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Abstract

Despite observed ethnic differences in eating patterns and obesity, evidence in China is limited. This study examined ethnic differences in eating
patterns and their associations with weight outcomes among multi-ethnic adults in West China. A cross-sectional survey collected self-reported
data on demographics, eating behaviours, weight and height in 2021. Principal component analysis and multivariate regression were conducted
to identify eating patterns and examine their associations with weight outcomes. In total, 4407 subjects aged > 18 years were recruited across
seven provinces in West China. Four eating patterns were identified: ‘meat-lover’ — characterised by frequent consumption of meat and dairy
products, ‘indulgent’ — by frequent intakes of added salt, sugar, alcohol and pickled food, ‘diversified-eating’ — by frequently consuming food
with diversified cooking methods and eating out and ‘nutri-health-concerned’ — by good food hygiene behaviours and reading food labels.
Ethnic differences in eating patterns were observed. Compared with Han, Hui were less likely to exhibit meat-lover or diversified-eating patterns;
Tibetans were less likely to have meat-lover or nutri-health-concerned patterns; Mongolians were more likely to have indulgent pattern. BMI was
positively associated with meat-lover pattern in both genders (exp(#): 1-029; 95 % CI: 1-001, 1-058 for men; 1-018; 1-000, 1-036 for women) and
negatively associated with nutri-health-concerned pattern in women (0-983; 0-966, 1-000). Mongolians were two times more likely to be
overweight/obese than Han (OR: 3-126; 1-688, 5-790). Considerable ethnic differences existed in eating patterns in West China. Mongolians were
more likely to be overweight/obese, which was associated with their indulgent eating patterns. Ethnic-specific healthy eating intervention
programs are needed.
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Diet and eating behaviours are important for health. Unhealthy
eating patterns are key risk factors for obesity and non-
communicable diseases. The Global Burden of Disease Project
showed that dietary factors accounted for 3-1 million deaths in
China in 2017, which ranked top in attributed factors and were
even higher than hypertension (which attributed to 2-5 million
deaths). Transitions in eating patterns in the past three decades
in China may help explain the climbing prevalence of obesity
and related non-communicable diseases.

Eating patterns are affected by many social and cultural
factors (e.g. food availability, religion, ethnic identities, values
and beliefs), genuine behavioural traits (e.g. the response to
satiety, food reward) and dietary preferences; which could be

partially represented by ethnicity®. Studies conducted in the
USA showed that ethnicity affected children’s and adults’
adherence to dietary guidelines and their weight status, which
was further mediated by socioeconomic status®®. National
surveys in China have also revealed dynamic variations in eating
behaviours (e.g. snacking and cooking methods, meal skipping,
etc.) among adults®”. Such diversities in eating patterns in
China were largely shaped by social and cultural factors, which
are largely distinctive across different ethnic groups.

West China is featured by its diverse ethnic populations and
eating patterns. In addition to the majority Han people, multiple
minority groups live in there. Different ethnic populations have
traditionally lived in areas with various geographic features and
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livelihoods and had different religious-related beliefs and social
norms. For example, Tibetans live in the high-altitude areas and
believe in Buddhism; Hui traditionally live on trading and
believe in Islam. These affect eating behaviours and lead to
unique eating patterns. Moreover, some potential proximate
determinants (e.g. socio-economic status and nutrition literacy)
might also lead to distinctive eating patterns, and subsequently
affect weight status. However, no research has studied ethnic
variations in eating patterns and their associations with weight
status among Chinese adults.

This study aimed to (1) identify ethnic differences in eating
patterns and behaviours and (2) explore the associations
between eating patterns and obesity among a multi-ethnic adult
population in West China. The findings will provide insights for
tailored interventions among multi-ethnic groups in an eco-
nomically disadvantaged area in China.

Materials and methods
Study settings

This study focused on West China across seven provinces
(including provincial level autonomous regions): Shaanxi,
Gansu, Qinghai, Ningxia Hui Autonomous Region, Tibet
Autonomous Region, Inner Mongolia Autonomous Region and
Xinjiang Uyghur Autonomous Region (Fig. 1).

The region is sparsely populated, economically disadvan-
taged and diverse in ethnicity in China. Recent data have shown
that the seven provinces cover 57-0 % of the area but only 9-3 %
of the total population in China®? and accounted for 7-6 % of
national Gross Domestic Products''?’. Multiple ethnic minority
groups, like Tibetan, Hui, Mongolian and Uyghur, lived in this
region. The multi-ethnic region was historically well connected
to the Middle Asia, Middle East and Europe by the ancient Silk
Road and the new Belt Road, an important international trade
road in history and in recent years. The long-standing
commercial and cultural exchange may also affect the residents’
eating behaviours.

Study design, data collection and participants

An online survey was developed by a multi-disciplinary expert
team from the China Nutrition Society, aiming to investigate the
eating behaviours as well as their associations with obesity and
non-communicable diseases in China. The online survey was
carried out using ‘Questionnaire Star’ (a Chinese version of
Qualtrics) and was mainly disseminated via WeChat (a widely
used social media platform in China). Additional questions were
developed based on our previous qualitative studies on local
dietary tradition and culture. Demographic characteristics, socio-
economic status, eating habits and behaviours, body weight and
height were self-reported.

The ethnic minorities are relatively hard to reach as they share
different cultures, religions, languages or sometimes move about
in search of pasture. Therefore, extensive efforts have been
made to recruit minorities by circulating the questionnaires in
targeted provinces via WeChat. First, we contacted and obtained
approvals from opinion leaders in multiple institutions in West

China, such as chairmen of local nutrition societies, directors of
nutrition departments in local hospitals and nutrition lecturers in
universities. They helped to distribute the questionnaires via
WeChat to their work, patient, student groups as well as other
relevant networks. Additionally, cash incentives were used to
encourage minority students in universities in these areas who
came from the seven provinces in West China to collect
questionnaires from their friends, neighbours and communities.

During January - February 2021, voluntary response
sampling was applied in our survey and 4893 participants
completed the survey. Inclusion criteria for analysis included: (1)
being 18 years old or above; (2) current residence within the
study areas and (3) being able to finish the online survey
independently or with help. Participants were excluded from the
analysis if they did not meet the inclusion criteria or their
questionnaires did not pass the quality control (72 486). These
included respondents who were under 18 (1 74), currently
resided outside the study areas (z 297) or completed the
questionnaires with low quality (72 115, e.g. conflicts in birth date
and age, unreasonable extreme outliers in self-reported body
height or weight, etc.). Finally, 4407 subjects were included in
analysis (online Supplementary Fig. 1.

Outcome assessment

Eighteen items related to eating behaviours (varying from eating
chicken/duck to packing leftovers when eating out) were used
to identify eating patterns. Kaiser—-Meyer—Olkin measure of
sampling adequacy (Kaiser-Meyer-Olkin = 0-826) and Bartlett's
test of sphericity (p <0-001) were conducted. Then, different
eating patterns were identified using principal component
analysis, with orthogonal rotation (varimax) to minimise factor
correlation and improve interpretability. After checking eigen
values (> 1), scree plot and factor interpretability to derive
common factors (eating patterns), factor scores for each pattern
were obtained and further divided into quartiles.

Frequencies of selected specific eating behaviours (e.g.
reading nutrition labels when purchasing prepackaged food)
were self-reported and were further dichotomised into ‘never/
rarely/sometimes’ or ‘usually/always’.

BMI was calculated from weight (kg) divided by height (m)
squared. Later, each participant’s weight status was defined
using BMI cutoff points, underweight if BMI < 18-5 kg/m?
normal weight if 18-5 kg/m? <BMI < 24 kg/m?, overweight if
24 kg/m? <BMI<28 kg/m? or obese if BMI>28 kg/m?
following the China’s national standard.

Predictor assessment

Ethnicity was self-reported, and the subjects were divided into
five groups: Han, Hui, Tibetan, Mongolian and others.

Covariate assessment

Age, household income and province were included in the
analysis as covariates. Age was categorised as 18-24, 25-44 and
45 year old or above. Monthly household income was divided
into low (< 5000 yuan/month), middle (5000-9999 yuan/month)
and high (> 10 000 yuan/month) levels.
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(a) (b)
Province Area (1000 km?) Population (million) GDP (billion Yuan)

Xinjiang " Ganeu )
g ng)ua
hai
Qinghai Shaanxi

Tibet

;Il;i&aland 9600-0 (100-0%) 14118 (100-0%) 114.367-0 (100-0%)
@mam 4258 (4-4%) 25-0 (1-8%) 1024-3 (0-9%)
i‘/}‘;i"gona 1183-0 (12:3%) 24:0 (1-7%) 2051-4 (1-8%)
Ningxia 66-4 (0-7%) 7-2 (0-5%) 452-2 (0-4%)
Qinghai 7223 (7-5%) 5:9 (0-4%) 3347 (0-3%)
T 2058 (21%) 39:5 (2-8%) 2980-1 (2:6%)
Tibet 1200-0 (12-5%) 36 (0-3%) 208-0 (0-2%)
Xinjiang 1664-9 (17-3%) 25:9 (1:8%) BRSO ([(20)
Total 5468-2 (57-0%) 131:2 (9-3%) 8649-1 (7-6%)

Fig. 1. Characteristics of the targeted seven provinces in West China. (a) Map of targeted seven provinces. (b) Characteristics of the targeted seven provinces*.
*The values of % were as % of national values. 1100 Chinese Yuan is equal to 14-8 USD.

Statistical analysis

First, eating patterns were derived using principal component
analysis. Quartiles of each eating pattern’s factor scores were
obtained. Second, the four patterns’ factor scores and frequen-
cies of selected eating behaviours were compared between men
and women in each of the five ethnic groups. Third, participants’
socio-demographics and weight characteristics were compared
between Q1 and Q4 of the four pattern scores using ANOVA tests
for continuous variables or y* tests for categorical variables.
Fourth, ordered logistic regressions were fit to examine ethnic
differences in eating patterns while adjusting for age, household
income and province. Finally, linear and logistic regression
models examined if eating patterns and ethnicity were related to
BMI and weight status (overweight/obese or not) adjusting for
covariates, respectively. As the distribution of BMI was skewed,
its log transformation was used in linear regression analysis.
For sensitivity analysis, ordered logistic regression models
that treated weight status as a three-level variable (underweight/
normal weight, overweight and obese) were fit to demonstrate if
eating patterns and ethnicity were associated with weight status.
All analyses were performed using STATA 16-0. All P values
were two sided, and a level of < 0-05 was used for significance.

Results
Sample characteristics

The subjects’ age ranged from 18 to 78, with a mean age of 326
£10-7 years. Most of them were between 25 and 44 years old
(541 %), women (67-6 %), of Han ethnicity (72:5%) and from
low-income families (423 %). Approximately one-fourth of the
sample were either overweight (18-5%) or obese (5-:8 %), see
Table 1.

Ethnic differences existed in socio-demographic and weight
characteristics. Han people tended to be older (mean:33-9 years,

sp:10-5 years). More Hui people belonged to the low-income
group (53:3 % in Hui v. 40-6 % in Han), while Mongolians were
more likely to be overweight/obese (34-3 % in Mongolians v.
244 % in Han).

In addition, ethnic distribution in the sample was compared
with the data reported in the seventh national population census
in China to check its representativeness. First, most of the
minority groups across the seven provinces were included in the
sample. Second, the overall proportions of Mongolian and Han
ethnicities were consistent with what was reported in the census
(Mongolian: 4-04% v. 3-47 %, Han: 72-54% v. 75-88%), see
online Supplementary Table 1 for more details.

Four eating patterns identified

Four eating patterns were identified (see Table 2): (a) ‘meat-
lover’ pattern characterised by frequent consumption of dairy
products and all kinds of meat (i.e. lamb, beef, pork, chicken,
duck and seafood); (b) ‘indulgent’ pattern featured more
frequent intakes of added salt, sugar, pickled foods and alcohol;
(o) ‘diversified-eating’ pattern characterised by frequently eating
out and consuming foods prepared in diverse ways (e.g. fried,
steamed, raw etc.) and (d) ‘nutri-health-concerned’ pattern
included behaviours that show concerns in nutritional health
(e.g. frequently read nutrition labels when purchasing prepack-
aged food). They accounted for 43-9 % of the total variance.

Ethnic and gender differences in eating patterns

Findings from ANOVA or y? tests (see Fig. 2(a)) showed ethnic
differences in eating patterns by gender, while Han was treated
as the reference group. Compared with Han, Hui and Tibetans
were less likely to adopt the ‘meat-lover’ and ‘diversified-eating’
pattern (P < 0-05 for men and women of Hui and Tibetan men).
More Tibetan and Mongolian people, especially their men,
favoured the ‘indulgent’ pattern (P<0-01 for Tibetan and
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Table 1. Baseline characteristics among adults in west china, by gender and ethnicity (n 4407)*
Overall Men Women Han Hui Tibetan Mongolian Others
Mean SD Mean SD Mean SD P valuet Mean SD Mean SD Mean SD Mean SD Mean SD P value £
n 4407 1430 2977 3197 484 432 178 116
Age, year 326 107 320 114 314 103 0-043 339 105 287 93 303 119 285 90 307 102 <0-001
% % % % % % % %
Age group (%)
18-24 years 293 302 289 <0-001 234 467 484 382 362 <0-001
25-44 years 541 50-0 56-1 582 44.4 373 55-6 44.8
> 45 years 165 19-8 15.0 185 89 14-4 6-2 19-0
Monthly household income (%)
Low (< 5000 yuan) 42.3 38:0 44.4 <0-001 40-6 53-3 42.4 393 48-3 <0-001
Middle (5000-9999 yuan) 34.5 35.2 34.2 36-2 26-9 322 326 336
High (> 10 000 yuan) 232 269 214 233 19-8 255 281 18-1 =
Province (%) <
Qinghai 252 30-1 22.9 <0-001 16-1 50-8 611 1.2 56-9 <0-001 fb
Shaanxi 215 21.3 215 29-3 0-8 07 0-0 09 g
Ningxia 201 185 20-8 20-6 44.4 0-0 11 7-8 =
Gansu 168 104 20-0 23.0 06 0-5 0-6 00
Inner Mongolia 9-8 11.2 92 80 1.4 1.6 85-4 95
Tibet 41 58 32 06 02 35.7 06 34
Xinjiang 25 27 24 23 1.7 0-5 11 216
Mean sD Mean SD Mean sD Mean sD Mean sD Mean sD Mean SD Mean sD
BMI, kg/m? 222 39 226 4.0 221 38 <0-001 223 38 217 35 22.2 4.7 231 4.6 221 4.9 0-002
% % % % % % % %
Weight status (%)§
Underweight 12:6 10-8 134 <0-001 116 165 146 90 19-8 0-001
Normal weight 631 60-4 64-4 64-0 62-8 61-3 56-7 552
Overweight 185 217 170 186 165 181 24.2 172
Obese 5.8 71 52 5.8 41 6-0 10-1 7-8

* Values are means (standard deviations) for continuous variables and n (%) for categorical variables. Differences in characteristics were compared using 42 tests for categorical variables and t tests’ANOVA for continuous variables.
1 P value by gender.1P value across five ethnic groups.
§Underweight if BMI < 18-5 kg/m?, normal weight if 18-5 kg/m? < BMI < 24 kg/m?, overweight if 24 kg/m? < BMI < 28 kg/m?, obese if BMI > 28 kg/m?.
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Table 2. Rotated factor loading matrix for the four eating patterns among adults in West China (n 4407)

Food groups/eating patterns Meat-lover Indulgent Diversified-eating Nutri-health-concerned
1. Frequently eat chicken/duck 0-516
2. Frequently eat fish/shrimp 0-479
3. Frequently eat pork 0-407
4. Frequently eat lamb/beef 0-393
5. Frequently drink/eat dairy products (e.g. milk, yogurt, cheese) 0-333
6. Frequently urge others to drink during a dinner party 0-445
7. Frequently eat wild animals 0-443
8. Frequently add salt when drinking tea (e.g. milk tea) 0-388
9. Frequently drink alcohol 0-376
10. Frequently add sugar when drinking tea (e.g. flower tea) 0-362
11. Frequently eat pickled vegetables/bacon 0-252
12. Frequently eat stir-fried/fried food 0-457
13. Frequently eat deep-fried/grilled food 0-453
14. Frequently eat salad/raw food 0-387
15. Usually do not eat a mild diet 0-374
16. Frequently eat steamed/boiled/stewed food 0-307
17. Frequently eat out (including takeaways) 0-271
18. Frequently separate raw and cooked food 0-499
19. Frequently wash hands before eating 0-460
20. Frequently read nutrition labels when purchasing pre-packaged food 0-410
21. Frequently pack leftovers when eating out 0-398
Total variance explained 439 %
(@)
5.0 . P1<0-001 P2<0-001 s/ . axa P O00L B2OI00L 5.0 . P1<0-001 P2<0-001 5.0/ P1<0-001 P2<0-001
NI IR R ANt
::uo t4 %oo u - H 1 ‘I - %’1 00 f f } Ef oo‘» |
25 2sf | - LY E '2>5‘ .
50, ) =50/ =50, 5.0/ g
Han Hui Tibetan ~ Mongolian  Others Han Hui Tibetan  Mongolian ~ Others Han Hui Tibetan ~ Mongolian ~ Others Han Hui Tibetan Mongolian  Others o
Ethnicity Ethnicity Ethnicity Ethnicity
(b)
100 - 100 P1=0003  P2=0-002 100 - 100
90 - P1=0-001 P2<0001 90 - % P1<0-001 P2<0-001
% 80 - wkk  kkk * 07 80 - PI<0.001  P2=0.177
& ol 01 594 582 nr
> ol 57539 Pl 561 . 501 60 -
éﬂfg " 31 . s il we 50 8107 429 g
S0 94 305 «;g 3 331 40 a0 50 %22 262299 284 £
&N " 30 4 + 05 B z
20k 2 70 L 149, a A
100 10 r‘ 1023 5
0 0 . - . ) == o
Hau Hui Tibetaw  Mongolien  Others Han Hui Tibetan ~ Mongolian  Others Han Hui Tibetan Mongolian Others Hui Tibetan  Mongolian  Others
Frequently lamb/beef Frequently drink/eat dairy products Frequently read nutrition labels when purchasing prepackaged food Frequently eat pork
100 100 100 - 100
%0 PI=0.055  Pa=0:001 90 - P1=0:001 P2=0.033 %0 PI=0052  P2=0-706 00 | P1=0-001 P2=0-001
8 80 S 80 - 80
§ 0 70 0+ 0
53 60 60 60 - 60
=50 ‘ 50 - " 0- 0, 50 g
§ 40 L i 40 - 40 - 40 §
&0 198 192 7% 30 Far7are 4 ¢ %904 213 Wl Blys  1gp7 B9 iy 16 30 =
70} 130119 m 13911 sl 95 20 - m 107140 124 162 157 20 - ’_ﬂ 20 163156 ¢ Blygy 122
Oiln I ”m H 10 r|_| 10 10 ﬂ_l M &
0F T T T 0 0 —‘— 0 H— —— e o
Han Hui Tibetan ~ Mongolian  Others Han Hui Tibetan Mol\golmn Others Han Hui Tibetan  Mongolian  Others Han Hui Tibetan Mnngnlmn Others

Frequently add sugar when drinking tea Frequently eat out

Frequently eat chicken/duck Frequently eat fish/shrimp

Fig. 2. Eating pattern scores and frequencies of selected eating behaviours by ethnicity and gender among adults in West China (n 4407). (a) Eating pattern scores.
(b) Frequency of selected eating behaviours. Selected eating behaviours frequency percentage is the proportion of ‘usually/always’. P4: Pvalue by ethnicity among men;
P5: Pvalue by ethnicity among women. */**/*** Pvalue by gender within each ethnic group. *P < 0-05, **P < 0-01, ***P < 0-001. 4/4//\ P value on ethnic differences in
eating behaviour or pattern among men/women, compared with Han. 4P < 0-05, P <0-01, AP < 0-001.

Mongolian men; P < 0-001 for Tibetan and Mongolian women).
Meanwhile, Tibetans were less likely to be ‘nutri-health-
concerned’ (P < 0-001 for both men and women).

Gender differences existed within ethnic groups. Compared
with women, men of Han ethnicity were more likely to have the
‘meat-lover’ (P<0-01) or ‘indulgent’ patterns (P <0-001) and

were less likely to have the ‘diversified-eating’ (P<0-01) or
‘nutri-health-concerned’ patterns (P < 0-001); Hui and Tibetan
men were more likely to have the ‘indulgent’ pattern (P < 0-001
for Hui; P<0-01 for Tibetan) and less likely to have the
‘diversified-eating’ (P < 0-001 for Hui; P<0-01 for Tibetan) or
‘nutri-health-concerned’ patterns (P < 0-01 for Hui; P < 0-05 for
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Tibetan); Mongolian men were more likely to adopt the
‘indulgent’ pattern (P < 0-01).

Ethnic and gender differences in specific eating
behaviours

Further analysis was conducted to explore ethnic differences in
specific eating behaviours. The results were largely consistent with
the observed ethnic difference in eating patterns. Compared with
Han, Hui were more likely to eat lamb/beef (7 < 0-001 for women)
or add sugar when drinking tea (P < 0-001 for men), but were less
likely to eat pork (P < 0-001 for both men and women) or eat out
frequently (P < 0-01 for both men and women). Tibetans were less
likely to drink/eat dairy products (p<0-01 for both men and
women), read nutrition labels when purchasing prepackaged food
(P <001 for men), eat out frequently (P<0-01 for men) or eat
chicken/duck (£ < 0-01 for men). Mongolians were more likely to
eat lamb/beef (P < 0-001 for both men and women) and drink/eat
dairy products (P<0-01 for women). Generally speaking, the
consumption of shrimp and fish was limited, while Han people
relatively consumed more than other ethnic groups (see Fig. 2(b)).

Considerable gender differences in eating behaviours
existed within ethnic groups. Compared with men, women
were more likely to drink/eat dairy products (P < 0-001 for Han
and Hui; P < 0-01 for Tibetan), read nutrition labels (P < 0-05 for
Tibetan) or eat out (P < 0-05 for Tibetan) and were less likely to
eat lamb/beef (P < 0-001 for Han) or chicken/duck (P < 0-05
for Han).

Differences in eating patterns across diverse socio-demo-
graphic and weight subgroups were observed, when Q1 and Q4
of each eating pattern factor scores were compared. First, those
scored higher in the ‘meat-lover’ or ‘diversified-eating’ pattern
tended to be older, wealthier and have higher BMI values or
probability of being overweight /obese in both genders. Second,
those scored higher in the ‘indulgent’ pattern tended to be
younger, wealthier in men but less good off in women. Third,
people with the ‘nutri-health-concerned’ pattern were more
likely to be older and wealthier in both genders (see Table 3).

Table 4 shows results from multivariate logistic regression
models that examined the association between eating patterns
and ethnicity by gender. After adjusting for covariates, compared
with men of Han ethnicity, Hui and Tibetan men were less likely
to have the ‘meat-lover (OR =0-284; 95 % CI 0-203, 0-396 for
Hui; OR=0-584; 95% CI 0-407, 0-836 for Tibetans) or
‘diversified-eating’ eating patterns (OR = 0-414; 95 % CI 0-298,
0-575 for Hui; OR =0-530; 95 % CI 0-369, 0-760 for Tibetans).
Mongolian men were more likely to have the ‘indulgent’ pattern
(OR=2-202; 95% CI 1-232, 3-934), while Hui men were less
likely to adopt such pattern (OR = 0-654; 95 % CI 0-471, 0-910).
Tibetan men were less likely to have the ‘nutri-health-concerned’
pattern (OR=0-451; 95% CI 0-312, 0-653), while men from
minority groups other than Hui, Tibetans or Mongolians were
more likely to adopt such pattern (OR=1-855; 95% CI
1-027, 3-352).

The findings for women were similar. Compared with Han
women, Hui women were less likely to be ‘meat-lover’
(OR=0-328; 95 % CI 0-259, 0-416), have the ‘diversified-eating’
pattern (OR = 0-650; 95 % CI 0-514, 0-822) and were more likely

to be ‘nutri-health-concerned” (OR=1-341; 95% CI 1-058,
1-700). Tibetan women were less likely to be ‘meat-lover’
(OR =0-615; 95% CI 0-444, 0-853) or ‘nutri-helath-concerned’
(OR=0-391; 95% CI 0-279, 0-549). Mongolian women were
more likely to be ‘indulgent’ (OR = 1-789; 95 % CI 1-185, 2:702)
and less likely to have ‘diversified-eating’ pattern (OR = 0-590;
95 % CI10-391, 0-889). Women from other ethnic groups were less
likely to be ‘meat-lovers’ (OR = 0-637; 95 % CI 0-409, 0-993).

Effect of eating patterns and ethnicity on weight
outcomes

Table 5 exhibits the association between the four eating
patterns/ethnicity and weight outcomes. Among men, only the
‘meat-lover’ pattern was found to be positively associated with
BMI (exp(f) = 1-029; 95 % CI 1-001, 1-058 for Q4 v. Q1) and risks
of overweight/obesity (OR = 1-677; 95 % CI 1-129, 2-489 for Q4 v.
QD). Compared with Han, Mongolian men had higher BMI
(exp(P) =1-067; 95% CI 1-018, 1-118) or be more likely to be
overweight/obese (OR = 3:126; 95 % CI 1-688, 5-790).

The findings for women were slightly different. The ‘meat-
lover’ pattern was positively associated with BMI
(exp(B) = 1-018; 95% CI 1-000, 1-036 for Q4 v. Q1), while the
‘nutri-health-concerned’ pattern was inversely associated with
BMI (exp() =0-983; 95% CI 0-966, 1-000 for Q2 v. Q1). No
significant relationship was detected between ethnicity and
weight outcomes in women.

Sensitivity analysis showed similar results, in which weight
status was divided into three groups. However, none of the
observed associations were statistically significant in women
(online Supplementary Table 2).

Discussion

This study identified four eating patterns among a multi-ethnic
adult population in West China, including (1) ‘meat-lover’ —
characterised by frequent consumption of meat (e.g. pork, lamb,
beef, chicken, seafood) and dairy products, (2) ‘indulgent’ — by
frequent intakes of added salt, sugar, alcohol and pickled food,
(3) ‘diversified-eating’ — by frequently eating out and consuming
food with diversified cooking methods (e.g. fried, steamed,
boiled, salad) and (4) ‘nutri-health-concerned’ — by frequent
good food hygiene behaviours and reading food labels. Ethnic
differences were identified in these patterns among both men
and women. Compared with Han, Hui people were less likely to
have the ‘meat-lover’ or ‘diversified-eating’ patterns; Tibetans
were less likely to have the ‘meatlover or ‘nutri-health-
concerned’ patterns; while Mongolians were more likely to
have the ‘indulgent’ pattern. When linked to weight outcomes,
BMI and overweight/obesity were positively associated with the
‘meat-lover’ pattern in both genders and were inversely related
to the ‘nutri-health-concerned’ pattern in women. After control-
ling for covariates, Mongolian men were triple more likely to be
overweight or obese than men of Han.

To our knowledge, this is the first study in China that showed
ethnic variations in eating patterns and behaviours and their
associations with obesity. It revealed Mongolian people as the
high-risk population for overweight/obesity, which may be
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Table 3. Participants’ characteristics by quartiles of eating pattern scores among adults in West China, by gender (n 4407)f

Men (n 1430)

Meat-lover Indulgent Diversified-eating Nutri-health-concerned
Q1 Q4 Q1 Q4 Qi Q4 Q1 Q4
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd
n 353 369 185 568 448 325 460 287
Age (year) 306 10-9 334 11.4%* 352 12.9 32.0 10-9** 316 11-3 318 10-3*** 30-6 10-6 355 12.0%*
% % % % % % % %
Age group (%)
18-24 years old 38-8 31.7%* 29-2 32.2** 34-4 30-2*** 374 25.4***
25-44 years old 465 45.5 432 50-4 48.0 55.7 49-4 48-8
> 45 years old 14.7 22-8 276 174 176 14.2 133 25.8
Ethnicity (%)
Han 54.4 75-1** 71-0 60-6*** 56-9 76-6*** 61-5 68-3***
Hui 221 51 13-4 11.3 17-4 74 10-2 16-0
Tibetan 179 10-3 88 181 181 89 22.2 56
Mongolian 2.8 60 27 67 38 52 41 52
Others 28 35 1.9 33 38 1-8 2.0 4.9
Monthly household income (%)
Low (< 5000 yuan) 53-8 244 44.3 40-0* 44.2 33.9* 47-2 29.6***
Middle (5000-9999 yuan) 278 38-2 308 313 342 351 309 383
High (> 10 000 yuan) 184 377 24.9 287 217 311 220 321
Province (%)
Qinghai 36-0 26-8* 173 37.0** 34.2 25.9** 34-4 27.5***
Shaanxi 193 214 303 15.7 17.0 24.6 211 16-4
Gansu 128 73 114 93 130 80 10-0 12.2
Ningxia 13-3 214 24.3 15.3 16-5 17.2 10-2 275
Inner Mongolia 88 141 8-6 141 9-6 16-3 124 108
Tibet 76 51 4.3 7:0 76 4.3 9-8 21
Xinjiang 23 38 38 1.6 22 37 22 35
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd
BMI 22.0 36 23-0 3-8 22.7 4.0 22.5 4.3 22.2 37 230 4.3* 223 38 22.7 39
% % % % % % % %
Weight status (%)
Underweight 13-3 84* 119 12.2 12.2 92 1141 10-1
Normal weight 64-9 56-9 56-2 60-6 64-1 57-2 63-3 60-6
Overweight 16-4 258 260 201 18-8 240 204 22.7
Obese 54 89 59 72 51 95 52 6-6
Women (n 2977)
Meat-lover Indulgent Diversified-eating Nutri-health-concerned
Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd
n 749 732 917 533 654 776 642 814
Age (year) 30-3 9-3 338 11.0%** 339 109 300 9-1*** 33.02 111 30-57 8:6™* 2913 88 36-25 114

Y%

%

%

%

%

%

%

Y%
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Table 3. (Continued) 8
Women (n 2977)
Meat-lover Indulgent Diversified-eating Nutri-health-concerned
Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd
Age group (%)
18-24 years old 35-8 26-5*** 256 35.7** 31.0 28.9*** 40-5 18-4***
25-44 years old 534 536 54.6 55.7 50-8 629 516 56-0
> 45 years old 10-8 20-0 197 8-6 182 82 79 25-6
Ethnicity (%)
Han 69-6 82.1*** 82-0 63.2*** 69-3 79-4** 67-9 77-4%*
Hui 156 4.6 10-4 9.0 12.8 85 78 12.3
Tibetan 96 57 37 163 93 66 165 31
Mongolian 27 53 2.3 77 54 37 4.5 41
Others 25 22 1-6 38 32 1.8 33 32
Monthly household income (%)
Low (< 5000 yuan) 57-0 30-2*** 38-5 49.7** 479 41.9* 54.4 30-5**
Middle (5000-9999 yuan) 29-8 387 38-2 311 329 371 30-8 376
High (> 10 000 yuan) 132 31.2 23-3 191 193 210 14.8 319
Province (%)
Qinghai 28-6 19-8*** 153 33-4** 27-5 20-9* 30-7 20-3***
Shaanxi 22.0 195 30-2 133 20-8 23.2 20-6 197
Gansu 256 128 158 188 173 20-8 198 170 ~
Ningxia 14.0 288 287 96 18-2 191 10-4 295 =
Inner Mongolia 4.8 128 65 146 95 113 109 90 i
Tibet 39 2:6 0-8 9.0 37 31 69 1.2 g
Xinjiang 11 35 27 1.3 31 1.7 08 34 =~
Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd Mean sd
BMI 217 37 22-3 4.2¢ 22.0 37 221 4.0 21-99 4.2 22.04 38 22-11 4.3 22.27 39
% % % % % % % %
Weight status (%)
Underweight 15-0 13-0 14.4 12.2 15-1 15.0* 14.6 12.9
Normal weight 65-7 62-7 62-8 66-0 63-3 62-4 62-9 63-6
Overweight 14.3 187 17 169 14.7 175 162 173
Obese 51 56 58 4.9 69 52 62 6-1

tValues are means (standard deviations) for continuous variables and n (%) for categorical variables. Differences in characteristics were compared using 42 tests for categorical variables and t tests/ANOVA for continuous variables.
*P<0-05.

** P<0-01.

*** P<0-001
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Table 4. Multivariate ordered logistic regression models of the effect of ethnicity on eating pattern score quartiles (Q1-Q4) in West China, by gender (n4407)t

Meat-lover Indulgent Diversified-eating Nutri-health-concerned
OR 95% Cl OR 95 % Cl OR 95 % Cl OR 95 % Cl
Men (n 1430, reference = Han)
Hui 0-284 0-203, 0-396™** 0-654 0471, 0-910* 0414 0-298, 0-575*** 1.245 0-898, 1.727
Tibetan 0-584 0-407, 0-836** 1.047 0-718, 1-527 0-530 0-369, 0-760** 0-451 0-312, 0-653***
Mongolian 1.325 0-779, 2.255 2.202 1.232, 3.934** 0-822 0-481, 1-404 1-410 0-821, 2-421
Others 0-895 0-499, 1-606 0-884 0-487, 1-606 0-496 0-279, 0-881* 1.855 1.027, 3-352*
Women (n 2977, reference = Han)
Hui 0-328 0-259, 0-416*** 0-967 0-764, 1-224 0-650 0-514, 0-822*** 1.341 1-058, 1-700*
Tibetan 0-615 0-444, 0-853** 1.201 0-864, 1-668 0-762 0-552, 1-052 0-391 0-279, 0-549***
Mongolian 0-749 0-498, 1-126 1.789 1-185, 2.702** 0-590 0-391, 0-889* 1.073 0-708, 1-627
Others 0-637 0-409, 0-993* 1-439 0-924, 2:240 0-765 0-491, 1-190 1112 0-700, 1-767
* P<0-05.
* P<001.
*** P<0-001.

1 OR (95 % Cl) and P values were calculated from ordered logistic regression analysis, adjusting for age, household income and province.

Table 5. Multivariate linear and logistic regression models of the effect of eating pattern score quartiles and ethnicity on weight outcomes in West China, by
gender (n 4407)t

Men (n 1430) Women (n 2977)

BMIt Overweight/obese§ BMIt Overweight/obese§
exp(p) 95 % Cl OR 95 % Cl exp(p) 95 % Cl OR 95 % Cl

Meat-lover-eating patterns (reference = Q1)

Q2 1.030 1-004, 1-056* 1-559 1-083, 2-244* 1.012 0996,1-029 1.122 0-867, 1-452

Q3 1.000 0975,1.026 1.176 0-807, 1.713 1.012 0996, 1-030 1145 0-877, 1-493

Q4 1.029 1.001, 1-058* 1.677 1.129, 2.489* 1.018 1.000, 1-036* 1-186 0-896, 1-569
Indulgent eating patterns (reference = Q1)

Q2 1.007 0-787,1-038 0-920 0-606, 1-398 1-003 0-988,1-018 0952 0-756, 1-199

Q3 0993 0-965,1.022 0-763 0-516, 1-128 1.010 0994,1-026 1-063 0-83, 1-361

Q4 0-985 0-958,1-013  0-680 0-046, 1-003 1.010 0992,1.028 1.03 0-777, 1-364
Diversified-eating patterns (reference = Q1)

Q2 1.010 0-986,1-034 1.186 0-847, 1-661 1.013 0997,1-030 1129 0-872, 1-462

Q3 1.003 0-805,1-029 1.036 0-723, 1.484 0-993 0-976,1-009 0-893 0-685, 1-164

Q4 1.023 0-998,1-050 1.346 0-941, 1.923 0999 0-982,1.017 1.050 0-802, 1-375
Nutri-health-concerned-eating patterns (reference = Q1)

Q2 1.004 0-982,1.028 1.066 0-769, 1-478 0-983 0-966, 1-000* 0-890 0-684, 1-160

Q3 1.001 0978,1.026  1.084 0-773, 1.521 0990 0-973,1.007 0-808 0617, 1-057

Q4 0999 0.974,1.025 0918 0-636, 1-325 0992 0.975,1.010 0-845 0-642,1-112
Ethnicity (reference = Han)

Hui 0982 0-953, 1-011 0-893 0-576, 1-382 0-996 0-976,1-017 0951 0-680, 1-330

Tibetan 1.017 0985,1-050 1.027 0-648, 1-628 1.011 0983,1-040 1432 0.907, 2-260

Mongolian 1.067 1.018,1-118** 3.126 1.688, 5:790*** 1.023 0-988, 1-060 1.070 0-630, 1-814

Others 0951 0-904,1.002 0-814 0-381,1.738 1.026 0987,1.066 1.329 0.736, 2-397
* P<0.-05.
**P<0-01.

*** P<0-001.texp(B) (95 % Cl), OR (95 % Cl) and P values were calculated from linear and logistic regression analysis, adjusting for age, household income and province.
1BMI was log-transformed due to heteroscedasticity and was later exponentiated.
§Overweight or obese if BMI > 24 kg/m2.

associated with their ‘indulgent’ eating pattern. Such findings will
provide insights for future interventions and help reduce health
disparity in China.

The identified four eating patterns and their ethnic
differences are consistent with some findings from previous
research in China. For example, the nomadic Mongolians are
known for their hospitality and enthusiasms for alcohol and milk
tea, in which sugar and salt are commonly added?. On the
contrary, Hui people mostly believe in Islam, who put an
emphasis on abstinence and consider drinking and overeating as
a violation of the Islamic doctrine™®. This may explain why more
Mongolians were found to adopt the ‘indulgent’ pattern, while

Hui tended to be less ‘indulgent’ but more ‘nutri-health-
concerned’.

The observed ethnic differences in the ‘meat-lover’ pattern
are controversial, as it combines the consumption of lamb, beef
with pork, seafood and poultry. Religions and cultural beliefs
discourage Tibetans from eating fish and Hui people from
consuming pork. These two ethnic groups mostly eat beef and
lamb (for Hui people, also poultry) to meet their needs for
proteins'1>. Such speculation is partially supported by the
observed ethnic differences in eating behaviours, in which
Mongolians were found to consume more lamb/beef and dairy
products than other ethnic groups. This is because they usually
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live in pastoral or semi-pastoral/semi-agricultural areas and
largely depend on animal husbandry. In other words, most
Mongolian families raise sheep and cattle, and their diets are
primarily based on lamb, beef and dairy products'®. Other
studies have documented such eating behaviours and linked
them to lack of dietary fibre intake as well as increased risks of
hypertension and obesity!”!®. Moreover, the weather and
geographical characteristics of wide grasslands in West China
make it not an ideal place for raising seafood, which is limited
and mostly supplied from other areas.

Eating patterns and behaviours were different by gender, while
overall patterns showed that more men tended to be ‘indulgent’
while more women tended to have ‘diversified-eating’ or ‘nutri-
health-concerned’ patterns. This may be explained by gender
discrepancies in ideal body image, peer influence and weight-
control behaviours. Studies in China found that girls were more
likely to overestimate their weight and had higher body
dissatisfaction™, and female migrants tended to have better diet
quality than their male counterparts®”.

This study found that Mongolian men were more likely to be
overweight/obese, consistence with a previous study?". It could
be explained by Mongolians’ higher scores in ‘indulgent’ pattern
and its association with higher BMI and risks of overweight/
obesity. The traditional nomadic livelihood among Mongolians
led to a high consumption of beef and lamb, while the
relationship between red meat consumption and obesity has
been substantiated by many studies?>>. In addition, some
other studies have reported high obesity rates among indigenous
or minority populations in transition from traditional to modern
lifestyles®. This transition among minority populations was
similar to the nutritional and lifestyle transition and subsequent
increasing obesity among the entire Chinese population during
urbanisation, as revealed by the China Health and Nutrition
Survey®.
happened later and grew slower than that in Han people, a

However, urbanisation among minority groups

result of the lower proportion of urban residents in ethnic
autonomous regions than other Han-dominated provinces in
China®.

Our previous study found an increasing and high burden of
obesity and related metabolic disorders in urbanised Tibetan
adults in transition from nomadic to urbanised environments, in
which dietary transition was identified as a risk factor®”. The low
nutrition literacy among Tibetans revealed in this study, and the
largely increased food availability and accessibility in urban-
isation, help explain our previous findings. The inconsistency in
Tibetan’s weight status reported in the previous and current
studies can be explained by the demographic differences, e.g.
age and socio-economic status, among participants in these two
surveys. Specifically, the participants in this study were much
younger, perhaps because online survey tools were used for
data collection.

The emerging high obesity rates among Chinese minorities
mimic findings from developed countries, where obesity and
related non-communicable diseases usually disproportionately
affected disadvantaged and minority populations®®?”. In China,
similar trend was observed. For example, ours and other recent
studies demonstrated higher rates of obesity and diabetes among

rural than urban populations in China®%3b,

This study findings have several public health implications.
The limited evidence on eating and health in ethnic minorities
has impeded the development of population-specific public
health policies and interventions. Diets have a significant effect
on the wide gap in mortality, morbidity and life expectancy
between minorities and the majority Han population, this study
provided evidence for tailored dietary interventions. Among all
the studied ethnic groups in West China, dietary interventions
targeting Mongolians shall be a priority, as they tend to adopt an
‘indulgent’ eating pattern and are most likely to be overweight/
obese. More studies are needed to understand how urbanisation
and migration impact traditional eating behaviours in China.

This study has several important strengths. First, it is the first
that investigated the ethnic variations in eating behaviours and
their relations to obesity. These attempts will help draw attention
to the vulnerable populations and promote health equity.
Second, it used quantitative methods to describe dietary tradition
and culture. These distal contextual determinants have influen-
tial impacts on health outcomes but were largely understudied.
Findings from this study would help guide develop tailored
interventions and promote public health. Third, the question-
naire was well designed, first by a Chinese Nutrition Society
scientific committee, then supplemented with questions on
unique eating features among minority groups in West China
derived from our previous qualitative study.

Several limitations exist in this study. First, in order to enroll
the hard-to-reach, especially the nomadic minorities, this study
collected data based on online survey tools and voluntary
response sampling, which may lead to response and selection
bias. As completing this survey required a certain literacy level,
respondents were more likely to have higher educational levels
and were less likely to maintain a traditional dietary pattern.
Second, extensive efforts have been made to increase the
number of minority participants, which may lead the sampling
bias towards an uncertain direction in some minorities, such as
Hui. Thus, its external validation should be explained with
caution. Although ethnic distribution of Han and Mongolians in
this sample and the census data were comparable, there were
still discrepancies in other ethnic groups. Third, the weight and
height were self-reported, but validity of such measure has
previously been reported®?.

In conclusion, four eating patterns were identified among a
multi-ethnic adult population in West China. Large ethnic
differences existed in eating patterns. Han population showed
more ‘diversified-eating’; Mongolians were more likely to be
‘indulgent’; Tibetans were more likely to be ‘indulgent’ and less
likely to be ‘nutri- health-concerned’; while women of Hui cared
more about their nutritional health. Such ethnic variations in
eating behaviours were related to weight outcomes. Being
Mongolians or having the ‘meat-lover’ eating pattern were
positively associated with overweight.
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