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Abstract

Background: The current study examined whether the association between body mass index (BMI) and symptoms of depression is
mediated by self-reported physical health among Chinese people with multiple chronic conditions (MCCs). Methods: This was a

secondary analysis based on a previous cross-sectional survey using the Hospital Anxiety and Depression Scale (HADS) and Short

Form-12 (SF-12). A convenience sample of Chinese people with MCCs (n = 351) was recruited and a mediation effect model using
SPSS PROCESS was employed. Results: The results showed that self-reported physical health acted as a full mediator in the association
between BMI and depression only for men with MCCs. Conclusions: The findings of this study suggest that decreased physical health
should be of primary importance in the management of MCCs. Further intervention addressing weight control could be a strategy of

particular interest for improving the mental health of people with MCCs.
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1. Introduction

Obesity is a medical condition in which there is too
much fat in a person’s body. Generally, people are consid-
ered obese when their body mass index (BMI) is over 30
kg/m?2. This index is also used to indicate the level of risk
for disease (morbidity) and death (mortality) at the popu-
lation level. Obesity is suggested to be a significant pop-
ulation health problem across countries. China, like many
other developing countries, is facing a national obesity epi-
demic and the following challenges. Data from the 2013—
2014 China Chronic Disease and Risk Factor Surveillance
(CCDRFS) showed that the overall prevalence of general
obesity among Chinese adults was 14% (95% Confidence
Interval (CI), 13.4% to 14.7%), and that of abdominal obe-
sity was 32% (95% CI, 30.5% to 32.6%) [1].

Research has shown that physical health and obesity
are independently and inversely related [2]. Obesity is as-
sociated with a range of physical health outcomes such as
cancers, type 2 diabetes, hypertension, and stroke [3]. Obe-
sity is highly associated with multiple chronic conditions
(MCCs) [4]. MCCs are commonly suggested as the coex-
istence of two or more chronic health conditions in a per-
son. MCCs have negative effects on people’s health [5]
and result in a considerable financial burden [6]. Accord-
ing to the China Health and Retirement Longitudinal Study
(CHRLS), the prevalence of MCCs was more than 40%
among people over 50 years old. Women groups and ur-
ban residents are more vulnerable to MCCs [7].

Obesity and depression have an overlapping pathoeti-
ology [8] and both of them are public health issues [9]. Re-
search has linked being underweight or overweight/obese

to the development of depression and such an association
has been investigated at the cross-sectional level: A cross-
sectional survey with a representative sample of the German
population showed that obese people reported more symp-
toms of depression than people in other BMI groups [10];
a national survey of Chinese middle-aged and older adults
found a significant positive association between BMI and
depression in males, but no association for females [11]; an-
other study concluded that there was a significant U-shaped
trend in the association between BMI groups and depression
[12]. Although cross-sectional findings are informative, the
exact mechanisms between depression and obesity is under
research. The association between obesity and depression
is bidirectional, which means that obesity increases the risk
of depression and depression also predicts the development
of obesity [13,14]. A meta-analysis has confirmed this re-
ciprocal link [15].

However, much remains to be learned and confirmed
about the extent to which physical health adjustments re-
duce or change the association between BMI and psycho-
logical distress, especially for people with MCCs. Knowl-
edge about this relationship will enable cost-effective pre-
vention for the population with MCCs.

The aims of this study were (1) to analyze the associa-
tion between BMI, physical health, and depression, and (2)
to identify whether the association between BMI and de-
pression is mediated by physical health in Chinese people
with MCCs.

The research hypotheses were as follows: (1) There
is a significant association between BMI conditions, self-
reported physical health, and symptoms of depression, and
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(2) The impact of BMI conditions on symptoms of depres-
sion is mediated by self-reported physical health.

2. Materials and Methods

This was a secondary analysis of a previous cross-
sectional study aimed at understanding the coping mech-
anisms of individuals with MCCs. Details of the methods
and sampling process were described in the first phase of
this project, which was conducted in Bengbu, Anhui, China,
from November 2017 to May 2018. The details of the pre-
vious survey have been published [16].

2.1 Sample

A total of 351 participants completed a detailed ques-
tionnaire that included sociodemographic variables and
clinical variables, in addition to the Hospital Anxiety and
Depression Scale (HADS) and Short-Form 12 (SF-12).

2.2 Measurements

The sociodemographic variables and clinical variables
included age, sex, MCCs-related variables, and BMI.

The criteria of weight status for Chinese adults were
used in this study. The criteria in the Guidelines for the
Prevention and Control of Overweight and Obesity in Chi-
nese Adults were applied to those aged 18~60 years: BMI
was calculated by dividing weight (in kilograms) by height
(in meters squared). A BMI between 18.5 and 23.9 was
considered normal; a BMI less than 18.4 was considered
underweight; a BMI between 24.0 and 27.9 was considered
overweight; a BMI above 28.0 was considered obese. Thus
all the participants were categorized into four groups based
on their BMIs [17].

The HADS was used to assess the participants’ levels
of anxiety and depression in this study. This scale has 14
items consisting of two subscales of anxiety and depression.
Each item was scored on a four-point Likert scale (0-3).
The total scores for each subscale ranged from 0 to 21. The
higher the scores are, the greater the levels of anxiety and
depression. The HADS has been validated and shown to be
reliable in Chinese people with chronic health conditions
[18]. In the current study, Cronbach’s alpha was 0.84 for
the HADS.

The SF-12 was used to assess the participants’ levels
of physical health in this study. This scale has 12 items con-
sisting of two health-related domains: the Physical Compo-
nents Summary (PCS) and the Mental Components Sum-
mary (MCS). The two domains were calculated according
to the SF scoring system and the scores ranged from 0 to
100. A higher score suggests a better level of physical and
mental health. The SF-12 has been validated and shown to
be reliable in the Chinese population [19]. In the current
study, Cronbach’s alphas were 0.82 for the PCS and 0.69
for the MCS.

2.3 Data Collection

Potential participants were recruited via advertise-
ments at the outpatient clinics of the study venue. The eli-
gible participants were asked to complete the survey at the
study venue, which was administered by the primary au-
thor and/or the research assistants. The participants spent,
on average, 15 minutes completing the survey.

2.4 Data Analysis

All analyses were conducted using IBM SPSS Statis-
tics for Windows, version 25 (IBM Corp., Armonk, NY,
USA), along with macros SPSS PROCESS version 3.5. The
results of the participants’ characteristics are described as
the mean + S.D., numbers, and percentages. The normal-
ity of the data was checked by the Kolmogorov-Smirnov
test. Pearson’s r was used to assess the association between
variables.

The mediation effect model using SPSS PROCESS
was performed to determine the mediating effect of a single
mediator, physical health, on the relationship of BMI and
depression [20]. The total scores for BMI, the PCS, and the
symptoms of depression were used as continuous measures
of obesity, physical health, and depression in this study.
Age, the duration of MCCs, and the number of chronic
health conditions were included in the mediation analysis
as covariates. The indirect effect was tested by using a bias-
corrected bootstrapping procedure with 5000 samples. An
effect was regarded as significant if the confidence interval
(95% CI) did not include “0” signals. p < 0.05 was regarded
as significant for all analyses.

Given that there is a sex gap for depression [21], this
study performed the mediation analyses separately for men
and women.

3. Results

3.1 Sample Characteristics

Of the total participants (Men = 196), the mean BMI
score was 23.79 (2.74), the mean depression score was 7.42
(3.39), and the mean PCS score was 37.92 (11.78). There
were significant differences between the sex groups for the
variable of depression (see Table 1).

3.2 Relationships among BMI, Depression, and Physical
health

In the male group, increased age was correlated with
more chronic health conditions (»p < 0.001), longer-term
MCCs (p=0.001), impaired physical health (p < 0.001) and
more symptoms of depression (p = 0.024). BMI was nega-
tively associated with the duration of MCCs (p = 0.045) but
positively associated with physical health (»p = 0.006). Poor
physical health was associated with more chronic health
conditions (p < 0.001), longer-term MCCs (p =0.001), and
more symptoms of depression (p < 0.001) (see Table 2).

In the female group, increased age was correlated with
more chronic health conditions (p = 0.004), longer-term
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Table 1. Characteristics of the observed variables (n = 351).

Age Number of MCCs  Duration of MCCs BMI Physical health ~ Depression
Male (n = 176) 59.86 14.63 2.19 0.45 2.52 1.00 23.79 274 38.08 1144 7.80 3.48
Female (n=175) 5791 1449 221 0.46 241 1.05 2349 351 3777 1214 7.03 3.26
Total (n=351) 58.89 1457 2.20 0.45 2.47 1.03 23.64 3.14 3792 11.78 742 339
F 1.57 0.07 1.03 0.81 0.06 4.61*
p value 0.211 0.796 0.311 0.368 0.804 0.032
* Statistically significant p values (p < 0.05).
Table 2. Correlations of the observed variables in the male group (n = 176).
1. 2. 3. 4. 5. 6.
1. Age coefficient 1 0.272%*  0.254**  —0.097 —0.360** 0.170*
p value 0.000 0.001 0.199 0.000 0.024
5 Number of MCCs coefficient ~ 0.272%%* 1 0.155%* -0.039  —0.250** 0.061
p value 0.000 0.040 0.605 0.001 0.420
3. Duration of MCCs coefficient ~ 0.254** 0.155* 1 —0.151* —0.148 —0.045
p value 0.001 0.040 0.045 0.050 0.550
4 BMI coefficient -0.097 —-0.039 -0.151* 1 0.206** —-0.020
p value 0.199 0.605 0.045 0.006 0.792
5. Physical health coefficient —0.360**  —0.250**  —0.148  0.206** 1 —0.277**
p value 0.000 0.001 0.050 0.006 0.000
. coefficient 0.170* 0.061 —-0.045 -0.020  —0.277** 1
6. Depression
p value 0.024 0.420 0.550 0.792 0.000

**, Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

MCCs (p < 0.001), impaired physical health (p < 0.001),
and more symptoms of depression (p < 0.04). BMI was
positively associated with the number of MCCs (p =0.001)
and the duration of MCCs (p = 0.02). Poor physical health
was associated with more chronic health conditions (p =
0.001), longer-term MCCs (p < 0.001), and more symp-
toms of depression (p < 0.001) (see Table 3).

3.3 Mediation Models for Depression

A mediation model was built to examine whether self-
reported physical health acted as an indirect pathway be-
tween BMI and depression across sex, after controlling for
sociodemographic characteristics and MCCs-related vari-
ables.

When testing the mediator role in the male group, no
significant association was found between BMI and depres-
sion in the total effect model (b = —0.0202, 95% CI = —
0.2108, 0.1703) or the direct effect model (b =0.0359, 95%
CI = -0.1526, 0.2244). The results of the indirect effect
model indicated that physical health fully mediated the re-
lationship between BMI and depression (b =—-0.0562, 95%
CI=-0.1167,-0.0118). In the female group, all three effect
models were insignificant (see Table 4).
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4. Discussion

This study examined the association between BMI
and depression as well as the potential mediating effects
of physical health on this association in people with mul-
tiple chronic conditions. Before turning to the major find-
ings, this study replicated previous findings regarding the
association between negative physical health outcomes and
symptoms of depression [22-24], suggesting that decreased
physical health could be a possible risk factor for the devel-
opment of possible depression or vice versa.

QoL is a useful indicator of health status and a pre-
dictor of morbidity and mortality [25]. Previous research
indicated that the general health status evaluated by the
EuroQol-5Dimension-5Level (EQ-5D-5L) was a signifi-
cant mediator in the association between BMI and depres-
sion in the general population. In line with this finding,
we found that, in people with MCCs, self-reported physical
health evaluated by the SF-12 mediated the relationship be-
tween BMI and depression, suggesting that an improvement
in physical health might contribute to preventing or reduc-
ing depression in this population. Our results differ from
those of Pokrajac-Bulian, Kukié¢, and Basi¢-Markovi¢ that
identified the mediating associations only in female partic-
ipants [26]. A possible explanation for this inconsistency
might be sampling variation and sampling distributions. In
addition, the relationship between BMI and health-related
indicators may be impacted by people’s sociodemographic
and clinical factors. For example, factors such as the sever-
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Table 3. Correlations of the observed variables in the female group (n = 175).

1. 3. 4. 5. 6.

1. Age coefticient 1 0.215%* 0.293%* 0.081 —0.496%* 0.156*

p value 0.004 0.000 0.285 0.000 0.039
2 Number of MCCs coefficient ~ 0.215%* 0.372%*  0.258%*%  —0.260%* -0.012

p value 0.004 0.000 0.001 0.001 0.878
3. Duration of MCCs coefficient ~ 0.293** 0.372%* 1 0.183*  —0.297** 0.149*

p value 0.000 0.000 0.015 0.000 0.049
4 BMI coefficient 0.081 0.258%* 0.183* 1 —0.142 0.054

p value 0.285 0.001 0.015 0.061 0.482
5. Physical health coefficient —-0.496**  —-0.260** —-0.297**  —0.142 1 —0.429%*

p value 0.000 0.001 0.000 0.061 0.000
6. Depression coefticient 0.156* -0.012 0.149%* 0.054 —0.429%** 1

p value 0.039 0.878 0.049 0.482 0.000

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 4. Effects on BMI and depression with physical health as a mediator.

Male group (n = 176)

Female group (n = 175)

95% CI 95% CI
Effect Boot SE t  pvalue Effect BootSE t  pvalue
LLCI ULCI LLCI ULCI
Total effect  —0.0202 0.0965 —0.2096 0.8342 —0.2108 0.1703 0.0405 0.0723 0.5603 0.5760 —0.1023  0.1833
Direct effect  0.0359 0.0955 0.3762 0.7072 —0.1526 0.2244 0.0153 0.0662 0.2314 0.8173 —0.1154  0.1460
Indirect effect —0.0562 0.0266 —0.1167 —0.0118 0.0252 0.0326 —0.0430  0.0870

Adjusted for age, number of MCCs, and duration of MCCs.

ity of depression, the severity of obesity, sex, and chronic
health conditions may affect the relationship and may lead
to conflicting results.

We found that male participants reported more symp-
toms of depression than their female peers [27]. There is
an assumption that sex differences exist in depression and
therefore the analyses were performed separately by sex.
The findings of this study were congruent with this assump-
tion [21]. Based on our findings, a portion of the variance
in symptoms of depression in the male participants could
be explained by their BMI. Men are more likely to be im-
pacted by the association between BMI and physical health,
in contrast with women for whom such an impact is limited.

Past studies [12,28,29] showed that BMI groups were
nonlinearly (U-shaped) associated with depression. Both
obesity and underweight were associated with an increased
level of depression scores, even after controlling for vari-
ous sociodemographic variables. The results of this study
emphasized the importance of physical health in this rela-
tionship. Further research may consider distinguishing be-
tween different BMI groups when exploring the nature of
the association with depression.

Several limitations should be pointed out in the cur-
rent study. The symptoms of depression were measured
by self-report questionnaires; thus, the reporting bias may
have occurred. The HADS is a valid instrument for measur-
ing symptoms and depression and anxiety, but it cannot be
used as a diagnostic instrument for mental disorders. The

lack of some significant sociodemographic variables such
as educational level, income level, and marital status in the
mediator models might have resulted in bias. Additionally,
differences in self-reported QoL could be significant across
people with different combinations of MCCs [30], and the
current study did not investigate the potential clusters of
these chronic health conditions.

5. Conclusions

This study was the first attempt to clarify the medi-
ating role of self-reported physical health in the associa-
tion between BMI and symptoms of depression among Chi-
nese people with MCCs. The findings of this study indi-
cate that the impairment of physical health should be of the
utmost importance in the management of MCCs and may
contribute to the development of effective interventions for
mental health issues in people with MCCs.
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