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Abstract

The aim of this study was to develop anthropometrical reference data for women of Uzbek nationality. In total, 1413 women
of Uzbek nationality aged >35 years were studied. BMI was calculated for 411 women. The reference values of BMI for Uzbek
women vary from 19.4 to 24.8 kg/m?; BMI 22.7 kg/m? corresponds to the 50th percentile. These results correspond to the WHO
criteria for European populations. The reference values of WC vary from 65.0 to 90.0 cm. The conventional cut-off for normal
WC (80 cm) corresponded to the 75th percentile of the analysis among women of Uzbek nationality without any carbohydrate
metabolism disorders and with normal BMI. WC equal to 76 cm corresponds to the 50th percentile. Thus, the cut-off of WC for
Uzbek women is 90.0 cm, which is a mismatch to the European criteria. Average value of WHR was 0.80+0.07. Reference values
of WHR vary of 0.69 to 0.93. WHR 0.8 corresponds to the 80th percentile. The obtained reference ranges are recommended to
reveal the prevalence of MS and its components at the stage of revealing of risk groups in Uzbek women. (International Journal
of Biomedicine. 2017;7(2):120-125.)
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Abbreviations

BMI, body mass index; BP, blood pressure; CVD, cardiovascular diseases; DBP, diastolic BP; FFA, free fatty acids; FPG,
fasting plasma glucose; HC, hips circumference; IGT, impaired glucose tolerance; IFG, impaired fasting glucose; OGTT, oral
glucose tolerance test; SBP, systolic BP; T2D, type 2 diabetes; WC, waist circumference; WHR, waist-to-hip ratio.

Introduction women, plus any two of the below mentioned factors for
diagnosis of MS:

Many studies are devoted to metabolic syndrome - triglyceride level >1.7 mmol/l or specific treatment;
(MS) as all its factors lead to development of CVD and T2D. - HDL level <1.03 mmol/l for men and <1.29 mmol/l for
Abdominal obesity and insulin resistance are supposed to be women or specific treatment;
the background of MS. (-9 - SBP=130mmHgand DBP>85 mmHgorantihypertensive

As the prevalence of MS is high — 20% to 25% © — treatment;
it is clear that the optimal criterion for its diagnosis will be - FPG=>5.6 mmol/l or earlier diagnosed diabetes.

the one that does not demand extra expenses and is not labor- Thus, the reservation is made that WC criteria should be

consuming. Therefore, the basic criterion for diagnosis of
MS is WC.1® According to updated IDF consensus,® to be
diagnosed with MS, one needs to have central obesity defined
as WC > 94 cm for Caucasian men and > 80 cm for Caucasian
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specific to each ethnic group. (Tables 1,2)

Active revealing of T2D has a great value, as it has been
proved that at the stage of prediabetes (IFG, IGT), patients
already may have complications specific to diabetes.!*? For
early diagnosis of T2D, WHO recommends a screening at least
every 5 years in risk groups, which, in turn, are defined through
use of a questionnaire, in particular FindRisk. Besides WC, in
the given questionnaire, BMI, age, heredity, hypertension, and
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lifestyle are also considered. Thus, anthropometry indicators
are a simple and effective way to obtain an early and mass
estimation of risk of developing CVD and T2D.

WC is measured using a centimetric tape on an exhalation,
without any expanding or contracting of the belly.(”

Table 1.

Reference data for WC according to IDF recommendations®

Country/Ethnic group wC
) Male >94 cm
Europids
Female >80 cm
. Male >90 cm
South Asians
Female >80 cm
) Male >90 cm
Chinese
Female >80 cm
Male >90 cm
Japanese
Female >80 cm

IAmericans

Ethnic South and Centrall Use South Asian recommendations until|

more specific data are available

Sub-Saharan Africans

Use European data until more specific|
data are available

Eastern ~ Mediterranean|
and Middle East (Arab)
populations

Use European data until more specific
data are available

Table 2.

Additional metabolic criteria for research (IDF) ®

Abnormal body fat
distribution

DEXA, CT/MRI, leptin, adiponectin,
liver fat content

Atherogenic dyslipidemia

ApoB, small LDL particles

Dysglycemia

OGTT

Insulin resistance

Fasting  insulin/proinsulin  levels,|
HOMA-IR and other IR indices, clamp|
method, FFA

Proinflammatory state

Vascular dysregulation Endothelial dysfunction,
microalbuminuria
C-reactive  protein, inflammatory]|

cytokines, decreased adiponectin level

Prothrombotic state

Fibrinolytic factors, clotting factors

Hormonal factors

Pituitary-adrenal axis

WHR [WC(cm)/HC(cm)] is the indicator characterizing
type of fat distribution. For Caucasian women, normal WHR

is <0.85, for men - <0.9.

There are three types of fat distribution, depending on

WHR value (Table 3). The android type of fat distribution (so-
called “apple-type”) is characterized by fat deposition in the
area of the waist and abdomen and bears the greatest risk of
developing CVD (atherosclerosis, ischemic heart disease, and
stroke), T2D, and dyslipidemia.

BMI is calculated using Quetelet’s formula: BMI =
body weight(kg)/height(cm)?

WHO developed criteria “!' and detailed techniques for
measuring and estimating such indicators as BMI and waist
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and hips circumference, but at the same time underlined the
necessity of working out national anthropometrical references
for each population. Therefore, for example, the cut-off of
normal BMI for the European population is 25 kg/m?, for the
Asian populations - 23 kg/m? (and a value above 25 kg/m? is
assessed as obesity). The validity of such recommendations
has been shown, in particular by C. Wen and co-authors © in
a prospective cohort study, that applying European threshold
BMI values (25 kg/m?) instead of Asian ones (23 kg/m?) leads
to underestimating risk of lethal outcomes in 8.6% of cases
and of cardiovascular death in 21.1%.

Table 3.
Types of fat distribution depending on WHR value.

WHR Type of fat distribution
Men: 0.8-0.9 Intermediate
Women: 0.8-0.85 Intermediate
Women: <0.8 Hynoid
Men: > 0.9 Android
Women: > 0.85 Android

On the diagram (Fig. 1), the authors clearly show © how
widely the prevalence of excess weight and weight deficiency
varies depending on the country; therefore, it is not a fact
that different populations with identical distribution of BMI
will have identical relative risk of morbidity and mortality
associated with different degrees of excess weight or its deficit.

Peru
Tunisia
Colombia
Brazil
Costa Rica
Cuba

Morocco
Chile
Mexico
Togo
Zimbabwe
China
Mali
Ghana
Haiti
Senegal
Ethiopia
India

Overweight
BMI = 25kg/m?

BMI < 18.5 kg/m?

Fig. 1. BMI distribution of various adult populations
worldwide

There are a large number of detailed, cited studies in the
literature aimed at working out references of anthropometrical
indicators for children;>! however, similar studies of adults
are lacking for a range of populations. A study was performed
on the Uzbek population that worked out percentile tables of
WC and BMI for children and teenagers,'¥ but there were no
similar studies of the adult population.

In 1996, the WHO Expert Committee decided that
there is no necessity for reference data on BMI for adults,
and interpretation should be performed based on pragmatic
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threshold values.© However, subsequent studies have
proved the need to develop separate criteria for results of
anthropometrical measurements for different populations.
Thus, Haldar et al.' studied the difference in the amount and
distribution of fat between East Asians, South Asians, and
Europeans. The authors showed that Asians, having higher BMI
than Europeans, are more predisposed to obesity. Additionally,
given the same amount of fat tissue, cardiometabolic risk is
higher in Asians than in Europeans.

Other authors'® assessed the possibility of applying
European references for BMI and WC to estimate metabolic
disorders associated with obesity in Canadians of East Asian
and South Asian origin. The authors showed much lower
reference values of BMI (23.2 kg/m?) and WC (79.6 cm) for the
East Asian Canadians than for the South Asian (26.1 kg/m?*and
90.3 ¢cm) and European Canadians (26.5 kg/m? and 89.3 cm)

Another research study performed in a multiethnic
population of Canada” showed that the threshold value for
the definition of obesity is approximately 6 kg/m?* lower for
non-European ethnic groups than for European groups(South
Asians, Chinese and Canadian natives were studied). Earlier,
these authors"® showed that at the same BMI value in the
abovementioned ethnic groups, HbAlc level was higher than
in representatives of European races.

Similar results are shown for the Indian population, for
which authors recommend lower threshold values for normal
BMI. Deurenberg-Yap et al."” recommends 27 kg/m? as the
threshold value of BMI for a diagnosis of obesity in Chinese
and Malaysians and 26 kg/m? for Hindus.

As for WC, the Canadian authors'® showed that cut-off
values of WC for increased risk of metabolic disorders were
lower for the East Asian men (83.3 to 85.2 cm) and women
(74.1 to 76.7 cm) than for the South Asian men (98.8 cm) and
women(90.1 to 93.5 cm), and also for men (91.6-95.2 cm)and
women (82.8-88.3 cm) of European origin. In the same study,
the authors provide cut-off values of BMI for estimation of
increased risk of metabolic disorders: 23.1-24.4 kg/m? for East
Asians, 26.6-26.8 kg/m? for South Asians, and 26.3-28.2 kg/m?
for Canadians of the European origin.

In the study in population of Taiwan,” following cut-offs
of anthropometrical data for obesity and excess weight were
received: BMI 23.6 and 22.1 kg/m? WC 80.5 and 71.5 cm,
WHR 0.85 and 0.76, accordingly, for men and women.

Thus, based on the abovementioned results, the aim of
our study was to develop anthropometrical reference data for
women of Uzbek nationality.

Material and Methods

This study was performed by a group of endocrinologists
in the Tashkent, Qashqadarya, and Khorezm regions of
Uzbekistan among women of Uzbek nationality aged 35 years
and older. The sample was formed by the method of random
numbers, and the design of sample formation was weighed
cluster.

Inclusion criteria were female sex, age >35 years,
absence of components of MS, and cardiovascular events
in anamnesis. Exclusion criteria were high risk of T2D

development, diabetes, prediabetes, BP>130/85 mmHg at the
moment of measurement, receiving hypotensive medications,
or having episodes of BP increase in the anamnesis.

In total, 1413 women of Uzbek nationality aged >35
years were studied; of them, 411 had no obesity, excess body
weight (according to WHO criteria for European population),
carbohydrate metabolism disorders, or hypertension. The
study included filling out a questionnaire based on the
FinnishDiabetesRiskScore with assessment of T2D risk.®”
Body weight was measured using on-floor scales (in kg);
growth — using auxanometer (in cm), WC - using centimetric
tape at the navel level on a horizontal line (in cm), HC- using
centimetric tape on the most prominent points at the level of
the hips (in cm). BMI was calculated according to the formula:
BMI (kg/m?)=(weight, kg)/(growth, cm)? ?"19 WHR ratio was
calculated as WC/HC.C!1

All patients were checked on office BP using Korotkov’s
method after a 5-min rest in the seated position with back
support. BP was measured two times on the left and right
arms at 2-minute intervals with the use of a validated semi-
automated electronic device. Blood pressure was measured
using Korotkov’s method on two hands twice.

All women were tested for FPG and a 2-hour OGTT.
Prediabetes and diabetes were diagnosed according to the
international recommendations.®?

Statistical analysis was performed using the statistical
software STATISTICA 6.0. The mean (M) and standard
deviation (SD) were calculated. For normally distributed data,
the percentile values were calculated. The references ranges
were those between the 5th and 95th percentile values.(>1%

Results

BMI in women of Uzbek nationality
BMI was calculated for 411 women. The average BMI

value was 22.49+1.72 kg/m* Considering recommendations
to use a BMI value of 23 kg/m? as the cut-off in Asians, we
divided the women into two subgroups, with BMI 18-23 kg/m?
and BMI 23-25 kg/m?, and found that the number of women
in the two subgroups was nearly identical (54% and 46%,
accordingly); therefore, if one decreases the BMI reference
from 25 to 23 kg/m?, half of the women with “normal” BMI,
according to European criteria, will automatically become
members of the group with excess body weight. Therefore,
calculating a reference BMI for the Uzbek female population,
we considered it sensible to follow the European criteria
recommended by WHO/IDF. We calculated percentiles for
BMI in women to reveal their reference values (Table 4).
Thus, the reference values of BMI for Uzbek women vary
from 19.4 to 24.8 kg/m?* BMI 22.7 kg/m? corresponds to the
50™ percentile. These results correspond to the WHO criteria
for European populations.©

WC in women of Uzbek nationality

Average WC was 76.06+7.98 cm. The reference range
of WC varied from 65.0 to 90.0 cm. The conventional cut-off
for normal WC (80 c¢cm) corresponded to the 75™ percentile
of the analysis among women of Uzbek nationality without
any carbohydrate metabolism disorders and with normal BMI.
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WC equal to 76 cm corresponds to the 50" percentile (Table
4). Thus, the cut-off of WC for Uzbek women is 90.0 cm,
which is a mismatch to the European criteria.

HC in women of Uzbek nationality

Concerning HC, this indicator itself is not informative
when isolated from WC. However, it is important for a
definition of the type of fat distribution in the presence of
obesity or excess body weight. Average HC among the studied
women was 95.73+6.93 cm. Reference values of HC vary
from 84.0 to 107.0 cm. HC of 100cm corresponds to the 75"
percentile. The 50" percentile is represented by HC 96.0 cm
(Table 4). The reference values differ from the European and
Asian data.

WHR in women of Uzbek nationality

Average value of WHR was 0.80+0.07. Reference
values of WHR vary of 0.69 to 0.93. WHR 0.8 corresponds to
the 80" percentile (Table 4).

Table 4.

Percentile values of BMI, WC, HC, and WHR for women of Uzbek
nationality aged > 35 years.

Percentile BMI, kg/m*|WC, cm  [HC, cm WHR
Percentile 2.5 ]18.8 63.8 82.0 0.68
Percentile 5 19.4 65.0 84.0 0.69
Percentile 10 |20.0 67.3 86.0 0.71
Percentile 25  |21.2 70.3 91.0 0.75
Median 50 22.7 76.0 06.0 0.80
Percentile 75  |24.0 80.0 100.0 0.84
Percentile 90  |24.6 87.7 104.0 0.88
Percentile 95  [24.8 90.0 107.0 0.93
Percentile 97.5 [24.9 93.0 110.0 0.95
Discussion

In 1996, the WHO Expert Committee published
recommendations not to develop any reference values of BMI
for adults® and to use in practice the threshold values of BMI,
as the prevalence of excess weight and obesity varies widely
in different countries. The Committee explained that different
populations with identical distribution of BMI have different
relative risks of morbidity and mortality, and the prevalence of
obesity depends on the social welfare of a population. Thus,
experts believe that in the future, if enough data is gathered,
reference values of BMI still may be developed. Such data
should be gathered in populations without problems with
nutrition, in which growth in childhood is not influenced by
chronic infections, and youth in the population are basically
healthy and do not smoke. In addition to the experts’
recommendations, we have excluded from our study persons
with abnormal weight, both excessive and insufficient
(referring to non-pregnant persons with good nutritional
status), persons with obvious diseases, and those who are on
special diets to lose weight.

Threshold values of BMI >25 kg/m? for excess weight
and >30 kg/m? for obesity were received from the European

populations. However, the South Asian populations ©-'*?® have
increased risk of T2D, hypertension and dislipidemia even
with BMI <25 kg/m?. A possible explanation is that there is a
relatively lower muscular weight and higher fat mass among
these populations compared to Europeans. For the Asian
populations, two positions of consensus tried to define BMI
interval. In WHO’s position dated 2000, BMI >23 kg/m? was
recommended to consider as excess weight, and >25 kg/m?
as obesity. Moreover, in 2004, WHO’s position specified that
there are many threshold BMI values for Asians for a definition
of excess weight and obesity, and it is impossible to deduce any
common value in these populations.)

The difference in the received average data depends
on the study method - getting an average data in populations,
carrying out the ROC-analysis, or the multivariate analysis
of risk factors; and within the multivariate analysis, methods
of revealing threshold values of anthropometrical indicators
also differ essentially. So for example, F. Razak has received
the following average indexes depending on demographic
characteristics: BMI for Europeans - 27.5 kg/m? (27.0-28.0),
for South Asians - 26.1 kg/m? (25.6-26.6), for Chinese - 23.7
kg/m? (23.2-24.2), and for native Canadians - 31.2 kg/m?
(30.6-31.8); WC for European women - 84.7 cm (82.7-86.6),
for Southern Asians - 85.7 cm (83.9-87.5), for Chinese women
- 74.8 cm (73.6-76), for native Canadians - 97.0 cm (94.4-
99.7).1t is interesting that the HOMA-IR index also increases
with the increase in BMI and WC:. for Europeans - 2.29(2.05-
2.54), for South Asians - 3.18(2.93-3.43), for Chinese -
2.46(2.2-2.71) and for native Canadians - 4.62 (4.33-4.92).

F. Razak et al.'”? showed that South Asians, Chinese,
and natives of Canada have a similar distribution of factors of
carbohydrate metabolism (fasting and 2-hour glucose, fasting
and 2-hour insulin, HbAlc, HOMA-IR) and lipid metabolism
(LDL, HDL, fasting and 2-hour triglycerides, fasting and
2-hour free fatty acids) at much lower values of BMI compared
to Europeans, and the use of European norms of BMI in the
given populations will lead to underestimating risk. Therefore,
to minimize development of cardiometabolic risk factors in
some non-European populations, health professionals should
use lower goal values of BMI. The data we received in our
study correspond to Razak’s conclusions. A study by W.
Lin et al.?” among Taiwanese population also has led to the
conclusion that values of BMI and WC for the Taiwanese
population should be lower than the values received for the
Western countries. Thus, the top border of normal BMI for
women is 22.1 kg/m?*, WC —71.5 cm, and WHR — 0.76.

F.Razak etal. also showed the influence of ethnic features
on the ratio of obesity and glucose metabolism disorders.”-'®
For example, 58.8% of South Asians with increased WC (for
the European population) will have BMI<30 kg/m?, which
underlines the necessity, first, of an obligatory account of
WC in an estimation of CV risk, and, second, of working out
reference values of WC for the given population.

Dudeja et al.®” summarized data on different BMI
values received for different ethnic groups. Thus, the cut-off
of normal BMI in women varies from 22.1 kg/m? in Singapore
Chinese and mainland Chinese, to 22.5 kg/m? in East Asians,
27.0 kg/m? in South Asians and black inhabitants of Jamaica,
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29.7 kg/m?in Polynesians, and 30.9 kg/m? in inhabitants of the
USA. For Indian women of Northern regions of India authors
have received BMI value of 23.3 kg/m?.

However, the study by S. Oh® did not confirm the
rationale for use of lower threshold values of BMI for revealing
of risks. The authors recommended using BMI 25 kg/m?*as the
threshold to start actions on prevention of obesity.

The age of the observed people varies in the
abovementioned studies. Therefore, we consider it reasonable
to deduce a reference range for each age group as it has been
specified in the WHO recommendations.® Usually, borders of
reference values, in particular WC, are calculated as the 5%
and 95" percentiles; however, ideally such criteria should be
based on their association with risk factors, in particular with
the HOMA index.

In a study by C. Wen et al.,®) the authors recommend
using BMI >25 kg/m? as the threshold value for obesity and
23-24.9 kg/m? for excess weight in Asians. The authors specify
that following the European standards leads to underestimating
the contribution of obesity to the reasons for lethal outcomes
among Asians.

In many studies, data are provided together with an
estimation of risk factors for diabetes, hypertension, and
dyslipidemia. We plan to carry out a similar analysis on the
threshold values of anthropometrical data we receive and
to develop data adapted to the Uzbek population in a way
that is easy to use in clinical practice the questionnaires for
estimating risk of CVD development. In further studies, we
will investigate whether the CV risk is higher in the population
with BMI higher than the obtained reference values, but lower
than the values received for Europeans.

In conclusion, for women of Uzbek nationality:

the cut-off value of BMI is 24.8 kg/m?;

the cut-off value of WC is 90 cm;

the cut-off value of HC is 107 cm;

the cut-off value of WHR is 0.93.
We recommend using the reference ranges we have
received during epidemiological studies in order to reveal
the prevalence of MS and its components at the first stage of
research, according to WHO - at the stage of revealing of risk
groups.
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