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ABSTRACT

Objective The metabolic syndrome is a major risk factor
for cardiovascular disease. Little information exists on the
prevalence of the metabolic syndrome at high-altitude
areas in China. We aimed to estimate the prevalence of
metabolic syndrome and its individual components at high
altitude.

Methods A cross-sectional survey of 5053 adults living in
Derong from elevation of 2060 to 3820 m was carried out
in 2013. Metabolic syndrome was defined according to the
Chinese Diabetes Society criteria.

Results The overall prevalence of metabolic syndrome
was 3.6% (5.9% in men and 1.8% in women) in Derong,
China. Obesity and hypertension were more prevalent
among adults than dyslipidaemia and hyperglycaemia

at high altitude. The prevalence of metabolic syndrome
was higher in township than countryside residents (6.6%,
11.9% in men and 1.5% in women vs 3.0%, 4.6% in men
and 1.8% in women). Men with age 30-59 years old had
a much higher prevalence of metabolic syndrome than
women. Men, township, middle and old age residents had
a higher risk of metabolic syndrome. The risk of obesity
and dyslipidaemia decreased and the risk of hypertension
increased in very high altitude (>3000 m) residents.
Conclusion In Derong, despite the relatively low
prevalence of metabolic syndrome, hypertension and
obesity are more prevalent in adult residents. And
metabolic syndrome is more concentrated in township and
male residents. These people also have a higher risk of
metabolic syndrome. Therefore, it is necessary to develop
a national strategy for the prevention and treatment of
metabolic syndrome for high-risk population at high
altitude in China.

INTRODUCTION

Asaresultof great economic growth and social
changes within last 30 years, ischaemic heart
disease and stroke have become the leading
causes of mortality in China.! One of the
most important risk factors of these diseases
is metabolic syndrome, which is character-
ised by obesity, hyperglycaemia, hypertension
and dyslipidaemia.” Changes in lifestyle and
diet have led to an increase in prevalence of
metabolic syndrome. Recent study reported
that the prevalence of metabolic syndrome

9

Strengths and limitations of this study

» This study is a large-scale survey of metabolic syn-
drome in high-altitude areas which existing data are
insufficient.

» This study discusses the distribution of different
components of metabolic syndrome in high-altitude
areas.

» Further longitudinal study is necessary to find out
the causality between metabolic risk factors and
metabolic syndrome at high altitude.

ranged between 27.4% and 39% in Chinese
population,”” similar to that in the USA.°

It is estimated that over 400 million people
worldwide reside in high-altitude areas above
1500 m. In China, plateau and mountain areas
account for more than a half of the national
territory, and more than 70million people
live in these areas of altitude over 1800 m.

High-altitude environment affects the
incidence of metabolic syndrome from
multiple aspects. First of all, people living in
high-altitude areas tend to be leaner when
compared with those living in low-altitude
areas, and this inverse association is inde-
pendent of lifestyle, ethnicity and income.”
Second, as obesity is a well-established risk
factor for type 2 diabetes, the less prevalent
in obesity can explain the lower prevalence of
diabetes at higher altitudes.® Third, there is a
positive correlation between altitude and the
prevalence of hypertension.’ Fourth, several
epidemiological investigations suggest that
high altitudes could be associated with dyslip-
idaemia.'” Due to the above comprehensive
impact on the components of metabolic
syndrome, it is difficult to estimate the preva-
lence of metabolic syndrome at high altitude
in theory.

Derong County is a small county of Sichuan
province, which locates on the southeast edge
of the Tibetan plateau. It has a population
of 26000 by 2014, mainly Tibetan. It had a
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gross regional product of 81 million dollars (506 million
Chinese Yuan) in 2013. The whole county locates above
the altitude of 2000m, with the highest elevation of
5599 m. The county belongs to the subtropical arid valley
climate zone. The average temperature in January is
5.5°C, the average temperature in July is 21.6°C and the
average annual precipitation is 327.1 mm. Because of the
relatively large elevation difference, the climate changes
vertically.

Since the imbalance of economic development and the
inconvenience of transportation, most studies of meta-
bolic syndrome in China are carried out in the central
and eastern plains regions.'’ '* Research data of the prev-
alence of metabolic syndrome in high-altitude areas of
western China remain insufficient.

We therefore did a large-scale cross-sectional survey
in Derong to: (1) explore the prevalence of metabolic
syndrome and its components of Derong; (2) analyse
the distribution of different components of metabolic
syndrome; and (3) examine the distributions of these
problems by gender, age and residence regions.

MATERIALS AND METHODS

Study population

The Health Examination Program of Derong County was
a free health examination programme for all native resi-
dent of Derong. In this program, a total of 10626 people
were recruited from November 2013 to December 2013.
And 8138 people completed all the survey and examina-
tions. The metabolic syndrome analysis was restricted
to individuals whose age was 18 and above (n=5053).
Among them, 92.3% were Tibetans (n=4663), 18.6% had
current smoking habits (n=938) and 14.9% had frequent
alcohol consumption (n=754). People lived from 2060 to
3820m, and 28.4% (n=1433), 44.0% (n=2225) and 27.6%
(n=1395) lived in 2000-2499m, 2500-2999m and over
3000m, respectively. Oral informed consent was obtained
from every participant before data collection.

Study design

Data were collected from eight examination centres
throughout the county. During the initial assessment,
trained doctors administered a standard questionnaire
in Chinese. They obtained information on demographic
characteristics, including age, gender, nationality and
residential regions (township or countryside). The town-
ship was defined as a settlement where the government of
its district was located and had necessary public services
such as hospitals, schools and postal services. The rest
residence region was defined as countryside correspond-
ingly. According to this definition, 12 and 143 settlements
were considered as township and countryside, respec-
tively. The altitudes of settlements were determined by
Google Maps. People lived in township and countryside
had average altitudes of 2431 and 2806m, respectively.
The questionnaire included questions related to the
diagnosis and treatment of hypertension and diabetes.

Women were asked whether diabetes had been diagnosed
during pregnancy and whether it had been diagnosed
when they were not pregnant.

Then, anthropometric measurements and blood pres-
sure were obtained by trained and certified nurses by
use of standard protocols and techniques."” Bodyweight
and height were measured twice during the examination.
Three blood pressure measurements were obtained with
the subjects in the seated position after 5 min of rest. Body
mass index (BMI) was calculated as weight (kg) divided
by the square of height (m).

Overnight fasting blood samples were collected for
the measurement of plasma glucose and lipid panel the
next day. Concentrations of glucose and lipid panel were
assessed enzymatically by automatic biochemical analyser
(Mindray, Shenzhen, China) in the clinical laboratory of
Derong county people’s hospital.

The metabolic syndrome was defined according to
the Chinese Diabetes Society (CDS) criteria as the pres-
ence of three or more of the following four compo-
nents: (1) BMI 225.Okg/m2; (2) fasting serum glucose
concentration 26.1mmol/L or 2hours postprandial
serum glucose concentration >7.8mmol/L; (3) blood
pressure 2140/90mm Hg; or (4) dyslipidaemia: fasting
serum triglyceride concentration 21.7mmol/L or
high-density lipoprotein (HDL)-cholesterol concentra-
tion <0.9mmol/L in men or <1.0mmol/L in women.
Individuals who had been diagnosed with hyperten-
sion or diabetes and used antihypertensive or antidia-
betic medications met the criteria for hypertension or
hyperglycaemia.'

Statistical analysis

All statistical analyses were performed with the SPSS
V.24.0 program (SPSS). Normally, distributed and contin-
uous variables were presented as means (SD), and cate-
gorical variables were presented as percentages. Student’s
t-test was used to test for significant differences in contin-
uous data between two groups. The % test was used to
compare the differences in categorical variables. The
multiple logistic regression model was use to analyse the
risk factor of metabolic syndrome. A p-value less than 0.05
was considered statistically significant.

Patient and public involvement

Patients and public were not invited to comment on study
design or conduction of the survey. However, they will be
informed of the study results through publications.

RESULTS

Anthropometric and blood pressure characteristics of the
participants are shown in table 1. In general, men had
higher height, BMI, systolic and diastolic blood pres-
sure, fasting serum glucose, triglyceride and lower HDL
cholesterol when compared with women (p<0.001 for all
comparisons). Township residents were younger, taller,
and had higher BMI, fasting serum glucose, triglyceride
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Table 1 Characteristics of the participants by gender and region

Total (n=5053) Men (n=2221)

Women (n=2832)

Township (n=769) Countryside (n=4284)

Age (years) 41.8 (13.6) 42.0 (13.9) 41.7 (13.4) 38.1 (12.3)t 42.5 (13.7)
Height (cm) 165.3 (8.1) 171.1 (6.5 160.8 (6.1) 166.1 (8.2 165.2 (8.0)
BMI (kg/m?) 23.6 (3.7) 24.3 (3.8 23.1 (3.5) 24.2 (4.0t 23.5 (3.6)
SBP (mmHg)  127.3 (23.7) 129.7 (23.6)™  125.4 (23.6) 121.9 (19.9)t 128.3 (24.2)
DBP (mm Hg) 81.5 (14.2) 83.2 (14.4)* 80.2 (13.9) 80.7 (13.3) 81.7 (14.4)
FBG (mmol/L) 5.1 (1.3) 5.2 (1.4)* 5.1 (1.1) 5.2 (1.4)* 5.1 (1.2)
TG (mmol/L) 1.2 (0.9) 1.3 (1.2)* 1.1(0.5) 1.5 (1.7t 1.1 (0.6)
HDL (mmol/L) 1.29 (0.12) 1.27 (0.11)** 1.30 (0.13) 1.26 (0.15)t 1.29 (0.11)

Data are mean (SD).

*p<0.05 for township versus countryside. **p<0.01 for township versus countryside. ***p<0.001 for men versus women.tp<0.001 for township

versus countryside.

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting serum glucose; HDL, high-density lipoprotein; SBP, systolic blood

pressure; TG, triglyceride.

and lower systolic blood pressure and HDL cholesterol
than their counterparts in countryside areas (p<0.001 for
age, BMI, systolic blood pressure, triglyceride and HDL
cholesterol, p<0.01 for height, p<0.05 for fasting serum
glucose).

Table 2 shows the prevalence of metabolic syndrome
and individual components of metabolic syndrome. The
overall prevalence of metabolic syndrome in Derong was
3.6% (5.9% and 1.8% in men and women; 6.6% and 3.0%
in township areas and countryside areas, respectively).
Men had a higher prevalence of metabolic syndrome
and all the four components than women in the total
population and township and countryside subgroups
(p<0.001 for all comparisons). The prevalence of meta-
bolic syndrome, obesity (defined as BMI >25.0kg/m?),
dyslipidaemia and hyperglycaemia or medication use
was higher in township areas compared with countryside
areas. While the prevalence of hypertension or medica-
tion use was higher in countryside areas than in township
areas (p<0.001).

Overall, 85.3%, 19.4% and 5.9% of men and 32.7%,
10.3% and 1.8% of women in Derong had one, two, three
or more components (defined as metabolic syndrome)
of metabolic syndrome, respectively (table 3). The prev-
alence of having one component of metabolic syndrome
was similar in men and women and was higher in coun-
tryside than in township residents (p<0.05). Township
residents had higher prevalence of having two or more
components of metabolic syndrome than their country-
side counterparts (20.4% vs 13.2%, 4.8% vs 2.6% and
1.8% vs 0.4%, respectively). Among township residents,
more men had one or more components of metabolic
syndrome than women (p<0.05). While in countryside,
men were more likely to have two or three components of
metabolic syndrome than women (p<0.01).

The distribution of participants increased with age
until age 50 years, and then decreased with age. Mean-
while, the prevalence of metabolic syndrome increased
with age among men and women until age 60 years,
when the prevalence decreased among men and slightly

Table 2 Prevalence of metabolic syndrome and individual components of metabolic syndrome by gender and region

Hypertension or Hyperglycaemia or

MetS BMI>25.0 Dyslipidaemia medication use medication use

Total 3.6 31.6 9.1 29.7 4.8

Men 5.9 38.2** 15.4* 33.8** 6.7

Women 1.8 26.4 4.2 26.2 3.2
Township 6.6 39.4*** 22.4%* 24.2%** 6.5*

Men (n=377) 11.9* 49.1* 36.1* 30.2** 10.9*

Women (n=392) 1.5 30.1 9.2 18.4 2.3
Countryside 3.0 30.2 6.7 30.7 4.5

Men (n=1844) 4.6™ 36.0" 11.2* 34.5 5.9*

Women (n=2440) 1.8 25.8 3.4 27.8 3.4

Data are percentage.

*p<0.05 for township versus countryside. **p<0.001 for men versus women.

BMI, body mass index; MetS, metabolic syndrome.

*kk

p<0.001 for township versus countryside.
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Table 3 Prevalence of one or more components of
metabolic syndrome by gender and region

Number of

metabolic

abnormalities 1 2 3 4

Total &L 14.3 3.0 0.6
Men 35.3 19.4* 4.9* 1.0
Women 32.7 10.3 1.5 0.3

Township 28.0"* 20.4*** 4.8t 1.8
Men 31.6* 26.5* 8.2** 3.4**
Women 245 14.5 1.5 0.3

Countryside 34.9 13.2 2.6 0.4
Men 36.1 18.0** 4.2** 0.5
Women 341 9.6 1.5 0.3

Data are percentage. Metabolic abnormalities: body mass index
>25.0kg/m?, dyslipidaemia, hypertension or medication use, and
hyperglycaemia or medication use.

*p<0.05 for men versus women. **p<0.01 for men versus women.
**p<0.001 for township versus countryside. Tp<0.01 for township
versus countryside.

increased among women until age 70 years then slightly
decreased. The prevalence of all the four components
of metabolic syndrome increased with age (p<0.05). In

3

young people, more men had metabolic abnormality
than women, and with the increase of age, the prevalence
of metabolic abnormalities tended to be close between
men and women (table 4). Therefore, in general, the
prevalence of metabolic syndrome in men and women
was 0.4% and 0.2% in those aged 18-29 years, 4.3% and
0.4% in the 30-39year age group, 8.2% and 1.6% for age
40-49 years, 10.8% and 4.7% in those aged 50-59 years,
7.4% and 4.8% for age 60-69 years, and 6.3% and 4.5%
in the >70year age group. The prevalence of metabolic
syndrome was significantly higher in men than in women
for age 30-39 years, 40-49 years and 50-59 years groups
(figure 1).

Among the adults in Derong County, men, township,
middle and old age residents had a higher risk of meta-
bolic syndrome. The analysis of the risk factors of each
component of metabolic syndrome showed that: (1) men
had a higher risk of obesity, dyslipidaemia, hypertension
and hyperglycaemia than women; (2) township residents
had a higher risk of obesity, dyslipidaemia, hypergly-
caemia and a lower risk of hypertension than countryside
residents; (3) middle age residents had a higher risk of
obesity, dyslipidaemia, hypertension and hyperglycaemia,
while old age residents had a lower risk of obesity and
a much higher risk of hypertension and hyperglycaemia;
(4) compared with people living at moderate altitude

Table 4 Age-specific prevalence of individual components of metabolic syndrome

Hyperglycaemia

Hypertension or  or medication

Age (years) Gender BMI>25.0 Dyslipidaemia medication use use
18-29 Total (h=1000) 20.9 6.4 6.4 0.7
Men (n=455) 28.4*** 9.7 10.1** 0.7
Women (n=545) 14.7 3.7 8.3 0.7
30-39 Total (n=1302) 31.3 9.0 15.4 2.6
Men (n=541) 43.8*** 18.3*** 19.4** 4.1
Women (n=761) 22.5 2.4 12.6 1.6
40-49 Total (n=1449) 40.8 10.6 30.0 5.7
Men (n=638) 47.6* 18.5°* 34.5** 8.5
Women (n=811) 35.4 4.3 26.5 3.6
50-59 Total (n=684) 34.6 11.1 53.9 7.9
Men (n=305) 34.8 17.0* 57.4 10.5*
Women (n=379) 34.6 6.3 51.2 5.8
60-69 Total (n=450) 24.7 8.9 68.0 11.3
Men (n=202) 26.2 11.9* 71.8 16.8**
Women (n=248) 23.4 6.5 64.9 6.9
>70 Total (n=168) 24.4 6.5 75.6 71
Men (n=80) 25.0 7.5 75.0 5.0
Women (n=88) 23.9 5.7 76.1 9.1

Data are percentage.
*p<0.05 for men versus women. **p<0.01 for men versus women.
BMI, body mass index.

Hkok

p<0.001 for men versus women.
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Figure 1 Age distributions of participants and age-specific prevalence of metabolic syndrome by gender. MetS, metabolic

syndrome. *p<0.05 for men versus women.

(2000-2499m), those living at high altitude (2500-2999
m) and very high altitude (=3000m) had a lower risk of
dyslipidaemia and a higher risk of hypertension; in addi-
tion, living in very high altitude decreases the risk of
having obesity (table 5).

DISCUSSION
In this study, the results estimate that 580 (or 3.6%) adult
native residents of Derong have metabolic syndrome as
defined by the CDS criteria. Although the prevalence
of metabolic syndrome in Derong was much lower than
previous researches in Chinese population, the preva-
lence of obesity and one or two components of metabolic
syndrome was similar with these studies.* ' As Derong
County was an economy less developed region of western
China, the relatively high prevalence of obesity and meta-
bolic abnormalities indicates that obesity and metabolic
syndrome have become serious public health challenges
in China.

The Health Examination Program of Derong County
was a welfare program held by the government, which
was designed to detect common chronic disease for

every native resident in Derong. To achieve this goal, the
examination teams visited all the villages throughout the
county. Taking migrant workers into account, the high
participate and response rate made the present study well
represent the overall age, gender and regional distribu-
tions of the whole county.

Few large-scale surveys have been done in high-altitude
residents of China. A survey of 692 participants at 3700 m
in Tibet reported that the prevalence of metabolic
syndrome was 8.2%.'" Another study of 1659 Tibetan
adults revealed that the prevalence of clustering of >3
cardiovascular disease risk factors (can be considered as
metabolic syndrome) was 20.9%.'® Compared with these
studies, people living in Derong have lower prevalence
of metabolic syndrome than those high-altitude areas.
The reasons maybe: (1) in the former study, participants’
age was from 30 to 80 years, since the younger popula-
tion has much lower prevalence of metabolic syndrome, it
may overestimate the prevalence of metabolic syndrome;
(2) in the latter study, besides the components of meta-
bolic syndrome, it took smoking into account, thus may
increase the prevalence of metabolic syndrome.

Huang X, et al. BMJ Open 2020;10:¢032840. doi:10.1136/bmjopen-2019-032840
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Table 5 Multiple logistic regression analysis of risk factors of metabolic syndrome and its components

Hypertension or

Hyperglycaemia or

MetS BMI>25.0 Dyslipidaemia medication use medication use

Gender

Female 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Male 3.42 (2.46-4.75)* 1.72 (1.53-1.94)** 3.75 (3.02-4.66) 1.42 (1.25-1.60)*  2.14 (1.64-2.80)**
Residential region

Countryside 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Township 2.25(1.61-3.14)* 1.50 (1.28-1.76)** 3.98 (3.24-4.90)** 0.72 (0.60-0.86)** 1.49 (1.08-2.06)*
Age

Young age 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Middle age 3.29 (2.35-4.60)" 1.41 (1.24-1.61)"* 1.36 (1.10-1.68)** 4.39 (3.80-5.08)*  2.95 (2.18-4.00)**

Old age 3.01 (2.02-4.70)** 0.76 (0.62-0.92)** 0.98 (0.72-1.34) 13.16 (10.79-16.05)" 4.32 (3.06-6.09)**
Living altitude

2000-2499m 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

2500-2999m 0.95 (0.67-1.34) 1.05 (0.91-1.21) 0.58 (0.47-0.71)* 1.55 (1.36-1.81)*  0.94 (0.69-1.29)

>3000m 0.73 (0.49-1.10) 0.80 (0.68-0.94)* 0.42 (0.32-0.54)** 1.63 (1.38-1.93)** 1.06 (0.76-1.50)

Data are OR (95% Cls). Young age: 18-44 years. Middle age: 45-59 years. Old age:>60 years. Multiple ogistic regressions were used to assess the
association between gender, residential region, age and living altitude and metabolic syndrome (MetS) and its components.

*p<0.05, *p<0.01, **p<0.001.
BMI, body mass index.

The present study shows that the main metabolic abnor-
malities were obesity and hypertension, while the preva-
lence of dyslipidaemia and hyperglycaemia was relatively
low at high altitude. Our finding that the prevalence of
obesity did not match the prevalence of hyperglycaemia
at high altitude was also reported in a small-scale survey
of Tibetan immigrants in India. The author discusses
the reasons maybe that the cellular response to chronic
hypoxia at high altitude may enhance cellular glucose
uptake, glycolysis and glycogenesis, but decrease hepatic
gluconeogenesis. As a result, it leads to decrease in blood
glucose, haemoglobin Alc and increase insulin sensitivity.
Moreover, the cold weather and chronic hypoxia at high
altitude cause calorie intake increase and energy expen-
diture decrease, which eventually leads to positive energy
gain, and induces overweight and obesity.'” Our study
revealed that although living altitude affected the risk of
different components of metabolic syndrome, there was
no dose-response effect between altitude and the risk of
metabolic syndrome. This result may due to the opposite
effect of altitude on hypertension, obesity and dyslip-
idaemia. In addition, the low prevalence of metabolic
syndrome in Derong may also be one of the reasons.

Our findings showed a higher prevalence of each indi-
vidual components of metabolic syndrome as well as a
much higher prevalence of metabolic syndrome in men
compared with women, especially in township and young
people. This result was different from other study of
Chinese population, in which the prevalence of metabolic
syndrome was higher in women than that in men."" '* In
addition, it is reported that the prevalence of obesity is
greater in women than in men worldwide, especially in
developing countries.'® ' The reason for our results might

be more dietary energy intake and alcohol consumption
in men than women, in township than countryside and
in youth than elderly based on the Tibetan lifestyle of
Derong. Another finding of our study was that there was
a much more rapid increase in the prevalence of meta-
bolic syndrome with age in men before 60 years old and
more rapid decrease thereafter. The lower prevalence of
metabolic syndrome in women younger than 50 years old
and great increase thereafter might be due the protective
effect of oestrogen on cardiovascular risk factors.”” The
rapid decrease in prevalence of metabolic syndrome in
men after age 60 years might be due to a survivor effect,
that is, people who had metabolic syndrome were more
likely to die before that age and were not recruited in
our study. The combination of these two factors makes
the gap between men and women in metabolic syndrome
prevalence gradually narrow with the increase of age in
over 50 years old.

Metabolic syndrome is usually more prevalent in urban
area than in rural area. Economic difference and change
in dietary pattern might help explain the difference
between the two regions. Our results were also consistent
with those findings."' '* The difference between urbanised
lifestyle in township areas and husbandry lifestyle in coun-
tryside areas might contribute to the differences in the
prevalence of metabolic syndrome. Different from other
components of metabolic syndrome, the hypertension
rate in countryside was greater than in township. Previous
studies in China have documented this regional variation
in the prevalence of hypertension." *' The lower levels
of known, treatment and control rate of hypertension in
countryside area might be the reason for this phenom-
enon. A recent global research finds that in low-income

6

Huang X, et al. BMJ Open 2020;10:¢032840. doi:10.1136/bmjopen-2019-032840



and middle-income regions, BMI is increasing faster in
rural areas than in cities in the past three decades. In
these regions, agriculture is increasingly mechanised,
cars are more used as income increases and road infra-
structure improves, and tap water connection to every
family makes some household tasks no longer needed.”
Although there is still more metabolic syndrome in town-
ship areas than in countryside areas in Derong, the similar
changes as mentioned above in Derong suggest that it is
likely to have more rapid increase in metabolic syndrome
in countryside.

Despite several diagnostic criteria of metabolic
syndrome such as WHO criteria,” the National Choles-
terol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III (ATP 1II)) criteria,**
the International Diabetes Federation (IDF) criteria®® and
the CDS criteria, a worldwide accepted definition does not
exist. Each definition is similar in focus on obesity, hyper-
glycaemia, hypertension and dyslipidaemia, but differs in
how each of the individual components is defined. The
WHO criteria define hyperglycaemia as the presence of
diabetes, impaired glucose tolerance, impaired fasting
glucose or insulin resistance and takes microalbuminuria
into account. The ATP III criteria and the IDF criteria
define obesity by waist circumference rather than BMI
of the CDS criteria. The CDS criteria were used in the
present study for the convenience in large-scale examina-
tion and its applicability for Chinese population.

Our study has several limitations. First, evidence show
that compared with the ATP III criteria and the IDF
criteria, the CDS criteria may underestimate the preva-
lence of metabolic syndromem; moreover, the revised
ATP III criteria have a specific cut-off of waist circumfer-
ence for East Asians. Recently, an updated CDS criteria
also use waist circumference to define obesity.?® Since
the Health Examination Program of Derong County was
not designed only for metabolic syndrome, we did not
set waist circumference as the routine examination. In
this situation, we use the CDS criteria to diagnose meta-
bolic syndrome instead. We need explore the difference
among these diagnostic criteria in the future research.
Second, this is a cross-sectional study that does not allow
us to draw any causal conclusions. Further longitudinal
study is necessary to find out the causality between meta-
bolic risk factors and metabolic syndrome at high alti-
tude. Third, we determined the altitude of residents’
living as the average altitude of their settlement from
Google Maps, and it may have some errors with the actual
altitude of residents’ living. Fourth, in order to confirm
the effect of altitude on metabolic factors, investigation
and research in the similar altitude areas with different
climatic conditions and lifestyles should be carried out.
Fifth, to determine the impact of high altitude on meta-
bolic abnormalities, we need further control cohort from
different altitudes.

In conclusion, metabolic syndrome is not common
among adults at high altitude in Derong. However,

the prevalence of obesity and hypertension is relatively
common, even similar to other places of China. In addi-
tion, men, township, middle and old age residents are
more likely to have metabolic syndrome than women,
countryside and young age residents. It is necessary to
develop comprehensive national strategies for the preven-
tion and treatment of the metabolic syndrome, obesity
and hypertension especially for that high-risk population
at high altitude in China. More different and updated
criteria of metabolic syndrome are needed to confirm our
findings in the study. Further longitudinal and multire-
gional studies are also needed to determine the effect of
high altitude on metabolic syndrome.
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