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Abstract

Objective: To examine the prevalence of obesity and related cardiovascular disease risk factors 

among Tibetan immigrants living in high altitude areas.

Research methods & procedures: A total of 149 Tibetan immigrants aged 20 years and over 

were recruited in 2016 in Ladakh, India. Athropometric indices and biochemical factors were 

measured. Using the provided Asia-Pacific criteria from the World Health Organization, 

overweight and obese status were determined. Metabolic syndrome (MetS) was defined according 

to the American Heart Association.

Results: In general, men were older, taller, and had a greater amount of fasting glucose, and uric 

acid when compared to women. The prevalence of overweight, general obesity, and central obesity 

was 23.4, 42.6, and 42.6% in men and 7.8, 64.7, and 69.6% in women, respectively. The 

prevalence of MetS was 10.6% in men and 33.3% in women, respectively. In older subjects, the 

prevalence of obesity and MetS was found to be greater. In both genders, the prevalence of 

hypertension, central obesity, and MetS was significantly different among these body mass index 

(BMI) groups. Compared to the non-central obesity group, the central obesity group has higher 

weight, BMI, body fat, hip circumference, systolic and diastolic BP, and prevalence of 
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hypertension No relationship was found between the prevalence of diabetes and fasting glucose 

and BMI groups or central obesity groups in both genders.

Conclusions: Among this group of Tibetan immigrants living in high altitude areas, women 

have a higher prevalence of obesity and MetS than men. No relationship was found between 

diabetes and obesity.
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Introduction

One of the most challenging public health issues in the 21st century is obesity. According to 

an estimation from World Health Organization, more than half of the world’s adult 

population are either overweight or obese [1]. The mean body mass index (BMI) has 

dramatically increased in the past decades. The men’s mean BMI has risen from 21.7kg/m2 

to 24.2kg/m2 in just 39 years from 1975 to 2014, while the women’has risen from 22.1kg/m2 

to 24.4kg/m2 [2]. The prevalence of obesity has been found to have increased from 3.2% in 

1975 to 10.8% in 2014 in men and from 6.4% to 14.9% in women [2]. Obesity is increasing 

in a surprisingly high rate. Obesity is important because it increases a variety of risks 

including diabetes, hypertension, cardiovascular disease, cancer, and mortality [3,4].

People living in high altitude areas tend to be leaner when compared to those living in low 

altitude areas [5]. It has also been established that obesity is not as common in people who 

live in high altitude areas [5–7]. For example, Díaz-Gutierrez et al. found that the risk of 

developing obesity was inversely associated with the altitudes in Spain [7]. Sherpa et al. also 

found that low temperatures and low oxygen levels in high altitude area have a direct 

catabolic effect and that the total effect of altitude on BMI was −1.31kg/m2 per kilometre of 

altitude [8]. On the other hand, waist circumference (WC) had a direct relationship with the 

altitude (+0.85 cm per kilometre of altitude) [8]. Lower energy intake and increased physical 

activity do not explain this particular relationship. Many of the Tibetan immigrants 

emigrated due to political issues. Previous reports in the U.S. and U.K. showed that the 

immigrants were healthier and less obese than the natives [9–11]. But, once they arrive, they 

generally become more similar to the natives and grow to be less healthy and more obese, 

since they become accustomed to the indigenous diet and lifestyle [9,12]. For example, the 

amount of 3rd generation of Latino and Asian immigrants who were obese was significantly 

higher than the amount of those who were 1st or 2nd generation of immigrants [12]. Despite 

the reasons mentioned above, immigrants’ obesity rate seems to rise slower compared to the 

aboriginals’ [11]. Factors such as the difference in culture and altitude levels among the 

immigrants may influence the prevalence of obesity and related metabolic factors or chronic 

diseases. Ladakh is located in India next to the Karakoram in the northwest and the 

Himalayas in the southwest, which has an altitude of 3500 m. Many Tibetan immigrants 

have lived in Ladakh, which is one of the most remote regions in India for more than half a 

century. In this study, relationships of the prevalence of obesity and related metabolic 

diseases among Tibetan immigrants were investigated.
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Materials and methods

Participant enrollment

This cross-sectional study was conducted in Sonamling Tibetan Settlement, Ladakh in 

August 2016. Sonamling Tibetan Settlement was established in 1969 and is made up of 12 

camps which sums up to a total of nearly 7000 habitants [13]. The settlement is located in 

Choglamsar, 8 km from Leh city, Ladakh in Jammu & Kashmir State, India at a height of 

3505 m above the sea level. The first people who settled there were refugees that fled from 

Tibet in 1960. Now, second and third generations live there. The first generation and elderly 

migrants have a low literacy rate, but the new generations have a literacy rate of 100% 

because of the education system in Tibetan Children Village School. Almost all of the 

settlers are practice Tibetan Buddhism. Tibetan refugees typically work in small businesses, 

restaurants, and labour work. There is only one health centre—Tibetan Primary Health Care 

Center (TPHCC), which is administered directly by the Department of Health and 

regulations of Central Tibetan Administration. TPHCC provides the basic primary care, such 

as health education, dental care, women health care, directly observed treatment, short 

course (DOTS) for tuberculosis and schedule vaccination.

The TPHCC conducted a health survey for the adults in Sonamling Settlement aged ≥20 

years (mean age: 42.7 ± 17.9 years, 70.8% of all population), which consists of 48.8% men 

and 51.2% women. The staffs of TPHCC informed the settlement officers of each camp, 

who then invited the residents to participate in the health examination voluntarily. Due to the 

budget and time limitation, the capacity of health examination could be only offered for one 

twentieth of all population in 2016. 149 subjects (mean age 54.7 ± 16.7 years) agreed to 

participate in this study. There were more women (n = 102, 68.5%) in the screening 

participants than those in original population. A unique study ID was assigned to each 

participant and personal information according to “Health Insurance Portability and 

Accountability Act” was not included for the present study.

Individual information about alcohol and tobacco consumption was obtained at health 

examination. Tobacco and alcohol consumption were defined as either current or previous. 

Those who had smoked tobacco or consumed alcohol in the past 6 months or more were 

considered to be current users, while those who had quit for more than 1 year were 

considered to be previous users. A history of diabetes and hypertension was based on self-

reported histories or current medication use for these conditions.

Anthropometric indices and biochemical factors

Anthropometric and metabolic data were collected by routine physical examinations. BMI 

was calculated by dividing a person’s weight with his or her height squared (kg/m2). WC 

was measured at the mid-level between the costal margins and the iliac crests. Hip 

circumference was measured around the pelvis at the point of maximal protrusion of the 

buttocks. Fasting plasma glucose (FPG), total cholesterol (TCHO), high-density lipoprotein 

cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG) 

were measured after an 8-h overnight fast. Blood pressure was measured using an automatic 

device (HEM 7310; OMRON Life Science, Japan). Body weight and fat percentage were 
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measured using bioelectrical impedance analysis (UM-501, TNITA, Japan). People who had 

a BMI that was greater than or equal to 23 and less than 25kg/m2 were defined to be 

overweight. People who had a BMI that was greater than or equal to 25kg/m2 were defined 

to be general obese, according to the WHO Asia-Pacific criteria [14]. General obesity 1 was 

defined to be BMI ≥30kg/m2 for comparison. Metabolic syndrome (MetS) was defined by 

using the American Heart Association/National Heart, Lung, and Blood Institute criteria 

[15]. Central obesity was defined as WC ≥90 cm in men, and/or ≥80 cm in women [14].

Statistical analysis

The data are presented as means ± standard deviation for continuous variables and 

percentages for categorical variables. Student’s t-test was used to test for significant 

differences in continuous data between two groups. ANOVA was used to test for the 

significant differences among three groups. The Chi-square (x2) test was used to compare 

the differences in categorical variables. All statistical tests were 2-sided at the 0.05 

significance level. These statistical analyses were performed using the PC version of SPSS 

statistical software (17th version, SPSS Inc., Chicago, IL, USA).

Results

A total of 149 subjects were recruited for this survey. In general, men were older, taller, and 

had greater fasting glucose, uric acid levels, and prevalence of type 2 diabetes, but lower 

prevalence of general obesity, central obesity, dyslipidemia, and MetS when compared to 

women (Table 1). The prevalence of overweight, general obesity, central obesity was 23.4, 

42.6, and 42.6% in men and 7.8, 64.7, and 69.6% in women, respectively (Table 1 and Fig. 

1a). Older people were found to have higher prevalence of overweight, obesity, and MetS 

(all p < 0.05). The prevalence of general obesity and central obesity among people aged 20–

39, 40–64, and 65 years old and above were 34.4, 65.7 and 61.0% for general obesity and 

37.5, 68.6, and 66.0% for central obesity, respectively (Fig. 1a). The prevalence of MetS was 

10.6% in men and 33.3% in women, respectively (Fig. 1b). In both genders, the prevalence 

of hypertension, central obesity, and MetS was significantly different among these three 

BMI groups (Table 2a). In men, WC and HDL-C were significantly different among BMI 

groups (Table 2b). In women, systolic BP, diastolic BP, TCHOL, and WC were significantly 

different among BMI groups (Table 2b). In both genders, when compared to the non-central 

obesity group, subjects in the central obesity group were older and had higher weight, BMI, 

body fat, WC, hip circumference, systolic and diastolic BP, and prevalence of hypertension 

(Table 3). No significant correlation was found between BMI groups and the prevalence of 

diabetes and/or fasting glucose in either men or women (Table 2). As of the prevalence of 

diabetes and/or fasting glucose, the non-central obesity group was not significantly 

associated with the central obesity group in neither gender (Table 3).

Discussion

In this study, Tibetan immigrant women have higher prevalence of general and central 

obesity, dyslipidemia, and MetS than men. About two third Tibetans living in Ladakh, India 

are classified as general and central obesity. While most studies revealed that the prevalence 

of obesity and type 2 diabetes has positive associations, in this study, the prevalence of 
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obesity is high among these Tibetan immigrants, but the prevalence of type 2 diabetes is low. 

The association between diabetes and fasting glucose is not related to any BMI groups nor 

any central obesity groups in both genders.

Norboo et al. assessed the prevalence of obesity (defined as BMI ≥25kg/m2) in Ladakh area 

to be 27.7% in men and 21.8% in women, respectively [16]. Sherpa et al. reported that the 

prevalence of central obesity and MetS in Tibet at 3700 m high was 46% and 8.2%, 

respectively [17]. Another study that compared Tibet people living in different altitude levels 

revealed that the prevalence of general obesity (defined as BMI ≥30kg/m2) and central 

obesity (defined as WC >88 cm for women and WC >102 cm for men) decreases as the 

altitude increases. The prevalence of obesity among adult Tibetans living at an altitude of 

1200, 2900, and 3660 m were 19.7, 11.8, 9.7% for general obesity and 53.5, 57.1, and 

24.8% for central obesity [8]. Zhao et al. found that the prevalence of overweight and 

obesity (defined as BMI ≥25 and 30kg/m2) among Tibet minorities in China ranged from 

6.3% to 18.4% [18]. A study done in U.S. by Voss et al., found that, after adjusting for 

confounds, people living in low altitudes (below 500 m sea level) have lower risks of 

obesity, compared with those living in high altitudes (above 3000 m sea level) [5]. 

Compared to these studies, Tibetan immigrants living in Ladakh (about 3500 m above sea 

level) have higher prevalence of general obesity, central obesity and MetS than original 

Tibetans living in China, especially among women. More than two thirds of the women are 

classified as general obesity and/or central obesity. More than one third of women are also 

classified to have MetS. The gender difference for the prevalence of obesity among Tibetans 

was similar to global gender disparities in obesity [19,20]. Garawi et al. and Kanter and 

Caballero both reported that in most populations the prevalence of obesity is greater in 

women than in men, especially in developing countries [19,20]. Many reasons may explain 

this phenomenon, including increased calorie and decreased basal metabolic rates. Sherpa et 

al. reported that calorie consumption increased significantly—by 1446 kcal per altitude 

among Tibetans living in high altitudes [8]. Tschop et al. and Lippl et al. both reported that 

subjects who moved to high altitude areas for a short time induced significantly lower food 

intake and loss of appetite [21,22]. However, after remaining stationary in the high altitude 

among the natives, the population’s calorie consumption increased [8,23]. Cold weather 

leads to peripheral vessel constriction and less exercise. High altitude leads to chronic 

hypoxia. Both the weather and the altitude may have lead subjects to a decreased amount of 

exercise, which then leads to a lower basal metabolic rate. Calorie intake increases and 

energy expenditure decreases, leading to positive energy gain, which induces high 

prevalence of obesity.

One of the biggest differences between our study and other studies is that we found that 

general obesity and/or central obesity are not related to the prevalence of diabetes. Obesity is 

known for being one of the important risk factors for many chronic diseases, such as 

diabetes, hypertension, and cardiovascular disease in people living in the low altitude areas. 

Okumiya et al. found that overweight is only associated with impaired glucose intolerance 

but not diabetes among Tibetan living in high attitude highlands [24]. Chronic hypoxia 

induced polycythemia among people living in high altitude has been studied by many 

researchers. Chronic hypoxia was found to be related to a decrease in blood glucose, 

hemoglobin A1c, and increase insulin sensitivity [25–27]. One of the major roles of cellular 
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response to hypoxia is hypoxia-inducible factors (HIF-1 and HIF-2) [25,28,29]. The 

increased expression of HIF-1 and HIF-2 may enhance cellular glucose uptake, glycolysis, 

and glycogenesis, but decrease hepatic gluconeogenesis [24,28,29]. Gamboa et al. found that 

the adaptation of mouse skeletal muscle respond to chronic hypoxia is increased by insulin-

stimulated glucose uptake. In a human epidemiologic study, Woolcott et al. found an inverse 

association between diabetes and altitude in the United States [30]. Based on these potential 

mechanisms, previous studies have showed that, compared with those living in low altitudes, 

people living in high altitudes have lower glycemia independent of BMI and obesity 

[23,31,32]. In this study, a gender difference was found between diabetes and obesity. Men 

have a higher prevalence of diabetes, but lower prevalence of general obesity and central 

obesity than women. As shown in Tables 2 and 3, the prevalence of diabetes and/or serum 

glucose levels seems to increase by the increase of BMI groups, but it was not statistically 

significant. More research is required to clarify the reason for the gender difference in this 

population between diabetes and obesity.

There are limitations in this study. First, the sample size is not robust. The distribution of the 

age is older and there are more women in our participants than original immigrants living in 

the settlement. However, the primary health care centre, TPHCC, would recruit the more 

participants to join the service screening in future based on the census data. Second, since 

this is a cross-sectional study, causality is not possible. Further longitudinal study is 

necessary to find out the causality between obesity and diabetes among these Tibetan 

immigrants. Third, the lower reported blood glucose in high altitude area may result due to 

the wrong measurements that occurred because of the cold weather, increased red blood cell 

count mass, and hypoxia. However, blood plasma was used to measure blood glucose. 

Measuring blood glucose by use of blood plasma has already been confirmed to be less 

erroneous. Many previous studies have also found a lower plasma glucose level among 

people living in high altitudes [23,26,32]. Fourth, the use of lipid lower agents was not 

included in the questionnaire, which may have cause an underestimation for the prevalence 

of dyslipidemia and MetS. Finally, although these Tibetan immigrants live in similar high 

altitude areas as the original Tibetans, they cannot represent all original Tibetans. However, 

the European anthropologist, Christoph von Furer-heimendorf, has reported that the Tibetan 

refugees’ preservation of their cultural identity and religious institutions has been successful. 

The term “ renaissance of Tibetan civilization” was used to emphasise and conclude that 

these refugees have developed viable monastic communities similar to those in Tibet [33]. 

Therefore, since the custom and religious belief of these immigrants are quite similar to the 

original population, this study still has their value to represent the Tibetan immigrants who 

deserve more attention in the health aspect, especially in obesity. Future genetic tests are 

needed to confirm whether there is a difference in the population.

Conclusion

Among the Tibetan immigrants living in high altitude area in Leh Ladakh, India, the 

prevalence of general and central obesity was found to be quite high, especially among 

women. Furthermore, obesity is related to MetS and hypertension, but not diabetes in this 

population. The different altitudes do not affect the prevalence of MetS among women. 

Future larger scale studies are needed to confirm the findings in this study.
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Figure 1. 
(a) Prevalence of general obesity and central obesity between genders and among age groups 

(age 20–39, 40–64, ≥65 years). (b) Prevalence of metabolic syndrome between genders and 

age groups (age 20–39, 40–64, ≥65 years).
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Table 1

Anthropometric indexes and metabolic factors between genders.

Men (n = 47) Women (n= 102) p Value

Age (years) 58.8 ±18.3 52.7 ±15.6 0.037

Height (cm) 162.6 ±7.5 153.4 ±6.4 <0.001

Weight (kg) 65.8 ±10.6 62.3 ±12.0 0.093

BMI (kg/m2) 24.9 ± 4.0 26.4 ± 4.3 0.051

WC (cm) 88.7 ±11.7 87.1 ± 12.1 0.438

Hip circumference (cm) 96.3 ± 8.4 100.0 ±10.3 0.024

Fat(%) 24.2 ± 6.6 37.5 ±6.2 <0.001

Systolic BP (mmHg) 136.7 ±21.7 130.3 ± 22.4 0.106

Diastolic BP (mmHg) 83.7 ±11.6 80.6 ±11.8 0.137

Fasting glucose (mmol/L) 4.85 ±1.53 4.41 ± 0.70 0.022

HbA1C(%) 6.22 ± 0.61 5.99 ± 0.35 0.022

Uric acid (μmol/L) 371.0 ±50.1 272.2 ±62.0 <0.001

TCHOL (mmol/L) 4.66 ± 0.30 4.71 ± 0.54 0.528

TG (mmol/L) 1.13 ±0.25 1.10± 0.38 0.607

HDL-C (mmol/L) 1.22 ±0.13 1.21 ± 0.12 0.649

Hemoglobin (g/L) 166 ±20.5 143 ±19.2 <0.001

Overweight (%)
a 23.4 7.8 0.009

General obesity (%)
a 42.6 64.7 -

General obesity 1 (%)
a 10.6 23.5 0.065

Central obesity (%)
b 42.6 69.6 0.002

Hypertension (%)
c 48.9 40.2 0.317

Diabetes (%)
d 25.5 8.8 0.006

Dyslipidemia (%)
e 25.5 82.4 <0.001

MetS (%)
f 10.6 33.3 0.003

Smoking (%)

Never 59.6 100 <0.001

Former 23.4 0

Current 17.0 0

Alcohol drink (%)

Never 51.1 98.0 <0.001

Former 31.9 1.0

Current 17.0 1.0

Present with mean ± standard deviation in continuous variables and percentage in categorical variables; presented in SI units.

Student’s t-test for unpaired data was used for the comparison of mean values between groups and Chi Square test for categorical data.

Abbreviation: BMI: body mass index, WC: waist circumference, HIP: hip circumference, BP: blood pressure, TCHOL: total cholesterol, TG: 
triglycerides, HDL-C: high-density-lipoprotein cholesterol, MetS: metabolic syndrome, HbAlc: hemoglobin Alc.
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a
Overweight was defined as 25 > BMI ≥ 23 kg/m2; General obesity was defined as BMI ≥25 kg/m2; general obesity 1 was defined as BMI 

≥30kg/m2.

b
Central obesity is defined as WC ≥90 cm in men or ≥80 cm in women.

c
Hypertension was defined as systolic BP ≥140mmHg, and/or diastolic BP ≥90 mmHg,and/or hypertension history and on anti-hypertensive drug 

treatment.

d
Diabetes was defined as fasting glucose ≥7 mmol/L and/or HbAlc ≥6.5% and/or diabetes history and on oral hypoglycemic agents or insulin 

treatment.

e
Dyspilidemia defined as subjects with high TG (triglycerides ≥1.7mmol/L) and/or high TCHOL (total cholesterol ≥5.17mmol/L) and/or low HDL-

C (HDL-C <1.03mmol/L (40 mg/dL) in men or <1.29 mmol/L (50 mg/dL) in women).

f
MetS: metabolic syndrome defined using the American Heart Associa- tion/National Heart, Lung, and Blood Institute criteria.
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