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Abstract
Disordered eating (DE) is associated with elevated cardiometabolic risk (CMR) factors, yet little is known about this association in non-Western
countries. We examined the association betweenDE characteristics and CMR and tested the potential mediating role of BMI. This cross-sectional
study included 2005 Chinese women (aged 18–50 years) from the 2015 China Health and Nutrition Survey. Loss of control, restraint, shape
concern and weight concern were assessed using selected questions from the SCOFF questionnaire and the Eating Disorder Examination-
Questionnaire. Eight CMR were measured by trained staff. Generalised linear models examined associations between DE characteristics with
CMR accounting for dependencies between individuals in the same household. We tested whether BMI potentially mediated significant
associations using structural equation modelling. Shape concern was associated with systolic blood pressure (β (95 % CI) 0·06 (0·01, 0·10)),
diastolic blood pressure (DBP) (0·07 (95 % CI 0·03, 0·11)) and high-density lipoprotein (HDL)-cholesterol (–0·08 (95 % CI –0·12,−0·04)). Weight
concern was associated with DBP (0·06 (95 % CI 0·02, 0·10)), triglyceride (0·06 (95 % CI 0·02, 0·10)) and HDL-cholesterol (–0·10 (95 % CI –0·14,
−0·07)). Higher scores on DE characteristics were associated with higher BMI, and higher BMI was further associated with lower HDL-
cholesterol and higher other CMR. In summary, we observed significant associations between shape and weight concerns with some CMR in
Chinese women, and these associations were potentially partially mediated by BMI. Our findings suggest that prevention and intervention
strategies focusing on addressing DE could potentially help reduce the burden of CMR in China, possibly through controlling BMI.
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Cardiometabolic diseases, such as CVD and type 2 diabetes
mellitus (T2DM), are major public health concerns in China.
CVD is the leading cause of death in China(1), and the
prevalence of T2DM has increased from 1·3 % in 1980–1989 to
8·7 % in 2010–2014(2). Approximately 60 % of Chinese women
aged 18–40 years have at least one of the following
cardiometabolic risk (CMR) factors: pre-diabetes/diabetes,

hypertension, high low-density lipoprotein (LDL)-cholesterol,
low high-density lipoprotein (HDL)-cholesterol, high triglyc-
eride (TAG) and high total cholesterol(3). Developing effective
prevention strategies for CMR is a priority.

Eating disorders (EDs) and disordered eating (DE) could be
important yet understudied risk factors for high CMR. According
to the Diagnostic and Statistical Manual of Mental Disorders, Fifth
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Edition, EDs are psychiatric disorders characterised by a
pathological disturbance in eating behaviours and attitudes
and diagnosed according to specific criteria, including anorexia
nervosa, bulimia nervosa, binge-eating disorder (BED), avoidant
restrictive food intake disorder, other specified feeding and
eating disorder, pica and rumination disorder(4). On the other
hand, DE includes a wide range of problems related to food,
exercise and/or one’s body that do not warrant a diagnosis of a
specific ED(5). Previous studies have provided evidence on the
associations between EDs and DEwith cardiometabolic diseases
and their risk factors in Western countries. For instance, bulimia
nervosa and BED are both associatedwith a higher risk of T2DM,
whereas anorexia nervosa is associated with a lower risk of
T2DM, compared with controls(6). Individuals with BED who
have overweight or obesity are at a higher risk of reporting new
diagnoses of dyslipidemia and hypertension than those without
BED(7). Bariatric surgery candidates with BED also have higher
impaired fasting glucose levels and high TAG compared with
those without BED(8). As for DE characteristics, adults with
higher scores on problematic relationships to eating and food
(e.g. weight concerns and distress about overeating) were more
likely to developmetabolic syndrome and T2DM comparedwith
those who had lower scores(9). In a large population-based
cohort, the presence of objective binge eating was associated
with higher fasting glucose and higher odds of hypertension,
hypertriacylglycerolaemia, low HDL-cholesterol and insulin
resistance compared with individuals without objective binge
eating(10). Furthermore, unhealthy weight control behaviours,
including vomiting, skipping meals/fasting and laxative/diuretic
use, have been associated with higher rates of incident diabetes
among adults with overweight or obesity(11). Lastly, in Latino
adults, positive associations have emerged for emotional eating
with T2DM diagnosis and hypertension, as well as for cognitive
restraint with T2DM diagnosis and hyperlipidemia(12).

BMI is potentially an important underlying factor mediating
the associations between EDs or DE and CMR. Previous studies
examined EDs or DEwith CMR adjusted for BMI, yet results were
mixed. For example, some associations were independent of
BMI, including associations of BED with dyslipidemia and
hypertension(7), BEDwith fasting glucose levels and TAG(8), and
of binge-eating behaviours with hyperlipidemia(11) among
individuals with overweight or obesity. In contrast, some
associations between EDs or DE with CMR were attenuated or
became non-significant after adjusting for BMI, including
associations of BED or problematic relationships with eating
and food (e.g. weight concerns) and metabolic syndromes(9,13),
and objective binge eating with multiple CMR(10). However, no
formal test has been conducted to examine whether BMI
mediates the association between DE and CMR. Understanding
the precise role of BMI in these associations could provide a
more comprehensive understanding of the association between
DE and CMR.

Multiple gaps exist in the current literature. First, most
previous studies were conducted in Western developed
countries with European-ancestry populations. With an increas-
ing prevalence of cardiometabolic diseases and risk factors over
the past decades in China, investigating their association can aid

public health workers in targeting at-risk populations and
designing improved prevention and intervention strategies for
both DE and cardiometabolic diseases. Second, most previous
studies examined the association between ED diagnoses and
CMR. Although published studies on DE have typically only
focused on a few DE characteristics (e.g. problematic relation-
ships to eating and food, objective binge eating, unhealthy
weight control behaviours, emotional eating and cognitive
restraint), individuals with DE characteristics had higher levels
of CMR than those without such characteristics. Thus, DE
characteristics alone are important risk factors of CMR. It is
important to further explore the associations between a wider
range of DE characteristics with CMR and determine specific
associations of each characteristic with CMR. Third, studies
should be designed to determine the extent to which any
observed association between DE and CMR is potentially
mediated by BMI. Accordingly, we investigate the association
between DE behavioural and cognitive characteristics (i.e. loss
of control eating (LOC), restraint, shape concern and weight
concern) with eight CMR and explore the potential mediating
role of BMI in a large population-based sample of women in
mainland China. Findings from this study will provide more
evidence on the associations between DE characteristics and
CMR in Chinese women and elucidate mechanisms underlying
these associations.

Methods

Design and participants

The China Health and Nutrition Survey (CHNS), a longitudinal
open-cohort study, was initiated in 1989 with researchers’
desire to explore how economic and social change affected
health behaviours in a large country(14). The CHNS has been
repeated every 2 to 4 years, resulting in eleven waves from 1989
to 2015. The study took place in fifteen provinces and municipal
cities (i.e. Liaoning, Shandong, Henan, Jiangsu, Hubei, Hunan,
Guizhou, Guangxi, Heilongjiang, Beijing, Chongqing, Shanghai,
Shaanxi, Yunnan and Zhejiang) to represent areas with
substantial difference in geography, economic development,
public resources and health indicators(15). Within each province
or municipal city, a multistage, random cluster process was used
to draw the study sample(16). Data were collected at individual,
household and community levels using various approaches such
as questionnaires, face-to-face interview, phone interview for
those who were not at home during data collection, asking
community heads and health workers, and measurements by
professional staff(14). All participants provided signed informed
consent prior to participation in the survey. CHNSwas approved
by Institutional Review Board at the University of North Carolina
at Chapel Hill, Regional Ethical Review Board in Stockholm, and
the Chinese Center for Disease Control and Prevention. The
present study was approved by the Institutional Review Board at
the University of North Carolina at Chapel Hill.

The current study used a cross-sectional design, and data
were from the 2015 exam of the CHNS, which is the most recent
database release for research. More than 7200 households
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composed of over 30 000 individuals from 216 communities
were included in the 2015 wave. DE questions were measured
directly as part of the CHNS individual survey for all female
participants aged 12–50 years only; thus, it is not possible to
include male participants or women with older ages. Female
participants who completed questionnaires assessing DE
characteristics and were measured for CMR during physical
exams were included in this current study. We excluded
participants who (1) were younger than 18 years, (2) had
missing data on DE or CMR and (3) had implausible data on
height or weight (e.g. one individual with height= 63 cm and
weight= 55 kg).

Measures

Disordered eating characteristics. As CHNS is a large
population-based study assessing multiple domains of popula-
tion health, the choices of screening tools were made to not only
ensure information accuracy but also to reduce participants’
burden. Thus, the Chinese version of the SCOFF question-
naire(17,18) was selected because of its brief scale that could
capture several core features of EDs and DE. Seven questions
from the Eating Disorder Examination-Questionnaire (EDE-Q
v.6.0)(19) were also asked to capture characteristics that were not
covered by the SCOFF questionnaire.

Four DE characteristics were assessed: two behavioural
characteristics (LOC and restraint) and two cognitive character-
istics (shape concern and weight concern). LOC was assessed
using one item from the SCOFF questionnaire – ‘Do you worry
that you have lost control over how much you eat?’ Response
options were ‘Yes’ or ‘No’. Restraint, shape concern and weight
concern during the past 28 d were assessed using seven items
from the EDE-Q v.6.0, including five items from the full restraint
subscale, one item – ‘Have you felt fat?’ – from the shape concern
subscale and one item – ‘Have you had a strong desire to lose
weight?’ – from the weight concern subscale. Each item was
answered on a six-point scale ranging from ‘No’ to ‘Daily’.
Restraint scores were calculated by taking the mean of the five
items from the restraint subscale. Each characteristic score
ranged from 0 to 6, with a higher score indicating greater
psychopathology. In our sample, the restraint subscale had a
standardised Cronbach’s α of 0·80.

Cardiometabolic risk factors. Eight continuous CMR were
included in our study. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were calculated as means of three
measurements by trained examiners. Fasting blood was
collected and immediately tested for serum glucose. The
remaining blood samples were then prepared for further testing
in a national central laboratory in Beijing (medical laboratory
accreditation certificate ISO 15189:2007). HbA1c was measured
using an automated glycohemoglobin analyser with a HPLC
system (model HLC-723 G7; Tosoh Corp). Fasting lipids (i.e.
HDL-cholesterol, LDL-cholesterol, total cholesterol and TAG)
were measured using the glycerol phosphate oxidase method.
All measurements and tests were conducted using standard
protocols by trained staff. The detailed data collection protocol
has been previously described(3,14).

Seven binary CMR, based on these eight continuous CMR,
were generated. Hypertension was defined as mean SBP≥ 140
mmHg or mean DBP≥ 90 mmHg, according to the WHO(20), or
self-reported use of antihypertension medications. T2DM was
defined as HbA1c≥ 6·5 % or fasting glucose≥ 126 mg/dl,
according to the American Diabetes Association(21), or self-
reported use of T2DM medications or insulin. Pre-diabetes
was defined as 5·7 % ≤ HbA1c< 6·5 % or 100 mg/dl ≤ fasting
glucose< 126 mg/dl or self-reported use of medications for pre-
diabetes. Low HDL-cholesterol was defined as HDL-choles-
terol< 50 mg/dl. High LDL-cholesterol, high total cholesterol
and high TAG were defined as LDL-cholesterol≥ 130 mg/dl,
total cholesterol≥ 200 mg/dl and TAG≥ 150 mg/dl, respec-
tively(22). We summarised descriptive statistics for binary CMR as
they provide more clinical significance but did not include them
in the subsequent analyses because (1) it is more informative to
examine the entire distribution of each factor as the thresholds
for defining binary CMR are arbitrary and (2) the statistical power
to detect effects is higher when considering a continuous CMR,
compared with the power of analysing CMR as a binary trait.

BMI and sociodemographic characteristics. Height and
weight were measured by trained staff during physical exams.
Height was measured without shoes to the nearest 0·1 cm using
portable stadiometers. Weight was measured in light clothing to
the nearest 0·1 kg using calibrated beam scales. BMI (kg/m2) was
calculated as weight in kilograms divided by height in metres
squared.

Sociodemographic variables including age (calculated as
year of survey minus birth year), geographic region (north or
south), setting (urban or rural) and education level (categor-
ised as none or primary education, middle education,
technical or vocational degree, and university degree or
higher) were asked in the CHNS individual survey. Per capital
household income (in Chinese Yuan) was asked in the CHNS
household survey.

Statistical analysis

Descriptive and multiple regression analyses were conducted in
SAS 9.4 (SAS Institute, 2013). Descriptive statistics of demo-
graphic characteristics, DE characteristics, and continuous and
binary CMR were summarised for the whole sample.

To examine the association between each DE and each
continuous CMR, we used generalised linear models modeling
each pairwise combination of CMR outcome and DE character-
istic. To maintain a parsimonious regression model and avoid
over-adjustment, we exclusively accounted for age and
education level as confounders, as they were the only covariates
associatedwith bothDEcharacteristics andCMR inour sample. All
models accounted for dependencies between individuals in the
same household by applying generalised estimating equations
which used the Liang–Zeger sandwich estimator(23). Standardised
regression coefficients with 95% CI are presented. For a total of
thirty-two regressionmodels,multiple comparisonswere adjusted
using false discovery rate correction(24). Associations with a false
discovery rate-adjusted P-value (q-value)< 0·05 were considered
statistically significant.
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For significant associations between DE characteristics and
CMR, we then conducted mediation analysis to test whether BMI
potentially mediated the associations by fitting structural
equation models using the ‘lavaan’ package(25) in R(26). A
mediation model (Fig. 1) simultaneously fits a set of
regressions between DE with BMI (path a), BMI with CMR
(path b) and DE with CMR while holding BMI constant (path
c’; potential direct effect). The potential indirect (mediating)
effect (a × b) measures the associations of DE and CMR
resulting from the associations of DEwith BMI, which in turn is
associated with the CMR. The sum of potential direct and
indirect effects is equal to the potential total effect (c) of DE on
CMR. Age and education level were included as covariates in
all pathways described in the mediation models. Potential
standardised average total effects, average direct effects and
average indirect effects of DE characteristics on CMRs were
calculated. The 95 % CI for potential effects were calculated by
running 1000 simulations using the non-parametric boot-
strapping method to correct for non-normality and address
power limitations(27). Results with P-values < 0·05 were
considered statistically significant. Notably, due to the
cross-sectional design, estimated standardised coefficients
reflect correlation coefficients rather than causal effects.

To examine potential effect modification by age, we
conducted additional sensitivity analysis by replicating all
analyses separately in two age groups: those aged 18–40 years
and those older than 40 years. We selected 40 as the cut-off value
for two primary reasons. First, the median age of our sample was
40 years; thus, it could result in two sub-samples with
comparable sample size and sufficient statistical power for each
sample. Second, according to the National Institute for Health
and Care Excellence Clinical Guideline on Cardiovascular
Diseases, CMR assessment and reduction, including lipid
medication, is recommended for those aged 40 years or older(28).

Results

A total of 4220 female participants completed questionnaires
assessing DE characteristics. Of these participants, 2434 were
measured for CMR during physical exams. After excluding
participants who were younger than 18 years (n 146), had
missing data on DE (n 15) or CMR (n 251) or had implausible
data on height or weight (n 17), 2005 participants were included
in the analysis. Table 1 presents participant characteristics for the
full sample. Missing values only existed for per capita household
income (nmiss= 51) and education (nmiss = 126). Participants had
a mean age of 38 years (SD= 8) and a mean BMI of 24 kg/m2

(SD= 4). Compared with demographic characteristics of Chinese
women in 2015 according to the China Statistical Yearbook(29),
our sample had a higher proportion of womenwhowere located
in the South (62 % v. 47 %) and who had a university degree or
higher (20 % v. 6 %). Our sample also had a higher mean per
capita household income (23 521 Chinese Yuan v. 21 966
Chinese Yuan) and lower proportion of those living in urban
areas (34 % v. 56 %) compared with the Chinese population in
2015(29). A total of 13 % (n 258) of the participants had
hypertension, 4 % (n 74) had T2DM, 23 % (n 461) had high
total cholesterol, 50 % (n 1012) had low HDL-cholesterol, 22 %
(n 451) had high LDL-cholesterol and 15 % (n 298) had
high TAG.

Table 2 shows the standardised results from generalised
estimating equations estimating the association between DE
characteristics with continuous CMR, adjusted for age and
education level and accounted for dependencies between
individuals in the same household. Only continuous CMR were
included to capture the entire distribution of each CMR and to
ensure sufficient statistical power. Six statistically significant
(q< 0·05) associations were noted: one standard increase in
shape concern score was associated with a 0·06 (95 % CI 0·01,
0·10) mmHg standard increase in SBP, 0·07 (95 % CI 0·03, 0·11)
mmHg standard increase in DBP and 0·08 (95 % CI 0·04, 0·12)
mg/dl standard decrease in HDL-cholesterol; one standard
increase in weight concern score was associated with a 0·06
(95 % CI 0·02, 0·10) mmHg standard increase in DBP, 0·06 (95 %
CI 0·02, 0·10) mg/dl standard increase in TAG and 0·10 (95 % CI
0·07, 0·14) mg/dl standard decrease in HDL-cholesterol.

For the six significant associations betweenDE characteristics
and CMR, we fitted mediation models to test the potential
mediating role of BMI (Table 3). For the association between
weight concern and HDL-cholesterol, both potential direct and
indirect effects were significant (P< 0·05), indicating that BMI
only potentially partially mediated this association. More
specifically, one standardised increase in weight concern was
associated with a 0·65 (95 % CI 0·48, 0·83) standardised increase
in BMI, and this subsequent 0·65 standardised increase in BMI
was associated with a 0·04 (95 % CI 0·03, 0·06) decrease in HDL-
cholesterol, given that each one standardised increase in BMI
was associated with a 0·07 (95 % CI 0·06, 0·08) standardised
decrease in HDL-cholesterol. The potential indirect effects of
weight concern on HDL-cholesterol through BMI accounted for
41 % (95 % CI 29 %, 71 %) of the potential total effect of weight
concern on HDL-cholesterol. For all other associations, the

BMI

CMR

CMR

DE

DE

a b

c’

c

Fig. 1. A mediation model with BMI mediating the association between a
disordered eating (DE) characteristic with a cardiometabolic risk (CMR).
a= potential effect of DE on BMI; b= potential effect of BMI on CMR;
c’= potential direct effect of DE on CMR; a × b= potential indirect (mediating)
effect of DE on CMR through BMI; a × bþ c’= c (potential total effect of DE on
CMR).
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potential indirect effects of DE characteristics on CMR through
BMI were significant, but the potential direct effects of DE
characteristics on CMR were non-significant. The proportion of
potential total effects of DE characteristics on CMR accounted for
by potential indirect effects through BMI ranged from 60 % to
87 %, suggesting that BMI plays a large role in mediating these
associations. For example, for the association between shape
concern and SBP that was primarily comprised of the indirect
effect through BMI, one standardised increase in shape concern
was associated with a 0·71 (95 % CI 0·54, 0·89) standardised
increase in BMI, and this subsequent 0·71 standardised increase
in BMI was associated with a 0·05 (95 % CI 0·04, 0·07) increase in
SBP, given that each one standardised increase in BMI was
associated with a 0·07 (95 % CI 0·06, 0·09) standardised increase
in SBP.

Results from the sensitivity analysis suggested that the
association between DE with CMR and the potential mediating

role of BMI were homogeneous across age groups. Compared
with participants aged 18–40 years (n 1034), those who were
older than 40 years (n 971) had significantly higher BMI and
increased levels of CMR, as well as decreased levels of
educational attainment and lower scores on weight concern
and LOC (online Supplementary Table 1). Both age groups
displayed similar patterns of association between DE and CMR:
weight concern was negatively associated with HDL-cholesterol
in both age groups, and shape concern was positively associated
withDBP in the older age group (q< 0·05; online Supplementary
Table 2). In the mediation analysis (online Supplementary Table
3), BMI partially (46 % (95 % CI 31 %, 94 %)) mediated the
association betweenweight concernwithHDL-cholesterol in the
younger group, with a standardised potential direct effect of –
0·06 (95 % CI –0·11, –0·01). BMI fully mediated both associations
for the older group, although the standardised potential direct
effect of weight concern on HDL-cholesterol suggested
borderline significance (–0·06 (95 % CI –0·11, 0·00)).

Discussion

Our study examined the association between four DE character-
istics with eight CMR and investigated the potential mediating
role of BMI on these associations in a sample of Chinese women.
Our findings suggest that Chinese women with higher shape or
weight concern scores are more likely to have higher CMR
compared with those with lower shape and weight concern
scores, and BMI at least partially mediated these associations.
These findings were homogeneous across age groups.

Shape and weight concerns were associated with multiple
CMR, such as an elevated level of SBP, DBP, TAG and a lower
level of HDL-cholesterol, consistent with previous studies(30).
Previous studies have also reported significant associations
between DE and T2DM(9,11,12), yet we did not find significant
associations between DE with either HbA1c or glucose, possibly
due to the low prevalence (3·69 %) of T2DM in our sample. With
the exception of the association between weight concern and
HDL-cholesterol, all other significant associations could likely be
driven by BMI. Interestingly, previous studies have reported
significant associations between EDs and DE with CMR after
adjusting for BMI, such as positive associations between BED
diagnosis or binge-eating behaviours with impaired glucose
level and TAG(8), risk of metabolic syndrome components(7) and
incident diabetes(11), suggesting that BMI does not completely
account for these associations. In our study, BMI at least partially
mediated significant associations between shape and weight
concerns with CMR. Thus, both the previous literature and our
mediation results suggest that the DE–CMR associations are
beyond the simple effect of BMI. For example, binge-eating
behaviour may directly cause immediate metabolic conse-
quences in healthy adults, such as decreased insulin sensitiv-
ity(31), which could also explain associations with the CMR
observed herein.

Only shape and weight concerns were significantly asso-
ciated with CMR in our study. Both characteristics were
significantly associated with DBP and HDL-cholesterol.
Although shape concern was separately associated with SBP

Table 1. Characteristics of female adults in the 2015 wave of the Chinese
Health and Nutrition Survey (n 2005) (Mean values and standard
deviations; numbers and percentages)

Demographic characteristics Mean SD

Age (year) 38·38 7·97
BMI (kg/m2) 23·51 3·76
Per capita household income (Chinese Yuan)* 23 521·27 41 480·83

Demographic characteristics n %
Geographic region

North 758 37·81
South 1247 62·19

Setting
Rural 1324 66·03
Urban 681 33·97

Education†

None or primary education 274 13·67
Middle education 1007 50·22
Technical or vocational degree 193 9·63
University degree or higher 405 20·20

DE characteristics (cognitive) Mean SD

Shape concern 0·39 1·33
Weight concern 0·27 1·10

DE characteristics (behavioural) Mean SD

Restraint 0·09 0·41
DE characteristics (behavioural) n %
Loss of control eating 105 5·24

Continuous cardiometabolic risks Mean SD

SBP (mm Hg) 117·26 15·35
DBP (mm Hg) 76·84 10·10
HbA1c (%) 5·40 0·61
Glucose (mg/dl) 92·75 18·37
Total cholesterol (mg/dl) 178·01 38·18
HDL-cholesterol (mg/dl) 50·67 11·58
LDL-cholesterol (mg/dl) 109·28 31·24
TAG (mg/dl) 98·88 60·37

Binary cardiometabolic risks n %
Hypertension 258 12·87
T2DM 74 3·69
High total cholesterol 461 22·99
Low HDL-cholesterol 1012 50·47
High LDL-cholesterol 451 22·49
High TAG 298 14·86

DE, disordered eating; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; TAG, triglyceride; T2DM,
type 2 diabetes mellitus.
*Fifty-one participants had missing data for per capita household income.
†126 participants had missing data for education.

Disordered eating and cardiometabolic risk 635

https://doi.org/10.1017/S0007114524001983  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524001983
https://doi.org/10.1017/S0007114524001983
https://doi.org/10.1017/S0007114524001983
https://doi.org/10.1017/S0007114524001983


and weight concern was separately associated with TAG, the
differences in statistical significance might be due to lack of
statistical power. The similar pattern of associations between
shape and weight concerns with CMR could be explained by the
related nature between two traits (i.e. both traits reflect body
dissatisfaction), as well as their moderate to high correlation
(r= 0·67) in our sample. Shape and weight concerns are
cognitive DE characteristics and can be present in individuals
with high, normal or low BMI, manifesting as a preoccupation
with shape and weight on a spectrum of normative discontent
full-threshold EDs(32,33). In our sample, the mean BMI was 23·51
kg/m2 and shape and weight concerns were positively
correlated with BMI, suggesting that the scales were tapping
into appearance concerns related to living in higher weight
bodies. Further, the high BMI partially to fully explained the
positive associations between shape and weight concerns with
CMR. Interestingly, restraint was not significantly associated with
any CMR in our sample, which contrasts findings from a previous
study where cognitive restraint was associated with elevated
odds of T2DM and hyperlipidemia(12). One possible reason of
the inconsistency between our results and previous findings is
that restraint was only endorsed by very few participants our
sample: the mean score on restraint was 0·09 (SE= 0·41), which
was significantly lower than the scores on shape (mean= 0·39,
SE= 1·33) and weight concern (Mean= 0·27, SE= 1·10). In
Lopez-Cepero et al.(12), 34 % of participants reported a high
level of cognitive restraint, defined as having an above-median
score on the cognitive restraint subscale of the Three-Factor
EatingQuestionnaire. Additionally, restraint was not significantly
correlated with BMI in our sample, whereas high cognitive
restraint was positively associated with odds of obesity and
central obesity (defined as having a waist circumference> 35 in
for women and> 40 in for men) in Lopez-Cepero et al.(12).
However, Lopez-Cepero et al.(12) did not adjust for BMI in their
models; thus, whether the significant association between
cognitive restraint with CMR was due to high BMI remains
unknown. Similarly, LOC was not correlated with BMI nor
associated with any CMR in our sample. Although no previous

study has examined the association between LOC with CMR,
multiple studies reported a positive association between binge
eating or BED with CMR independent of BMI(6–8,10). As LOC is a
core feature of binge eating, one hypothesis is that the
association between binge eating or BED with CMR was either
due to other features of the behaviour or disorder, such as ‘eating
a large amount of food’ or ‘eating much more rapidly than
normal’. More research is needed to clarify the roles of different
DE characteristics on the risks of CMR.

Weight concern was negatively associated with HDL-
cholesterol, and this association was only partially mediated
by BMI, indicating that BMI is not the only mechanism
contributing to the association between weight concern with
HDL-cholesterol. This suggests that a high score on weight
concern in our sample might also be driven by other related risk
factors, such as certain behavioural factors that further contribute
to HDL-cholesterol. One possible risk factor is physical activity,
which is associated with low levels of HDL-cholesterol(34).
Although the association between weight concern with levels of
physical activity remains unknown, some studies in individuals
with BED have shown that those with a negative body attitude
had lower levels of physical activity, compared with those with a
less negative body attitude(35). Thus, individuals who are
concerned about their weight may also have low levels of
physical activity, which may further impact HDL-cholesterol
levels. Similarly, multiple dietary factors have been shown to
affect HDL-cholesterol concentrations: for example, the sub-
stitution of saturated, monounsaturated or polyunsaturated fat
for carbohydrates elevated HDL-cholesterol(36). In contrast,
added sugar consumption was negatively associated with
HDL-cholesterol levels(36). Few studies have examined the
association of weight concern or other DE characteristics with
dietary patterns. In one study, individuals with an ED reported a
lower intake of dietary fat, and those with bulimia nervosa also
reported a higher intake of refined sugar, when compared with
those without an ED(37). These findings suggest that dietary
factors might also play a role in the association between weight
concern with HDL-cholesterol. Another factor that potentially

Table 2. Standardised regression coefficients with 95% CI from generalised estimating equations evaluating the effect of disordered eating characteristics
on cardiometabolic risks (Standardised regression coefficients and 95% confidence intervals)

LOC Restraint Shape concern Weight concern

Standardised
regression
coefficients 95% CI

Standardised
regression
coefficients 95% CI

Standardised
regression
coefficients 95% CI

Standardised
regression
coefficients 95% CI

SBP (mm Hg) –0·03 –0·20, 0·15 0·01 –0·03, 0·05 0·06 0·01, 0·10* 0·05 0·01, 0·08
DBP (mm Hg) 0·01 –0·17, 0·19 0·02 –0·02, 0·06 0·07 0·03, 0·11* 0·06 0·02, 0·10*
HbA1c (%) 0·02 –0·15, 0·19 0·05 –0·04, 0·14 0·04 –0·01, 0·08 0·06 0·01, 0·12
Glucose (mg/dl) 0·02 –0·13, 0·18 0·04 –0·03, 0·12 0·02 –0·02, 0·06 0·06 0·00, 0·12
Total cholesterol

(mg/dl)
–0·10 –0·27, 0·08 0·00 –0·05, 0·05 0·00 –0·03, 0·04 0·00 –0·04, 0·04

HDL-cholesterol
(mg/dl)

–0·20 –0·40, 0·01 –0·04 –0·09, 0·01 –0·08 –0·12, −0·04* –0·10 –0·14, −0·07*

LDL-cholesterol
(mg/dl)

–0·03 –0·22, 0·16 –0·01 –0·05, 0·04 0·03 –0·01, 0·06 0·02·· –0·02, 0·06

TAG (mg/dl) 0·00 –0·19, 0·19 0·03 –0·02, 0·08 0·04 0·00, 0·08 0·06 0·02, 0·10*

LOC, loss of control eating; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TAG, triglyceride.
Models adjusted for age and education level and accounted for dependencies between individuals in the same household.
*q< 0·05.
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contributes to the association between weight concern and low
HDL-cholesterol is smoking: a population-based study sug-
gested that individuals who smoked daily had higher levels of
weight concerns compared with those who recently quit
smoking and former and occasional smokers(38). Given that
smoking is a well-established risk factor of low HDL-
cholesterol independent of BMI(39), it could be another
pathway contributing to the association between weight
concern and HDL-cholesterol. Indeed, the prevalence of low
HDL-cholesterol (< 50 mg/dl) in our sample was 50·47 % – a
much higher percentage than other CMR – suggesting that low
HDL-cholesterol is common despite the relatively young age
of our sample. Higher HDL-cholesterol levels are associated
with protection against CHD(40). Thus, future studies should
further explore the role of these modifiable factors in the
association between DE and HDL-cholesterol to better design
targeted prevention and intervention.

To our knowledge, this is the first study to examine the
associations between DE and CMR in China. We used a large
sample of Chinese women and examined a wide range of DE
characteristics and CMR. Nevertheless, our study had several
limitations. First, findings may not be generalisable to all Chinese
women due to the differences in demographic characteristics
between our sample and the general Chinese population. For
example, our sample had a higher proportion of women with at
least a college degree than other women in China. As DE has
been found to be positively associated with education level in
China(41), the prevalence of DE characteristics may be higher in
our sample than other Chinese women. Our sample also only
includedwomen between 18 and 50 years old with a mean age of
38 years, yet most CMR, such as dyslipidemia and hypertension,
are more prevalent in individuals aged 50 years or higher(42,43).
Additionally, DE was only assessed in women due to limited
funding. Given the sex difference in DE and EDs(44), as well as
cardiometabolic disorders(45), future studies should further
examine sex differences in the association between DE and
CMR in the general population. Thus, our findings may only be
generalised to Chinese women aged 18–50 years with a high
education level. Second, LOC, shape concern andweight concern
were assessed by a single question due to space limitations in the
large survey, which should be considered when interpreting
results. We were also not able to assess ED pathology using the
full EDE-Q or ask about history of ED diagnosis due to limited
space in the survey. Third, repeated measurements of CMR could
reduce random errors, which was lacking in our study. Most CMR
(e.g. HbA1c and fasting glucose) were onlymeasured once due to
the large scale of the survey and limited time allocated for each
exam. However, the moderate to large sample size of our study
may still control random errors to some extent. Lastly, given the
cross-sectional design of this study, we did not aim to infer
causality or directionality of the associations among DE, BMI and
CMR. For example, our estimates could be subject to
unmeasured confounding and/or the association between
DE and CMR in our sample could be bidirectional. Rather, we
aimed to examine the magnitude of variation in CMR due to DE
that would remain if an intermediate risk factor was changed. A
longitudinal study is necessary to further understand the
temporal sequence between DE and CMR.T
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Our study provided evidence of the association between
shape and weight concerns with CMR in Chinese women, and
these associations were at least partially mediated by BMI.
Weight concern was to some degree associated with low HDL-
cholesterol independent of BMI. These findings suggest that
screening, prevention and intervention focusing on DE charac-
teristics could potentially reduce the growing burden of CMR in
Chinese women by controlling BMI. For example, for women
with higher BMI, healthcare providers may consider screening
for DE characteristics when clinically evaluating BMI and other
CMR. DE characteristics are modifiable and may represent an
important intervention target for reducing CMR factors in
women. Strategies for prevention and intervention for reducing
DE among Chinese women in the context of CMR management
are also needed. Future studies should replicate these results
using more validated scales and, potentially, in older female
adults and in males. A longitudinal design will assist in
establishing temporal sequence of these associations.
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