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Purpose: Waist-to-height ratio (WHtR) is an anthropometric index with limited data on its population distribution. The aim was to
establish WHtR reference values and investigate WHtR associations with socio-demographic, lifestyle and clinical characteristics in
Russian adults.

Methods: We used data from the population-based cross-sectional Know Your Heart study (2015-2018, Arkhangelsk and
Novosibirsk, N = 4495, 58.1% of women, 35-69 years, mean age 54.0). Age-adjusted WHIR reference values for the total study
population and by sex were modeled as marginal 5th-95th percentiles (P5-P95) through quantile regressions. WHtR associations with
cardiovascular biomarkers were assessed using linear regressions.

Results: The conventional WHtR threshold of 0.5 for abdominal obesity was the value of P25, while P50 and P75 values were 0.54
and 0.60. In ages 35-49 years, P5-P50 values were higher in men. In the age group 60—69 years, P25-P95 values were higher in
women. In both sexes, WHtR was associated with age, city of residence, not having university education and low physical activity; in
women — with poor financial situation, in men — with being married, non-smoking and hazardous drinking. Among clinical parameters,
C-reactive protein had the strongest positive association with WHtR in both sexes, while HDL cholesterol had the strongest negative
association. Each standard deviation (SD) change in In-transformed C-reactive protein was associated with 0.435 and 0.321 SD
increase in WHtR in women and men, respectively. One SD increase in HDL cholesterol was associated with —0.334 SD change in
WHtR in women and with corresponding change of —0.297 SD in men. In women, WHtR had stronger associations with age,
university education, poor financial situation, blood pressure, HDL cholesterol, and In-transformed C-reactive protein, in men — with
being married, current smoking, LDL and non-HDL cholesterol, and HbAlc.

Conclusion: Three-quarters of the study population had WHtR values exceeding the conventional threshold for abdominal obesity.
Men and women differed in the WHItR associations with socio-demographic and lifestyle risk factors, biomarkers of inflammation,
hypertension, dyslipidemia, and diabetes. WHtR is a useful cardiovascular risk indicator in a Russian adult population.
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Introduction

Obesity has reached epidemic proportions with a worldwide prevalence that has nearly tripled over the last forty years. '
It is one of the key modifiable risk factors of cardiovascular disease (CVD) ' and is a particular public health concern in
the Russian Federation — a country with high CVD mortality (640 per 100000 population).®
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Based on the World Health Organization assessments, 23.1% of Russian adults are obese; 26.9% of women and
18.1% of men.® According to NCD Risk Factor Collaboration (NCD-RisC) data for 1990-2022, there was a 15.4%
increase in obesity prevalence in Russian men, while there was no detectable change in the prevalence of obesity in
women.” However, our recent study showed that Russian women have a particularly high prevalence of obesity
compared with women in Norway.® Correspondingly, the Russian population had higher prevalence of obesity-related

risk CVD factors (ie, hypertension, diabetes, and cigarette smoking) compared to the Norwegian population.®

3,11

Combined with other traditional risk factors, obesity is used for CVD risk stratification™ " and commonly associates

with other socio-economic, lifestyle, and psychological characteristics with independent prognostic values for CVD
development.>'*!3

While obesity is commonly determined using body mass index (BMI), abnormal body fat accumulation is a CVD risk
factor independently of BMI.*'*!> Abdominal obesity, also referred to as central obesity, contributes to the development
of other CVD risk factors that are part of the metabolic syndrome.'®'® Fat tissue may also induce systemic low-grade
inflammation, which influences metabolic homeostasis and contributes to CVD pathogenesis. "'’

Waist circumference (WC) is the most commonly used index of central obesity.?’ However, it does not consider
height, as a shorter individual with similar WC would have more adipose tissue.?' In that sense, waist-to-hip ratio (WHR)
and waist-to-height ratio (WHtR) are more reliable, as they are calculated relative to other body size parameters.”>>
There are also other anthropometry-based indices of abdominal obesity (abdominal volume index, weight-adjusted-waist-
index, body shape index, conicity index, body roundness index, body adiposity index, and hip index), which are
infrequently used because they are calculated using complex formulas and are more difficult to interpret.”***"!
Instrumental approaches to measure the amount of adipose tissue are computed tomography, magnetic resonance
imaging, dual-energy X-ray absorptiometry, and biological impedance analysis.>*>* However, these methods are less
available in primary health care as they require expensive equipment and complex analysis techniques.***

Recently, WHtR has evolved as an index with a single cut-off of 0.5 for abdominal obesity across age and gender,
which exhibits stronger associations with metabolic CVD risk factors compared to the other anthropometric indices and
serves as an indicator of the “early health risk”.'>*>*° In Russia, clinicians and obesity researchers conventionally use
BMI and WC.*'"* However, in our recent study that assessed the prevalence of obesity in Russian adults using six
indices, WHtR showed the closest associations with hypertension and combinations of cardiometabolic disorders in
women while being non-inferior compared to the other five indices in men.** Therefore, WHIR is a promising tool for
preventive cardiology in Russia, but the void in knowledge of its population distribution and lacking reference values
limit its acceptance by the medical community, hampers its benefits for early CVD prevention, and prevents regional and
international comparisons.*’

The aim of this study was to establish reference values for WHtR and to investigate the associations of WHtR with

socio-demographic, lifestyle and clinical characteristics in a Russian adult population.

Materials and Methods
Study Design and Population

The Know Your Heart study was a population-based cross-sectional study, conducted in 2015-2018 in two Russian
cities — Arkhangelsk and Novosibirsk. Potential participants aged 35-69 years were selected from the two urban
populations using anonymized address databases of regional health insurance funds. Each record in the sampling
frame included address, age, and sex of a potential participant. Participants were recruited from four districts in each
city, representing the socio-economic variability of the study settings.*® Addresses were selected at random (stratified by
age, sex and district) and visited to invite persons of the required sex and age to participate. In total, 5089 men and
women were interviewed at home (baseline interview) on socio-demographic and lifestyle factors. Those interviewed
were invited to a health check at a local polyclinic. The health check comprised a medical interview, physical
examination, anthropometric measurements, laboratory tests, and instrumental examinations. The exclusion criteria
were psychiatric diagnoses, acute infections or exacerbations of chronic diseases. The response rate to the baseline
interview was 68.2% in Arkhangelsk and 41.1% in Novosibirsk. Of the interviewed participants, 96% in Arkhangelsk
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and 83% in Novosibirsk underwent the health check (2381 and 2161 participants, respectively). Details of the KYH study
design, sampling, measurements and sample characteristics have been described elsewhere.®**4® For this paper, we used
data of 4495 KYH participants with complete data on anthropometric parameters.

Variables

Body weight was measured with TANITA BC 418 body composition analyzer (TANITA, Europe GmbH). Height was
measured with Seca® 217 portable stadiometer (Seca limited). WC was measured twice at the narrowest part of the trunk
to the nearest 0.1 cm.*® WHtR was calculated as the mean of two WC measurements divided by height, both in
centimeters. WHIR cut-off of >0.5 was used to define abdominal obesity.**

Socio-demographic data were collected at the baseline interview. The following socio-demographic variables were
used in this study: age (years); sex (male/female); city of residence (Novosibirsk or Arkhangelsk); living with a spouse/
partner in a registered or unregistered marriage (yes/no); university education (yes/no); and poor financial situation
defined as having not enough money for food or clothes (yes/no).

We also used data on diet, physical activity, cigarette smoking, and hazardous alcohol intake. Diet quality was
evaluated with the Dietary Quality Score (DQS) questionnaire and categorized as unhealthy, average, and healthy.*’
Physical activity was assessed through the Total Physical Activity Index (EPIC) questionnaire based on questions about
physical activity at work, recreation, and stair climbing during the last year.*® Low physical activity was defined as
sedentary job with <0.5 hours of recreational activity per day or standing job with no recreational activity.*’ Cigarette
smoking was analyzed as current smoking (yes/no). Hazardous drinking was defined as >8 points on the Alcohol Use
Disorders Identification Test (AUDIT).”®

Systolic and diastolic blood pressure (SBP and DBP; mm Hg) and resting heart rate (HR) were measured on the
brachial artery. Three measurements were performed at two-minute intervals using OMRON 705 IT automatic blood
pressure monitor (OMRON Healthcare Company Limited). Analyzed values of SBP, DBP and HR were calculated as
means of the second and third measurements.

The fasting period prior to blood sampling was four hours. Levels of total cholesterol (TC, mmol/L), low-density
lipoprotein cholesterol (LDL-C, mmol/L), and high-density lipoprotein cholesterol (HDL-C, mmol/L) were assessed in
blood serum using enzymatic color tests (AU 680 Chemistry System Beckman Coulter). High-sensitivity C-reactive
protein (hs-CRP, mg/L) and glycated hemoglobin (HbAlc, %) were evaluated in serum using immuno-turbidimetric tests
(AU 680; Chemistry System Beckman Coulter).*® Non high-density lipoprotein cholesterol (non-HDL-C) was calculated
by subtracting HDL-C from TC (mmol/L).?

Depression was evaluated using the Patient Health Questionnaire-9 (PHQ-9), with depression levels defined as mild
(>5-9 points), moderate (10—14 points), moderately severe (15-19 points), or severe (>20 points).”' Anxiety levels were
assessed using the General Anxiety Disorder-7 (GAD-7) questionnaire with levels of mild (5-9 points), moderate (10-14
points), or severe (=15 points).52

Data on medication use were collected by asking the participants about currently used medicines (up to seven per
participant). The commercial name, dose, indication, and frequency were recorded. According to the international WHO
anatomical therapeutic chemical (ATC) classification system (2016), the medications’ names were coded as: antidiabetic
medication (ATC class A10); antihypertensive medication (ATC classes C02, C03, C07, C08, or C09); heart rate
lowering (HR-lowering) medication (ATC classes CO1A, C01BC03, C01BD, or CO1EB17); lipid-lowering medication
(ATC class C10).%%%*

Statistical Methods
Continuous variables were presented as means (M) with standard deviations (SD) or medians (Me) with quartiles (Q1-Q3),
categorical variables — as absolute numbers (Abs) and proportions (%). Comparisons of men and women on categorical
variables were performed using Pearson’s chi-squared test, on continuous variables — using two-sample #-test or Wilcoxon
rank-sum test.

We estimated reference values for WHtR for the total study population, for women and men separately, and for 5-year
age bands (from 35-39 to 64—69 years) within each sex. Age- and sex-adjusted WHtR mean values for both sexes and
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age-adjusted means for each sex were estimated as marginal means, modelled using multivariable linear regressions with
age in years and sex being the covariates. Estimated means for 5-year age groups in men and women were obtained using
similar regressions with corresponding stratification. Age- and sex-adjusted percentile values (5th, 10th, 25th, 50th, 75th,
90th, and 95th) of WHtR for both sexes and age-adjusted percentiles for men and women separately were estimated as
marginal percentile values, obtained using quantile regressions with age in years and sex as covariates. Age-specific
percentile values of WHtR for men and women were assessed in similar quantile regressions, stratified by sex and 5-year
age bands. Differences between men and women on mean and percentile values of WHtR were reported when
coefficients for sex variable in corresponding regressions were significant at p <0.05.

Associations of WHtR with socio-demographic, lifestyle and clinical parameters were assessed for men and women
separately using linear regression analysis. At step one (model 1), we assessed univariate associations of all factors with
WHItR with adjustments only for age. At the second step (model 2) of the analyses of socio-demographic and lifestyle
factors, we entered all these factors in regression simultaneously. In analyses of clinical factors, the second step (model 2)
involved adjustments for age and all socio-demographic factors and lifestyle factors, which were significantly associated
with WHIR in either women, or men. In Models 1 and 2, BP variables were additionally adjusted for BP medication,
lipid profile variables — for lipid lowering medication, HbA1c — for medication for diabetes, resting heart rate — for HR-
lowering medication. Skewed continuous variables were entered in In-transformed form. Results of regression analyses
were shown as B coefficients with 95% Cls and as standardized B coefficients. Comparisons of men and women on the
strength of associations between WHtR and the studied covariates were performed in multivariable models repeated on
the pooled data for both sexes by assessing interactions of each covariate with sex. Continuous variables were tested for
interactions after categorization into pentiles. Interactions were assessed by comparing models with and without
interaction terms using likelihood ratio tests. All statistical tests were two-tailed. Statistical analysis was performed
using STATA V.18 (StataCorp, College Station, TX, USA).

Results

Characteristics of the Study Participants
Women (N = 2611) and men (N = 1884) in the study were of similar age (53.8 vs 54.1 years, respectively), but differed in
socio-demographic variables (except for city of residence), lifestyle, and psychological characteristics (Table 1). More

Table | Socio-Demographic, Lifestyle, Psychological, and Clinical
Characteristics of Study Participants by Sex

Women Men p
N=2611 N=1884
Socio-demographic factors
Age, years (Mean, SD) 53.82 (9.72) 54.15 (9.58) 0.264
Absolute (%)
City 0.726
- Arkhangelsk 1372 (58.3) 980 (41.7)
- Novosibirsk 1239 (57.8) 904 (42.2)
University education 0.029
- Yes 1036 (39.7) 687 (36.4)
- No 1575 (60.3) 1197 (63.6)
Married/Cohabiting <0.001
- Yes 1522 (58.3) 1594 (84.6)
- No 1089 (41.7) 290 (15.4)
(Continued)
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Table | (Continued).

Women Men p
N=2611 N=1884
Poor financial situation <0.001
- Yes 557 (21.6) 316 (17.2)
- No 2017 (78.4) 1523 (82.8)
Lifestyle factors, Absolute (%)
Diet <0.001
- Unhealthy diet 195 (7.5) 233 (12.4)
- Average diet 1644 (63.1) 1289 (68.8)
- Healthy diet 766 (29.4) 351 (18.7)
Low physical activity 0.563
- Yes 427 (16.4) 296 (15.7)
- No 2184 (83.6) 1588 (84.3)
Current cigarette smoking <0.001
- Yes 429 (l16.4) 694 (36.8)
- No 2181 (83.6) 1190 (63.2)
Hazardous alcohol use <0.001
- Yes 52 (2.0 447 (23.7)
- No 2559 (98.0) 1437 (76.3)
Psychological factors, Absolute (%)
Depression <0.001
- No 1540 (59.0) 1388 (73.7)
- Mild 790 (30.3) 400 (21.2)
- Moderate 196 (7.5) 68 (3.6)
- Moderately severe or severe 85 (3.2) 28 (1.5)
Anxiety <0.001
- No 1900 (72.8) 1605 (85.2)
- Mild 559 (21.4) 230 (12.2)
- Moderate 103 (3.9) 36 (1.9)
- Severe 49 (1.9) 13 (0.7)
Clinical factors, Mean (SD) or Median (Q1-Q3)
Systolic blood pressure, mm Hg 128.8 (19.7) 137.9 (19.6) <0.001
Diastolic blood pressure, mm Hg 80.8 (11.0) 86.2 (11.2) <0.001
Heart rate, beats/minute 72.2 (10.2) 72,6 (11.7) 0.357
Total cholesterol, mmol/L 5.64 (1.17) 5.41 (1.12) <0.001
Triglycerides, mmol/L 1.20 (0.87—1.75) | 1.36 (0.95-1.95) | <0.001
HDL cholesterol, mmol/L 1.54 (0.36) 1.31 (0.33) <0.001
LDL cholesterol, mmol/L 3.76 (0.95) 3.69 (0.90) <0.001
Non-HDL cholesterol, mmol/L 4.09 (1.12) 4.09 (1.09) 0.999
HbAlc, % 5.55 (0.79) 5.58 (0.86) 0.175
High sensitivity CRP, mg/L 1.68 (0.74-3.73) | 1.72 (0.83-3.61) | 0.334

Notes: Missing data: financial situation — 82 (1.8%), diet — 17 (0.4%), physical activity — 73 (1.6%),
smoking — 5 (0.1%), hazardous alcohol use — 18 (0.4%), systolic and diastolic blood pressure — 352
(7.8%), heart rate — 361 (8.0%), total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol,
and high sensitivity CRP — 83 (1.8%), HbAlc — 139 (3.1%).

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; Non-HDL, non high-
density lipoprotein cholesterol; HbAIC, glycated hemoglobin; CRP, high sensitivity C-reactive
protein.
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women had university education and exhibited healthy diet. Furthermore, women more frequently had poor financial
situation, depression and anxiety compared to men. Higher proportions of men were married, smoked cigarettes and had
hazardous drinking compared to women. Among clinical parameters, men had higher SBP and DBP, and TG levels,
while levels of TC, LDL-C, and HDL-C were higher in women.

WHtR Reference Values

The distributions of the modelled WHtR mean percentile values in men and women are shown in Table 2. While there
was no difference in mean WHtR between women and men aged 35-69 years, the means were higher in men aged 3549
years. Medians WHtR values (P50) did not differ between men (0.55) and women (0.54). However, in the age group
35-49 years, P5-P50 values were higher in men, while for women, the values of P25-P95 were higher for the age group
60-69 years. Women had P50 values below 0.5 (the conventional cut-off point for abdominal obesity) in the age group
35-44 years, whereas men had WHtR values ranging from 0.52 to 0.53 in the corresponding age group. The P50 values
were 25.0% and 9.1% higher in the ages of 65—69 years compared with 35-39 years in women and in men, respectively.
The conventional cut-off value of 0.5 was the value of the 25™ percentile for both men and women, suggesting that 75%
of studied population had abdominal obesity as defined according to WHtR. The upper quartile (P75) was 0.61 in women
and 0.59 in men. The 90™ percentile of WHtR was 0.67 and 0.64 in women and men, respectively.

Socio-Demographic, Lifestyle, Psychological, and Medical Correlates of WHtR

In both sexes, age was positively associated with WHtR in the univariate regression Model 1 and after adjustment for all
other socio-demographic and lifestyle variables in Model 2 (Table 3). The standardized B coefficients for the association
of WHtR with age were highest compared to other socio-demographic and lifestyle parameters in both sexes, although in
women it was almost twice as high as in men. Living in Arkhangelsk was negatively associated with WHtR compared to
Novosibirsk in both Models and for both sexes. Married men exhibited higher values of WHtR in Models 1 and 2
compared to unmarried men. There was no association between marital status and WHtR in women. Having no

Table 2 Sex- and Age-Specific Percentile Values for WHtR According to Sex and 5-year Age Groups

Sex and Age (Years) N Mean | SD P5 P10 P25 P50 P75 P90 P95
Both sexes 4495 | 055 | 008 | 044 | 046 | 050 | 054 | 0.60 | 0.65 | 0.69
Women 2611 | 056 | 0.09 | 043" | 045" | 0497 | 0.54 | 0617 | 0.677 | 0.72
35-39 231 | 0.50% | 0.07 | 040" | 042" | 0.44" | 0.48" | 0.54" | 0.60" | 0.63
40-44 350 | 0.51% | 0.08 | 041 | 0.42T | 0.45T7 | 049 | 055 | 0.63 | 0.69
45-49 349 | 052*% | 0.09 | 042t | 043" | 046 | 0517 | 058 | 0.65 | 0.70
50-54 378 055 | 0.09 | 044 | 045 | 048" | 054 | 0.61 | 0.68" | 0.73F
55-59 410 | 057 | 008 | 045 | 047 | 052 | 057 | 0.637 | 0.697 | 0.72F
60-64 422 | 060 | 008 | 047 | 049 | 0547 | 0.60T | 0.65T | 0.71T | 0.74"
65-69 471 0.60 | 0.09 | 047 | 049 | 0.54" | 0.60" | 0.66" | 0.717 | 0.767
Men 1884 | 055 | 0.07 | 0.44" | 046" | 0.507 | 0.55 | 0.597 | 0.64" | 0.68
35-39 158 | 0.53* | 0.06 | 043" | 0.45" | 0.48" | 0.527 | 0.56" | 0.62F | 0.65
40-44 225 | 0.53* | 0.07 | 0.44" | 046" | 049 | 053" | 0.57 | 0.61 | 0.66
45-49 254 | 0.54* | 0.07 | 043" | 045" | 049t | 053" | 0.58 | 0.63 | 0.67
50-54 277 055 | 0.07 | 044 | 047 | 050" | 0.54 | 059 | 0.64" | 0.67F
55-59 290 056 | 007 | 045 | 048 | 052 | 056 | 0.61T | 0.657 | 0.697
60-64 346 057 | 007 | 047 | 048 | 0.52" | 0.577 | 0.61T7 | 0.66" | 0.697
65-69 334 058 | 0.07 | 046 | 049 | 0.53" | 0.577 | 0.63" | 0.69T | 0.72F

Notes: Percentile values were modeled for both sexes, total men, total women and with their stratification by 5-year age groups
using quantile regressions with age in years and sex covariates. *p<0.05 for age-adjusted mean difference between men and
women, linear regression. Tp<0.05 for age-adjusted percentile value difference between women and men, quantile regression.
Abbreviations: WHtR, waist-to-height ratio; P, Percentile.
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Table 3 Associations of Socio-Demographic and Lifestyle Factors with WHtR (%) in Women and Men

Women Men p for interaction®
Model 12 Model 2° Model 12 Model 2°
B (95% CI) B (95% CI) Stand. B pe B (95% CI) B (95% CI) Stand. p p¢

Socio-demographic factors

Age Years 0.40 (0.36; 0.43) 0.38 (0.34; 0.41) 0.397 <0.001 0.17 (0.14; 0.21) 0.16 (0.13; 0.19) 0.213 <0.001 <0.001

City Arkhangelsk vs Novosibirsk | —1.76 (-2.40; —1.12) | —1.65 (-2.31; —0.99) —0.089 <0.001 —1.43 (-2.07; —0.80) | —1.82 (—2.49; —1.15) —0.126 <0.001 0.279
Married® Yes vs No 0.04 (—0.63; 0.70) 0.35 (-0.32; 1.02) 0.019 0.309 1.19 (0.31; 2.06) 1.13 (0.25; 2.01) 0.057 0.012 0.018
University education No vs Yes 2.27 (1.60; 2.93) 2.34 (1.65; 3.03) 0.124 <0.001 0.29 (-0.37; 0.95) 0.96 (0.28; 1.64) 0.064 0.006 <0.001

Poor financial situation’ | Yes vs No 2.06 (1.26; 2.85) 1.54 (0.74; 2.34) 0.069 <0.001 0.32 (-0.54; 1.17) 0.27 (—0.60; 1.13) 0.014 0.543 <0.001
Lifestyle factors

Dietary quality® Score —0.42 (-0,66; —0.18) —0.08 (-0.33; 0.17) —0.012 0.510 0.08 (—0.14; 0.30) 0.20 (—0.03; 0.44) 0.04 0.093 0.132

Low physical activity" Yes vs No 1.35 (0.47; 2.22) 1.88 (1.00; 2.77) 0.075 <0.001 1.88 (1.02; 2.75) 2.00 (1.13; 2.86) 0.101 <0.001 0.350
Current smoking Yes vs No 1.47 (0.56; 2.39) 0.50 (—0.44; 1.44) 0.019 0.294 —1.75 (-2.41; —-1.09) | —2.14 (-2.83; —1.46) —0.143 <0.001 <0.001
Hazardous drinking' Yes vs No 2.10 (-0.21; 4.41) 1.09 (-1.25; 3.44) 0.017 0.360 0.77 (0.03; 1.52) 1.33 (0.58; 2.09) 0.079 0.001 0.859

Notes: *Model | — age-adjusted for each factor variable in the table except for age itself; "Model 2 — all factor variables in the table are mutually adjusted; °p — p-value for Model 2. “p for interaction — likelihood ratio test for interaction

with “sex” variable in model repeated with total sample and the introduced “sex” variable. ®Including unregistered marriage; ‘Not enough money for food or clothes; Dietary Quality Score questionnaire; "EPIC questionnaire; ‘AUDIT

score 28.
Abbreviations: WHtR, waist-to-height ratio; Stand.p, standardized B.
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university education was positively associated with WHtR in both models in women, while in men the association was
only present in the adjusted Model 2. Women, but not men, with poor financial situation had higher values of WHtR in
the age-adjusted and multivariable models. According to interaction analysis, all the differences in the strength of the
adjusted associations between WHtR and socio-demographic covariates except city of residence were significant between
sexes.

Healthy diet was negatively associated with WHtR in age-adjusted Model 1 only in women, but was attenuated to
non-significance in Model 2. Participants of both sexes with low physical activity levels had higher values of WHtR in
both Models 1 and 2. Current smoking was negatively associated with WHtR in both Models, but only in men, while in
women it had positive associations only in Model 1, which was reflected in the significant between-sex difference in the
strength of WHtR’s association with smoking. Hazardous drinking showed positive associations with WHtR in both
Models, but only in men.

Associations of SBP and DBP with WHtR adjusted for age and BP medication intake in Model 1 and for all other
significant socio-demographic and lifestyle factors in Model 2 were positive and significant in both sexes, exhibiting
stronger correlation in women (Table 4). Among the lipid parameters, in both males and females, HDL-C was negatively
correlated with WHtR, while LDL-C and non-HDL-C showed positive associations with WHtR in both models. Positive
associations of TC with WHtR were significant in both models, but only in men. HbAlc and resting heart rate had
positive associations with WHtR in both models and for both sexes. Positive associations of In-transformed hsCRP with
WHItR were significant in age-adjusted Model 1 and in multivariate Model 2 in both women and men.

Among the clinical parameters, in Model 2 In-transformed hsCRP showed the strongest positive associations with
WHI(R in women (B = 0.435) and in men (B = 0.321), while HDL-C was the strongest negative WHtR correlate (f =
—0.334 and B =—0.297, respectively). The third-order correlate was DBP (B = 0.219) in women and HbAlc (B = 0.246) in
men. Depression score was positively associated with WHtR in women, but only in Model 1, before adjustment for other
significant socio-demographic factors.

Women had stronger WHtR associations with age, university education, poor financial situation, blood pressure, HDL
cholesterol, and In-transformed hsCRP. In men, WHtR demonstrated a stronger association with being married, current
smoking, LDL and non-HDL cholesterol and HbAlc.

Table 4 Associations of Clinical Characteristics with WHtR (%) in Women and Men

‘Women Men p for
Interaction®
Model 1* Model 2° Model 1* Model 2°
B (95% CI) B (95% CI) Stand. p p° B (95% CI) B (95% CI) Stand. p p<
Systolic BP mmHg 0.09 (0.07; 0.10) 0.08 (0.06; 0.10) 0.174 <0.001 0.04 (0.02; 0.06) 0.04 (0.03; 0.06) 0.l16 <0.001 <0.001
Diastolic BP mmHg 0.19 (0.16; 0.22) 0.18 (0.15; 0.21) 0.219 <0.001 0.11 (0.08; 0.14) 0.11 (0.08; 0.14) 0.173 <0.001 <0.001
Total cholesterol mmol/L 0.09 (-0.21; 0.38) 0.01 (-0.29; 0.30) 0.001 0.971 0.82 (0.53; I.11) 0.69 (0.40; 0.98) 0.109 <0.001 0.328
LDL cholesterol mmol/L 0.60 (0.23; 0.97) 0.51 (0.14; 0.87) 0.052 0.006 1.23 (0.87; 1.59) 1.09 (0.73; 1.46) 0.138 <0.001 0.024
HDL cholesterol mmol/L —8.92 (-9.76; —8.07) —8.66 (—9.50; —7.82) -0.334 <0.001 —6.36 (~7.28; —5.45) —6.46 (~7.38; —5.53) —0.297 <0.001 <0.001
Non-HDL cholesterol mmol/L 1.13 (0.82; 1.44) 1.01 (0.70; 1.31) 0.123 <0.001 1.50 (1.21; 1.80) 1.37 (1.07; 1.67) 0.208 <0.001 0.006
HbAIc % 1.56 (1.11; 2.00) 1.57 (1.13; 2.01) 0.135 <0.001 2.12 (1.74; 2.51) 2.07 (1.68; 2.45) 0.246 <0.001 0.010
Resting heart rate beats/min 0.06 (0.03; 0.09) 0.07 (0.04; 0.11) 0.0829 0.007 0.04 (0.02; 0.07) 0.06 (0.03; 0.08) 0.091 <0.001 0919
hsCRP® mg/l 3.62 (3.37; 3.87) 3.48 (3.22; 3.73) 0.435 <0.001 1.92 (1.65; 2.18) 201 (1.74; 2.28) 0.321 <0.001 <0.001
Depression' score 0.13 (0.05; 0.021) 0.06 (-0.03; 0.14) -0.024 0.177 0.04 (-0.06; 0.13) 0.00 (~0.09; 0.10) 0.001 0.953 0.071
Anxiety® score 0.01 (-0.08; 0.10) —0.05 (-0.14; 0.04) -0.020 0.254 —0.07 (-0.19; 0.04) —0.09 (-0.20; 0.02) —0.036 0.112 0.934
Notes: *Model | — age-adjusted associations. ®Model 2 — each variable was adjusted for age, city, marital status, education, financial situation, physical activity, daily smoking,

hazardous drinking. Additionally, BP variables were adjusted for BP medication, lipid profile variables — for lipid lowering medication; HbA|c — for medication for diabetes;
resting heart rate — for HR-lowering medication. “p — p-value for Model 2. dp for interaction — likelihood ratio test for interaction with “sex” variable in model repeated with
total sample and the introduced “sex” variable. ®variable included in analyses in In-transformed form; PHQ-9 score; EGAD-7 score.

Abbreviations: WHtR, waist-to-height ratio; BP, blood pressure; Non-HDL, non high-density lipoprotein (cholesterol); HbAIC, glycated hemoglobin; hsCRP, Ig-
transformed high sensitivity C-reactive protein; Cl, confidence interval; Stand.f, standardized .
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Discussion

The present study is the first to provide sex- and age-specific reference values for WHtR in Russian adults aged 35-69
years. In our study population, the average WHtR values (from 25th to 75th percentile) were 0.50-0.60, the values above
average (from 75th to 90th percentile) were 0.60-0.65, the values below average (from 10th to 25th percentile) were
0.46-0.50, low and high values (below 10th percentile and above 90th percentile) were <0.46 and >0.65, respectively.
Approximately 75% of the study population had abdominal obesity, as assessed according to WHtR’s conventional
threshold value of 0.5.

To date, reference values of WHtR in adults of different age groups according to sex are available from Columbia.>”
Here, WHtR values in all percentiles are higher in women in all age groups compared to men. When the WHtR
conventional cut-off point was assessed, the value 0.5 was registered in the 50th percentile of men aged 4045 years and
women aged 3540 years. In contrast, our study identified values close to cut-offs in younger age group for men >35-39
years, but in older age in women >45-49 years. For the US-population, the 50th percentiles in the age group 18-44 years
were comparable with men of our sample aged 35-39 years (0.51 vs 0.52) and with women aged 40—44 years (0.49 vs
0.49),° although 45—64-year-old US adults had lower 50th percentiles (0.56 in men and 0.57 in women) compared to our
study population. Mean values of WHIR for different European countries are available through the DECODE study,”’ but
the majority of them are not comparable with our results due to the younger age of participants in DECODE. In Turkey,
the mean WHItR is higher in both women (0.58) and men (0.56) of the mean age 52.7-53.2 years compared to our study.

When we assessed the prevalence of obesity according to the WHtR cut-off value 0.5, we found that 75% of the study
population of both sexes were obese. In Columbia, the prevalence values are comparable with those of females of our
population, while Russian males had lower WHtR obesity prevalence.”® Data from Portugal and the United Kingdom
demonstrate lower prevalence of obesity according to WHtR with prevalence of WHtR >0.5 41.1% and 71% in adults,
respectively.!>>® While the US and Nepal exhibits higher WHtR-based obesity prevalence of 82.7% in adults aged >20
years and 85.95% in adults aged 40-69 years, accordingly.

As fat frequently accumulates in the abdominal region as people age, WHIR is positively associated with age.”> We
found that WHtR increased in the age group 50-59 years, with maximum WHtR gains of P50, P75 and P90 in women.
WHtR in women aged >60 years was higher compared to men.

As expected, there were differences between sexes in socio-economic factors in the current study since we previously
identified similar results when comparing obesity according to BMI and WHR.® All socio-economic factors (except place
of residence) had different gender strength of association with WHtR, suggesting that context-specific approaches may be
needed to prevent and treat obesity.

Abdominal obesity increases the risk of metabolic disorders and CVDs. WHtR has proven superior in identifying
obesity-related metabolic abnormalities and as a prognostic tool for CVD development compared to other obesity
indices.'>¥73%% According to our previous data, in women, WHIR had the closest associations with hypertension
and with a combination of at least two of three analyzed cardiometabolic disorders (hypertension, diabetes, and
hypercholesterolemia), compared with BMI, WC, WHR, and also with body fat percentage and fat mass index, which
were assessed using biological impedance analysis. In men, WHtR was non-inferior to the other indices in terms of
associations with the three cardiometabolic disorders.**

WHtR is divided to the following categories according to degree of risk to health: “no increased risk” (WHtR <0.5),
“increased risk” (WHtR >0.5 and <0.6) and “very high risk” (WHR >0.6).'>° Thus, 75% of the study population could
be classified as at “increased risk”, while 25% of them could be classified as at “very high risk”. Several recent
prospective studies describe a positive association of higher WHtR with an increased risk of CVD and all-cause mortality
in adults and increased cardiometabolic risk in children and adolescents.®'~%*

Among all studied CVD risk factors, hsCRP had the closest association with WHtR. Inflammatory dysregulation is
one of the central tenets of the theory of adiposopathy.®>°® The inflammation, underlying adiposopathy, occurs earlier
than the obesity-related cardiometabolic consequences, usually considered within the metabolic syndrome definition
(hypertension, diabetes, and dyslipidemia). This leads to a closer relationship between obesity and inflammation, than
between obesity and cardiometabolic disorders or CVD. According to the 20-year follow-up STANISLAS study,
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childhood adiposity status assessed by BMI and WHtR was significantly associated with increased carotid intima
thickness, but this association was attenuated to non-significance when CRP was included as a covariate.®” This suggests
inflammatory pathways could be a key factor underlying the associations between adiposity in childhood and adult
atherosclerosis.®’

According to prior research, using WHtR with a threshold of 0.5 for assessing abdominal obesity gives a substantially
higher abdominal obesity prevalence, compared to estimates based on other indices.**** On the other hand, this simple
approach has an advantage of early detection of increased risks of cardiometabolic disorders and CVD. This allows early
preventive measures.'>?"** In 2022, the National Institute for Health and Care Excellence of the United Kingdom
recommended to use WHIR, but not other indices, for assessing abdominal obesity in adults in addition to BML®® As
Russia is a country with high CVD mortality, using WHtR of 0.5 for assessing abdominal obesity by health professionals
could be beneficial for improving early risk detection,'33%-39-68:69

Our study has several strengths. Similar studies of WHtR have not been previously reported in Russian adults. We
applied a large population-based sample with assessment of different age groups and sexes for adults aged 35—69 years
from two Russian cities. Furthermore, a wide range of analyzed CVD risk factors allowed us to assess their associations
with WHtR and to determine differences in associations according to sex.

Limitations include the cross-sectional study design as it restricted our ability to assess causal relations between
WHItR and the studied covariates. Self-reported information (eg, socioeconomic, psychological, lifestyle factors, and
medication use) could contribute to information bias. The period of fasting before blood collection was minimum four
hours, and for this reason, we could not include the level of triglycerides in the analysis. The relatively low and varying
response rates in Arkhangelsk (68%) in Novosibirsk (41%) could be a source of selection bias, although the distributions
of participants by education were similar to those of Arkhangelsk, Novosibirsk, and the entire Russian urban population
aged 35-69 years according to the 2010 Russian census.*® Furthermore, findings in our urban population study of limited
age range may not be generalizable to the whole country with substantial rural component and the full age spectrum.
Finally, the study was conducted prior to the COVID-19 pandemic. The COVID-19 pandemic could have led to an
increase in the prevalence of obesity and corresponding changes in population values of WHIR in Russia.”®

Further population studies of WHtR should cover populations of other ages, including children, young adults, and the
elderly. Prospective studies are needed to assess the value of WHtR in predicting CVD and other health outcomes in the
Russian population.

Conclusion

This is the first study to provide sex- and age-specific reference values for WHtR in Russian adults aged 35-69 years.
Three-quarters of the study population had WHtR values exceeding the conventional threshold for abdominal obesity.
There were between-sex differences in WHtR associations with socio-demographic and lifestyle CVD risk factors,
biomarkers of inflammation, hypertension, dyslipidemia, and diabetes. We therefore recommend WHtR in clinical
practice as a useful cardiovascular risk indicator.
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