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Background: In recent years, with the rapidly development of economic globalization, residents’ dietary structure has undergone 
major changes, and diet have emerged as an important environmental factors linked to the increased incidence of obesity. Therefore, 
evaluating the overall dietary quality and structure of residents, further clarifying the main dietary factors that lead to disease 
occurrence, is of great practical significance for disease prevention and control.
Methods: Baseline data from the China Multi-Ethnic Cohort study (CMEC), Han people living in high-altitude and cold regions of 
Yunnan Province, which was 1518 participants. In this study, the dietary balance index (DBI-16) was used (i) To evaluate the dietary 
quality of Han nationality residents 30–79 years old in the Yunnan plateau; (ii) To analyze the correlation between the dietary quality 
and overweight/obesity; (iii) And to provide reference basis of nutritional intervention for local residents and explore the main dietary 
factors affecting their health status.
Results: The dietary structure of the Han nationality residents in the cold regions of Yunnan plateau is unreasonable. Firstly, the intake 
of cereals, fruits, dairy, eggs and fishes is insufficient to varying degrees, while the intake of beans, poultry, and cooking oil is 
relatively high. Secondly, the dietary patterns of normal groups, the overweight and obese groups obeyed the A, E, H and I dietary 
patterns, and the serum Leptin and adipocyte fatty acid binding protein (A-FABP) levels of the overweight and obese group were 
higher than the normal group between the different dietary patterns (P < 0.05, r > 0). Additionally, excessive dietary intake was 
positively correlated with a higher serum UCP1 level (P < 0.05, r > 0). In comparison, insufficient dietary intake was positively 
correlated with a higher serum A-FABP level (P < 0.05, r > 0).
Conclusion: Through the DBI-16, it is found that the dietary structure of the Han nationality residents in the cold regions of Yunnan 
plateau was in a serious imbalance state, and nutritional guidance and intervention should be further strengthened.
Keywords: plateau Han nationality, dietary balance index-16, dietary quality, dietary evaluation, dietary pattern

Introduction
In recent years, with the development of economic globalization, the dietary structure of residents has undergone major 
changes, and unhealthy diet has become a serious public health problem worldwide.1 The Global Burden of Metabolic Risk 
Factors of Chronic Diseases Collaborating Group’s survey shows that diet is the main risk factors leading to human death. The 
number of deaths caused by diet is as high as 11 million in the world, and poor diet behavior is the main reason for obesity.2 In 
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China, the overweight and obesity rates of adults aged 18 and above are 34.3% and 16.4%, respectively, and the overweight or 
obesity rates of adults has exceeded half (50.7%). The growth rates of obesity is faster than that of overweight, and the 
overweight and obesity rates of rural residents is higher than the urban residents, which show that obesity has posed a great 
threat to national health.3 In the past few decades, China has experienced an accelerated nutritional transformation, 
characterized by unhealthy changes in dietary patterns and increasing incidence rates of diet-related diseases, and irrational 
dietary patterns and unbalanced energy intake have led to an increasing number of obese people in China year by year; nearly 
half of Chinese adults face the dual burden of micronutrient deficiency, overweight and obesity.4–6 In addition, there are 
regional differences in food intake. People in different regions have different dietary behaviors and dietary structures, which 
have different impacts on human health. The results of an early “China obesity index” phase study conducted by Peking 
University showed that the obesity rates in northern China was 35%, while that in southern China was 27%. The reason may be 
related to the differences in diet caused by northern and southern regions. The residents in the south take rice as staple foods, 
with more poultry, fishes, fresh vegetables and fruits, while the people in the north mainly take pasta, with less fresh vegetables 
and fruits; meanwhile, the northern “heavy taste” high-salt diet can also lead to obesity, while the southern diet is relatively 
light.7

To solve the health problems caused by diet, according to the dietary habits and scientific research of Chinese residents, 
two dietary quality indexes were designed: “China Dietary Quality Index (DQI)”8 and “China Dietary Balance Index (DBI)”. 
These two indicators are designed to assess the situation of under-nutrition and over-nutrition, which are important risk factors 
for the rise of non-communicable diseases (NCDs) in China’s population undergoing rapid economic change.9 However, 
physical and physiological indicators of high-altitude populations also undergo significant changes due to unique geographical 
environments and dietary habits. So, is the occurrence of obesity in high-altitude populations related to changes in their dietary 
structure? And does the change in dietary structure affect the changes in its physical and physiological indicators? Are the 
changes in adipokines, such as Leptin, Visfatin and adipocyte fatty acid binding protein (A-FABP), as classic factors of 
obesity, related to changes in dietary structure? Currently, no relevant reports exist on the Yunnan Plateau.

Materials and Methods
Study Design
NCDs have become one of the leading causes of death for the world’s population, and ethnicity is increasingly recognized as 
an important risk factor for NCDs worldwide. China has the largest ethnic minority population in the world (about 125 million 
out of 55 ethnic groups10). The China Multi-ethnic cohort (CMEC) was launched in 2017 to investigate the ethnic differences 
of NCDs in southwest China and obtain data on the prevalence of NCDs, risk factors and related diseases of different ethnic 
groups. Established in five provinces in southwest China (Yunnan, Sichuan, Guizhou, Chongqing and Tibet), the cohort was 
designed to include 100,000 middle-aged people (including Han, Tibetan, Yi, Miao, Bai, Buyei, and Dong).11 The data source 
of this study is based on CMEC baseline survey, and the cohort project site was selected at the Han population in the cold 
plateau area of Yongsheng County, Lijiang City, Yunnan Province.

Study Participants
Based on the CMEC baseline survey of “Cohort Study of Natural Populations Living on the Plateau in high-altitude 
Areas of Southwest China”, we selected the Han nationality population whose cohort project site is located in high- 
altitude and cold regions of Yunnan Province, China, 10538 as the research objects. Based on a previously established 
case–control study including 475 obese individuals and an equal number of control, 284 overweight individuals and an 
equal number of control, excluding those who had refuse or incomplete dietary questionnaires and implausible or missing 
dietary intake data, we ultimately included 308 obese individuals and an equal number of control, 186 overweight 
individuals and an equal number of control in case–control study (Figure 1), and to preliminarily explore the main dietary 
factors affecting their health status. Based on BMI (body mass index), this study classifies overweight and obesity 
according to Chinese obesity standards (Normal: 18.5 ≤ BMI < 24kg/m2; Overweight: 24.0 ≤ BMI < 28.0kg/m2; Obesity: 
BMI ≥ 28kg/m2).12 And all the subjects were fully aware of the purpose and procedure of the study, which signed 
a written informed consent before being included in the study. Human Leptin Enzyme-Linked Immunosorbent Assay 
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(ELISA) Kit, Human A-FABP ELISA Kit, and Human Visfatin ELISA Kit were obtained from Elabscience 
Biotechnology Co.,Ltd (Wuhan, China).

Dietary Data Collection and Calculation
Dietary Balance Index (DBI-16)
Dietary score indexes of DBI-16 mainly include total score (TS), high bound score (HBS), low bound score (LBS) and 
diet quality distance (DQD). Among them, HBS is the absolute value of the sum of the positive fractions of all indicators, 
mainly reflecting the degree of excessive dietary intake; LBS is the absolute value of the sum of negative scores of all 
indicators, which mainly reflects the degree of insufficient dietary intake; DQD is to add the absolute value of each index 
scores to comprehensively reflect a specific dietary problem; and TS is to accumulate the scores of all indicators to reflect 
the average level of overall dietary quality.

The calculation method is as follows: (i) According to the requirements of DBI-16 dietary quality evaluation, the 
daily average intake of various foods and nutrients of the respondents were sorted and calculated; (ii) To assign and 
calculate the energy intake of each type of food according to the DBI-16 scoring standard; (iii) To calculate the scores of 
the DBI-16 dietary evaluation indicators HBS, LBS, TS and DQD of the respondents, and further analyze and evaluate 
the dietary quality.

Plateau in high-altitude areas of
Southwest China (n=10538)

Control (n=9779)
Obese (n=475)

Overweight (n=284)

Normal Group1:Obese Group (n=475 : 475)
Normal Group2:Overweight Group (n=284 : 284)

Based on BMI classification

Based on the previously established
Case–control study

(Equal number of case and control)

CMEC participants (n=99556)

Referring to the above study design

Extreme Refused to participate in
the dietary survey

Non-vailable on dietary-related
information and outcome

Eligible for analysis
( Normal Group1:Obese Group =308 : 308)
(Normal Group2:Overweight Group =186:186)

Figure 1 Flowchart of paticipants recruitments and study inclusion.
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DBI-16 Dietary Pattern
DBI-16 dietary pattern divides DBI-LBS into three levels: below 20 points, 20–40 points and above 40 points; DBI-HBS 
is also divided into three levels: below 10 points, 10–20 points and above 20 points; then the above DBI-LBS and DBI- 
HBS were combined at different score levels, and 9 dietary patterns were established, including A, B, C, D, E, F, G, 
H and I (Table 1). Among the nine dietary patterns, pattern A generally has a small difference from the ideal diet, while 
pattern F, H, and I generally have a significant difference from the ideal diet. Therefore, it is necessary to combine the 
scores of various DBI indicators to determine the types of food with insufficient and excessive intake issues.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation if normally distributed; otherwise, were expressed as 
median and interquartile range, while categorical variables were expressed as frequency (n) and percentage (%). The 
Kolmogorov–Smirnov test was used to determine whether data were normally distributed. The significance of difference 
was determined by t-test, Mann–Whitney U-test, Kruskal–Wallis H-test for continuous variables, and by Chi-square test 
for categorical variables. Spearman correlation (for non-normally distributed data) or Pearson correlation (for normally 
distributed data) analysis was used to examine the relation with dietary DBI score with serum adipokine and blood 
indicators.

All reported P values were 2-tailed and α level of 0.05 or less was considered statistically significant. Statistical 
analyses were performed as indicated using IBM SPSS 26.0 statistical software (SPSS Inc., Chicago, USA).

Results
Basic Demographic Characteristics of Each Group
As shown in Table 2, this study investigated 616 people in obese group and normal group 1, and 372 people in 
overweight group and normal group 2. Among them, the obese group and normal group 1 include 194 males (31.5%) and 
422 females (68.5%). The proportion of obese females 211 (68.5%) was higher than males 97 (31.5%); the average age 
of normal group 1 was 51.58 ± 8.89 and the obese group was 52.32 ± 9.31; the subjects are mostly elementary school 247 
(40.1%) and illiterate 173 (28.1%). There were 186 subjects in normal group 2 and 186 subjects in overweight group, 
respectively; 134 males (36.0%) and 238 females (64.0%). The proportion of overweight females 119 (64.0%) is higher 
than males 67 (36.0%); the average age of normal group 2 was 51.89 ± 9.09 and the overweight group was 51.29 ± 9.08; 
the subjects are mainly elementary school 132 (35.5%) and illiterate 98 (26.3%). Compared with the normal group 1, the 
WBC, RBC, HCT, MCV, HGB, HR, Leptin and A-FABP levels in the obese group showed statistically significant 

Table 1 Dietary Patterns of DBI-16

Patterns Definition Diagram

A DBI-LBS ≤ 20, DBI-HBS≤10

B 20 < DBI-LBS ≤ 40, DBI-HBS≤10

C DBI-LBS > 40, DBI-HBS≤10
D DBI-LBS ≤ 20, 10 < DBI-HBS ≤ 20

E 20 < DBI-LBS ≤ 40, 10 < DBI-HBS ≤ 20

F DBI-LBS > 40, 10 < DBI-HBS ≤ 20
G DBI-LBS ≤ 20, DBI-HBS > 20

H 20 < DBI-LBS ≤ 40, DBI-HBS > 20

I DBI-LBS > 40, DBI-HBS > 20

Notes: DBI-16 dietary pattern divides DBI-LBS into three levels, below 20 points, 20–40 points and above 40 points; DBI-HBS is also divided 
into three levels: below 10 points, 10–20 points and above 20 points; Then, the above DBI-LBS and DBI-HBS were combined at different 
score levels, and 9 dietary patterns were established, including A, B, C, D, E, F, G, H and I. 
Abbreviations: DBI-LBS, Dietary Balance Index-low bound score; DBI-HBS, Dietary Balance Index-high bound score.
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Table 2 Basic Demographic Characteristics of the Normal Group 1 and the Obese Group; Normal Group 2 and the Overweight Group [n (%)]

Variable All Participantsa NG1 (n = 308) OG (n = 308) P All Participantsb NG2 (n = 186) OWG (n = 186) P

Age (years) 51.95±9.10 51.58 ± 8.89 52.32 ± 9.31 0.219 51.59±9.08 51.89 ± 9.09 51.29 ± 9.08 0.431
Sex
Male 194 (31.5) 97 (31.5) 97 (31.5) – 134 (36.0) 67 (36.0) 67 (36.0) –

Female 422 (68.5) 211 (68.5) 211 (68.5) 238 (64.0) 119 (64.0) 119 (64.0)
Education, n (%)
Illiterate 173 (28.1) 82 (26.6) 91 (29.5) 0.797 98 (26.3) 54 (29.0) 44 (23.7) 0.379

Elementary school 247 (40.1) 128 (41.6) 119 (38.6) 132 (35.5) 67 (36.0) 65 (34.9)
Middle school 147 (23.9) 75 (24.4) 72 (23.4) 108 (29.1) 52 (28.0) 56 (30.1)

High school and above 49 (8.0) 23 (7.5) 26 (8.4) 34 (9.1) 13 (7.0) 21 (11.3)

Marital status, n (%)
Married/Cohabit 562 (91.2) 280 (90.9) 282 (91.6) 0.776 349 (93.8) 174 (93.5) 175 (94.1) 0.830

Widowed/single/divorced/ 

separation

54 (8.8) 28 (9.1) 26 (8.4) 23 (6.2) 12 (6.5) 11 (5.9)

Physical activity, n (%)
Low 209 (33.9) 93 (30.2) 116 (37.7) 0.103 119 (32.0) 59 (31.7) 60 (32.3) 0.713

Middle 200 (32.5) 110 (35.7) 90 (29.2) 131 (35.2) 69 (37.1) 62 (33.3)
High 207 (33.6) 105 (34.1) 102 (33.1) 122 (32.8) 58 (31.2) 64 (34.4)

Blood indicators
WBC 6.6 (5.5, 7.7) 6.1 (5.2, 7.3) 6.8 (5.8, 7.9) <0.001 6.5 (5.5, 7.8) 6.9 (5.8, 7.9) 6.91±1.62 0.019
RBC 4.9 (4.6, 5.3) 4.8 (4.5, 5.2) 5.1 (4.8, 5.4) <0.001 5.0 (4.7, 5.3) 5.0 (4.7, 5.3) 4.9(4.7. 5.3) 0.210

HCT 94.6 (91.2, 97.1) 94.9 (91.8, 97.5) 94.1 (90.4, 96.8) 0.023 94.3 (91.3, 97.3) 93.6 (91.3, 97.2) 94.8 (91.4, 97.7) 0.206

MCV 46.2(43.9, 49.5) 45.3 (43.0, 48.7) 47.4 (44.8, 50.3) <0.001 46.6 (44.0, 49.6) 46.8 (44.2, 49.7) 46.84±4.33 0.491
PLT 204.0 (174.3, 249.0) 208.98±54.28 204 .0(172.5, 249.0) 0.647 208.0 (178.0, 244.0) 208.0 (178.5, 256.0) 215.49±57.49 0.517

PCT 0.21±0.05 0.21±0.05 0.21±0.05 0.115 0.21±0.05 0.21±0.04 0.21±0.05 0.184

HGB 150.0 (142.0, 161.0) 146.0 (139.0, 157.0) 153.0 (145.0, 163.8) <0.001 150.0 (142.0, 161.0) 152.0 (143.0, 162.0) 151.59±14.63 0.622
MONO 4.3 (3.4, 5.4) 4.40±1.70 4.3 (3.4, 5.4) 0.446 4.2 (3.4, 5.3) 4.3 (3.4, 5.2) 4.40±1.48 0.992

HR 74.0 (67.0, 82.0) 73.0(66.0, 80.0) 75.0 (68.0, 84.0) 0.003 73.0 (67.0, 80.0) 72.0 (67.0, 80.0) 74.0 (68.0, 82.0) 0.118

Serum adipokines
Leptin 6685.1 (3258.4, 

12,914.5)

3832.8 (1951.3, 

6129.9)

12,265.9 (7466.7, 

17,596.3)

<0.001 5834.3 (2892.8, 

10,978.1)

9767.9 (5670.5, 

14,332.9)

3571.9 (1462.9, 

6271.6)

<0.001

Visfatin 16.3 (13.2, 19.5) 16.3 (12.9 19.4) 16.4 (13.4, 19.8) 0.373 16.1 (13.2, 20.2) 16.3(13.3, 20.1) 16.73±4.97 0.919
A-FABP 14346.6 (10,293.8, 

20,108.7)

11,103.2 (8561.1, 

14,879.6)

18,439.5 (13,888.1, 

23,526.2)

<0.001 13,139.1 (9707.8, 

18,102.4)

16,305.4 (12,438.2, 

20,576. 1)

10,387.4 (7884.0, 

13,594.3)

<0.001

Notes: Data presented as mean ± standard deviation or median (interquartile range) for continuous variables or number (%) for categorical variables. P values derived from the analysis of t-test or Mann–Whitney U-test (continuous 
variables) or Chi-square tests (categorical variables). aRepresents normal group 1 and obese group, bRepresents normal group 2 and overweight group. 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group.
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differences (P < 0.05). Statistically significant differences were also observed in the levels of WBC, Leptin and A-FABP 
in the normal group 2 and overweight group showed statistically significant differences (P < 0.05).

DBI-16 Component Score and the Percentage of Participants with Each Score
Table 3 shows the average scores of cereal, vegetables, and fruits for obese residents were −4, −2, and −2, respectively. The 
proportion of people who reached or exceeded the recommended intake was 71.43%, 61.36%, and 67.21%, respectively; the 
average score for dairy products is −5, indicating a serious underintake of dairy products; the average score of beans is 0, with 
89.29% of people reaching or exceeding the recommended quantity; the average score of poultry is 1, with 63.31% of people 
reaching or exceeding the recommended quantity; the average score of fishes is −3, and the number of people below the 
recommended quantity level is as high as 90.58%; the average score of eggs is −1, and only 33.12% of the population basically 
reaches the recommended intake, while the highest number does not reach the recommended intake; the average scores for 
cooking oil, alcoholic beverage, addible sugar, and salt were 4, 0, 0, and 1, respectively, all reaching or exceeding the 
recommended intake; the average score for food types is −1, and 99.68% of the population has a score higher than −6 (eating 
more than 6 types of food per day).

The average scores of cereals, vegetables, and fruits for overweight residents are −5, −2, and −3, respectively. The 
number of people who are lower than the recommended intake is as high as 21.51%, 38.17%, and 26.88%, respectively; 
the average scores for dairy is −5, indicating a serious underintake of dairy; the average scores of beans is 0, with 86.56% 
of people reaching or exceeding the recommended quantity; the average score of poultry is 1, with 63.44% of people 
reaching or exceeding the recommended quantity; the average scores of fish is −3, reaching 89.78%, which is lower than 
the recommended quantity level; the average egg scores is −2, with only 24.19% of people reaching the recommended 
intake, and 75.81% of people not reaching the recommended intake; the average scores for cooking oil, alcoholic 
beverage, addible sugar, and salt were 3, 1, 0, and −2, respectively, all reaching or exceeding the recommended intake; 
the average scores of food types is −1, and 93.01% of people have a score higher than −6 (eating more than 6 types of 
food per day).

The Dietary Quality of Each Group Was Unbalanced
Table 4 shows the median scores for LBS, HBS and DQD by sociodemographic characteristics of the participants. Based on 
the evaluation of HBS score, the dietary intake of the residents in normal group 1 and obese group mainly concentrated on the 
more appropriate intake (44.5%, 47.4%), and the low-degree intake (37.7%, 36.7%); the distribution of excessive dietary 
intake in normal group 2 and overweight group is similar to normal group 1 and obese group. Based on the LBS score 
evaluation, the dietary intake of residents in normal group 1 and obese group were mainly concentrated in relatively 
appropriate intake (13.6%, 19.5%), low intake (58.4%, 54.9%), and dietary patterns rates intake (17.9%, 16.6%); the 
distribution of insufficient dietary intake of normal group 2 and overweight group is similar to normal group 1 and obese 
group. Based on the evaluation of DQD score, the dietary quality of residents in normal group 1 and obese group mainly 
concentrated on low imbalance intake (66.9%, 67.2%) and dietary patterns rate imbalance intake (26.9%, 26.6%). The dietary 
quality of normal group 2 and overweight group also mainly concentrated in low imbalance intake (65.6%, 58.1%) and dietary 
moderate imbalance intake (28.0%, 33.9%).

Comparison of Energy and Macro-Nutrient Intakes Among Groups
Table 5 demonstrates the comparison of dietary indicators among groups. From the comparative analysis of energy intake 
level, the energy intake level of overweight group was higher than normal group 2 (P < 0.05); from the comparative analysis of 
macro-nutrient level, the carbohydrate intake of obese group was higher than normal group 1 (P < 0.01); the total energy, 
carbohydrate, protein and fat intake of overweight group were higher than normal group 2 (P < 0.05); from the intake levels of 
various types of food, the intake of cooking oil by obese group was higher than that of normal group 1 (P < 0.05) and the intake 
of dairy by overweight was lower than that of normal group 2 (P < 0.05), but there was no statistically significant difference 
was observed in other food intake between groups; from the comparison of different index scores of DBI-16, there was no 
statistical difference (P > 0.05) in the DBI-16 indicators of LBS, HBS, TS, and DQD between normal group 1 and obese 
group, indicating that there was no difference in the degree of excessive dietary intake, insufficient dietary intake, dietary 
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Table 3 The DBI-16 Component Score and the Percentage of Participants with Each Score [n (%)]

Group Scores Cereal Vegetable Fruit Dairy Bean Poultry Fish Egg Cooking 
oil

Alcoholic 
beverage

Addible 
sugar

Salt Diet 
Variety

Normal group 1 (n = 

308)

(−12) – 

(−11)

16.56

(−10) – 
(−9)

9.09 0.32

(−8) – (−7) 17.21 4.87

(−6) – (−5) 12.66 5.19 24.35 83.12 1.30 6.49
(−4) – (−3) 11.69 24.03 21.43 11.36 2.27 13.96 74.35 40.91 2.27

(−2) – (−1) 9.09 32.47 20.13 4.55 3.90 20.13 16.56 28.90 46.75

0–1 8.44 38.31 34.09 0.97 92.53 9.42 9.09 22.40 36.69 85.71 97.08 65.91 39.29
2–3 4.55 21.43 3.57 13.96 4.22 0.32 22.08

4–5 4.22 35.06 4.22 13.64 3.25 1.30 4.55

6–7 1.30 35.71 6.82 1.30 7.47
8–9 1.95

10–11 0.97

12 2.27
Obese group (n = 308) (−12) – 

(−11)

16.56

(−10) – 

(−9)

10.39 0.32

(−8) – (−7) 12.66 3.57
(−6) – (−5) 12.01 5.19 16.88 80.19 2.60 6.17

(−4) – (−3) 8.77 23.70 25.32 12.01 2.92 11.69 73.38 39.61 3.25

(−2) – (−1) 11.04 32.47 25.00 5.19 5.19 25.00 17.21 27.27 45.45
0–1 9.42 38.64 32.79 2.60 89.29 12.66 9.42 24.35 27.27 89.94 97.08 63.64 41.23

2–3 6.17 17.53 5.19 17.86 2.60 0.97 25.00

4–5 3.57 33.12 3.57 10.71 3.90 1.30 3.90
6–7 2.27 44.16 3.57 0.65 7.47

8–9 1.95

10–11 1.30
12 3.90

(Continued)
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Table 3 (Continued). 

Group Scores Cereal Vegetable Fruit Dairy Bean Poultry Fish Egg Cooking 
oil

Alcoholic 
beverage

Addible 
sugar

Salt Diet 
Variety

Normal group 2 (n = 

186)

(−12) – 

(−11)

16.67

(−10) – 

(−9)

15.05 0.54

(−8) – (−7) 8.60 4.30
(−6) – (−5) 11.83 5.91 19.89 80.65 2.69 4.84

(−4) – (−3) 10.75 27.42 19.35 13.44 4.30 11.29 74.19 38.71 5.38

(−2) – (−1) 12.37 30.11 25.81 5.91 4.84 21.51 18.28 29.03 41.40
0–1 7.53 36.56 34.95 0.00 88.17 14.52 7.53 23.66 32.80 83.87 96.24 58.06 43.55

2–3 4.30 24.73 2.15 17.20 2.15 0.54 32.80

4–5 2.69 27.96 6.45 11.83 5.38 2.69 4.30
6–7 1.61 38.17 8.60 0.54 4.84

8–9 3.23
10–11 1.08

12 4.30

Overweight group (n = 
186)

(−12) – 
(−11)

21.51

(−10) – 

(−9)

8.06 1.08

(−8) – (−7) 16.13 5.91

(−6) – (−5) 12.37 4.30 26.88 87.10 1.61 5.91

(−4) – (−3) 11.83 25.27 19.35 9.68 3.23 13.98 68.28 49.46 3.76
(−2) – (−1) 8.60 32.26 26.88 2.15 8.60 22.58 21.51 26.34 45.70

0–1 11.29 38.17 26.88 1.08 86.56 11.29 10.22 18.82 37.63 88.17 97.85 69.89 37.63

2–3 3.23 13.44 2.69 13.44 3.76 2.15 19.89
4–5 2.15 38.71 2.69 11.29 3.76 5.38

6–7 1.61 37.63 4.30 4.84

8–9 2.15
10–11 0.54

12 0.54

Notes: In normal group 1 and normal group 2, the residents’ intake of poultry and beans is at a normal level. About 70% of the residents in the two groups have the scores of cereals, vegetables and fruits lower than the recommended 
intake.
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Table 4 The Distribution of DBI Indicators Among Participants [n (%)]

Indicators Group Almost No  
Problem

Moderate  
Level

Low  
Level

Middle  
Level

High  
Level

χ2 P

HBS NG 1 (n = 308) 42 (13.6) 137 (44.5) 116 (37.7) 11 (3.6) 2 (0.6) 4.395 0.355

OG (n = 308) 29 (9.4) 146 (47.4) 113 (36.7) 18 (5.8) 2 (0.6)

LBS NG1 (n = 308) 0 (0.0) 42 (13.6) 180 (58.4) 55 (17.9) 31 (10.1) 3.827 0.281
OG (n = 308) 0 (0.0) 60 (19.5) 169 (54.9) 51 (16.6) 28 (9.1)

DQD NG1 (n = 308) 0 (0.0) 17 (5.5) 206 (66.9) 83 (26.9) 2 (0.6) 0.150 1.000

OG (n = 308) 0 (0.0) 17 (5.5) 207 (67.2) 82 (26.6) 2 (0.6)
HBS NG 2 (n = 186) 17 (9.1) 88 (47.3) 68 (36.6) 12 (6.5) 1 (0.5) 12.868 0.007

OWG (n = 186) 32 (17.2) 86 (46.2) 66 (35.5) 2 (1.1) 0(0.0)
LBS NG 2 (n = 186) 0 (0.0) 38 (20.4) 91 (48.9) 39 (21.0) 18 (9.7) 2.631 0.452

OWG (n = 186) 0 (0.0) 27 (14.5) 94 (50.5) 42 (22.6) 23 (12.4)

DQD NG 2 (n = 186) 0 (0.0) 10 (5.4) 122 (65.6) 52 (28.0) 2 (1.1) 4.514 0.172
OWG (n = 186) 0 (0.0) 15 (8.1) 108 (58.1) 63 (33.9) 0 (0.0)

Notes: Data presented as number (%) for categorical variables. P values derived from the analysis of Chi-square tests. 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group.

Table 5 Comparison of Dietary Related Indicators Between Groups

Indicators Group Z P

Macro-nutrients NG1 (n = 308) OG (n = 308)

Total energy (Kcal/d) 2540.99 (1827.00, 3743.03) 2907.92 (2009.37, 3951.38) −1.784 0.074
Carbohydrate (g/d) 280.68 (186.87, 422.39) 337.56 (219.37, 477.81) −2.633 0.008

Protein (g/d) 80.32 (52.07, 168.23) 93.49 (55.46, 161.07) −1.240 0.215

Fat (g/d) 115.28 (87.89, 158.75) 120.66 (86.86, 159.14) −0.373 0.709
Types of food (g/d)
Cereal 160.74 (81.00, 295.35) 181.32 (82.69, 323.93) −1.501 0.133

Vegetable 388.55 (226.21, 573.86) 399.23 (255.57, 586.72) −0.728 0.467
Fruit 203.89 (59.11, 393.81) 235.67 (105.55, 382.99) −1.423 0.155

Dairy 0.00 (0.00, 33.33) 0.00 (0.00, 40.04) −0.497 0.619

Bean 71.88 (37.38, 118.50) 76.61 (37.86, 128.93) −0.980 0.327
Poultry 108.96 (56.17, 169.34) 111.33 (58.51, 166.03) −0.525 0.600

Fish 17.23 (6.47, 38.32) 17.97 (6.67, 36.65) −0.455 0.649

Egg 21.43 (5.07, 50.00) 21.43 (6.06, 50.00) −0.378 0.706
Cooking oil 44.44 (22.22, 66.67) 50.00 (33.33, 75.00) −2.549 0.011

Salt 5.00 (2.25, 8.33) 5.56 (3.33, 8.33) −1.603 0.109

Alcoholic beverage 0.00 (0.00, 6.67) 0.00 (0.00, 3.29) −1.563 0.118
Addible sugar 1.43 (0.11, 7.14) 1.67 (0.06, 7.14) −0.266 0.791

DBI score
HBS 8.00 (4.00, 12.00) 9.00 (6.00, 12.00) −1.137 0.255

LBS 20.00 (15.00, 26.00) 19.00 (14.00, 25.00) −1.420 0.155

TS −10.00 (−-19.75, −5.00) −10.00 (−17.00, −3.00) −1.270 0.204
DQD 29.00 (24.00, 35.00) 29.50 (24.00, 35.00) −0.385 0.700

Macro-nutrients NG2 (n =186) OWG (n = 186)

Total energy (Kcal/d) 2473.50 (1929.50, 3443.75) 2821.00 (2106.50, 3957.25) −2.695 0.007

Carbohydrate (g/d) 264.50 (192.00, 408.50) 310.50 (218.00, 470.50) −2.328 0.020
Protein (g/d) 77.50 (53.00, 146.25) 99.50 (60.00, 177.25) −2.460 0.014

Fat (g/d) 115.00 (87.00, 149.00) 126.00 (100.50, 160.50) −2.190 0.029

(Continued)
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quality, or dietary balance between the two groups. However, it can be seen that there is a statistical difference in the DBI-16 
indicators of HBS and TS between normal group 2 and overweight group (P < 0.05), indicating the differences in excessive 
dietary intake and dietary quality varied between the two groups (P < 0.05).

Comparison of Serum Adipokines and UCP1 Levels Among Groups Under Different 
Dietary Patterns
Table 6 shows the comparison of Serum adipokines and UCP1 levels among groups under different dietary patterns. 
Under the conditions of A, E, H and I dietary patterns, the serum Leptin and A-FABP levels of the obese group was 
higher than normal group 1 (P < 0.001), but there was no statistical difference in serum Visfatin and UCP1 levels 
between the obese group and normal group 1 (P > 0.05). However, the trend of the obese group being higher than the 
normal group 1 can be seen, to some extent. Similarly, the serum Leptin and A-FABP levels of the overweight group 
were all higher than those of the normal group 2 (P < 0.05), but the serum UCP1 level was higher than normal group 2 
only in dietary patterns A and H (P < 0.05) and the trend that the serum UCP1 level of the overweight group was higher 
than that of the normal group 2 can be observed in dietary patterns E and I (P > 0.05). Furthermore, there were no 
observed correlations between other dietary patterns and serum Visfatin (P > 0.05).

Correlation Analysis Between DBI Score and Serum Adipokines and UCP1 Among 
Groups
Table 7 shows the correlation analysis between DBI score and Serum adipokines and UCP1 among groups. In normal 
group 1 and obese group, normal group 2 and overweight group, only the dietary HBS score of overweight group was 

Table 5 (Continued). 

Indicators Group Z P

Macro-nutrients NG2 (n =186) OWG (n = 186)

Types of food (g/d)
Cereal 166.39 (68.92, 289.47) 169.03 (67.59, 276.43) −0.509 0.611

Vegetable 401.74 (229.81, 567.13) 397.69 (253.22, 591.08) −0.488 0.625
Fruit 224.05 (96.65, 387.29) 216.53 (47.43, 326.58) −1.331 0.183

Dairy 0.21 (0.00, 35.71) 0.00 (0.00, 16.67) −2.569 0.010

Bean 70.93 (35.70, 118.38) 62.44 (34.01, 113.75) −0.400 0.689
Poultry 107.95 (62.00, 166.81) 113.63 (64.10, 197.61) −1.030 0.303

Fish 16.07 (6.16, 35.89) 21.43 (7.39, 46.44) −1.763 0.078

Egg 21.43 (3.33, 50.00) 15.11 (2.06, 36.61) −1.730 0.084
Cooking oil 46.74 (28.09, 70.56) 45.83 (25.00, 66.67) −0.572 0.567

Salt 5.88 (3.11, 8.33) 5.56 (2.71, 8.33) −1.273 0.203

Alcoholic beverage 0.00 (0.00, 8.33) 0.00 (0.00, 2.19) −1.983 0.047
Addible sugar 1.43 (0.11, 5.71) 1.00 (0.00, 6.79) −1.143 0.253

DBI score
HBS 9.00 (6.00, 12.00) 8.00 (4.00, 11.00) −2.213 0.027
LBS 20.00 (13.00, 26.00) 21.00 (16.00, 28.00) −1.879 0.060

TS −11.00 (−17.00, −3.00) −13.00 (−21.00, −6.75) −2.543 0.011

DQD 31.00 (24.00, 36.00) 30.00 (24.75, 37.00) −0.308 0.758

Notes: Demonstrates the comparison of dietary related indicators among groups. From the comparative analysis of macro-nutrient level, 
the carbohydrate intake of obese group was higher than normal group 1 (P < 0.05); the total energy, carbohydrate, protein and fat intake of 
overweight group were higher than normal group 2 (P < 0.05); from the comparative analysis of food categories level, the intake level of 
cooking oil in obese group was higher than normal group 1 (P < 0.05) and the dairy, alcoholic beverage intake level of overweight group was 
lower than normal group 2 (P < 0.05). Compared with the normal group 2, the overweight group had significantly lower scores of HBS, and 
TS (P < 0.05). 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group; CHO, Carbohydrate.
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Table 6 Comparison of Serum Adipokines and UCP1 Levels Among Groups Under Different Dietary Patterns

Dietary Pattern Group Leptin (pg/mL) Visfatin (pg/mL) A-FABP (pg/mL) UCP1 (ng/mL)

Dietary patterns A NG 1 (n = 162) 3991.86 (1879.25, 6212.07) 16.33 (13.21, 19.18) 11,055.68 (8168.56, 14,916.17) 0.44 (0.23, 1.31)

OG (n = 179) 12,712.31 (6708.88, 17,924.45) 16.55 (13.37, 20.29) 18,120.15 (13,568.93, 23,265.59) 0.44 (0.21, 1.07)
Z −10.924 −1.016 −9.755 −0.675

P < 0.001 0.310 < 0.001 0.499

Dietary patterns E NG 1 (n = 108) 3193.93 (1749.79, 6080.48) 15.18 (12.09, 19.22) 10,843.34 (8703.97, 15,018.25) 0.53 (0.25, 1.15)
OG (n = 94) 12,400.25 (8640.53, 17,130.03) 16.28 (13.45, 18.76) 17,850.44 (13,839.23, 24,002.28) 0.59 (0.24, 1.08)

Z −10.012 −0.645 −7.410 −0.071

P < 0.001 0.519 < 0.001 0.943
Dietary patterns H NG 1(n = 12) 4541.15 (2382.98, 6667.98) 17.43 (15.25, 22.22) 10,628.18 (8755.50, 15,968.68) 0.28 (0.12, 0.86)

OG (n = 12) 9686.51 (7252.75, 30,683.77) 14.57 (12.60, 20.40) 21,321.31 (15,695.00, 21,886.76) 0.67 (0.25, 1.30)

Z −3.118 −1.443 −3.002 −1.270
P 0.002 0.149 0.003 0.204

Dietary patterns I NG 1 (n = 26) 4143.52 (3030.95, 5814.74) 15.85 (12.71, 20.17) 13,143.02 (9767.03, 14,355.08) 0.44 (0.14, 0.98)

OG (n = 23) 11,360.04 (5477.38, 14,349.29) 16.44 (14.34, 18.36) 18,515.49 (15,279.12, 22,937.07) 0.57 (0.30, 1.35)
Z −4.467 −0.130 −3.826 −1.062

P < 0.001 0.896 < 0.001 0.288

Dietary patterns A NG 2 (n = 96) 3267.52 (1460.09, 6213.24) 15.95 (13.16, 20.23) 16,151.04 (11,763.52, 21,840.00) 0.40 (0.18, 0.88)
OWG (n = 92) 9496.41 (4524.90, 15,522.01) 16.19 (13.22, 21.77) 10,112.75 (7576.11, 13,472.89) 0.58 (0.31, 1.16)

Z −7.176 −0.414 −6.439 −3.079

P < 0.001 0.679 < 0.001 0.002
Dietary patterns E NG 2 (n = 60) 4032.43 (940.64, 6393.60) 15.95 (13.44, 19.79) 16,772.12 (13,320.28, 20,137.21) 0.39 (0.26, 0.78)

OWG (n = 65) 10,634.34 (6291.45, 14,271.58) 16.75 (13.38, 19.40) 10,574.31 (8230.00, 14,849.98) 0.35 (0.24, 0.74)

Z −6.169 −0.099 −4.791 −0.501
P < 0.001 0.921 < 0.001 0.616

Dietary patterns H NG 2 (n = 13) 4155.60 (1562.67, 6673.69) 18.34 (17.40, 20.88) 14,711.17 (12,169.33, 18,025.56) 0.58 (0.10, 0.91)

OWG (n = 13) 11,199.25 (3298.46, 16,418.29) 14.60 (10.39, 19.51) 10,134.18 (7462.90, 13,146.85) 1.21 (0.86, 1.97)
Z −2.102 −1.479 −2.258 −3.001

P 0.036 0.139 0.024 0.003

Dietary patterns I NG 2 (n = 17) 3714.29 (2279.32, 6399.96) 16.03 (11.78, 19.03) 16,551.17 (13,659.53, 18,889.78) 0.36 (0.09, 0.67)
OWG (n = 16) 9594.80 (4856.84, 12,538.61) 15.26 (13.63, 18.76) 10,861.32 (9446.91, 14,410.20) 0.39 (0.18, 1.25)

Z −3.169 −0.219 −2.732 −1.093

P < 0.05 0.827 0.006 0.274

Notes: Under the conditions of A, E, H and I dietary patterns, the serum Leptin and A-FABP level of the obese group was higher than normal group 1 (P < 0.001); there was no difference in serum UCP1 level between the obese group 
and normal group 1 (P > 0.05). However, the trend that the obesity group is higher than the normal group 1 can be seen. Similarly, the serum Leptin levels of the residents in overweight group were all higher than those of the normal 
group 2(P < 0.05). 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group.
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positively correlated with serum UCP1 level (P < 0.05, r > 0), and no correlation with serum Leptin, Visfatin, A-FABP, 
UCP1 levels (P > 0.05, r = 0).

Correlation Study Between DBI Score and Blood Indicators Factors Among Groups
Table 8 demonstrates the correlation between DBI score and blood indicator factors in each group. In normal group 1 and 
obesity group, the dietary LBS score of obese group was positively correlated with blood PLT (P < 0.05, r > 0), PCT (P < 
0.05, r > 0) and MONO (P < 0.05, r > 0) level; the dietary DQD score of obese group was positively correlated with 
blood PCT (P < 0.05, r > 0) and MONO (P < 0.05, r > 0) level. In normal group 2 and overweight group, the dietary 
DQD score of normal group 2 was positively correlated with blood WBC level (P < 0.05, r < 0); the dietary DQD score 

Table 7 Correlation Study Between DBI Score and Serum Leptin, Visfatin, A-FABP and UCP1 Factors in 
Each Group

Group Variable HBS Score LBS Score TS Score DQD Score

r P r P r P r P

NG 1 (n = 308) Leptin 0.066 0.245 −0.033 0.567 0.060 0.297 −0.003 0.963
Visfatin 0.026 0.651 0.012 0.838 0.003 0.955 0.052 0.362

A-FABP 0.035 0.545 0.057 0.322 −0.008 0.885 0.086 0.133

UCP1 −0.003 0.962 −0.057 0.317 0.03 0.605 −0.054 0.344
OG (n = 308) Leptin −0.036 0.524 0.034 0.553 −0.047 0.415 0.008 0.886

Visfatin 0.068 0.234 −0.078 0.172 0.084 0.143 −0.040 0.484

A-FABP −0.016 0.776 −0.003 0.964 −0.009 0.871 −0.022 0.696
UCP1 0.062 0.280 −0.009 0.874 0.050 0.379 0.043 0.448

NG 2 (n = 186) Leptin 0.072 0.329 0.003 0.972 0.033 0.655 0.121 0.099

Visfatin 0.026 0.724 −0.063 0.389 0.042 0.565 −0.037 0.616
A-FABP −0.085 0.248 0.063 0.395 −0.091 0.217 0.078 0.291

UCP1 0.020 0.787 0.006 0.937 −0.011 0.883 0.007 0.929

OWG (n = 186) Leptin 0.002 0.983 0.041 0.574 −0.065 0.381 0.028 0.703
Visfatin 0.025 0.739 −0.034 0.65 0.016 0.826 −0.064 0.389

A-FABP −0.009 0.901 0.004 0.961 −0.028 0.708 −0.019 0.796

UCP1 0.158 0.031 −0.044 0.554 0.093 0.207 0.051 0.489

Notes: Shows the correlation between DBI scores and serum Leptin, Visfatin, A-FABP, UCP1 factors in each group, in normal group 1 
and obese group, normal group 2 and overweight group, only the dietary HBS score of overweight group was positively correlated with 
serum UCP1 level (P < 0.05, r > 0). 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group.

Table 8 Correlation Study Between DBI Score and Blood Indicators Factors in Each Group

Group Variable HBS Score LBS Score TS Score DQD Score

r P r P r P r P

NG 1 (n = 308) WBC −0.053 0.354 −0.019 0.734 −0.006 0.915 −0.065 0.255
RBC −0.051 0.374 −0.057 0.322 0.012 0.839 −0.107 0.060

HCT 0.026 0.653 0.040 0.487 −0.011 0.843 0.070 0.217
MCV −0.030 0.601 −0.039 0.490 0.008 0.891 −0.077 0.179

PLT 0.002 0.965 0.055 0.339 −0.029 0.613 0.081 0.156

PCT 0.015 0.791 0.059 0.301 −0.020 0.725 0.095 0.097
HGB −0.024 0.677 −0.050 0.377 0.022 0.707 −0.082 0.150

MONO 0.037 0.515 0.002 0.970 0.011 0.842 0.012 0.831

HR −0.003 0.964 −0.024 0.675 0.022 0.704 −0.066 0.251

(Continued)
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of overweight group was positively correlated with HR (P < 0.05, r > 0) level. However, no significant correlations were 
found for any blood indicators related to DBI score.

Discussion
With the rapidly development of social economy and the great changes of residents’ lifestyle, the situation of overweight 
and obesity in China’s residents is also increasingly serious.13 Dietary pattern is an important method to evaluate the 
dietary quality of residents. At present, the assessment of dietary nutrition in China has changed from a single nutrient to 
a dietary pattern and the assessment of health status and disease risk.14 This study investigated the relationship between 
DBI score and serum Leptin, UCP1 and other factors in 1518 plateau Han residents in Yongsheng County, Yunnan 
Province. In this study, the Chinese dietary pagoda (2016) was used to compare and analyze the various food intakes of 
Han residents living in cold regions in Yunnan plateau. It was found that the problem of insufficient dietary structure 
intake and excessive intake of residents in this regions existed at the same time. Normal group 1 and obese group, normal 
2 and overweight group have different levels of inadequate intakes of cereals, fruits, dairy, eggs, fishes, the excessive 

Table 8 (Continued). 

Group Variable HBS Score LBS Score TS Score DQD Score

r P r P r P r P

OG (n = 308) WBC −0.050 0.384 −0.011 0.842 −0.014 0.805 −0.039 0.492

RBC −0.035 0.543 −0.061 0.289 0.046 0.424 −0.032 0.574
HCT −0.047 0.415 0.061 0.286 −0.079 0.168 0.005 0.924

MCV −0.071 0.216 −0.005 0.937 −0.017 0.768 −0.007 0.906

PLT 0.000 0.994 0.119 0.036 −0.097 0.090 0.107 0.060
PCT −0.031 0.584 0.125 0.028 −0.108 0.058 0.113 0.047

HGB −0.055 0.336 0.009 0.874 −0.017 0.772 0.023 0.690

MONO −0.036 0.527 0.114 0.046 −0.080 0.164 0.138 0.015
HR −0.008 0.893 −0.019 0.744 0.000 0.994 −0.013 0.818

NG 2 (n = 186) WBC −0.137 0.062 −0.077 0.298 −0.004 0.960 −0.154 0.036

RBC 0.003 0.966 −0.006 0.932 0.003 0.971 −0.011 0.884
HCT −0.065 0.377 0.029 0.694 −0.050 0.498 0.001 0.994

MCV −0.039 0.597 −0.048 0.512 0.018 0.804 −0.091 0.218

PLT −0.032 0.666 −0.086 0.245 0.044 0.552 −0.125 0.089
PCT −0.031 0.675 −0.035 0.638 0.012 0.869 −0.075 0.306

HGB −0.022 0.761 −0.048 0.518 0.021 0.781 −0.077 0.296

MONO −0.029 0.699 −0.009 0.903 −0.009 0.898 −0.015 0.838
HR 0.080 0.277 0.005 0.946 0.042 0.568 0.104 0.156

OWG (n = 186) WBC 0.064 0.384 0.085 0.251 −0.063 0.397 0.078 0.293

RBC −0.019 0.793 0.114 0.123 −0.094 0.205 0.081 0.272
HCT −0.106 0.150 0.047 0.528 −0.076 0.305 0.008 0.914

MCV −0.034 0.647 0.011 0.879 0.011 0.881 −0.003 0.969

PLT −0.039 0.601 0.100 0.177 −0.125 0.091 0.062 0.406
PCT 0.001 0.993 0.081 0.275 −0.098 0.183 0.057 0.444

HGB −0.006 0.935 0.008 0.914 0.028 0.704 0.011 0.887

MONO 0.095 0.197 −0.009 0.905 0.059 0.423 0.025 0.740
HR 0.124 0.092 0.100 0.176 −0.029 0.695 0.161 0.028

Notes: Shows the correlation between DBI scores and Blood indicators factors in each group, in normal group 1 and obese group, 
normal group 2 and overweight group, the dietary LBS score of obese group was positively correlated with blood PLT (P < 0.05, r > 0), 
PCT (P < 0.05, r > 0) and MONO (P < 0.05, r > 0) level; the dietary DQD score of obesity group was positively correlated with blood 
PCT (P < 0.05, r > 0) and MONO (P < 0.05, r > 0) level; the dietary DQD score of normal group 2 was positively correlated with blood 
WBC level (P < 0.05, r < 0); the dietary DQD score of overweight group was positively correlated with HR (P < 0.05, r > 0) level. 
Abbreviations: NG1, Normal Group 1; OG, Obese Group; NG2, Normal Group 2; OWG, Overweight Group; WBC, White Blood 
Cell; RBC, Red Blood Cell; HCT, Hematocrit; MCV, Mean Corpuscular Volume; PLT, Platelet; PCT, Plateletcrit; HGB, Hemoglobin; 
MONO, Monocyte count; HR, Heart Rate.
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intake of beans, poultry and cooking oil. This result is consistent with the Report on the Status of Nutrition and Chronic 
Diseases of Chinese Residents (2020)15 analysis of the dietary and nutritional status of urban and rural residents in 
Yunnan Province in 2016 that the residents of Yunnan Province consumed too much poultryand salt, while the 
vegetables, fruits, eggs, fishes, beans dairy were not enough. This is similar to the results of our previous investigation 
on Naxi diet in Yulong County, Lijiang City, Yunnan Province.16 The reasons may be closely related to the similar 
factors, such as economic development level, ethnic customs, dietary habits and geographical environment. However, 
there may be differences in dietary patterns intake among different nationalities. The analysis of Zhao et al17 in food and 
nutrient intake of Nu residents in Gongshan County, Yunnan Province in 2016 shows that the intake of cereals and 
potatoes, pork, aquatic products, dairy of Nu residents was higher than the average intake of Yunnan residents from 2010 
to 2013, but the vegetables, fruits, eggs, legumes and products, nuts, cooking oil and salt were all lower than the average 
intake of Yunnan residents from 2010 to 2013. Otherwise, different altitude, geography environment and nationality 
culture may also influence dietary intake of residents. Chen Xiang18 in the study on the current situation and counter-
measures of dietary diversity of residents in five high-altitude mountain villages in Yunnan’s poor mountainous areas, it 
was also found that relatively low-altitude villages, the intake rate of vegetables and fresh poultry in high-altitude 
villages was high, while the intake frequency of soybean and its products, dairy and aquatic products decreased with the 
increase of altitude.

Besides, our study found that the Han nationality residents, Yunnan Province mainly rely on carbohydrate and fat for 
energy supply, and there are differences between normal group 1 and obese group, normal group 2 and overweight group 
(P < 0.05). This may be related to the local high-altitude cold climate and dietary habits, which are caused by the local 
residents’ adaptation to the high and cold natural environments of the plateau; the carbohydrate and fat intake can 
provide a lot of energy for the body to resist the cold. Secondly, among the Han population in this area, the intake of 
cereal food and addible sugar of obese residents is higher than normal group 1 (P < 0.05), the main component is 
carbohydrate. On the one hand, it may be that fat oxidation at high-altitude requires more oxygen, and high glucose can 
promote the increase of blood oxygen in the body, which is conducive to the adaptation of hypoxic environment;19 on the 
other hand, the high carbohydrate contained in cereal and addible sugar can stimulate the body’s insulin secretion, thus 
promoting fat synthesis.20 In addition, the refined carbohydrate absorption efficiency and glycemic index are high, which 
is easy to lead to overeating and increase the total energy intake, leading to obesity.21 In addition, the intake of dairy, 
poultry, fishes, eggs and products, cooking oil, salt condiments and alcoholic beverage had no statistical difference 
between the residents of the normal group 1 and the obese group (P > 0.05), but the intake of the obese group was higher 
than normal group 1, which may be related to the special geographical location, ethnic culture, inconvenient transporta-
tion and daily diet of residents in the region. These results may explain to some extent that obesity is the result of energy 
imbalance.

The research of the energy intake and macronutrient levels found that both the obese group and overweight group are 
higher than normal group. Many results show that the intake of some macronutrients and trace elements by the Han 
nationality residents in Yongsheng, Yunnan Province is mostly at the over-standard level.22 On the one hand, it may be 
related to the increased consumption of oxygen and heat energy by the body in the plateau environment, which increases the 
body’s demand for nutrition; on the other hand, it may be related to the long-term consumption of pickled products such as 
Sanchuan ham, spicy ginseng, liver paste, etc. It is rich in many essential trace elements. In this study, the serum Leptin level 
of residents in obese group was higher than normal group 1 (P < 0.05), and the overweight group was also higher than normal 
group 2 (P < 0.05), which may be related to the local residents’ food intake mainly consisting of carbohydrate and fat, and the 
fat accumulation would be accompanied by the increase of Leptin level. Research found the Leptin concentration in plasma 
is related to fat quality,23 Leptin level changes slightly in the short term, most obesity people have hyperleptinemia, high 
levels of Leptin do not bring obese people back to normal weight,24 and diet and its components affect serum Leptin levels 
and resistance.25 If the obesity patients were given a low-calorie diet intervention for 10 days with the serum leptin level 
decreased by 26%, and the conclusion of this study is the same as that of short-term fasting to reduce Leptin gene expression 
in animals.26 At the same time, different types of fatty acids have different effects on serum Leptin levels. Saeb et al27 healthy 
non-obese men and women were randomly assigned to a high-fat diet supplemented with refined olive oil (rich in 
monounsaturated fatty acids), canola oil (rich in monounsaturated fatty acids and alpha-linolenic acid), and sunflower oil 
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(rich in n-6 polyunsaturated fatty acids) for 4 weeks. Kratz, M randomly gave the healthy non-obesity men and women 
refined olive oil (rich in monounsaturated fatty acids), canola oil (rich in monounsaturated fatty acids and α- Linolenic acid) 
and sunflower oil (rich in n-6 polyunsaturated fatty acids) as fat sources for a 4-week high-fat diet intervention, which found 
that rapeseed oil can increase the serum Leptin level in men, while refined olive oil and sunflower oil have no effect on the 
serum Leptin level. In addition, other studies showed that after adjusting for BMI and other body confounding variables, the 
intake of total fatty acids and monounsaturated fatty acids was positively correlated with plasma leptin concentration, but this 
association was only limited to men of normal weight.28 Moreover, we did not found any correlation between dietary related 
indicators and changes in physical characteristic indicators (such as hemoglobin, red blood cell count, etc.) in high-altitude 
populations in our study. We consider that to some extent, this may be related to multiple factors, such as regional 
environment, survey subjects, and study sample size. Interestingly, we found that insufficient dietary intake was positively 
correlated with blood PLT (P < 0.05, r > 0), PCT (P < 0.05, r > 0) and MONO (P < 0.05, r > 0) level; dietary imbalance was 
positively correlated with blood PCT (P < 0.05, r > 0) and MONO (P < 0.05, r > 0) level in obese individuals, we speculate 
that insufficient dietary intake may lead to weakened immune system and malnutrition, while weakened immune system may 
further lead to infections and diseases.

In this study, we found that the level of serum UCP1 in the overweight group and obese group under different dietary 
patterns is higher than the normal group or has a tendency to be higher, which reflects the irrationality of the diet of 
residents in this area, which may be related to the dietary type. In the animal model, high-fat diet can increase metabolic 
heat and increase the heat production factor uncoupling UCP1.29 Low protein and high carbohydrate diet will increasing 
the UCP1, and limiting protein intake will promote overeating and increase dietary quality.30

Conclusions
In conclusion, unbalanced dietary consumption is common among the Han nationality in Yunnan Province. Through 
DBI-16 dietary balance index and dietary pattern analysis, it was found that the dietary structure and pattern of residents 
in the cold areas of Yunnan plateau were unreasonable, and the diet of residents was in a serious imbalance state. Based 
on the correlation between DBI-16 and Leptin, Visfatin, A-FABP and UCP1, we further studied the relationship between 
dietary factors and the occurrence of obesity, and found that dietary patterns were closely related to the expression levels 
of Leptin and UCP1.
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