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Abstract
Although higher dietary intake of MUFA has been shown to improve glycaemic control and lipid profiles, whether MUFA consumption from
different sources is linked to the development of type 2 diabetes (T2D) remains unclear. We aimed to prospectively assess the associations of
plant-derived MUFA (P-MUFA) and animal-derived MUFA (A-MUFA) intakes with T2D risk in a nationwide oriental cohort. Overall, 15 022
Chinese adults, aged ≥20 years, from the China Health and Nutrition Survey (CHNS 1997–2011) were prospectively followed up for a median
of 14 years. Consumption ofMUFA fromplant and animal sourceswas assessed using 3-d 24-h recalls in each survey, and the cumulative average
of intake was calculated. Multivariable-adjusted Coxmodels were constructed to estimate the hazard ratios (HR) of T2D according to quartiles of
MUFA intake. P-MUFA were mainly consumed from cooked vegetable oils, fried bread sticks and rice, while A-MUFA were mainly consumed
from pork, lard and eggs. Intake of P-MUFA was associated with a higher risk of T2D (HRQ4 v. Q1 1·50 (95 % CI 1·18, 1·90); Ptrend= 0·0013),
whereas A-MUFA showed no significant association (HRQ4 v. Q1 0·84 (95 % CI 0·59, 1·20); Ptrend= 0·30). When further considering the cooking
method of food sources, consumption of P-MUFA from fried foods was positively associated with T2D risk (HRQ4 v. Q1 1·60 (95 % CI 1·26, 2·02);
Ptrend= 0·0006), whereas non-fried P-MUFA were not associated. Intake of MUFA from fried plant-based foods may elevate T2D risk among the
Chinese population.
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The prevalence of type 2 diabetes (T2D) has increased rapidly in
both developed and developing countries over the last few
decades. The number of T2D incidences has globally reached
425 million (8·8 % of adults) with an additional 352 million at risk
of developing T2D(1). Typically, the morbidity of T2D in China
sharply increased from 2·5 % in 1994(2) to 10·9 % in 2013(3),
which imposes a substantial disease toll and economic burden
to patients and healthcare systems.

Epidemiological evidence has consistently demonstrated that
diet is a key modifiable risk factor for T2D prevention(4).
Although prevailing dietary guidelines advocate substituting
SFA with unsaturated fatty acids, including MUFA and PUFA,

the recommendation is mainly based on the cardiovascular
benefit and less is known about the effects of dietary unsaturated
fatty acids, especially MUFA, on T2D prevention. Multiple
studies showed that the Mediterranean diet improved glycaemic
control, insulin sensitivity and lipid profiles probably due to the
intakes of MUFA and PUFA(5). Meta-analyses of randomised con-
trolled trials demonstrated that high-MUFA diets were effective
in reducing glycated Hb (HbA1c) among individuals with glu-
cose metabolism disorders(6) and improving metabolic risk fac-
tors including fasting plasma glucose among T2D patients(7).
However, little evidence supported the beneficial effect of
MUFA on glucose metabolism among healthy individuals(8,9).

Abbreviations: A-MUFA, animal-derived MUFA; CHNS, China Health and Nutrition Survey; HR, hazard ratio; OA, oleic acid; PA, palmitoleic acid; P-MUFA, plant-
derived MUFA; T2D, type 2 diabetes.
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The associations of MUFA consumption with the risk of T2D
development remain limited and controversial. Recently, the
Tehran Lipid and Glucose Study found the intake of total
MUFA was inversely associated with T2D incidence(10), whereas
most of the previous cohort studies in European/American
countries reported non-significant associations(11–16). A positive
relationship between MUFA intake and T2D risk was even
observed in the Australian Longitudinal Study on Women’s
Health(17). These inconsistent findings might be ascribed to the
MUFA from different food sources that have divergent health
benefits. Dietary MUFA from plant-based foods, such as non-
hydrogenated vegetable oils and nuts, may be protective against
T2D(14). For example, olive oil consumption was overall associ-
ated with a lower risk of T2D(18). In contrast, consumption of
MUFA from animal sources such as meat and dairy products
was accompanied by high consumption of SFA, which could con-
found the relationship between total MUFA consumption and risk
of T2D(19). Therefore, separating MUFA from plant and animal
sources is needed to elucidate the role of MUFA in T2D develop-
ment. China has one-fourth of theworld’s diabetes patients,which
will reach 120 million in 2045(1). However, the association of
MUFA intake with T2D incidence has not been reported in the
Chinese population. Therefore, we aimed to separate MUFA
from animal and plant sources and prospectively assessed their
long-term associations with T2D risk in the China Health and
Nutrition Survey (CHNS) consisting of a nationwide oriental
population.

Materials and methods

Study population

The CHNS is an ongoing, large-scale, longitudinal and household-
based cohort initiated in 1989 to assess the relationships between
the transformation of society and the economy and the resulting
health andnutritional status of theChinese population(20). The sur-
vey has been successfully conducted in nine rounds (1989, 1991,
1993, 1997, 2000, 2004, 2006, 2009 and 2011), which was
approved by the institutional review committees of the
University of North Carolina at Chapel Hill and the National
Institute of Nutrition and Food Safety at Chinese Center for
Disease Control and Prevention. Since no information on T2D
diagnosis was collected before 1997, data from six rounds
thereafter were utilised for present analysis. A total of 26 889 par-
ticipants were eligible between the 1997 and 2011 surveys. We
excluded the participants aged <20 years at entry (n 6856)
and those without complete dietary data (n 4549). After further
excluding those with implausible energy intake (<3350 or
>17 570 kJ/d for men and <2510 or >14 640 kJ/d for women, n
78), prevalent T2D cases (n 252), myocardial infarction or stroke
(n 132) at baseline, a total of 15 022 participants (7035 men and
7987 women) were enrolled in the final analyses of the present
study (online Supplementary Fig. S1).

Dietary assessment and covariates

Dietary intakes for individual participants were assessed using
the daily interview to collect the information on at-home food

consumption over three consecutive days and asking the partic-
ipants to report all foods consumed away from home on a 24-h
recall basis over the same periods. Household data on food con-
sumption were also obtained using a weighing inventory during
the same three consecutive days. Detailed procedures of dietary
data collection have been described elsewhere(21,22). Dietary
intakes of nutrients were calculated using corresponding ver-
sions of Chinese Food Composition Table(23–25) for each round
to track changes of nutrient composition in foods over a long-
term period. Three-day average intakes of dietary protein, carbo-
hydrate and fats including MUFA, PUFA and SFA in each round
were calculated, and then cumulative averages of the intakes in
all available rounds from entry to the diagnosis of T2D or the end
of follow-up were further calculated to represent long-term diet
and minimise within-person variation. For example, if a person
entered the CHNS in 1997 and was diagnosed with diabetes in
2005, then the cumulative average of MUFA intake is the sum
of MUFA intakes in 1997, 2000 and 2004 divided by three. We
also separated MUFA into plant-derived MUFA (P-MUFA) and
animal-derived MUFA (A-MUFA) according to different food
sources. P-MUFA were from plant-based foods, such as vegeta-
ble oils, rice, bread, vegetables, fruits, legumes and nuts.
A-MUFA were MUFA from animal foods, including animal fats
for cooking, red meat, eggs, poultry, fish and dairy products.
For a few mixed-food items, ingredients were identified accord-
ing to the recipes for home-prepared items or product labels for
manufactured foods. We also separated MUFA into fried MUFA
and non-fried MUFA according to the cooking method used for
MUFA-containing foods. Fried MUFA were derived from stir-
fried, griddled and deep-fried foods, while non-friedMUFAwere
derived from boiled, steamed, raw and other non-fried foods.
Intakes of oleic acid (OA) and palmitoleic acid (PA), two main
subtypes of MUFA, were also calculated. In a validation study,
the total energy intake calculated by the dietary assessment
method in the CHNS was correlated with the total energy
expenditure measured by the doubly labelled water method
(r 0·56, P< 0·01 for men; r 0·60, P< 0·01 for women)(26). Data
on other demographic and lifestyle factors were also collected,
including age, weight and height, education level, marital status,
income, smoking, alcohol drinking, physical activity, history of
hypertension, geographical location (south or north) and site
(urban or rural)(20).

Ascertainment of diabetes

Diabetes status was identified by the questionnaire inquiring
whether the person had physician-diagnosed T2D. Detailed
information on the diagnosis date and diabetes treatment,
including the special diet, weight control, oral medication, insu-
lin and Chinese traditional medicine, was collected to reconfirm
the self-reported cases in each round interview. In the 2009
survey, overnight fasting blood samples of participants were col-
lected, while plasma glucose and HbA1c levels were analysed
with strict quality control. The participants with a fasting plasma
glucose ≥7·0 mmol/l or HbA1c ≥ 6·5 % were then defined as
diabetes in addition to self-reported diabetes based on the
questionnaire. Among 15 022 individuals in the present analysis,
7708 (51·3 %) had available plasma glucose data collected in the

Monounsaturated fats and risk of diabetes 103

https://doi.org/10.1017/S0007114520000677  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520000677
https://doi.org/10.1017/S0007114520000677


2009 round. A cross-sectional analysis of 10 215 participants in
the 2009 survey was conducted to evaluate the specificity of
self-reported diabetes. Of 9964 participants self-reporting no
diabetes, 753 participants (7·6 %) were diagnosed with diabetes
according to the levels of fasting plasma glucose and HbA1c.
Thus, 92·4 % of participants who did not report diagnosed
diabetes were below the blood glucose threshold for diabetes,
indicating a low rate of undiagnosed diabetes in this population.

Statistical analysis

The intakes of protein, carbohydrate and fat were expressed as
the percentages of total energy using the nutrient densitymethod
and divided into quartiles with the first quartile as the reference
for analyses. Person-years of the follow-up were calculated from
the round at entry to the year when participants were diagnosed
with T2D, year of death or the year 2011, whichever came first.
A median of 14 years of follow-up (mean 11·2 (SD 4·2) years;
range 1–14 years) was documented for this study population.
Hazard ratios (HR) and 95 % CI for T2D were estimated using
Cox proportional hazards regression models with follow-up
duration (years) as the timescale. The end point of T2D diagnosis
was coded as 1, and censoring at death or not having diabetes
during the follow-up was coded as 0. The multivariate model
was adjusted for established and potential risk factors for T2D,
including age, sex, BMI, education,marital status, income, physi-
cal activity, smoking, alcohol drinking status, history of hyper-
tension, north–south position (north or south), site (urban or
rural), intake of total energy, percentage of energy from dietary
protein, SFA and PUFA. The comparison macronutrient for
MUFA was total carbohydrates in this model because the
increase in dietary fat consumption was often simultaneously
accompanied by the reduction in carbohydrate consumption
in practice. We created indicator variables for missing data in
each covariate, if necessary. Standard errors and variance of
the estimates were also adjusted by clustering at the community
level to control for design effects. Tests for trend were computed
using themedian values of each category ofMUFA as continuous
variables in the regression models.

We also assessed the change of T2D risk for isoenergetically
replacing SFAwithMUFAby establishing the substitutionmodels
that included total energy, protein, carbohydrate, MUFA and
PUFA. In an isoenergetic setting, total energy intake and all other
macronutrient intakes are held constant, such that the reduction
of one macronutrient as a percentage of total energy intake will
be compensated by the same percentage of increment of energy
from another macronutrient(27). When leaving SFA out of the
isoenergetic model, the regression coefficients for MUFA bear
the interpretation as the theoretical effect of substituting
MUFA for the same amount of energy from SFA while holding
the other nutrient intakes constant. Data on MUFA intake were
continuous in this substitution model to estimate effects of SFA
replacement by a fixed percentage of energy (5 %). Given the
fact that A-MUFA and SFA derived from common food sources,
the changes in risk of T2D by substituting P-MUFA for the sum of
A-MUFA and SFA were also estimated.

Sensitivity analyses were also conducted to verify the robust-
ness of our findings. We excluded persons who developed

incident T2D during the initial 3 years of follow-up, further
adjusted for fruit and vegetable consumption or dietary choles-
terol intake to observe whether the results materially changed.
Additionally, an alternative healthy eating index (2010)(28) was
further adjusted to see whether the results were explained by
the overall dietary pattern. We also restricted our analysis to
participants with both blood glucose data and self-reported
information on T2D (n 7708) to eliminate the possibility of
underestimation of the cases caused by self-reported T2D alone.
Subgroup analyses were also conducted according to important
potential effect modifiers and stratified by age, sex, BMI, smok-
ing status, alcohol consumption, physical activity, north–south
position, site and individual income. P values for interactions
were tested by likelihood-ratio test.

Statistical analyses were performed using the SAS statistical
package (version 9.4; SAS Institute). Statistical tests were
two-sided, and significance was defined as P< 0·05.

Results

Characteristics of the population from the China Health
and Nutrition Survey

The baseline characteristics of the participants by quartiles of
total MUFA consumption are shown in Table 1. Participants with
higher intakes of MUFA, P-MUFA and A-MUFA were on average
older, more often urban residents and southerners, more edu-
cated, less physically active and tended to consume more SFA
and vegetables but fewer carbohydrates. Moreover, individuals
with higher P-MUFA consumption tended to be female, fatter,
non-smokers and non-alcohol drinkers, and earned less money
and consumed more PUFA but less protein. Participants with
higher intake of A-MUFAwere more likely to be male, wealthier,
alcohol drinkers and consumed more protein and fruits.

Consumption of MUFA from animal and plant sources

In 1997–2011, the average intake of P-MUFA increased from 5·9
to 8·4 % of energy, while intake of A-MUFA ranged from 3·6 to
8·6 % (Fig. 1). Pork was the largest contributor of MUFA (21·6–
38·9 % of total MUFA) from animal sources (online
Supplementary Table S1), followed by lard, eggs, pork chops,
pork side ribs and duck. P-MUFA were mainly consumed from
vegetable oils, including peanut oil (4·3–17·8 % of total MUFA),
rapeseed oil, soyabean oil, salad oil and tea-seed oil.
Additionally, fried bread sticks and rice were also contributors
to P-MUFA. For the individual MUFA, the food items contributing
to OA were similar to those for total MUFA, while PA mainly
came from pork, eggs, other animal products and soyabean oil.

The intake of P-MUFA was weakly correlated with the
intake of A-MUFA (r −0·05, P< 0·0001; online Supplementary
Table S2). PUFA consumption was moderately correlated
with P-MUFA consumption (r 0·51, P< 0·0001), whereas it
was weakly correlated with A-MUFA consumption (r 0·05,
P< 0·0001). The correlation coefficient was high between SFA
and A-MUFA consumption (r 0·86, P< 0·0001) but was low
between SFA and P-MUFA consumption (r 0·28, P< 0·0001).
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Table 1. Baseline characteristics and dietary consumption of participants in the China Health and Nutrition Survey by quartiles (Q) of MUFA consumption (n 15 022)
(Percentages; mean values with their standard errors)

Characteristics

Quartile of MUFA intake Quartile of P-MUFA intake Quartile of A-MUFA intake

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Range (percentage of energy) ≤9·3 9·3–12·7 12·7–16·3 ≥16·3 ≤4·1 4·1–5·9 5·9–8·1 ≥8·1 ≤3·4 3·4–6·1 6·1–9·0 ≥9·0
Male (%) 48·8 47·0 47·2 44·3 52·3 49·0 45·8 40·3 45·1 45·6 47·4 49·2
Age (years)

Mean 40·7 42·7 43·7 45·2 40·3 41·9 44·3 45·8 42·2 43·0 43·6 43·4
SE 0·2 0·2 0·2 0·3 0·2 0·2 0·2 0·3 0·2 0·2 0·2 0·3

BMI (kg/m2)
Mean 22·5 22·6 22·7 22·7 22·5 22·6 22·6 22·8 22·5 22·7 22·8 22·6
SE 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1

Married (%) 79·9 81·4 82·1 79·4 76·7 81·6 82·9 81·7 80·6 82·7 82·0 77·6
≥High school (%) 15·3 23·3 30·4 34·7 23·1 24·8 27·7 28·0 13·6 23·7 30·5 35·7
Vigorous activity level (%) 52·2 37·0 28·1 20·6 39·0 37·7 31·6 29·6 52·7 37·0 27·7 20·4
Current smoker (%) 22·7 21·6 20·0 21·2 23·7 22·3 20·5 18·9 21·4 20·8 21·0 22·2
Alcohol drinker (%) 22·9 25·2 25·9 27·3 26·1 26·3 25·2 23·8 21·3 25·1 27·2 27·7
History of hypertension (%) 10·1 10·8 9·8 10·2 10·0 10·4 10·2 10·3 10·1 10·8 10·7 9·2
Urban site (%) 18·1 29·4 41·8 57·4 30·3 32·0 38·8 45·7 17·1 32·2 41·8 55·7
North (%) 65·9 48·6 37·6 23·7 49·6 49·3 43·2 33·8 65·2 49·3 37·8 23·7
Individual income*

Mean 6222 8523 8984 8836 7602 6661 6558 6340 4524 6856 7988 7790
SE 166 248 196 282 283 179 148 139 113 184 200 254

Dietary intake
Total energy (kcal/d)†

Mean 2110 2069 2157 2825 2131 2130 2170 2730 2591 2119 2131 2319
SE 8 8 8 165 9 8 8 165 165 9 8 10

Total carbohydrates (percentage of energy)
Mean 68·9 60·5 54·1 44·6 63·1 59·6 55·9 49·5 65·8 59·5 55·0 47·9
SE 0·1 0·1 0·1 0·1 0·2 0·1 0·1 0·2 0·2 0·1 0·1 0·1

Total protein (percentage of energy)
Mean 12·4 12·6 12·6 11·6 12·9 12·6 12·4 11·4 11·6 12·4 12·8 12·4
SE 0·03 0·04 0·04 0·04 0·0 0·0 0·0 0·0 0·0 0·0 0·0 0·0

SFA (percentage of energy)
Mean 4·8 7·5 9·7 12·9 7·8 8·2 8·9 10·1 5·3 7·4 9·3 12·8
SE 0·02 0·02 0·03 0·05 0·1 0·1 0·1 0·1 0·0 0·0 0·0 0·0

PUFA (percentage of energy)
Mean 7·1 8·3 9·2 10·7 6·3 8·2 9·3 11·5 8·8 8·9 8·8 8·7
SE 0·05 0·06 0·06 0·09 0·0 0·0 0·1 0·1 0·1 0·1 0·1 0·1

Fruits (g/d)
Mean 36·5 46·3 50·0 43·2 46·6 45·0 44·6 39·8 28·5 48·1 52·5 46·8
SE 1·3 1·3 1·5 1·4 1·5 1·3 1·4 1·3 1·2 1·4 1·4 1·5

Vegetables (g/d)
Mean 476·3 450·5 464·5 515·7 467·7 469·7 480·0 489·7 492·9 447·7 448·5 517·9
SE 4·3 3·8 3·7 4·0 4·2 4·0 3·7 3·9 4·3 3·8 3·5 4·1

* Individual income was inflated to 2009.
† To convert kcal to kJ, multiply by 4·184.
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Plant-derived MUFA, animal-derived MUFA and risk of
type 2 diabetes

During a total of 167 698 person-years of follow-up, 1014
incident T2D cases were documented. Although the intake of
total MUFA was not associated with T2D risk in the age- and
sex-adjusted model, a positive association was observed after

adjusting for other confounders in the multivariable-adjusted
model (Table 2). Compared with the participants with the lowest
quartile of MUFA intake, those in the highest quartile had an 81 %
higher risk of T2D (HR 1·81; 95 % CI 1·28, 2·57; Ptrend= 0·0015).
With regard to MUFA from different sources, P-MUFA intake was
associated with a progressively higher T2D risk. The HR for the
increasing quartiles were 1·22 (95 % CI 1·00, 1·50), 1·27 (95 % CI
1·02, 1·57) and 1·50 (95 % CI 1·18, 1·90) (Ptrend= 0·0013).
However, A-MUFA did not show any association with T2D risk
(Ptrend= 0·30).

MUFA from fried and non-fried foods and risk of type
2 diabetes

Consumption of MUFA from fried foods was strongly associated
with a higher T2D risk (Ptrend= 0·0001), which was driven by
the positive association of fried P-MUFA with T2D risk
(Ptrend= 0·0006) (Table 3). Multivariable HR comparing extreme
quartiles of intake were 1·74 (95% CI 1·31, 2·30) for fried MUFA
and 1·60 (95% CI 1·26, 2·02) for fried P-MUFA. Intakes of fried
A-MUFA and non-fried MUFA, including non-fried P-MUFA and
non-fried A-MUFA, were all not associated with the risk of T2D.

Oleic acid, palmitoleic acid and risk of type 2 diabetes

For individual MUFA, we observed a positive relationship
betweenOA intake and T2D risk, whereas a negative association
was detected between PA intake and T2D risk (Ptrend< 0·0001)

Fig. 1. Trends in animal-derived MUFA (A-MUFA) and plant-derived MUFA
(P-MUFA) intakes (% of energy) during a median of 14 years of follow-up.
The numbers of enrolled participants were 12 844, 13 562, 11 779, 11 284,
11 600 and 14 996 in the 1997, 2000, 2004, 2006, 2009 and 2011 rounds in
the China Health and Nutrition Survey, respectively. , A-MUFA; , P-MUFA.

Table 2. Associations between MUFA, plant-derived MUFA (P-MUFA) and animal-derived MUFA (A-MUFA) intakes and type 2 diabetes risk in the China
Health and Nutrition Survey
(Numbers and percentages; hazard ratios (HR) and 95% confidence intervals)

Quartiles of MUFA intake

PtrendQ1 Q2 Q3 Q4

Total MUFA
Range (percentage of energy) ≤9·3 9·3–12·7 12·7–16·3 ≥16·3
No. of cases 221 261 278 254
% 5·9 7·0 7·4 6·8
Age- and sex-adjusted HR 1·00 1·14 1·11 0·88 0·079
95% CI 0·95, 1·36 0·93, 1·32 0·73, 1·05
Multivariable-adjusted HR* 1·00 1·36 1·50 1·81 0·0015
95% CI 1·06, 1·73 1·12, 2·01 1·28, 2·57

P-MUFA
Range (percentage of energy) ≤4·1 4·1–5·9 5·9–8·1 ≥8·1
No. of cases 171 255 288 300
% 4·6 6·8 7·7 8·0
Age- and sex-adjusted HR 1·00 1·25 1·26 1·25 0·078
95% CI 1·03, 1·51 1·04, 1·53 1·03, 1·51
Multivariable-adjusted HR* 1·00 1·22 1·27 1·50 0·0013
95% CI 1·00, 1·50 1·02, 1·57 1·18, 1·90

A-MUFA
Range (percentage of energy) ≤3·4 3·4–6·1 6·1–9·0 ≥9·0
No. of cases 250 284 283 197
% 6·7 7·6 7·5 5·3
Age- and sex-adjusted HR 1·00 1·19 1·13 0·72 0·0004
95% CI 1·00, 1·41 0·96, 1·34 0·60, 0·87
Multivariable-adjusted HR* 1·00 1·11 0·99 0·84 0.30
95% CI 0·88, 1·38 0·75, 1·32 0·59, 1·20

* Adjusted for age, sex, BMI (in kg/m2;<18·5, 18·5–23·9, 24–27·9 or≥28), education (less than high school, high school, somecollege or at least college),marital status (nevermarried,
married or living as married, widowed/divorced/separated or unknown), income (quartile), north–south position (north or south), and site (urban or rural), physical activity (no regular
activity, low to moderate activity or vigorous activity), smoking (never, former, current or unknown), alcohol drinking status (abstainer or drinker), history of hypertension (yes, no or
unknown), intake of total energy, percentages of energy intake from protein, SFA, PUFA, and remaining MUFA where appropriate (P-MUFA and A-MUFA).
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(online Supplementary Table S3). Multivariable HR comparing

extreme quartiles were 2·35 (95 % CI 1·59, 3·47) for OA intake

(Ptrend< 0·0001) and 0·44 (95 % CI 0·32, 0·60) for PA intake

(Ptrend< 0·0001). Furthermore, the intakes of plant-derived OA

and plant-derived PA were both correlated with a higher risk

of T2D. Animal-derived PA intake was related to a lower

risk of T2D, whereas the association for animal-derived OA

(A-OA) was not observed (Ptrend= 0·50).

Substitution for SFA

The results of substitution analyses show that the HR for isoener-
getically replacing 5 % of energy from SFA with total MUFA was
1·06 (95 % CI 0·94, 1·20). Isoenergetically replacing 5 % of
energy from SFA with P-MUFA or fried P-MUFA was associated
with 16 and 24 % higher risk of T2D, respectively, whereas the
same replacement with A-MUFA did not show significant
changes in T2D risk. Finally, T2D risk was 26 % higher when

Table 3. Associations of MUFA from fried and non-fried foods with type 2 diabetes risk in the China Health and Nutrition Survey
(Numbers and percentages; hazard ratios (HR) and 95% confidence intervals)

Quartiles of MUFA intake

PtrendQ1 Q2 Q3 Q4

Fried MUFA
Range (percentage of energy) ≤5·2 5·2–8·0 8·0–11·2 ≥11·2
No. of cases 206 269 282 257
% 5·5 7·2 7·5 6·8
Age- and sex-adjusted HR 1·00 1·14 1·09 0·92 0·23
95% CI 0·95, 1·37 0·91, 1·31 0·76, 1·10
Multivariable-adjusted HR* 1·00 1·28 1·43 1·74 0·0001
95% CI 1·05, 1·56 1·14, 1·79 1·31, 2·30

Fried P-MUFA
Range (percentage of energy) ≤3·1 3·1–4·8 4·8–7·1 ≥7·1
No. of cases 171 264 275 304
% 4·6 7·0 7·3 8·1
Age- and sex-adjusted HR 1·00 1·30 1·22 1·28 0·052
95% CI 1·07, 1·58 1·00, 1·47 1·06, 1·55
Multivariable-adjusted HR* 1·00 1·33 1·26 1·60 0·0006
95% CI 1·08, 1·62 1·02, 1·56 1·26, 2·02

Fried A-MUFA
Range (percentage of energy) ≤0·8 0·8–2·4 2·4–4·7 ≥4·7
No. of cases 247 289 267 211
% 6·6 7·7 7·1 5·6
Age- and sex-adjusted HR 1·00 1·23 1·07 0·77 0·0017
95% CI 1·03, 1·45 0·90, 1·28 0·64, 0·92
Multivariable-adjusted HR* 1·00 1·09 1·03 0·99 0·97
95% CI 0·91, 1·31 0·84, 1·27 0·75, 1·31

Non-fried MUFA
Range (percentage of energy) ≤2·0 2·0–3·7 3·7–5·9 ≥5·9
No. of cases 210 244 324 236
% 5·6 6·5 8·6 6·3
Age- and sex-adjusted HR 1·00 1·10 1·53 1·11 0·025
95% CI 0·92, 1·32 1·29, 1·82 0·92, 1·33
Multivariable-adjusted HR* 1·00 0·96 1·26 1·12 0·11
95% CI 0·79, 1·17 1·02, 1·55 0·86, 1·45

Non-fried P-MUFA
Range (percentage of energy) ≤0·6 0·6–0·8 0·8–1·2 ≥1·2
No. of cases 229 255 258 272
% 6·1 6·8 6·9 7·2
Age- and sex-adjusted HR 1·00 0·94 0·95 1·06 0·47
95% CI 0·78, 1·12 0·79, 1·13 0·89, 1·26
Multivariable-adjusted HR* 1·00 0·91 0·91 0·90 0·30
95% CI 0·76, 1·09 0·75, 1·09 0·74, 1·08

Non-fried A-MUFA
Range (percentage of energy) ≤1·0 1·0–2·6 2·6–4·8 ≥4·8
No. of cases (%) 206 258 318 232
% 5·5 6·9 8·5 6·2
Age- and sex-adjusted HR 1·00 1·24 1·54 1·13 0·049
95% CI 1·04, 1·49 1·29, 1·83 0·94, 1·36
Multivariable-adjusted HR* 1·00 1·01 1·19 0·97 0·70
95% CI 0·83, 1·23 0·96, 1·48 0·74, 1·28

P-MUFA, plant-derived MUFA; A-MUFA, animal-derived MUFA.
* Adjusted for age, sex, BMI (in kg/m2;<18·5, 18·5–23·9, 24–27·9 or≥28), education (less than high school, high school, somecollege or at least college),marital status (nevermarried,
married or living as married, widowed/divorced/separated or unknown), income (quartile), north–south position (north or south), and site (urban or rural), physical activity (no regular
activity, low to moderate activity, or vigorous activity), smoking (never, former, current, or unknown), alcohol drinking status (abstainer or drinker), history of hypertension (yes, no, or
unknown), intake of total energy, percentages of energy intake from protein, SFA, PUFA, and remaining MUFA where appropriate (fried MUFA, non-fried MUFA, fried P-MUFA,
non-fried P-MUFA, fried A-MUFA and non-fried A-MUFA).
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isoenergetically substituting 5 % of energy from P-MUFA for the
sum of SFA and A-MUFA. The same substitution using fried
P-MUFA was related to a 33 % higher risk of T2D (online
Supplementary Fig. S2).

Sensitivity analyses

In sensitivity analyses, the documented associations between
MUFA consumption and T2D risk were not materially changed
after further adjusting for the consumption of fruits and vegeta-
bles, dietary cholesterol or alternative healthy eating index and
excluding the T2D cases within the first 3 years of follow-up
(online Supplementary Tables S4–S7). Similar results were largely
observed when we restricted the analysis to those with available
data of blood glucose levels (online Supplementary Table S8).

Subgroup analyses

We detected a significant interaction between BMI and P-MUFA
intake on the risk of T2D (Pfor interaction = 0·0011). The positive
association of P-MUFAwith T2Dwas restricted to normal-weight
participants (Ptrend= 0·0002). The associations for A-MUFA
intake with T2D risk were similar in all subgroups (online
Supplementary Table S9).

Discussion

This prospective study is the first to assess the long-term associ-
ations of MUFA from different origins with the development of
T2D. In this nationwide Chinese cohort, we found that intake
of P-MUFA was positively associated with T2D risk, which
was mainly driven by fried plant MUFA. The intake of MUFA
from animal sources was not associated with T2D. T2D risk
was higher when SFA or SFA combined with A-MUFA were
isoenergetically replaced by fried P-MUFA.

Previous epidemiological data linking MUFA consumption to
T2D development are conflicting. It has been speculated that the
positive or null associations of total MUFA with T2D were attrib-
uted to the fact that MUFA and animal fat (SFA) were derived
from shared food sources such as meat and dairy products in
the Western diet and thus had a high correlation (online
Supplementary Table S2). SFA and processed meat have been
associated with higher T2D incidence in the Health
Professionals Follow-up Study(16), while replacing SFA with
MUFA was related to lower risk in the Nurses’ Health
Study(15). On the contrary, the major plant sources of MUFA in
Western countries, olive oil(18,29) and nuts(30,31), have been
correlated with a lower risk of T2D in multiple studies.
Together, accumulating evidence indicates the importance of
food sources of MUFA when evaluating the health benefit
of MUFA.

Interventional studies supported the evidence of ameliorative
effects of MUFA on glycaemic control and insulin resistance,
wherein MUFAwere from plant sources (e.g. olive oil, sunflower
oil and rapeseed oil), compared with SFA or carbohydrates, and
thus may not be confounded by animal fats(6–9). However, when
MUFA were differentiated from plant and animal sources, here
we found that P-MUFA were unexpectedly and strongly related
to a higher risk of T2D. In addition, replacing SFA with P-MUFA

showed a significantly higher risk of T2D. These findings could
be due to distinctive food sources of P-MUFA and cooking
methods in China.

In the CHNS, major sources of P-MUFA were peanut oil, rape-
seed oil and soyabean oil but not olive oil or nuts. Although rape-
seed oil could improve glycaemic control in a randomised
controlled trial(32) and peanut oil was able to enhance insulin
secretion in diabetic mice(33), soyabean oil treatment presented
insulin resistance inWistar rats(34). Importantly, these types of veg-
etable oils are mainly used for cooking but not for salad dressing,
with stir-frying and griddling applied as usual preparation meth-
ods in China. Frying of vegetable oils may produce harmful
changes, including the increase in energy density, NEFA contents,
the ratio of hypocholesterolaemic:hypercholesterolaemic fatty
acids and the formation of trans-fatty acids, TAG polymers and
dimers(35,36). In addition, lipid peroxidation products from frying
process could induce inflammation(37), which plays a crucial role
in the pathogenesis of diabetes(38). Fried food consumption was
significantly associated with incident T2D(39).

In the present study, 80 % of vegetable oils were used for fry-
ing, including deep-frying, stir-frying and griddling. Moreover,
fried bread sticks, a Chinese traditional breakfast meal made
from deep-frying of dough, is also a contributor to the intake of
P-MUFA second to vegetable oils in the CHNS. Therefore, we fur-
ther analysed the associations for P-MUFA from fried and non-
fried foods and found a strong positive association between fried
P-MUFA and T2D risk. Together, these results demonstrate that
consumption of fried P-MUFA mainly from fried vegetable oils
and fried bread sticks may elevate the risk of T2D in China.

Interestingly, we did not find significant associations of fried
A-MUFA with T2D risk. MUFA from animal products may be
more thermally stable due to the presence of a large amount
of SFA that are relatively resistant to oxidation in animal foods,
whereas MUFA from plant foods with a high degree of unsatu-
ration are susceptible to oxidation or peroxidation when
exposed to heat and O2

(40). Compared with other cooking oils,
olive oil is more thermally stable and less prone to oxida-
tion(39,41). The use of olive oil for frying was associated with a
lower level of insulin resistance in a cross-sectional study(42).
However, olive oil consumption was rare in China during the
present study period.

Few prospective studies have assessed the associations of
individual MUFA like OA and PA with T2D risk. Dietary intake
of OA, the primary MUFA from diet sources, showed neutral
effects on T2D development in previous Western studies(13).
Substituting OA for SFA exhibited beneficial effects on insulin
sensitivity through exerting anti-inflammatory activity, inhibiting
endoplasmic reticulum stress and improving β-cell survival and
insulin signalling(43). However, a gradient of T2D risk was appar-
ent with an increasing intake of OA in our study. For the putative
mechanism, treatment with a high level of OAwas able to induce
hyperinsulinaemia which may be a primary event in the patho-
genesis underlying T2D in the previous in vitro study(44).

With regard to PA, the Cardiovascular Health Study reported
no association of PA intake with T2D risk(13), while the positive
association for PA was attenuated to a null relationship when
BMI and waist:hip ratio were further adjusted in an Australian
study(45). However, we found a strong inverse relationship
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between PA intake and T2D risk. In line with our findings,
plasma phospholipid trans-palmitoleate, a distinctive biomarker
of exogenous PA, was independently related to lower insulin
resistance and incident diabetes in US adults(46). Besides, PA
could improve skeletal muscle insulin response, pancreatic
β-cell survival, insulin secretion and adipocyte metabolism(47)

in vitro and ameliorate hyperglycaemia and insulin sensitivity
in vivo(48).

When further separating OA and PA from plant and animal
sources, the consistent findings for plant-derived OA, plant-
derived PA and P-MUFA demonstrated that MUFA from plant-
based foods were responsible for their promotion effects on
T2D development. Moreover, the strong negative association
with incident T2D for total PA was driven by animal-derived
PA. Since the trace amount of PA was found in animal foods,
residual confounding by other constituents could be possible
and further corroboration of our results in larger studies is
needed.

The strengths of our study included the nationally repre-
sentative sample of the Chinese population, long follow-up
duration and the cumulative average measurement of
repeated MUFA intakes to reflect long-term diet. Since T2D
cases might appear at baseline, we excluded incident T2D
cases occurred during the initial 3 years of follow-up to further
control for reverse causation and found the results
unchanged. The present study also has some limitations.
First, T2D incidence may be underestimated for those
(49·0 % of all participants) with information only from ques-
tionnaire. In particular, participants with higher MUFA intake
had higher socio-economic status and probably got better
access to health care and thus might have fewer undiagnosed
cases of diabetes. Nonetheless, when we restricted to those
with available data of both plasma glucose and questionnaire
information (n 7708), the positive associations of MUFA from
plant sources with T2D incidence remained significant.
Second, we could not adjust for trans-fatty acid intake due
to lack of data. Nevertheless, the overall trans-fatty acid con-
sumption in China was very low and might not appreciably
change the documented findings(49). Third, although MUFA
consumption was estimated using the combination of three
consecutive 24-h recalls and a weighing technique, measure-
ment error was still inevitable which might have attenuated
the observed associations due to the prospective design.
Moreover, the distinctive Chinese dietary pattern and cooking
methods might limit the generalisability of currently estab-
lished findings to other populations. Finally, reverse causation
could not be ruled out because the observational nature and
unmeasured and residual confounding, such as family history
of diabetes, adipose tissue mass and distribution, glycaemic
index and glycaemic load, were still possible even after full
adjustment.

In conclusion, the intakes of MUFA from animal and plant ori-
gins were divergently associated with T2D risk. Replacing SFA
with fried P-MUFA but not A-MUFAwas associated with a higher
risk of T2D. Our findings suggested a potential detrimental effect
of MUFA from fried plant sources, such as fried vegetable oils
and fried bread sticks, on the prevalence of T2D among the
Chinese population.
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