
Yes
No
Salted foods consumption
Yes
No
Tobacco smoking
Yes
Used to
No
Alcohol consumption
Yes
No
Alcohol drinking in 12 months
Yes
No
Occupational characteristics
Sedentary mostly
Physically demanding
Seats 6 hours per day
Yes
No
Physical exertions
No
Yes
Diabetic inheritance
Yes
Unknown
No
Total

491
2781

1029
2243

1350
1922

774
182
2316

2735
537

2157
1115

1874
1398

1333
1939

2336
936

382
226
2664
3272

48 (9.8)
305 (11)

13 (1)
240 (10.7)

147 (10.9)
206 (10.7)

62 (8)
23 (12.6)
268 (11.6)

284 (10.4)
69 (12.8)

212 (9.8)
141 (12.6)

219 (11.7)
134 (9.6)

152 (11.4)
201 (10.4)

250 (10.7)
103 (11)

46 (12)
23 (102)
284 (10.7)
353 (10.8)

0.884 [0.64-1.22]
|

1.024 [0.807-1.3]
[

1.012 [0.807-1.268]
|

0.673 [0.503-0.9]
1162 [0.733—1.842]
[

0.765 [0.576—1.016]
|

0.731 [0.582-0.918]
[

1.327 [1.056—1.668]
|

1.137 [0.907-1.423]
|

0.981 [0.768-1.254]
[

1.339 [0.956-1.877]
0.952 [0.607-1.496]
|

0.452

0.844

0.92

0.008
0.523

0.064

0.007

0.015

0.265

0.88

0.09
0.833

0.951 [0.686-1.319]
[

1.105 [0.868—1.408]
|

1.156 [0.917-1.457]
|

0.806 [0.574—1.132]
1278 [0.777-2.102]
[

0.875 [0.654—1.171]
|

0.841 [0.665—1.064]
[

1.233 [0.978-1.554]
|

1.196 [0.952—1.501]
|

1.067 [0.832—1.368]
|

1.432 [1.017-2.015]
0.93 [0.588-1.471]
|

0.763

0.417

0.219

0.213
0.334

0.37

0.149

0.076

0.124

0.608

0.04
0.757

57 (11.6)
309 (11.1)

112 (10.9)
254 (11.3)

147 (10.9)
219 (11.4)

93 (12)
26 (14.3)
247 (10.7)

298 (10.9)
68 (12.7)

227 (10.5)
139 (12.5)

246 (13.1)
120 (8.6)

16l (12.1)
205 (10.6)

268 (11.5)
98 (10.5)

80 (20.9)
23 (102)
263 (9.9)
366 (11.2)

1,036 [0.765—1.402]
|

0.959 [0.756—1.216]
I

0.952 [0.761-1.19]
|

1.095 [0.849-1.414]
1425 [0.917-2.215]
[

0.814 [0.613-1.082]
|

0.794 [0.633-0.996]
|

664 [1.32-2.099]
|

1.18 [0.946—1.472]
|

1.106 [0.864—1.415]
|

2.515 [1.898-3.334]
1.029 [0.654-1.617]
|

0.821

0.731

0.663

0.484
0.1'5

0.156

0.046

0.0001

0.142

0.425

0.0001
0.903

1.058 [0.777—1.44]
[

1.026 [0.805-1.307]
|

1.113 [0.885-1.4]
|

1.254 [0.924-1.702]
1469 [0.912-2.364]
I

0.908 [0.677-1.218]
|

0.918 [0.725-1.162]
[

1.533 [1.212-1.94]
|

1.268 [1.013-1.588]
|

1.249 [0.971-1.606]
|

2.863 [2.141-3.827]
0.9 [0.565—1.434]
|

0.719

0.836

0.361

0.146
0.114

0.52

0.476

0.0001

0.038

0.084

0.0001
0.659

Note: "Multinomial logistic regression analysis adjusted for sex and age group.
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The Western Pacific Region has the third highest diabetes prevalence and second-highest undiagnosed diabetic
population in the world.? Although the prevalence of diabetes in Mongolia is not the highest in the region, the age-
adjusted prevalence rate for adults 20—79 years old is somewhat closer to other Asian populations, including South Korea
(6.8) and Japan (6.6) according to 2021 IDF diabetes atlas estimations.?

In a recent Chinese national survey, diabetes prevalence was highest in the neighboring Inner Mongolia region among
the 31 provinces, with a 19.9% prevalence rate in 2018."” Mongolian ethnicities comprise nearly 20% of all population in
the Inner Mongolia autonomous region of the PRC.'® Family history of diabetes was established as one of the strongest
risk factors for diabetes in our survey. These findings support genetically and culturally, Mongolians could be more
susceptible to becoming diabetic when coupled with highly prevalent NCDs risk factors.

Obesity is a well-known risk factor for insulin resistance and type 2 diabetes.'” In Mongolia, obesity has become
more prevalent over the past three decades.”!! A systematic analysis of consecutive STEPS surveys from 2005 to 2013
showed a 6.8% and 7.5% increase in obesity among men and women, respectively.”® Although the study age group
differed from our investigation, the population became more obese at a significant rate over time in Mongolia. We found
an alarmingly large difference in overweight and obesity rates between Suvd et al’s* 1999 diabetes prevalence study and
our investigation in 2019; 31.4% and 39.8%, and 20.1% and 33.1%, respectively, for a similar sampling frame. We
established obesity according to BMI categories as one of the strongest determinants for diabetes in an adjusted analysis
for age and sex. Although a slight decrease is observed in the fourth national STEPS’ survey on overweight and obesity
in 2019, obesity remains a major threat to Mongolians’ health. Similarly, central obesity, defined by waist circumference,
was a risk factor in the adjusted analysis.

A dietary pattern involving higher contents of red meat and refined grains and lower in fruit and nuts is considered
a risk factor for diabetes.?' We have not observed associations between dietary factors and diabetes when surveyed for
salt in food, salted products, fat consumption, cooking oil, etc. However, a carefully designed nutritional epidemiological
study from Mongolian urban and rural areas indicates diets are high in red meat, refined grains, and whole-fat dairy and
low in fruits, eggs, nuts and seeds, and whole grains. Low fruit and vegetable consumption are more frequently reported
in western and eastern provinces than in Ulaanbaatar.”* Despite having no association for diabetic status compared to
non-diabetics, we found that dietary risk factors were associated with being a newly diagnosed diabetic in comparison to
known diabetics in our study.

Among other risk factors for diabetes, we observed that sedentary lifestyles and adults who sat at least 6 hr daily were
significantly associated with diabetes in an adjusted analysis for sex and age. Mongolians are traditionally nomadic
populations with substantial physical exertions associated with animal husbandry. Findings from unadjusted analysis
support that the rural lifestyle is a protective factor for diabetes in Mongolia. Ulaanbaatar is the coldest capital city
globally, with an annual average temperature —1°C. However, little has changed over Mongolian red meat-based culinary
culture and dietary behavior, while energy expenditure reduced dramatically in Ulaanbaatar compared to living in rural
areas. In addition, Ulaanbaatar experiences catastrophic air pollution in cold months due to coal fuel-based domestic
heating in the suburbs of the city.”> Long-term exposure to particulate matter 2.5 (PM 2.5) or fine particles associated
with diabetes from a meta-analysis of birth cohorts in link to air pollution.** Finally, elevated blood pressure was
significantly associated with diabetes in our survey. In a large-scale study with a racially similar population from South
Korea, high blood pressure was significantly associated with the risk of developing diabetes.?

Our study precedes the SARS-CoV-2 emergence, and the pandemic response to COVID-19 may have worsened the
well-recognized diabetes risk factors in Mongolia. Following our study, Mongolia maintained stringent control measures
for SARS-CoV-2, including stay-at-home orders, school closures, and restrictions on entertainment and non-essential
commercial services in most of 2020 and 2021. These ultimately could have reduced physical activity among the
population and may have increased NCDs risk factors.”®*” Moreover, essential health services such as diabetes education
could have experienced delays and disruptions during 2021 in Mongolia since the country had relatively high rates of
COVID-19 related hospitalizations.?® Realizing these challenges and in continuation of the national agenda to combat the
NCDs,'? the government of Mongolia is pushing forward to a national early detection and screening campaign in
May 2022.%® This campaign should also consider that a hidden 2.9% crude prevalence rate was detected in our survey
compared to the fourth national STEPS’ survey of the same year.
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We have several limitations in this study. First, more female populations were recruited for this study. However, we
applied age group and sex standardizations to multinomial logistic regression analysis to overcome this gap. At the
sampling units in provinces, quotas for nomadic herders were not set specifically; thus, we could not analyze occupa-
tional risk factors at detailed levels. Despite the tiny number of invitees missed from data collection, we were not able to
rule out terminally ill and disabled diabetics in the analysis.

Conclusion

The current study was the only nationally representative survey utilizing the confirmatory OGTT to diagnose diabetes in
Mongolia since 1999. We found a 10% diabetes prevalence rate in age-standardized estimation among Mongolians aged
30 or older as of mid-2019. These findings show at least a threefold increase in diabetes prevalence over the last twenty
years. Future investigations should discover diabetes control and interventions to reduce NCDs risk factors in both rural
and urban settings of Mongolia. Obesity, lack of physical exertions, and high blood pressure were modifiable risk factors
for diabetes. Rural nomadic populations should be selectively investigated in further studies to analyze diabetes
prevalence and risk factors. Such intervention programs should consider Mongolian-specific recommendations in
growing diabetes and other NCDs, where traditional red-meat-based dietary patterns are maintained, the physical
exercise environment and seasons are limited.
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