
Frontiers in Nutrition 01 frontiersin.org

Lipid levels in the Jiarong 
Tibetan’s diet at high altitudes: a 
cross-sectional survey
Tang Xiaoyue 1,2†, Qiao Qichuan 1,3†, Guo Jing 4, Sanlang Pengcuo 4, 
Huang Yu               1,3* and Li Tingxin               1,3*
1 Department of Health Management and Physical Examination, Sichuan Provincial People’s Hospital, 
University of Electronic Science and Technology of China, Chengdu, China, 2 Department of Clinical 
Nutrition, Yizheng Hospital of Nanjing Drum Tower Hospital Group, Yizheng, Jiangsu, China, 3 Chinese 
Academy of Sciences Sichuan Translational Medicine Research Hospital, Chengdu, China, 4 Physical 
Examination, Aba Prefecture People’s Hospital, Maerkang, China

Despite the ongoing debate on the inconsistent and controversial effects of 
Tibetan diet on blood lipid levels at high altitude, this cross-sectional study was 
conducted to analyze the relationship between dietary practices and blood lipid 
levels among Jiarong Tibetan population. A total of 476 Jiarong Tibetan residents 
were included, in which basic demographic data, physical activity records, 
simplified food frequency questionnaire, and biochemical data were collected. 
Using multivariate logistic regression analysis, the potential associations between 
the variables were examined, and it was found that fat energy supply ratio increased 
with the elevation of altitude, while the lipid level showed an inverted U-shaped 
variation. However, the findings suggested that a diet rich in unsaturated fatty 
acids might balance the effects of the Tibetan diet on the risk of lipid metabolism 
disorders. Therefore, it is crucial to concentrate on the fat composition rather 
than the amount of fat E% intake on the plateau. The results highlighted the 
importance of investigating the interaction between environment and genes 
in lipid levels among plateau Tibetan population. However, further large-scale 
prospective studies are required for better understanding of the complexities 
involved in dietary practices and their influences on blood lipid levels.
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1. Introduction

According to the available data from a reliable source (1), it was estimated that about 7% of 
the world’s population, equivalent to approximately 500.3 million people, live in areas located 
at an altitude of 1,500 meters above sea level. Furthermore, the data suggested that there are 
roughly 81.6 million individuals living at elevations higher than 2,500 meters and more than 
14.4 million people residing at heights exceeding 3,500 meters (2). Several studies have shown 
that high-altitude environments may have some effects on the human health (3–6). However, 
the conclusions of effects of Tibetan diet on blood lipid levels in high altitude are inconsistent 
and controversial (7–10).

Tibetans constitute one of the earliest ethnic communities in China and South Asia, with 
the majority residing in high-altitude regions. Their traditional dietary habits primarily revolve 
around dairy products and meat consumption (11). The incidence of cardiovascular diseases 
(CVDs) and metabolic syndrome within the Tibetan population is comparable to that observed 
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in other ethnic groups (10, 12). Previous research has mentioned the 
features of physiological markers, genetic factors, and gut 
microorganisms among Tibetans, which are deemed to be adaptive 
responses to their surroundings (13). However, in the majority of 
cases, the data were not compared with individuals of the same race, 
such as those belonging to immigrant populations (14, 15), the Han 
(16, 17) or Mongolian populations (18). To comprehensively analyze 
the effects of Tibetan diet, which is distinctive due to its strong local 
characteristics, on changes in physiological indicators, it is essential to 
take into account various factors such as ethnic differences, behavioral 
habits, and other relevant contextual variables (19). To our knowledge, 
there is no existing literature that specifically examines the relationship 
between Tibetan diet and blood lipid levels within genetically 
homogeneous groups living at various altitudes.

JThe Jiarong Tibetan population is primarily located in Ngawa 
Tibetan Autonomous Prefecture, which is situated in the Minjiang 
River basin of southwestern China. This region is adjacent to both the 
Tibetan Plateau and the Chengdu Plain, with altitudes ranging from 
500 to 4,000 meters. The Jiarong Tibetan people are believed to 
originate from an amalgamation of genetic materials from both Qiang 
and Tubo populations after Tubo migrated eastward during the Tang 
Dynasty (20). The Jiarong Tibetan branch has coexisted with the Han 
and Qiang ethnic groups for a noticeable period. Their distribution 
area encompasses both plains and mountains, where they were 
engaged in both nomadic and agricultural practices. This particular 
Tibetan branch is characterized by its exceptional customs and living 
habits. The variance in altitude across the habitation range provides a 
unique opportunity to study adaptive changes within a single ethnic 
group at different elevations.

The present study aimed to investigate the association of Tibetan 
diet with lipid level in the Jiarong Tibetan population exposed to 
different altitudes. By eliminating the influences of ethnic, religious, 
and traditional cultures, the findings of this study would prove 
beneficial in analyzing the altitude adaptation of the Jiarong Tibetan 
population for the purpose of improving the healthcare management.

2. Materials and methods

2.1. Study participants

From September 2018 to June 2019, the cross-sectional study, 
based on a multistage stratified clustering sampling, was conducted in 
the Jiarong Tibetan area. The study sample size, exclusion criteria, and 
inclusion criteria were previously described (12). The allowable error 
δ was set to 5%, and the minimum sample size was calculated as 384 

according to the following formula: n = ×
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the unavoidable loss of survey samples, we ensured to incorporate a 
minimum of 500 samples. Within the scope of 12 counties, the main 
settlements of Jiarong Tibetans were included randomly. To account 

for the unavoidable loss of survey samples, we ensured to incorporate 
a minimum of 500 samples. Within the scope of 12 counties, the main 
settlements of Jiarong Tibetans were included randomly. Subjects were 
mainly from seven high-altitude areas, including Maerkang city, 
Rangtang county, Jinchuan county, Aba county, Hongyuan county, 
Xiaojin county, and Maoxian county (Supplementary Figure S1). 
We categorized these areas into three distinct groups based on their 
altitude: 1,500 ~ 2,399 m, 2,400 ~ 3,299 m, and 3,300 m and above. 
These groups were labeled as low-altitude group (LA group), medium-
altitude group (MA group), and high-altitude group (HA group), 
respectively. The average elevation of each county is shown in 
Supplementary Figure S1, with the red star indicating the sampled 
counties. After comprehending the objectives and potential benefits 
of our study, all subjects willingly signed an informed consent form. 
Therefore, the participants provided their informed consent. The 
study was approved by the Human Ethics and Research Ethics 
committees of Sichuan Provincial People’s Hospital (Chengdu, China; 
Approval No. 2018-237).

2.2. Data measurement and collection

Comprehensive health interviews were carried out in person to 
gather data on various aspects including demographics, such as age, 
gender, educational level, and income level, lifestyle factors (e.g., 
smoking, alcohol consumption, and physical activity). As previously 
described, smoking and alcohol consumption status were assessed 
through a questionnaire (12). The assessment of physical activity was 
conducted using the International Physical Activity Questionnaire-
Long (IPAQ-L) (21).

Measurements of body weight with a precision of 0.1 kg, height, 
and waist circumference (WC) with a precision of 0.1 cm were taken. 
Body mass index (BMI) was calculated by dividing weight in 
kilograms by the square of height in meters (kg/m2). Blood pressure 
was measured twice while seated, following at least 5 min of rest, using 
a standardized automatic electronic sphygmomanometer (Omron 
HBP-9020, Kyoto, Japan). Blood samples were collected after a 
minimum of 8 h of overnight fasting and sent to the laboratory of local 
medical institutions for analysis of fasting blood glucose (FBG), 
triglycerides (TG), total cholesterol (TC), high-density lipoprotein 
(HDL)-cholesterol (HDL-C), and low-density lipoprotein (LDL)-
cholesterol (LDL-C) levels in plasma.

2.3. Dietary assessment

Face-to-face interviews were used to assess dietary intake using 
a Simplified Food Frequency Questionnaire (SFFQ), which was 
described previously (12). The SFFQ incorporates dietary patterns 
of Jiarong Tibetan characteristic foods including zanba, a type of 
coarse cereal, and Tibetan ghee, a dairy product made from milk or 
goat’s milk. Previous evaluations have been conducted to assess the 
reliability and validity of this SFFQ (22). Subsequently, intake of 
each food was estimated by multiplying the frequency of 
consumption by the standard portion size to obtain a mean daily 
consumption. The nutrient intake was determined by multiplying 
the quantity of each consumed food item by its corresponding 
nutrient content (23).

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood 

pressure; DBP, diastolic blood pressure; IPAQ-L, International Physical Activity 

Questionnaire-long; MET, metabolic equivalent of energy; PUFA, polyunsaturated 

fatty acid; UFA, unsaturated fatty acid; MUFA, monounsaturated fatty acid; SD, 

standard deviation.

https://doi.org/10.3389/fnut.2023.1207710
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xiaoyue et al. 10.3389/fnut.2023.1207710

Frontiers in Nutrition 03 frontiersin.org

2.4. Statistical analysis

Data were processed using Epidata 3.0 software, and statistical 
analysis was performed via SPSS 19.0 software (IBM, Armonk, NY, 
USA). Baseline features were described as a mean (standard deviation, 
SD) for continuous variables and the number (proportion) for 
categorical variables. The categorical variables were compared by the 
χ2 test. To test the linear trend across BMI groups, the Mantel–
Haenszel χ2 statistic was utilized. Multivariate logistic regression 
models were used to explore the correlation between diet and 
biochemical indicators. A two-sided p < 0.05 was considered 
statistically significant.

3. Results

3.1. Participant characteristics

A total of 476 participants were included in this study. Among 
them, 41 participants lived at altitudes of 1,500 to 2,399 m, 277 at 
altitudes of 2,400 to 3,299 m, and 158 at altitudes of 3,300 m or above. 
Participants’ characteristics are listed in Table 1. Participants aged 
between 18 and 80 years old, with an average age of 44.33 ± 14.90 years 
old. There were 263 (55%) and 213 (44%) male and female participants, 
respectively (The flow chart see Supplementary Figure S2).

3.2. Dietary characters

Table 2 shows the intake of food groups, nutrients, and physical 
activity of Jiarong Tibetans in different altitudes. Participants living at 

higher altitudes tended to consume more red meat and less poultry, 
aquatic products, vegetables, and fruits. In terms of nutrients, 
compared with LA and MA groups, participants in the HA group had 
higher calorie nutrients. For vitamins and minerals, HA group 
consumed more vitamin A, vitamin C, vitamin E, calcium, and iron 
(p < 0.05).

Figures  1A,B illustrate the energy supply ratio (%) and fat 
composition ratio (%) of Tibetans at different altitudes. The dietary 
energy composition of fat gradually increased with altitude, while the 
ratio of carbohydrate significantly decreased. There was no significant 
change in the ratio of protein.

Figure 1C describes the detailed comparison of energy supplement 
ratio (%) at different altitudes, in which the altitude increased by the 
circle from inside to outside. With the elevation of altitude, the 
proportions of protein (E%) and refined grains (E%) decreased, while 
the proportions of whole grains (E%), saturated fatty acid (E%), 
monounsaturated fatty acid (E%), and polyunsaturated fatty acid (E%) 
increased.

3.3. Physical activity

Participants’ physical activity at different altitudes is presented 
in Table 2. Physical activity was divided into light-, medium-, and 
high-intensity, as assessed by the IPAQ-L (21). The number of times 
per week and the duration in minutes per session were specified. 
Both the LA and MA groups were engaged in the light-or moderate-
intensity physical activity, whereas the HA group primarily took 
part in the high-intensity physical activity, and their activity 
sessions lasted longer. The total amount of activity significantly 
increased with the elevation of altitude. Figure 1D more clearly 

TABLE 1 Characteristics of participants at different altitudes.

Variables Total (n = 476) Altitude (m)

1,500 ~ 2,399, n = 41 2,400 ~ 3,299, n = 277 ≥3,300, n = 158

Gender (n, %)

  Male 263 22 (53.70) 156 (56.30) 85 (53.80)

  Female 213 19 (46.30) 121 (43.70) 73 (46.20)

Age (n, %)

  18–39 216 9 (22.00) 136 (49.1) 71 (44.90)

  40–59 158 18 (43.90) 87 (31.40) 53 (33.50)

  60–80 102 14 (34.10) 54 (19.50) 34 (21.50)

Education level (n, %)

  Elementary school or lower 207 28 (68.30) 74 (26.70) 105 (66.5)

  Middle school 88 6 (14.60) 62 (22.40) 20 (12.70)

  High school or above 181 7 (17.10) 141 (25.90) 33 (20.90)

Family income (n, %)

  ≤2500 RMB per month 92 34 (85.00) 0 (0) 58 (36.70)

  2501–4999 RMB per month 96 3 (7.50) 0 (0) 93 (58.9)

  ≥5,000 RMB per month 287 3 (7.50) 277 (100.00) 7 (4.4)

Smoking (n, %)

  Never 268 31 (75.60) 139 (50.20) 268 (56.30)

  Yes 208 10 (24.40) 138 (49.80) 60 (38.00)
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TABLE 2 The diets and physical activity of Tibetans at different altitudes.

Variables Altitude (m)

Food groups (g/d) 1,500 ~ 2,399 2,400 ~ 3,299 ≥3,300 F/χ2 value

Cereal 181.20 (45.94) 181.54 (81.45) 122.66 (46.60) 11.57**

Bread and noodle 66.68 (49.11) 65.27 (45.09) 96.99 (58.84) 9.32**

Whole grain (including Zanba) 34.97 (53.87) 75.99 (62.98) 170.84 (139.01) 44.06**

Red meat 55.53 (60.50) 119.97 (53.71) 229.17 (163.76) 41.81**

Poultry 19.79 (20.85) 11.05 (15.33) 8.25 (9.34) 4.55*

Aquatic product 7.74 (10.61) 2.73 (5.00) 1.52 (3.66) 10.22**

Animal organ and processed 

meat
10.73 (13.37) 17.24 (25.72) 22.94 (12.07) 4.21*

Egg 12.88 (25.46) 17.93 (18.65) 28.45 (33.51) 9.11**

Dairy 19.35 (16.41) 43.47 (28.97) 197.58 (188.21) 69.09**

Vegetable 132.68 (69.99) 109.29 (45.83) 78.51 (100.93) 4.52*

Phycomycete 2.08 (5.29) 2.44 (3.99) 5.53 (8.55) 4.53*

Soy product 14.26 (11.11) 13.30 (10.84) 10.49 (10.43) 2.30

Fruit 24.65 (41.26) 24.97 (26.15) 29.59 (32.46) 3.05

Nut 5.10 (13.07) 5.38 (23.43) 5.83 (9.39) 2.40

Ghee 24.75 (32.62) 37.25 (26.58) 125.88 (90.81) 48.98**

Nutrients 1,500 ~ 2,399 2,400 ~ 3,299 ≥3,300 F/χ2 value

Energy (kcal/d) 1751.02 (433.83) 2011.92 (454.86) 3449.69 (843.70) 68.09**

Protein (g/d) 50.51 (34.12) 62.76 (10.81) 91.01 (21.34) 11.31**

Carbohydrate (g/d) 231.16 (88.47) 245.66 (102.32) 337.65 (123.24) 43.12**

Fat (g/d) 74.25 (19.41) 93.51 (20.78) 191.63 (74.36) 62.43**

Alcohol (g/d) 13.79 (11.56) 18.43 (23.24) 27.84 (26.79) 4.53*

Dietary fiber (g/d) 6.63 (2.13) 6.48 (2.34) 5.98 (3.07) 1.88

Vitamin A (ugRE/d) a 197.41 (89.47) 257.05 (124.72) 700.55 (204.83) 116.23**

Vitamin B1 (mg/d) 1.36 (0.43) 1.21 (0.20) 1.46 (0.91) 1.66

Vitamin B2 (mg/d) 0.64 (0.11) 0.70 (0.31) 1.07 (0.62) 1.91

Vitamin C (mg/d) 50.77 (24.70) 56.50 (31.31) 63.74 (27.4) 8.24**

Vitamin E (mg/d) 23.2 (9.31) 24.83 (8.87) 29.91 (10.42) 3.62*

Calcium (mg/d) 320.88 (158.32) 369.39 (173.41) 717.15 (221.34) 86.24**

Iron (mg/d) 14.21 (7.14) 15.38 (8.21) 20.85 (9.38) 4.21*

Physical activity 1,500 ~ 2,399 2,400 ~ 3,299 ≥3,300 F/χ2 value

Total activity (MET/week) 572.50 (400.82) 723.91 (738.21) 1208.07 (903.25) 7.62**

Light-intensity activity

  Frequency/week 3.86 (2.21) 4.51 (1.72) 3.61 (2.14) 24.91**

  Minutes/time 19.41 (11.43) 26.10 (12.67) 48.44 (42.32) 23.94**

Moderate-intensity activity

  Frequency/week 2.14 (1.89) 1.14 (1.69) 1.96 (1.20) 4.30**

  Minutes/time 23.64 (18.66) 10.16 (14.95) 54.27 (67.86) 36.69**

High-intensity activity

  Frequency/week 0.36 (0.73) 0.58 (1.06) 1.09 (1.57) 4.69**

  Minutes/time 6.82 (15.16) 16.74 (28.62) 34.9 (38.68) 9.16**

Data are expressed as mean (Standard deviation, SD).
aSum of retinol, β-carotene, α-carotene, and cryptoxanthin.
MET, Metabolic equivalent of energy.
*p < 0.05, **p < 0.01.
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shows the variation of energy intake versus physical activity with 
the elevation of altitude.

3.4. Physical and biochemical indicators

Physical and biochemical indicators of Tibetans at different 
altitudes are presented in Table 3. Systolic blood pressure (SBP) and 

diastolic blood pressure (DBP) showed statistically significant 
differences in the altitude partitions. The indicators of BMI, WC, TC, 
HDL-C, and LDL-C showed an inverted U-shape relationship among 
the three altitudes, in which the maximum value was at the altitude of 
2,400 ~ 3,299 m.

Multivariate logistic regression models were used to explore the 
correlation between diet and biochemical indicators. Spearman’s rank 
correlation coefficient was used to determine descriptive relevance. 

FIGURE 1

Diet composition and physical activity of Tibetans at different altitudes. (A) Energy supply ratio (%) of Tibetans at different altitudes. (B) Fat composition 
ratio (%) of Tibetans at different altitudes. (C) Detailed comparison of energy supplement ratio (%) of Tibetans at different altitudes. The inner circle 
represents the macronutrient energy supply ratio of 1,500 ~ 2,399 m, the middle circle represents that of 2,400 ~ 3,299 m, and the outer circle represents 
that of 3,300 m or above. %E: The percentage of energy supplement. (D) Energy intake and physical activity of Tibetans at different altitudes. MET/w: 
Metabolic equivalent of energy/week.

TABLE 3 Physical and biochemical indicators of Tibetans at different altitudes.

Variables 1,500 ~ 2,399 m 2,400 ~ 3,299 m ≥3,300 m F value

BMI (kg/m2) 22.52 (1.86) 23.17 (2.51) 23.49 (3.10) 2.25

WC (cm) 83.829 (10.25) 92.17 (11.95) 91.38 (12.26) 4.92**

TG (mmol/L) 1.43 (0.85) 1.44 (0.95) 1.17 (0.92) 4.49*

TC (mmol/L) 4.18 (0.82) 4.73 (0.91) 4.59 (1.08) 6.17**

HDL-C (mmol/L) 1.32 (0.45) 1.28 (0.31) 1.46 (0.40) 11.66**

LDL-C (mmol/L) 2.34 (0.60) 2.61 (0.67) 2.35 (0.86) 7.70**

SBP (mmHg) 134.27 (14.91) 127.36 (11.80) 129.50 (15.41) 5.23**

DBP (mmHg) 73.93 (8.90) 78.38 (9.59) 81.91 (12.06) 11.45**

FBG (mmol/L) 4.90 (0.68) 5.61 (1.49) 5.09 (2.20) 6.50*

BMI, body mass index; WC, waist circumference; TG, Triglycerides; TC, Total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SBP, 
Systolic blood pressure; DBP, Diastolic blood pressure; FBG, fasting blood glucose.
Data are expressed as mean (Standard deviation, SD).
*p < 0.05, **p < 0.01.
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After adjusting for age, educational level, monthly income, and 
smoking status, the relationship and statistical differences between 
dietary intake and related indicators are shown in Table 4. TG and 
BMI were positively correlated with energy excess and high intake of 
refined food. However, the LDL-C and TC levels in the HA group were 
negatively correlated with the percentage of energy supplied by fat. 
The LDL-C and TC levels were positively correlated with the E% of 
saturated fatty acids (SFA) and negatively correlated with the E% of 
unsaturated fatty acids (USFA).

4. Discussion

The high-altitude adaptation of Tibetans is an exceptional example 
of natural selection during recent human evolution. People residing at 
higher altitudes exhibit specific physiological modifications, such as 
elevated hemoglobin concentrations, augmented lung volume, and 
decreased hypoxic ventilation response (24–26). Three regions were 
widely recognized as highland: the Siman Mountains of Ethiopia, the 
Tibetan Plateau, and the Andean Plateau (27). However, there was no 
common pattern of adaptations among the populations of these three 
regions (10, 28). For example, Sherpa and Aymara, who also resided 
at high altitudes, had different compositions and potential functions 
of gut microbiota (29). The diverse suitable strategies for each 

population to cope with their respective extreme environments may 
have resulted from genetic, geographic, dietary structural, and cultural 
differences in the hosts (30). Twenty-five Tibetan-specific loci, located 
in altitude adaptation-related genes such as EPAS1 and ATP6V1E2 on 
chromosome 2 hypoxia-inducible factor pathway, exhibited significant 
differences between the Tibetan and plain populations. Moreover, the 
frequency distribution of alleles in different Tibetan populations 
showed regional specificity (31). Jiarong Tibetan, a branch of the 
Tibetan ethnic group, has resided in the Minjiang River basin at an 
altitude ranging from 500 to 4,000 m. The region is located adjacent to 
the Tibetan Plateau and the Chengdu Plain. Jiarong Tibetan’s 
formation can be traced back to the Tang Dynasty when the Tubo 
people moved eastward, and their genes assimilated with those of the 
Qiang people (20). The Tibetan-Yi Corridor, situated in a significant 
location between the northwest and southwest regions of China, has 
played a crucial role in the migration of various ethnic groups. The 
unique historical and geographical context has led to Jiarong Tibetans 
exhibiting distinct mixed characteristics that set them apart from 
other Tibetan subgroups. The analysis of mutant allele frequency and 
genetic relationship network diagrams reveals significant differences 
in the genetic structure of Jiarong Tibetans compared to other Tibetan 
populations (32). It was found that Jiarong Tibetan had the closest 
genetic distance to Sichuan Yi people, but was significantly distant 
from other Tibetan subgroups (33). Advancements in poverty 

TABLE 4 Association between dietary intake and related indicators.

Variables Altitude 
(m)

Spearman’s rank correlation coefficient#

ΔEnergy Carbohydrates 
(%E)

Flour 
and 
rice 
(%E)

Whole 
grain 
(%E)

Fat (%E) SFA(%E) USFA(%E)

BMI (kg/m2) 1,500 ~ 2,399 0.53** 0.20 0.47* 0.08 0.26 0.53* −0.037

2,400 ~ 3,299 0.22** 0.065 0.46* 0.15 0.35* 0.14* 0.008

≥3,300 0.36* 0.15 0.52** −0.17 −0.28 −0.24 −0.16

WC (cm) 1,500 ~ 2,399 0.38* 0.15 0.56* −0.31* 0.18 0.18 0.051

2,400 ~ 3,299 0.20 0.12 0.08 −0.24* 0.13 0.18* 0.046

≥3,300 0.15 0.06 0.27 −0.15 −0.28 −0.32* −0.13

TG (mmol/L) 1,500 ~ 2,399 0.59** −0.021 0.54** 0.19 0.12 0.66** −0.19

2,400 ~ 3,299 0.32* 0.022 0.24* −0.023 0.043 0.15* −0.01

≥3,300 0.40** 0.36* 0.30* −0.17 −0.27 0.41* −0.26

TC (mmol/L) 1,500 ~ 2,399 0.13 −0.22 0.51* 0.13 0.37* 0.51* −0.15

2,400 ~ 3,299 0.035 0.14 0.12 0.094 0.15* 0.082 −0.12

≥3,300 0.38 −0.17 0.19 −0.24 −0.41** 0.45* −0.31*

HDL-C 

(mmol/L)
1,500 ~ 2,399 0.34 −0.24 0.027 0.29 0.12 −0.23 0.013

2,400 ~ 3,299 0.018 −0.006 0.032 0.13 0.039 −0.056 0.03

≥3,300 −0.38 0.013 −0.096 0.54* 0.16 0.072 0.22

LDL-C (mmol/L) 1,500 ~ 2,399 0.025 −0.16 0.23 0.21 0.21* 0.16 −0.084

2,400 ~ 3,299 0.055 −0.17 0.17* −0.016 0.18* 0.25 −0.17*

≥3,300 0.51** −0.075 0.48** −0.52** −0.55** 0.49** −0.48**

#Spearman’s Rank Correlation Coefficient, p value were adjusted for age, education level, monthly income and smoking status.
SFA, Saturated fatty acid; USFA, Unsaturated fatty acid.
%E: The percentage of energy supplement.
ΔEnergy (kcal/d) = intake energy (kcal/d) – physical activity consumes (kcal/d). *Compared with the Spearman’s Rank Correlation Coefficients of the three altitude partitions, p < 0.05.
**Compared with the Spearman’s Rank Correlation Coefficients of the three altitude partitions, p < 0.01.
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alleviation and medical reform plans of the Chinese government have 
led to changes in the lifestyle and family income of the Aba area. 
Numerous ethnic groups inhabit low-altitude areas. Jiarong Tibetans 
compete with other ethnic groups for job opportunities. However, in 
the concentrated communities of Jiarong Tibetans living in the 
middle-altitude Aba area, they hold more jobs in various social and 
economic activities. Furthermore, the government provides extra 
subsidies to all residents in the plateau region. As a result, the income 
of inhabitants in the middle-and high-altitude areas is significantly 
higher than that of those in low-altitude regions. Notably, while 
low-altitude regions are suggested for farming and horticulture in 
several high-altitude mountain areas of the world, high-altitude areas 
often have abundant pastures that support animal husbandry. In 
contrast, the Aba area boasts favorable soil conditions and ample 
sunshine, making it perfect for cultivating fruits, such as alpine apples, 
plums, seabuckthorn, and snow peer (see Supplementary material 3). 
Plateau fruit has become one of the primary economic products in the 
region. Jiarong Tibetans consume relatively more fruits at high 
altitudes (as evidenced by Table 2), distinguishing their dietary habits 
from other Tibetan subgroups. Due to their similar genetic 
background, culture, and lifestyle, Jiarong Tibetans may serve as an 
excellent population for studying the effects of environmental factors 
on the physiology.

Altitude had a significant impact on the human energy balance. 
This was supported by Table 2, which showed a noticeable increase in 
Jiarong Tibatan’s daily energy intake with altitude, which is consistent 
with findings from prior research (11). The findings of the present 
study indicated that the HA group had a significantly higher level of 
physical activity compared with the control group, as evidenced by the 
longer duration of all three types of activity intensities (Table 2 and 
Figure 1D). Moreover, high-intensity activity was more frequent at the 
high altitude. This could be  attributed to the less developed 
transportation network and challenging terrain in these areas. 
Although urbanization has led to improvements in several roads, 
walking or horseback riding remains a common mode of 
transportation in high-altitude regions, resulting in the increased 
physical activity. It is well-known that regular exercise reduces the risk 
of CVD. The present study supported this notion, as moderate 
physical activity was associated with a 26% reduction in CVD risk, 
while engagement in high-intensity activities was corresponded to a 
42% risk reduction (34). According to a recent study, performing the 
traditional Tibetan guozhuang dance on a regular basis could enhance 
blood vessel functionality and cerebral hemodynamics in high altitude 
environments (35). Despite having a high metabolism and engaging 
in regular physical activities, Jiarong Tibetans living at high altitudes 
did not experience a significant increase in BMI, WC, or lipid level in 
spite of consuming a high energy diet (3449.69 ± 843.70 kcal/d) 
(Table 3). Notably, multiple studies suggested that weight loss resulting 
from exposure to high altitude hypoxic environments could be an 
effective method for reducing body fat in obese individuals (36).

The findings of the present study suggested that diets consumed 
at high altitudes could be energy-dense, containing high amounts of 
fat and protein, as revealed by a comparison of calorie composition 
(11, 37). Consistent with previous studies, the Jiarong Tibetans’ diet 
in the HA group was found to be rich in fat, providing up to 50% of 
their energy intake. The consumption of poultry and aquatic products 
was significantly lower in this group, while the intake of red meat, 
offal, and processed meat was high. Importantly, although the HA 
group did not have the highest lipid burden, it had a significantly high 

content of SFA. Furthermore, an inverted U-shaped change in lipid 
levels with altitude was observed (Table 4). Remarkably, Ma et al. 
reported that the prevalence of coronary artery disease (CAD) was 
lower among Tibetan highlanders compared with plain-living 
individuals (17). An inverse relationship was reported between 
altitude and ischemic heart disease (38). The findings of the present 
study suggested that the high-fat diet adaptation alone might not 
explain the observations. It was suspected that unique food 
composition and environmental factors played a crucial role. The 
higher intensity of physical activity, limited availability of processed 
food, and efficient metabolism of fat for energy might account for the 
results at elevated altitudes. Moreover, a significant microbial diversity 
was found, as indicated by Simpson’s and Shannon’s indices, among 
the native Tibetans, which would be  significantly correlated with 
carbohydrate metabolism (39). Carbohydrate intake decreased with 
altitude, while the HA group was more likely to consume whole 
grains. For instance, Tibetan barley, which could withstand the low 
temperature and low humidity of the plateau, was a distinctively 
Tibetan whole grain with high fiber and low fat. Tibetan barley had 
twice the total soluble phenolic compounds and total antioxidant 
capacity than barley in the plains, and had the highest β-glucan 
content (40). A previous study on Tibetan barley concentrated on its 
ability to significantly regulate blood lipid levels and prevent metabolic 
syndrome (41). Xia et al. provided an analysis of the contribution of 
the intestinal microbiota to the hypolipidemic effect of Tibetan barley 
(42). Another reason was that the intake of female yak milk and ghee 
was high in plateau areas. The proportions of total polyunsaturated 
fatty acids (PUFA), total USFA, and the n-3/n-6 FA ratio were high in 
female yak milk fat and its products (43). Several meta-analyses 
demonstrated that monounsaturated fatty acids (MUFA) and PUFA 
reduced both total serum cholesterol and LDL-cholesterol levels, while 
increased serum HDL-cholesterol level (44, 45). In the inhospitable 
high-altitude environment, female yak milk and its products were 
other examples of indigenous diet adapted to living healthily in an 
extreme environment. In addition, evidence suggested that with every 
300 m elevation in altitude, ultraviolet level increased by 10%, leading 
to the increased vitamin D synthesis at high altitudes (46). It has been 
reported that vitamin D supplements are associated with a decreased 
risk of adverse cardiovascular events, such as myocardial infraction, 
stroke, heart failure, and sudden cardiac death (47). This might be the 
third reason for the inverted U-shaped change of lipid with altitude.

Several studies have previously concentrated on the influences of 
genetics, gut microbiota, and plateau environment on the Tibetan 
population’s ability to metabolize lipids (14, 37, 39). In the present 
study, the association between Tibetan dietary intake and lipid levels 
was further analyzed at different altitudes, after adjusting for age, 
educational level, monthly income, and smoking status (Table  4). 
When concentrating solely on total energy intake and energy from fat, 
our results were consistent with previously reported findings (11, 12, 
19), where TG and BMI were positively correlated with energy excess 
and high intake of refined food. However, some notable data could 
be achieved when comparing groups at different altitudes. Specifically, 
it was, for the first time, revealed that the LDL-C and TC levels in the 
HA group were negatively correlated with the percentage of energy 
supplied by fat. Further analysis indicated that LDL-C and TC levels 
were positively correlated with the E% of SFA and negatively correlated 
with the E% of USFA. In addition to the influences of genetic factors, 
it appears more important to concentrate on the composition of fat 
intake rather than on the total amount of fat intake among plateau 
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Tibetans. The unique dietary structure consisting of PUFA-rich foods, 
such as Tibetan barley, whole grains, female yak milk, ghee, and other 
highland foods may affect the lipid metabolism of plateau Tibetans. 
Whether and how diet, environment, and genes interact in lipid 
metabolism in the plateau Tibetan population should 
be further clarified.

4.1. Strengths and limitations

The present study has several strengths. Firstly, to our 
knowledge, this is the first study to investigate the relationship 
between lipid levels and Tibetan diets at different altitudes within 
the same sub-population, thereby reducing potential biases related 
to ethnic, religious, and traditional cultural factors. Secondly, an 
inverted U-shaped change was found in lipid level with elevating 
altitude, despite an increase in fat energy supply ratio, which had not 
been reported previously. This suggests that diet fat composition 
may be  more important than the amount of fat E% in plateau 
Tibetans, supplementing previous studies. Further exploration is 
needed to understand the interaction among diet, environment, and 
genes in lipid metabolism among the Tibetan population. Finally, 
our researchers received standardized training to adopt the same 
measurement methods, generating convincing results.

Nonetheless, this study still has some limitations. Firstly, due to its 
cross-sectional design, a causal relationship between high-fat diet and 
lipid level at different altitudes could not be established. Secondly, the 
self-reported dietary survey might result in reporting bias, although 
trained interviewers administered it using a standard protocol. 
Thirdly, the nutritional level was calculated based on the mean value 
of food composition obtained from our investigation, rather than 
from actual measurements. The contents of fatty acids and minerals 
significantly increased with the elevation of altitude in Tibetan Ghee, 
especially medium-and long-chain UFAs (48, 49). However, the funds 
obtained for our survey were not enough to support food sampling 
and experimental analysis. Therefore, there might be a bias between 
the calculation results and real data, which should be  considered 
during application. Finally, the survey population was relatively small 
due to differences in religious beliefs, language barriers, and difficult 
living conditions. Further large-scale research is necessary to obtain a 
more comprehensive understanding.

5. Conclusion

Despite the fact that an increase in fat intake with elevated altitude 
was found, it was discovered that the Jiarong Tibetans exhibited an 
inverted U-shaped change in lipid level. The high-fat diet appeared to 
have varying effects on the lipid level at the high altitude. In addition, 
it was deemed crucial to concentrate on the composition of fat rather 
than the total amount of fat expressed as a percentage of energy in the 
plateau diet. Furthermore, apart from genetic influences, it was 
suggested that incorporating a diet rich in USFA could potentially 
counterbalance the risk of lipid metabolism. Nevertheless, the intricate 
interplay among diet, environment, and genes concerning lipid 
metabolism in the plateau Tibetan population has still remained 
obscure. Therefore, further extensive investigations and prospective 
studies are required to authenticate these findings and provide more 
comprehensive insights for the future research.
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