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Risk factors associated with diabetes mellitus have been widely researched worldwide, but the determinants of glycemic levels among Tibetans in China are currently unclear. We thus aimed to determine the relationship between altitude and glycemic levels and to identify factors associated with glycemic levels among Tibetans in China. In 2011, a total of 1,659 Tibetans (aged ≥18 years) from Changdu, China, were enrolled to this cross-sectional research. Potential factors associated with postprandial glucose (PPG), fasting plasma glucose (FPG), and insulin (INS) levels were assessed. FPG and PPG levels increased with age and total cholesterol (TC) level. In addition, FPG levels were higher among patients with rural residence and hypertension, while PPG levels increased with increasing BMI. INS levels increased with residence, lower education, higher BMI, and higher TG levels and decreased with higher altitude and TC levels. Moreover, risk factors for FPG, PPG, and INS differed in those residing at a higher altitude. These findings identify several important risk factors that affect glycemic levels and may be used to develop effective strategies for metabolic disease prevention among populations in high-altitude areas. Furthermore, these findings suggest that it is necessary to formulate a standard for PPG, FPG, and INS in high-altitude areas.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most common chronic diseases worldwide, and it continues to increase in prevalence and disease burden (1). Since 1980, the number of adults with diabetes has quadrupled in the world. The burden of DM, both in terms of economic burden and prevalence, has increased more quickly in developing countries than in developed countries (2). In the past two decades, the prevalence of type 2 (T2) DM in China has risen rapidly, and it has become the country with the highest prevalence and number of patients (2, 3).

A few studies have demonstrated the epidemiology of DM and its major risk factors at different altitudes. A recent study reported an odds ratio (OR) of 0.88 for T2 DM among those living 1,500–3,500 m above sea level (4). In addition, some studies reported that residents in high-altitude areas have lower glycemic levels than residents in sea-level areas (5–7).

However, these studies were conducted in populations living at the same altitudes and did not include the influence of ethnic background. Furthermore, some laboratory tests were not included in these studies. Thus, the influence of altitude on glycemic levels among Tibetans, including lamas, residing at different altitudes is unclear.

We thus conducted a population-based survey among Tibetans residing at different altitudes in China. The purpose of this study was to evaluate the relationship among various factors, particularly altitude, on glycemic levels.



MATERIALS AND METHODS


Study Population

This study design has been described previously (8). The survey was conducted from September 2010 to June 2011. The study population was recruited from the Changdu region of the Tibet Autonomous Region of China. There are 11 counties, including 142 townships and 11 central temples, in the Changdu region, with altitudes between 3,200 and 4,500 m. More than 95% of residents are Tibetan.

A total of 1,960 people were selected and invited to participate in the survey. A total of 1,766 people completed the study. The overall response rate was 90.1%. Of those who responded, 1,659 Tibetans were included, after excluding 134 residents without complete demographic data and 167 residents of other ethnicities.

A representative sample of the Tibetan population in China was selected using the multistage (altitude-county-township-village) stratified cluster random sampling method. First, according to different altitude levels (<3,500 m [lower altitude], 3,500–4,000 m [moderate altitude], and >4,000 m [high altitude]), all 11 counties in Changdu were stratified into three groups. Second, one county was selected from each altitude group, which included three counties. Third, four townships from each selected county were selected, for a total of 12 townships. Fourth, three villages or neighborhoods were selected from each selected township. Finally, 36 villages or neighborhoods were selected. Moreover, in each county, we selected one central temple; all qualified lamas were recruited in this study. Finally, all residents aged ≥18 years from the selected 31 villages, 5 neighborhoods, and 3 central temples were recruited in this study.

The ethics committee of Changdu Region People's Hospital, Tibet approved the study, and written informed consent was obtained from all participants during recruitment. All methods were performed in accordance with the relevant guidelines and regulations.



Information Evaluated in This Study

In 2011, 1,659 Tibetan adults aged ≥18 years were recruited to the present study in Changdu, China. Data collection included survey interviews, clinical measurements, and laboratory tests. Standard questionnaires were conducted by trained researchers to collect information about demographic characteristics, anthropometry, personal and family medical history, educational, and lifestyle risk factors including hypertension, obesity, alcohol consumption, and current smoking. The physical examinations and laboratory tests were completed by professional. The relationship of glycemic level with geographic altitude and demographic characteristics was assessed.

Detailed information was collected with regard to sex, age group (18–34, 35–44, 45–54, 55–64, ≥65 years), education level (0, 1–6, >6 years), socioeconomic status (yearly family income: <800, 800–1,600, ≥1,601 USD/year), cigarette smoking (no, yes), butter tea consumption (no, yes), alcohol use (no, yes), residence (rural/pastoral area, urban area, temple), and altitude (<3,500, ≥3,500 m). In addition to blood pressure measurement, physical examinations also included body height, weight, and circumferences of the waist, hip, and abdomen. Moreover, fasting plasma glucose (FPG), postprandial glucose (PPG), and insulin (INS) levels were tested; Blood lipid-related testing [total cholesterol (TC), triglycerides (TG), low-density lipoprotein-cholesterol (LDL-C), and high-density lipoprotein-cholesterol (HDL-C levels)] was also conducted.



Definitions

The normal group was defined as having a range of 3.9–6.1 mmol/L for FPG, ≤7.8 mmol/L for 2-h PPG, and 35–145 pmol/L for INS.

Hypertension was defined as an average systolic blood pressure (SBP) of ≥140 mmHg and/or an average diastolic blood pressure (DBP) of ≥90 mmHg, or current use of any medication for treating hypertension within 2 weeks or any combination of the above (9).

Body mass index (BMI) was calculated as the ratio of weight to height squared (kg/m2). According to standard criteria in Chinese adults, participants with a BMI ≥24 and <28 kg/m2 were classified as overweight, and those with a BMI ≥28 kg/m2 were classified as obese (10).



Data Collection

Data collection was conducted by face-to-face interviews in the community health stations, and physical examinations were performed by investigators who underwent strict training by epidemiology professionals before the start of the study. A few participants completed the survey at home. A preordain standardized questionnaire was administered in this survey.



Statistical Analysis

Continuous variables are presented as means [standard deviations (SD)], and categorical variables are expressed as percentages [95% confidence intervals (Cis)]. Categorical variables were analyzed using the chi-squared test. The rates of influencing factors, including hypertension, obesity, and smoking, were presented according to five age groups. The risk factors of FPG, PPG, and INS were analyzed by sex, age group, yearly family income, education level, residence, altitude, smoking, butter-tea consumption, and alcohol consumption in the univariate analysis. Determinants of FPG, PPG, and INS were assessed by multivariate linear regression analysis after adjustment for confounding factors that were statistically significant. Statistical significance was defined as a two-tailed P < 0.05. Statistical analyses were undertaken using the computer software SPSS (version 15.0 for Windows; SPSS, Chicago, IL, USA).




RESULTS


Descriptive Characteristics of Participants

A total of 1,659 people (822 men: 49.5%; 837 women: 49.5%) were selected for this cross-sectional study; 60% of participants were <45 years of age. In addition, 56.4% of participants resided in rural/pastoral areas, and 54.7% lived at an altitude of <3,500 m. The average education level was low, with a relative high overall illiteracy rate of 60%. In addition, 56.9% participants had a yearly family income of <800 USD/year. Moreover, 6.1% of participants smoked, and 8.9% of participants consumed alcohol. The average levels of FPG, PPG, and INS were 5.12, 5.93, and 8.77 mmol/L, respectively (Table 1).


Table 1. The demographic characteristics of participants in Tibetans.
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Factors Associated With Blood Glucose Levels in the Univariate Analysis

FPG, PPG, and INS levels were associated with residence, hypertension, and BMI; furthermore, FPG and PPG levels increased with age group. PPG and INS levels were associated with altitude (Figure 1). INS levels were 2.41-fold higher among low-altitude residents than among high-altitude residents. In addition, alcohol consumption significantly increased PPG levels by 1.12-fold compared to non-alcohol consumption. INS levels were also related to education level, smoking, and consuming butter tea (Table 2). Moreover, FPG and PPG levels were increased with increasing TC, TG, and LDL; INS was inversely proportional to LDL (Table 3).


[image: Figure 1]
FIGURE 1. Levels of FPG, PPG and INS in different altitude. This figure showed that there are significantly different risk factors to FPG, PPG and INS in different altitude levels among Tibetans aged ≥18 years in China. In the lower-altitude level (<3,500 m), age, hypertension, residence and TG were risk factors of FPG; age and TG were risk factors of PPG; and residence was the risk factor of INS. In the middle- altitude level (3,500–4,000 m), gender, TC, and LDL were associated with PPG; age, education, drinking, TG, and LDL were associated with PPG. In high-altitude level (>4,000 m), TG was the only one risk factor of FPG and PPG.



Table 2. Levels of blood glucose in the different groups by demography.
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Table 3. The association of different glucose level with measurements of lipids in the univariate analysis.
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Risk Factors for High FPG, PPG, and INS

Table 4 shows that age group, residence, hypertension, and TG level were significantly associated with FPG among Tibetans aged ≥18 years in the multivariate linear regression analysis, with standard partial regression coefficient (β) [95% confidence intervals (CIs)] of 0.09 (0.02, 0.17; P = 0.020) for age group, −0.27 (−0.42, −0.12; P < 0.001) for residence, 0.27 (0.07, 0.48; P = 0.010) for hypertension, and 0.29 (0.20, 0.38; P < 0.001) for higher TG levels after adjustment for confounding factors. Age group, BMI group, and TG were also risk factors for PPG, with β values (95% CIs) of 0.33 (0.19, 0.47; P < 0.001) for age group, 0.45 (0.22, 0.68; P < 0.001) for BMI group, and 0.46 (0.29, 0.62; P < 0.001) for higher TG levels. Furthermore, residence, altitude group, education, BMI group, and TC and TG levels were risk factors for high INS levels. The corresponding β values (95% CIs) of INS were 1.23 (0.41, 2.06; P = 0.004) for residence group, −4.39 (−5.39, −3.39; P < 0.001) for altitude group, 0.68 (0.07, 1.29; P =0.030) for education group, and 2.14 (1.51, 2.77; P < 0.001) for BMI group. Moreover, the corresponding β values (95% CIs) of INS were −0.64 (−1.20, 0.78; P = 0.026) and 0.57 (0.07, 1.06; P = 0.024) for TC and TG levels, respectively.


Table 4. Determinants of FPG, PPG, and INS among Tibetans aged ≥18 years using multivariate regression analysis.
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Based on the interaction results, we did a multivariate analysis according to different altitude groups. In the low altitude group, FPG levels increased in those individuals with high TG level; but decreased by 0.309 mmol/L in individuals lived in rural/pastoral area than those lived in urban and decreased by 0.309 mmol/L in individuals lived in temple than those lived in rural/pastoral area (β, −0.309; 95% CI, −0.514 to −0.105; P < 0.001). Moreover, elevated TG level associated with increased FPG (β, 0.251; 95% CI, 0.137–0.365; P < 0.001) and PPG (β, 0.495; 95% CI, 0.284–0.705; P < 0.001). In the 3,500–4,000 m group, each 1 mmol/L increasing with TG levels resulted in 0.295 mmol/L increase of PPG (β, 0.295; 95% CI, 0.054–0.537; P = 0.017). However, in the >4,000-m group, each 1 mmol/L increase of TG level, FPG levels increased by 0.907 mmol/L (β, 0.907; 95% CI, 0.111–1.703; P = 0.026), while PPG levels increased by 1.703 mmol/L (β, 1.703; 95% CI, 0.283–3.123; P = 0.019) (Table 5).


Table 5. Determinants of FPG, PPG and INS at different altitude group.
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DISCUSSION

This is the first study to report factors associated with glycemic levels among Tibetans aged ≥18 years in China. The results of the present study reveal that altitude was an important factor related to glycemic levels. Furthermore, there were significantly different risk factors for FPG, PPG, and INS levels at different altitude levels. At lower altitude (<3,500 m), age, hypertension, residence, and TG levels were risk factors for FPG levels; age and TG levels were risk factors for PPG levels; and residence was a risk factor for INS levels. At moderate altitude (3,500–4,000 m), sex, TC, and LDL were risk factors for PPG levels; and age, education, drinking, and TG and LDL levels were risk factors for PPG levels. At high altitude (>4,000 m), TG levels were the only risk factor for FPG and PPG levels; in contrast, after adjusting for other conventional risk factors, there were no risk factors for INS levels at moderate or high altitude.

Risk factors for FGP, PPG, and INS levels at lower altitude (<3,500 m) were similar to those of previous studies reporting risk factors at sea level. However, the current study found fewer risk factors in the study population of Tibetans in China. In previous studies, age, obesity, hypertension, TC levels, TG levels, living in low-income areas, alcohol consumption were confirmed as risk factors for DM at sea level (11–14). With regard to age, FPG levels increase with age, with a 0.07-mmol/L increase in as a risk factor FPG levels each decade of life (11). Poor recognition of disease prevention, unawareness of the diabetes and relatively limited medical resources in rural areas probably was the reason of regional difference. In the same time, more than 50% of DM patients had hypertension (12, 13). With regard to residential area as a risk factor, the prevalence of DM in rural areas is higher than that in urban areas in north China (15). These regional differences are likely explained by poor recognition of disease prevention, unawareness of DM, and relatively limited medical resources in rural areas.

There is compelling evidence that populations living at an altitude of 3,000–4,500 m have lower FPG levels than those living below 500 m (16–20). For example, residents living at 3,200 m had lower glycemic levels compared with those living at sea level (5). In addition, a study reported that median FPG level was 81.6 mg/dL for men living above 3,000 m and was significantly higher than that in non-pregnant adult women, who had a median FPG level of 71.7 mg/dL (19); thus, there are also sex differences in FPG levels at this altitude. Moreover, sex was closely related to the postprandial glucose response in patients with T2 DM in low-altitude (14). Thus, the relationship between sex and FPG in the present study is consistent with findings of previous studies.

It is noteworthy that risk factors for high FPG levels in residents living at moderate altitude (3,500–4,000 m) included sex and TC levels. Moreover, age, education, and TC were negatively related with PPG levels in residents living at moderate altitude. Furthermore, alcohol consumption was an independent risk factor for PPG, after adjusting for other conventional risk factors. This is consistent with previous research, which showed that excessive drinking was related to elevated FPG levels in adults aged 16–43 years (21). The relationship of alcohol consumption and the incidence of DM has been widely accepted, and alcohol consumption exhibits a U-shaped relationship with the risk of T2 DM (22, 23). There were no risk factors.

At high altitude (>4,000 m), TG levels were the only independent risk factor for FPG and PPG levels, after adjustment for other conventional risk factors.

According to above findings, it is evident that there are fewer risk factors for hyperglycemia in residents at increasing altitudes. However, as the study population were residents, these findings may not apply to the short-term effects of altitude on blood glucose levels. Fasting glucose levels of healthy people living at sea level exposed to very high altitude has been reported to increase, decrease, or remain unchanged (24–26). Moreover, a recent study reported that people have better glycemic control at higher altitudes (27). In contrast, another study reported no significant differences in fasting glycemia between low and high altitudes (28). Nonetheless, the present study in Tibetans reveals important insights regarding the effects of altitude on risk factors for high glycemic levels in residents.

There were several limitations in this study. First, the population was only selected from the Changdu region; however, the four-stage randomly stratified cluster sampling method was used to make the study population representative. Second, a lower altitude (closer to sea level) population was not included in this comparison, as all participants lived above 3,200 m; however, the subgroup analyses were stratified by altitude (<3,500 and ≥3,500 m). Third, dietary intake and physical activity were not considered in this study; however, some lifestyle factors, including smoking, alcohol consumption, and butter tea consumption were evaluated. Finally, we did not use hemoglobin A1c level as a biomarker of glycemia, and this may result in less stable findings regarding the glycemic state. Future studies should include a more stable indicator of glycemia.

This is the first study to report factors influencing glycemic level among Tibetans aged ≥18 years in China. Risk factors differed by altitude levels among Tibetans in China. FPG levels were associated with age, hypertension, rural residence, and TG levels in residents at lower altitude (<3,500 m); with sex, TC levels in residents at moderate altitude (3,500–4,000 m); and only with TG levels in residents at high altitude (>4,000 m). Similarly, PPG levels were associated with age and TG levels at lower altitude (<3,500 m); with age, education, and TG levels at moderate altitude (3,500–4,000 m); but only TG level at high altitude (>4,000 m). Moreover, INS levels were associated with residence and TG levels only at lower altitude (<3,500 m). These findings suggest that management of blood glucose levels should be approached differently according to different altitude levels.
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