
Individual SFA intake and risk of overweight/obesity: findings from a
population-based nationwide cohort study

Fei Wu1, Lei Mao1, Yu Zhang2, Xiaoqian Chen2, Pan Zhuang2, Wenqiao Wang1, Jun Wang2 and
Jingjing Jiao1*
1Department of Nutrition, School of Public Health, Department of Nutrition of Affiliated Second Hospital, Zhejiang University
School of Medicine, Hangzhou, Zhejiang, People’s Republic of China
2Department of Food Science and Nutrition, Fuli Institute of Food Science, Zhejiang Key Laboratory for Agro-Food Processing,
College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou, Zhejiang, People’s Republic of China

(Submitted 20 April 2021 – Final revision received 16 July 2021 – Accepted 27 July 2021 – First published online 2 August 2021)

Abstract
The relationship between SFA consumption and the risk of overweight/obesity remains unclear. Epidemiological evidence is lacking among
Chinese population. This study aimed to investigate the association between individual dietary SFA intake and the risk of overweight/obesity in
Chinese adults. Data from 8465 adults with BMI< 24 kg/m2 at entry in the China Health and Nutrition Survey (1989–2011) were analysed. Three-
day 24-h dietary records were used to collect dietary data. Cox proportional hazards regression models were constructed to estimate hazard
ratios (HR) and 95 % CI for the risk of developing overweight or obesity. A total of 3171 incident cases of overweight/obesity were identified
(1649 for women and 1522 for men) during amedian of 11 years of follow-up. Comparedwith the lowest category, the intake of total SFA (TSFA)
showed no significant association with the risk of overweight/obesity. However, an increased risk of overweight/obesity was observed with a
higher intake of medium chain SFA (MCSFA) (Ptrend= 0·004), especially decanoic acid (10:0) (HR was 1·25 (95 % CI 1·10, 1·42) comparing the
highest category with the reference group; Ptrend< 0·001), whereas an inverse relationship was observed for hexanoic acid (6:0) consumption;
compared with non-consumers, 6:0 intake was associated with 32 % lower risk of overweight/obesity (HR: 0·68 (95 % CI 0·56, 0·84);
Ptrend< 0·001). Overall, the intake of subtypes of MCSFA but not TSFA was associated with the risk of overweight/obesity. Increasing hexanoic
acid (6:0) and limiting decanoic acid (10:0) consumption may be protective for overweight/obesity among Chinese population.
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Overweight and obesity as outcomes of high BMI have become
significant risk factors for the incidence of CVD, such as hyperten-
sion, diabetes, CHD andmortality worldwide(1–6). The prevalence
of overweight and obesity has been increasing dramatically
among Chinese adults (from 9·4% in 1993 to 15·7% in 2009 for
overweight and from 4·0% to 10·7% for obesity) along with tre-
mendous changes in diet and lifestyles(7). In 2015, the prevalence
reached 5·5% among women and 5·0% among men for obesity
and over 22% in both sexes for overweight(8).

Over the past few decades, dietary intake of SFA as a prob-
able contributor to obesity prevalence has raised extensive con-
cern and remained highly controversial throughout the world.
Dietary fat intake might be related to the prevalence of over-
weight/obesity, but reductions in dietary fats did not result in
lower body weights, which raised wide concerns about different
contributions from the intakes of SFA, MUFA or PUFA(9). The sec-
ondary analysis of observational data from PREMIER trial

indicated that lower SFA intake was related to lower body
weight(10). However, different types of SFA also had distinct
effects. Medium chain SFA (MCSFA) are a group of fatty acids
presenting 6–10 saturated carbons, while long-chain SFA
(LCSFA) and very long-chain SFA (VLCSFA) are defined as the
class of SFA with 12–18 and> 20 carbon atoms, respectively.
In general, dietary fats that are easier for oxidation may be less
likely to induce obesity. Previous study reported that MCSFA
were highly oxidised, but MUFA and PUFA were fairly oxidised.
The extent of LCSFA oxidation declined with increasing carbon
number(11). Thus, it seemed to be a beneficial role of MCSFA but
an adverse role of LCSFA in incident overweight/obesity.
Experimental trials and epidemiological studies have reported
the role of SFA in energy contribution and their positive associ-
ations with body weight(10,12–14), whereas a few studies have
found benefits from dietary medium chain TAG on body weight
control(15,16). However, the favourable role of MCSFA in weight
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loss might play a role among hypertriacylglycerolaemic and
overweight Chinese subjects but not normal or obese hypertria-
cylglycerolaemic subjects, which may be due to the metabolic
difference in energy expenditure and fat oxidation in individuals
with different body weights(17). To sum up, direct evidence on
the associations of SFA and MCSFA intake with the incidence
of overweight/obesity is still insufficient especially among
Chinese population. Hence, our study aimed to examine the
associations of dietary intake of total and individual SFA with
the risk of overweight and obesity in the China Health and
Nutrition Survey.

Materials and methods

Study population

The present study accessed the data from the China Health and
Nutrition Survey in 1989–2011, an ongoing, prospective and
household-based nationwide cohort study recruiting a total of
over 30 000 individuals from nine provinces plus three autono-
mous cities across China using a multistage random cluster
design for sampling(18). The China Health and Nutrition
Survey was devoted to examining the health and nutrition trans-
formation of Chinese population with rapid socio-economic
development, and detailed procedures have been described
elsewhere(18,19). Our present analysis included adults aged over
20 years at entry with a complete duration of follow-up and
dietary information. After excluding individuals with stroke
(n = 43), myocardial infarction (n = 26), pregnant women
(n = 228) and those with BMI≥ 24 kg/m2 or with missing height
or weight at baseline or endpoint (n = 4175), the final analysis
involved 8465 participants (3968 men and 4497 women) (online
Supplementary Fig. S1). All the participants provided written
informed consent. The study was approved by the institutional
review boards at the University of North Carolina, Chapel Hill
and the National Institute of Nutrition and Food Safety from
the Chinese Centre for Disease Control and Prevention
(UNCC-CCDC-001). This study was registered at clinicaltrials.-
gov as NCT03281512.

Ascertainment of diet and SFA

Three-day consecutive 24-h recalls at the individual level were
conducted to assess dietary intake combined with the optimisa-
tion of measuring household foods, including condiments and
oils. Participants were randomly selected to be interviewed from
Monday to Sunday and then were asked to report all categories
of food and the proportion of each dish consumed away from
and at home over the previous 24 h(20). A detailed description
of dietary data and data collection procedure has been reported
before(21). Nutrient intakes from various foods were calculated
using the Chinese Food Composition Table with corresponding
versions(22–24). The Food Composition Table covered the data of
thirty-five fatty acids in foods, including fifteen SFA, eight MUFA
and twelve PUFA, and other unmeasured or unknown fatty
acids. Specifically, dietary SFA include TSFA, odd-chain SFA
(the sum of undecanoic acid (11:0), tridecanoic acid (13:0), pen-
tadecanoic acid (15:0), margaric acid (17:0) and nonadecanoic

acid (19:0)), MCSFA (the sum of 6:0, 8:0 and 10:0), LCSFA (the
sum of lauric acid (12:0), myristic acid (14:0), palmitic acid
(16:0) and stearic acid (18:0)), VLCSFA (the sum of arachidic acid
(20:0), docosanoic acid (22:0) and lignoceric acid (24:0)) and
even-chain SFA (the sum of MCSFA, LCSFA and VLCSFA).
Cumulative averages of total and specific SFA intakes during
the follow-up were calculated and expressed as percentages
of energy to represent long-term dietary SFA intake and to min-
imise within-individual variation. Additionally, total energy
intake was calculated from Food Composition Table and vali-
dated via its association with the total energy expenditure deter-
mined by the doubly labelled water method (correlation
coefficient was 0·56 (P< 0·01) for men and 0·60 (P< 0·01) for
women)(25). Other covariates of demographic characteristics
and lifestyles were also collected, including age, sex, marital sta-
tus, education level, household income, physical activity, smok-
ing, alcohol consumption, baseline hypertension and diabetes.

Ascertainment of overweight and obesity

Standing height and body weight were measured by trained
staffs following a standard protocol and instruments in each sur-
vey. BMI as the primary dependent variable was calculated as
weight in kilograms divided by the square of height in metres.
Participants with a BMI≥ 24 kg/m2 and< 28 kg/m2 were deter-
mined to be overweight, while a BMI of 28 or higher was con-
sidered as obesity according to the Chinese Criteria of Weight
for Adults (WS/T 428-2013)(26). The follow-up durationwasmea-
sured as the interval between the year at entry to the year of
developing overweight/obesity or the year 2011 (the end of fol-
low-up).

Statistical analysis

Baseline characteristics were expressed as the mean value with
standard error for continuous variables with a normal distribu-
tion, while categorical variables were expressed as numbers
and percentages (%) in each quartile. ANOVA (for continuous
variables) and the χ2 test (for discrete variables) were used to
assess the basic features of the study population according to
quartiles of SFA consumption.

We used Cox proportional hazards regression models to esti-
mate the hazard ratio (HR) and 95 % CI of incident overweight or
obesity during the follow-up by considering the first quartile of
SFA intake as the reference category. In the multivariable analy-
ses, three stepwise models were constructed to estimate the risk
by adjusting for the covariates from known or suspected risk fac-
tors. Model l was adjusted for age and sex. Model 2 was further
adjusted for annual household income, educational level (below
high school, high school, some college, at least college or
unknown), marital status (single, married, divorced or
unknown), residence (urban or rural), location (north or south),
physical activity (no regular activity, low to moderate activity or
vigorous activity), smoking status (never, former, current or
unknown), alcohol intake (abstainer or drinker), baseline hyper-
tension (yes, no or unknown) and baseline diabetes (yes or no).
The final multivariable model 3 was further adjusted for baseline
BMI (kg/m2, continuous variable), intake of total energy, per-
centage of energy from dietary protein, PUFA, MUFA (all
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continuous), odd-chain SFA (for even-chain SFA) and even-
chain SFA (for odd-chain SFA). In regression models, tests for
trends were carried out by modelling the median values of each
category as a continuous variable.

In subdivision and secondary analyses, we divided TSFA into
odd-chain SFA and even-chain SFA. Then, even-chain SFA were
further subdivided into MCSFA including 6:0, 8:0 and 10:0,
LCSFA and VLCSFA to assess associations of SFA with different
carbon numbers with overweight or obesity. We also conducted
subgroup analyses to examine the interactions stratified by age
(< 50 years or≥ 50 years), sex (male or female), location (north
or south), urban site (yes or no), smoking status (never, former or
current), alcohol intake (abstainer or drinker), education level
(below great high school or great high school and above), physi-
cal activity (low activity, moderate activity or vigorous activity),
household income (belowmedian or abovemedian) and history
of hypertension (yes or no). Pfor interaction was tested by the like-
lihood-ratio test. In the sensitivity analyses, we excluded partic-
ipants with extreme BMI (< 15 kg/m2) or extreme energy intake
(< 2092 (500) or> 16736 (4000) kJ/d (kcal/d)) at baseline tomin-
imise their influences and excluded participants with only the
first 2 years of follow-up to observe if the results changed
substantially.

Statistical analyses were performed using SAS (version 9.4). A
two-sided P value of less than 0·05was considered significant for
all analyses.

Results

Baseline characteristics

The baseline characteristics of the participants from China Health
and Nutrition Survey are presented in Table 1. At baseline, partic-
ipants with higher SFA intake were more likely to be elderly, single
and current drinkers, to reside in southern urban areas, to have
higher levels of education and they also tended to be wealthier,
as indicated by overall higher annual household income. These
participants were also engaged in less physical activity and less
likely to have a history of hypertension. For dietary and nutritional
states, generally, they consumedhigher energy content. In addition,
participants with higher SFA consumption were apt to consume
more redmeat, poultry, fruit and total fats, whereas they consumed
less carbohydrate and protein.

Total SFA and subdivisions of SFA intake and risk of
overweight/obesity

A total of 3171 incident overweight/obesity cases were identified,
including 1649 women and 1522men, during a median 11 years of
follow-up. The intake of TSFA had a null associationwith the risk of
overweight/obesity in the age- and sex-adjusted model (model 1,
Ptrend= 0·15). After further adjusting for demographic and dietary
covariates, the association was still unchanged (Ptrend= 0·19 and
0·35 in model 2 and model 3, respectively). The intake of even-
chain SFA among 8465 participants accounted for a larger propor-
tion of TSFA (almost 99%) than odd-chain SFA consumption.
Similarly, odd-chain SFA and even-chain SFA consumption were
not associated with the risk of overweight/obesity after adjustment
for multiple confounders (Table 2).

We also assessed the relationship between the intake of
SFA with different carbon numbers and the risk of over-
weight/obesity (Table 2). MCSFA consumption was positively
associated with a higher risk of overweight/obesity after
adjustment for age and sex. In the multivariate-adjusted model
(model 2), the HR across the quartiles of MCSFA intake were
1·14 (95 % CI 1·02, 1·28), 1·19 (95 % CI 1·05, 1·35) and 1·15
(95 % CI 1·01, 1·32) (Ptrend = 0·05). Furthermore, the positive
association of MCSFA and the risk of overweight/obesity
was stronger in the fully adjusted model (model 3). The HR
of overweight/obesity was 1·23 (95 % CI 1·07, 1·41) by com-
paring the highest quartile with the reference (non-consum-
ers). Multivariate-adjusted HR were 1·13 (95 % CI 1·01, 1·27)
and 1·24 (95 % CI 1·09, 1·42) for MCSFA intake, which
accounted for 0·004–0·01 and 0·01–0·02 % of energy, respec-
tively (Ptrend = 0·004). No significant association was observed
for LCSFA consumption in the age- and sex-adjusted model.
Although in the third quartile the HR and 95 % CI were above
1, a null association was detected comparing the group with
the highest LCSFA consumption with the reference group
(HR was 1·05 (95 % CI 0·95, 1·17); Ptrend = 0·08). No relation-
ship remained in the multivariate-adjusted models
(Ptrend = 0·59 and 0·88, respectively). Similar to the association
of LCSFA and overweight or obesity, VLCSFA intake did not
play a role in increasing or lowering the risk of overweight/
obesity. In model 3, there were no apparent changes in HR
across the increasing quartiles of VLCSFA consumption (HR:
1·09 (95 % CI 0·98, 1·21) for 0·17–0·31 % of energy, 1·09
(95 % CI 0·97, 1·21) for 0·31–0·55 % of energy and 1·08
(95 % CI 0·94, 1·24) for the highest consumption;
Ptrend = 0·27).

Individual SFA intake and risk of overweight/obesity

We also conducted secondary analyses to further observe the
significant association for MCSFA intake (Table 3). Although
the consumption of 6:0 was related to 32 % increase in the risk
of overweight/obesity in the age- and sex-controlled model (HR
was 1·32 (95 % CI 1·14, 1·53) when comparing the highest cat-
egory with non-consumers; Ptrend< 0·001), the positive associa-
tion disappeared, and a protective role existed instead in the
multivariate-adjusted models. In the fully adjusted model, partic-
ipants in the highest category of 6:0 consumption had 32 % lower
risk of overweight/obesity than non-consumers (HR: 0·68, 95 %
CI 0·56, 0·84; Ptrend< 0·001), whereas a positive association
between 10:0 intake and overweight/obesity was detected.
The intake of 10:0 was associated with 3 % and 13 % higher risk
of overweight/obesity along with increasing consumption
(model 1; HR: 1·03 (95 % CI 0·94, 1·12) for 0·006–0·013 % of
energy and 1·13 (95 % CI 1·04, 1·23) for the highest category;
Ptrend= 0·01). After adjustment for all other potential cofounders,
the detrimental association of 10:0 in relation to the risk of over-
weight/obesity was strengthened. Participants with the highest
consumption (10:0 intake≥ 0·013 % of energy per day) had
25 % higher risk of overweight/obesity (HR: 1·25; 95 % CI
1·10, 1·42; Ptrend< 0·001), whereas no relationship between
8:0 and the risk of overweight/obesity was observed in any
model (all Ptrend> 0·05).
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Subgroup and sensitivity analyses

In subgroup analyses that adjusted for the same covariates in
Tables 2 and 3, our main findings that no significant association
existed between TSFA consumption and the risk of overweight/
obesity were generally unchanged (online Supplementary
Table S1). No pronounced difference appeared between TSFA
intake and the risk of overweight/obesity in men and in women
(Pfor interaction= 0·04). In addition, a protective role of TSFA intake
in the risk of overweight/obesitywas observed amongelderly par-
ticipants (≥ 50 years) compared with young participants (Pfor inter-
action= 0·01). Additionally, a detrimental effect of higher TSFA
intake appeared in participants who dwelled in urban areas com-
pared with participants who dwelled in rural areas (Pfor interaction
= 0·02). No significant effect modification was observed for loca-
tion (north or south), smoking status, alcohol consumption, edu-
cation level, physical activity, income or history of hypertension
(all P

for interaction
> 0·05). In sensitivity analyses, exclusion of cases

with a follow-up duration of less than 2 years or those with

extreme BMI (< 15 kg/m2) or extreme energy intake (< 2092
(500) or> 16736 (4000) kJ/d (kcal/d)) did not materially change
the main findings (online Supplementary Table S2).

Discussion

We found that TSFA consumption was not associated with the
risk of overweight or obesity. However, higher MCSFA intake
was related to 23 % increased risk in the multivariate-adjusted
model, wherein 6:0 was associated with a lower risk and 10:0
was associated with a higher risk of overweight/obesity. To
our knowledge, this was the first study to assess longitudinally
the associations of dietary SFA intake with the risk of over-
weight/obesity among nationwide Chinese population.

A series of previous studies have shown adverse effects of
TSFA intake on various health-related outcomes. One of our
studies found that SFA were positively associated with total
and CVDmortality among 521 120 participants aged 50–71 years

Table 1. Baseline participant characteristics according to SFA intake (n = 8465)
(Numbers and percentages; mean values and standard errors)

Characteristics

SFA intake, energy percentage per day

Ptrend*

Q1 (0–3·71%) Q2 (3·71–5·86%) Q3 (5·86–8·25%) Q4 (≥ 8·25%)

n % n % n % n %

General characteristics
Age, years
Mean 38·79 39·68 40·50 41·50 <0·001
SD 0·29 0·30 0·31 0·32

Female 1084 51·23 1138 53·78 1111 52·48 1164 55·01 0·08
Married status 1936 91·49 1962 92·72 1975 93·29 1927 91·07 0·03
North area 1198 56·62 895 42·30 705 33·30 527 24·91 <0·001
Urban site 297 14·04 553 26·13 862 40·72 1117 52·79 <0·001
Current smoker 454 21·46 437 20·65 426 20·12 438 20·70 0·03
Higher than high school level 259 12·23 421 19·90 607 28·67 649 30·67 <0·001
Annual household income, yuan
Mean 4489·57 6806·16 6910·95 6287·17 <0·001
SD 143·36 281·96 176·80 192·33

Current drinker 411 19·42 479 22·64 511 24·14 534 25·24 <0·001

Mean SD Mean SD Mean SD Mean SD

Nutritional variables
Energy intake, kJ/d (kcal/d) 8910.46

(2129·65)
44.85
(10·72)

8740.46
(2089·02)

43.14
(10·31)

9042.59
(2161·23)

50.67
(12·11)

10855.51
(2594·53)

402.75
(96·26)

<0·001

Fruit intake, g/d 29·66 1·36 41·72 1·64 52·71 1·92 45·12 1·73 <0·001
Vegetable intake, g/d 495·36 5·18 459·43 4·48 452·12 4·34 503·10 4·79 0·45
Red meat intake, g/d 27·60 0·67 71·56 0·94 112·93 1·28 182·55 2·79 <0·001
Poultry intake, g/d 6·26 0·42 13·75 0·52 20·23 0·67 26·18 0·99 <0·001
Total carbohydrate, energy % 68·74 0·11 60·74 0·10 54·26 0·12 45·93 0·19 <0·001
Total protein, energy % 12·07 0·04 12·46 0·05 12·61 0·05 11·78 0·06 <0·001
Total fat, energy % 19·18 0·10 26·80 0·10 33·12 0·12 42·29 0·21 <0·001

n % n % n % n %

Medical variables
Moderate to vigorous activity 1304 61·63 941 44·47 722 34·10 555

(26·23)
<0·001

BMI, kg/m2

Mean 20·90 20·90 20·92 20·79 0·09
SD 0·04 0·04 0·04 0·04

History of hypertension 151 7·14 160 7·56 131 6·19 121 5·72 0·02
Diabetes 7 0·33 8 0·38 9 0·43 16 0·76 0·17

Q, quartile.
* Ptrend values were analysed by ANOVA for continuous variables or the χ2 test for categorical variables.
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Table 2. Associations between total SFA and subtypes of total SFA intake and overweight and obesity in the CHNS (n = 8465)
(Hazard ratios and 95 % confidence intervals)*

Types of SFA

SFA intake, energy percentage per day

Q1 Q2 Q3 Q4

HR 95% CI HR 95% CI HR 95% CI HR 95% CI Ptrend

Total SFA
SFA intake (energy, %) 0·77–6·13 6·13–8·33 8·33–10·73 ≥ 10·73
No. of overweight and obesity
(%)
n 775 794 842 760
% 36·63 37·52 39·77 35·92

Pearson-years 25 653 25 169 25 124 24 312
Model 1† 1 1·05 0·95, 1·16 1·12 1·01, 1·23 1·06 0·96, 1·17 0·15
Model 2‡ 1 1·05 0·95, 1·16 1·11 1·00, 1·23 1·06 0·95, 1·19 0·19
Model 3§ 1 1·06 0·95, 1·18 1·10 0·97, 1·26 1·08 0·91, 1·28 0·35

Odd-chain SFA
SFA intake (energy, %) 0–0·04 0·04–0·06 0·06–0·10 ≥ 0·10
No. of overweight and obesity
(%)
n 787 777 826 781
% 37·19 36·72 39·02 36·91

Pearson-years 25 658 25 487 24 622 24 491
Model 1† 1 0·99 0·90, 1·09 1·10 1·00, 1·21 1·05 0·95, 1·15 0·13
Model 2‡ 1 0·98 0·88, 1·09 1·03 0·92, 1·15 0·98 0·87, 1·10 0·92
Model 3§ 1 0·92 0·82, 1·02 0·95 0·85, 1·07 0·90 0·79, 1·02 0·17

Even-chain SFA
SFA intake (energy, %) 0·77–6·07 6·07–8·24 8·24–10·62 ≥ 10·62
No. of overweight and obesity
(%)
n 774 794 836 767
% 36·58 37·52 39·49 36·25

Pearson-years 25 701 24 981 25 184 24 392
Model 1† 1 1·06 0·96, 1·17 1·11 1·01, 1·22 1·07 0·97, 1·18 0·14
Model 2‡ 1 1·07 0·96, 1·19 1·10 0·98, 1·23 1·07 0·95, 1·21 0·29
Model 3§ 1 1·10 0·98, 1·24 1·12 0·98, 1·29 1·13 0·95, 1·34 0·21

Medium-chain SFA
SFA intake (energy, %) 0–0·004 0·004–0·01 0·01–0·02 ≥ 0·02
No. of overweight and obesity
(%)
n 793 799 815 764
% 37·48 37·76 38·50 36·11

Pearson-years 26 193 25 600 25 965 22 500
Model 1† 1 1·04 0·94, 1·15 1·04 0·94, 1·14 1·16 1·05, 1·29 0·01
Model 2‡ 1 1·14 1·02, 1·28 1·19 1·05, 1·35 1·15 1·01, 1·32 0·05
Model 3§ 1 1·13 1·01, 1·27 1·24 1·09, 1·42 1·23 1·07, 1·41 0·004

Long-chain SFA
SFA intake (energy, %) 0·75–5·70 5·70–7·79 7·80–10·09 ≥ 10·09
No. of overweight and obesity
(%)
n 790 768 849 764
% 37·33 36·29 40·10 36·11

Pearson-years 25 906 25 209 24 868 24 275
Model 1† 1 1·01 0·91, 1·11 1·13 1·03, 1·25 1·05 0·95, 1·17 0·08
Model 2‡ 1 0·91 0·81, 1·02 0·97 0·85, 1·10 0·93 0·81, 1·07 0·59
Model 3§ 1 0·96 0·84, 1·09 1·00 0·85, 1·16 0·99 0·82, 1·20 0·88

Very long-chain SFA
SFA intake (energy, %) 0–0·17 0·17–0·31 0·31–0·55 ≥ 0·55
No. of overweight and obesity
(%)
n 727 846 823 775
% 34·36 39·98 38·88 36·63

Pearson-years 23 390 24 814 25 494 26 560
Model 1† 1 1·09 0·99, 1·21 1·04 0·94, 1·15 0·94 0·85, 1·04 0·10
Model 2‡ 1 1·05 0·95, 1·16 1·10 0·99, 1·22 1·11 0·99, 1·24 0·05
Model 3§ 1 1·09 0·98, 1·21 1·09 0·97, 1·21 1·08 0·94, 1·24 0·27

HR, hazard ratio; Q, quartile.
* Time-dependent Cox proportional hazards regression models were used to assess the HR (95%CI) of overweight and obesity by quartiles of total, odd-chain, even-chain, medium-
chain, long-chain and very long-chain SFA intakes.

†Model 1 was only adjusted for age and sex.
‡Model 2 was further adjusted for quartiles of household income, educational level (below high school, high school, some college, at least college or unknown), marital status (single,
married, divorced or unknown), residence (urban or rural), location (north or south), physical activity (no regular activity, low or moderate activity or vigorous activity), smoking status
(never, former, current or unknown), alcohol intake (abstainer or drinker), baseline hypertension (yes, no or unknown) and baseline diabetes (yes or no).

§ Model 3 was further adjusted for baseline BMI, intake of total energy, percentage of energy from dietary protein, PUFA, MUFA, odd-chain SFA (for even-chain SFA) and even-chain
SFA (for odd-chain SFA).
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from the National Institutes of Health-American Association of
Retired PersonsDiet andHealth Study(27). In a special population
with a high risk of CVD from the PREvención con DIeta
MEDiterránea study, higher SFA intake was associated with
81 % (HR: 1·81; 95 % CI 1·05, 3·13) higher risk of CVD(28).
However, in this study, no association with the risk of over-
weight/obesity was detected for TSFA intake. A number of estab-
lished studies focused on the relationship between TSFA intake
and overweight/obesity-relevant outcomes, such as cardiometa-
bolic diseases, cancers and type 2 diabetes (T2D)(29), and sup-
ported our findings. Furthermore, the results from the
European Prospective Investigation into Cancer and Nutrition-
Netherlands cohort suggested that TSFA intake was not related
to T2D risk and that the association depended on the types and
food sources of SFA(30). MCSFA, a subtype of SFA, seem to pre-
vent depositing fat. The beneficial role of MCSFA in the inci-
dence of obesity has been unravelled in some experimental
studies. The absorption of MCSFA was quick through vein to
the liver(31). MCSFA were rapidly oxidised without requiring car-
nitine palmitoyltransferase, which would not lead to excessive
fat deposition(11). In addition, these fatty acids could increase

the expenditure of energy and induce satiety(32). Besides, the
interaction may occur between MCSFA intake and gut micro-
biota. MCSFA could lower obesity risk by the increase of
Bacteroidetes and the decrease of Firmicutes and
Proteobacteria in gut of mice(33). However, decanoic acid
(10:0) was found to have adverse effect on human trophoblasts
by inducing oxidative stress and mitochondrial dysfunction(34).
Thus, individual MCSFA may have different associations with
the incidence of overweight/obesity. MCSFA are present in
dietary oil sources such as coconut oil, palm kernel oil, goat milk
and sheep milk and often occur in their dietary form as medium-
chain TAG (MCT)(35). Long-chain TAG are the forms of storing fat
for LCSFA in the body. A systematic review and meta-analysis of
randomised controlled trials with a duration of more than 3
weeks among healthy adults suggested that replacing long-chain
TAGwith MCT in the diet could induce a small reduction in body
weight (–0·51 kg; 95 % CI –0·80, –0·23 kg; P< 0·001;
I2= 35 %)(36). Animal experiments also showed the efficacy of
MCT in suppressing body fat accumulation, insulin resistance,
and the inflammatory response(37) and the potentially synergistic
effect of MCT with fish oil on reduced CVD risk(38). The benefits

Table 3. Associations between subtypes of medium-chain SFA intake and overweight and obesity in the CHNS (n = 8465)
(Hazard ratios and 95 % confidence intervals)*

SFA intake, energy percentage per day

C1 C2 C3

Types of SFA HR 95% CI HR 95% CI HR 95% CI Ptrend

Hexanoic acid (6:0)
SFA intake (energy, %) 0 0–0·001 ≥ 0·001
No. of overweight and obesity (%)

n 2741 232 198
% 37·37 41·06 34·98

Pearson-years 88 443 6571 5244
Model 1† 1 1·16 1·01, 1·32 1·32 1·14, 1·53 < 0·001
Model 2‡ 1 0·77 0·65, 0·91 0·77 0·63, 0·94 0·002
Model 3§ 1 0·71 0·60, 0·83 0·68 0·56, 0·84 < 0·001

Octanoic acid (8:0)
SFA intake (energy, %) 0 0–0·002 ≥ 0·002
No. of overweight and obesity (%)

n 2088 572 511
% 36·37 42·00 37·52

Pearson-years 66 197 19 145 14 916
Model 1† 1 0·92 0·84, 1·01 1·11 1·01, 1·23 0·22
Model 2‡ 1 1·07 0·96, 1·19 1·13 0·98, 1·31 0·07
Model 3§ 1 1·04 0·93, 1·16 1·16 1·00, 1·34 0·07

Decanoic acid (10:0)
SFA intake (energy, %) 0–0·006 0·006–0·013 ≥ 0·013
No. of overweight and obesity (%)

n 1059 1065 1047
% 37·54 37·74 37·10

Pearson-years 34 813 34 218 31 227
Model 1† 1 1·03 0·94, 1·12 1·13 1·04, 1·23 0·01
Model 2‡ 1 1·14 1·03, 1·27 1·17 1·03, 1·33 0·01
Model 3§ 1 1·18 1·06, 1·31 1·25 1·10, 1·42 < 0·001

C, category; HR, hazard ratio.
* Time-dependent Cox proportional hazards regression models were used to assess the HR (95% CI) of overweight and obesity by categories of subtypes of medium-chain SFA,
including 6:0, 8:0 and 10:0.

†Model 1 was only adjusted for age and sex.
‡Model 2 was further adjusted for quartiles of household income, educational level (below high school, high school, some college, at least college or unknown), marital status (single,
married, divorced or unknown), residence (urban or rural), location (north or south), physical activity (no regular activity, low or moderate activity or vigorous activity), smoking status
(never, former, current or unknown), alcohol intake (abstainer or drinker), baseline hypertension (yes, no or unknown) and baseline diabetes (yes or no).

§ Model 3 was further adjusted for baseline BMI, intake of total energy, percentage of energy from dietary carbohydrates, protein, PUFA, MUFA, odd-chain SFA (for even-chain SFA)
and even-chain SFA (for odd-chain SFA).
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of MCT from MCSFA intake seemed to support the view that
MCT-enriched diets are feasible for body weight control or over-
weight/obesity-related disease improvement. However, we
found a positive relationship between MCSFA intake and excess
body weight. Previous studies reported that the effects of MCT in
stimulating insulin secretion as well as anabolism-related proc-
esses and inducing hypertriacylglycerolaemia might counteract
its protective roles. In addition, the pros or cons of MCT
depended on the composition, including energy intake, nature
of ingredients, MCT/long-chain TAG ratio, octanoate/decanoate
ratio and duration of the regimen(39). More importantly, the
threshold that a high energy level (approximately 50 %) of
MCT should be reached to achieve bodyweight loss was imprac-
tical in human nutrition(40,41). Additionally, in comparison with
nondiabetic controls with no family history of T2D, a larger
post-prandial triglyceridaemia response, as an independent risk
factor for CVD, was found among relatives of diabetic patients
whowere fed a MCSFA-rich meal (mostly supplied by 80 g coco-
nut oil)(42). Established studies mainly focused on the associa-
tions for higher intake of TSFA and subtypes of SFA, including
LSFA and VLSFA; however, limited studies in relation to 6:0,
8:0 and 10:0 as subdivisions of MCSFA and health-related out-
comes were conducted. A cross-sectional study that utilised data
from the National Health and Nutrition Examination Survey
(2003–2006) showed that higher intakes of 6:0, 8:0 and 10:0 were
all significantly associated with a higher mortality (P= 0·008,
0·019 and 0·027, respectively)(43). Nevertheless, we found an
inverse relationship between 6:0 and 10:0 intakes and the risk
of overweight/obesity, and no association existed for 8:0 intake.
This result may be due to divergent food sources of 6:0, 8:0 and
10:0. The main natural sources of 6:0 are dairy products, such as
whole-fat milk powder, yogurt, cream and butter, whereas 10:0
is principally derived from coconut oil. Dairy product consump-
tion has raised wide controversy in recent decades because of
the SFA content. Dairy products were seemingly able to reduce
premeal appetite and food intake in a randomised, unblinded,
crossover design, which meant that dairy products were likely
to lose weight(44). Prospective cohort studies consistently sug-
gested that yogurt consumption contributes to reduced adiposity
indexes and the metabolic syndrome risk(45). Furthermore, a
meta-analysis of mainly cross-sectional studies indicated that
the pooled OR of obesity via comparing the highest category
with the lowest category of total dairy product consumption
were 0·54 (95 % CI 0·38, 0·77) for children, 0·75 (95 % CI 0·69,
0·81) for adults and 0·74 (95 % CI 0·68, 0·80) for both, and an
increment of 200 g/d milk consumption was associated with
16 % lower risk of obesity (OR: 0·84 (95 % CI 0·77, 0·92))(46).
In addition, the favourable roles of higher dairy product con-
sumption, yogurt in particular, in the prevention of T2D as well
as overall and CVD mortality were also detected(47–49). For the
relationship between coconut oil and obesity and related out-
comes, an experimental study observed that weight gain of
obese rats increased with the supplementation of virgin coconut
for 30 d(50). Moreover, a pooled result of 21 interventional studies
showed that coconut oil intake resulted in higher levels of LDL-
cholesterol, HDL-cholesterol and total cholesterol, which are
lipid profile markers linked to a higher risk of cardiometabolic
diseases, compared with other vegetable oil consumption(51).

Additionally, a structured literature review concluded that no
available data supported the value of coconut oil consumption
in increasing satiety and weight loss(52). Conversely, previous
randomised and double-blind clinical trials have pointed to ben-
eficial effects of coconut oil on cardiovascular health, including
eliciting favourable changes in insulin sensitivity and CVD risk-
associated parameters and reducing abdominal obesity(53,54).
However, these experiments were conducted in the background
of a balanced diet or hypoenergetic diet characterised by
increased consumption of fruits and vegetables, reduced simple
carbohydrates and animal fat consumption as well as reduction
or elimination of alcohol consumption and smoking, plus mod-
erate physical activity. Given that the cause of overweight or
obesity is a positive energy balance in which energy intake is
greater than energy expenditure, the observed benefits could
not be ascribed to coconut oil intake, while the overall benefits
of regular physical activity, a balanced diet and lifestyles were
overlooked(55–57). Accordingly, further clinical trials conducted
among participants without diet or lifestyle intervention or
advice are warranted.

The strengths of our study included the prospective design and
long duration of follow-up. We also used cumulative average
intakes of nutrients to better understand a long-term diet instead
of baseline dietary intake only. Additionally, we comprehensively
considered the relationship between the intakes of individual SFA
with different numbers as well as lengths of carbon chains and the
risk of overweight/obesity. In addition, we carried out sensitivity
analyses to examine the stability of our results and found similar
findings. However, our study also had some limitations. First,
although dietary data from enrolled participants were collected
from 3-d consecutive 24-h recalls combined with a weighing
method, measurement errors were still inevitable, which might
dilute true associations between specific SFA intake and risk of
overweight/obesity. Second, we could not adjust for trans-fatty
acid intake because of the lack of data in our study.
Nonetheless, the overall trans-fatty acid consumption in China
was not very high during the study period(58–60) andmight not sig-
nificantly affect the documented findings. Third, given that only a
small number of participants (n = 118) developed obesity, we
considered the overall risk of overweight/obesity as an outcome
instead of separating them as two outcomes, which would have
provided more implications on human health in relation to
non-normal BMI. Fourth, a causal relationship could not be estab-
lished because of the observational nature of our study, and
residual confounding was still possible even after full multivari-
able adjustment. Last, our participants were all from a homo-
geneous ethnic group, which might restrict the generalisation of
our findings despite extensive evidence among Chinese
population.

In summary, we did not find a significant association between
TSFA intake and a higher risk of overweight/obesity, whereas a
positive association was observed for MCSFA consumption.
Higher consumption of 6:0 was related to a lower overweight/
obesity risk; however, a positive relationship was detected for
10:0 consumption. Limitation of 10:0 consumptionmight be con-
ducive to the prevention of overweight/obesity. Increasing the
intake of dairy product-sourced 6:0, such as yogurt and milk,
may be protective for developing overweight/obesity. More
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future studies are needed to investigate the effects of specific
subcategories of SFA on obesity-related outcomes in China
and other countries.
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