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ABSTRACT
Objectives: Against the background of the growing recognition of the need for a holistic perspective 
on health behaviour, we aim to identify longitudinal patterns of multiple health behaviours, and to 
assess associations of such patterns with depressive symptoms among older people in China.
Methods: Using three waves of China Health and Retirement Longitudinal Study data (n = 8439), we 
performed latent class growth analyses (LCGAs) to identify longitudinal patterns of multiple health 
behaviours. Random-effects models were estimated to assess associations between health behaviour 
patterns and depressive symptoms.
Results: The best fitting LCGA model had seven classes: (1) connected active non-smokers (average 
posterior probability: 21.8%), (2) isolated active non-smokers (24.7%), (3) isolated inactive non-smokers 
(17.0%), (4) isolated active smokers (14.5%), (5) connected active smokers (12.2%), (6) increasingly con-
nected and active non-smokers (5.4%), and (7) moderately connected inactive smokers (4.4%). Depressive 
symptoms were highest in the four classes with lower probabilities of social participation across waves. 
No evidence was found of change over time in depressive symptomatology gaps between people 
with different health behaviour trajectories.
Conclusion: Health behaviour patterns characterized by consistently low social participation were 
associated with raised depressive symptomatology, suggesting that focusing on social participation 
may benefit later-life mental health promotion strategies.

Abbreviations: BIC: Bayesian information criterion; CES-D-1010-item: Centre for Epidemiologic Studies 
Depression Scale; CHARLS: China Health and Retirement Longitudinal Study; EM: expectation-
maximization; LCGA: latent class growth analysis; MAR: missing at random; MPA: moderate physical 
activity; VPA: vigorous physical activity

Introduction

Depression has become the single greatest cause of disability 
and a major contributor to disease burden globally, affecting 
approximately 280 million people worldwide (World Health 
Organization, 2021). Although the prevalence of depression is, 
overall, lower in China than in Western countries (Kendler et al., 
2015), older adults in China are at a greater risk of depression 
than their counterparts in other East Asian countries (Lei et al., 
2014). Depressive symptoms have been associated with mod-
ifiable unhealthy behaviours, such as physical inactivity (cf. 
Bishwajit et al., 2017; Verger et al., 2009). Given that people in 
China tend to feel ashamed to seek professional help for 
depressive symptoms (Phillips et al., 2009), preventive strate-
gies that involve lifestyle modification may be particularly 
promising in efforts to counter later-life depression in the 
Chinese context.

In the past two decades, researchers have begun to recog-
nize that health behaviours do not occur in isolation; instead, 
they are interrelated and cluster together (Conry et al., 2011; 
deRuiter et al., 2014; Fine et al., 2004; Poortinga, 2007; Van den 
Broek, 2021a). Consequently, the number of studies focusing 
on multiple health behaviours has increased rapidly, and such 

research is considered to represent the future of preventive 
medicine (Prochaska, 2008).

The investigation of multiple health behaviours in conjunc-
tion is important for several reasons. First, clustered behaviours 
may have synergistic effects on health outcomes (Johnson 
et  al., 2018; Poortinga, 2007)that are more potent than the 
behaviours’ individual effects (Conry et  al., 2011). Second, a 
phenomenon called health behaviour overshadowing may 
occur. That is, the detrimental effects of certain unhealthy 
behaviours may be so impactful that they render other health 
behavioural dimensions largely irrelevant (Shaw & Agahi, 2012, 
2014). For example, Shaw and Agahi (2012) found that the 
harmful effects of physical inactivity were not evident among 
smokers.

Although several studies have involved the combined con-
sideration of multiple health behaviours, most researchers have 
used an additive approach (Barboza Solís et al., 2016; Harrington 
et al., 2010; Zaninotto et al., 2020). Typically, an additive index 
is employed, with one point added for unhealthy behaviour in 
each of the dimensions considered. Implicit assumptions 
underlying this approach are (1) that every type of (un)healthy 
behaviour has a similar effect on the outcome considered, and 
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(2) that the health implications of (un)healthy behaviours are 
independent of each other. Consequently, potential synergistic 
or overshadowing effects cannot be detected. Hence, an 
approach that considers particular patterns or clusters of health 
behaviours is called for.

In a few studies, associations of patterns or clusters of mul-
tiple health behaviours with depression and mental health have 
been examined. For example, Oftedal et al. (2019) used latent 
class analysis to identify patterns of multiple health behaviours 
and found that people with high-risk behaviours in all aspects 
had the greatest odds of experiencing mental distress. However, 
studies of this type (cf. Verger et al., 2009; Ye et al., 2016) have 
provided only snapshots of such associations, because of their 
cross-sectional designs. Not only the influence of patterns of 
multiple health behaviours on depressive symptoms, but also 
the longitudinal effects of these patterns, need to be examined 
concurrently, because some behaviours show no observable 
health benefit unless they are maintained for certain periods of 
time (Conner, 2008; Jacka & Berk, 2013).

The identification of particular longitudinal combinations of 
health behaviours that have detrimental effects on depressive 
symptoms is of practical relevance. For example, insights in 
particular risky behaviour combinations can aid policymakers 
and health practitioners in developing optimal health promo-
tion strategies. We focus on smoking, physical activity, and 
social participation, because these aspects of health behaviour 
are known to be associated separately with depressive symp-
toms (Bishwajit et  al., 2017; Stubbs et  al., 2018), but little is 
known about whether their longitudinal combinations are asso-
ciated with depressive symptom trajectories. As older adults’ 
inability to stay socially active and connected to others puts 
them at greater risk of experiencing depressive symptomatol-
ogy over time (Du et al., 2022), we incorporate social participa-
tion as a modifiable health behaviour, in addition to the 
traditional health behaviours smoking and being physically 
inactive which are well-known threats to the health of Chinese 
people (Chen et al., 2015; Li, 2016). No previous study of health 
behaviour patterns has, to our best knowledge, considered 
social participation. This is unfortunate because social partici-
pation is arguably an important health behaviour. It increases 
community engagement and social interaction (Feng et  al., 
2020; Mackenzie & Abdulrazaq, 2021), which is, in turn, protec-
tive against depressive symptoms in older adults (Chiao et al., 
2011; Sibalija et al., 2020).

Older persons rate social relationships among the most 
important determinants of successful ageing (von Faber et al., 
2001). Although to our best knowledge no research on what 
older adults in China find important aspects of successful age-
ing has been conducted, recent studies on the Chinese diaspora 
suggest that social participation is typically seen as a key com-
ponent of a good later life (Hui Chian Teh et al., 2020; Zhang 
et al., 2018). It may therefore be expected that cognitive disso-
nance as a result of missing out on the social participation 
deemed indispensable may be so detrimental for mental health 
that it overshadows the mental health risks of the other health 
behaviours (cf. Shaw & Agahi, 2014). Such overshadowing 
effects only become apparent when studying patterns of mul-
tiple health behaviours in conjunction, as we do in the current 
study. The aims of the current study are to identify longitudinal 
patterns of multiple health behaviours using latent class growth 
analysis (LCGA), and to assess associations of such patterns with 
depressive symptoms in a population-based sample of people 
aged ≥50 years in China.

Methods

Data source and sample

Data used are from the China Health and Retirement 
Longitudinal Study (CHARLS), a population-based survey of 
non-institutionalized middle-aged and older individuals in 
China (Phillips et al., 2021; Zhao et al., 2014). The baseline (Wave 
1) survey was collected between May 2011 and March 2012 
with 17,708 participants, and follow-up surveys were collected 
in 2013 (Wave 2) and 2015 (Wave 4). Trained interviewers con-
ducted face-to-face interviews. The CHARLS sampling strategy 
has been described in detail elsewhere (Zhao et al., 2014). In 
this study, we analyzed CHARLS data from Waves 1, 2, and 4. 
Given that Wave 3 was a special life-history survey that did not 
include the collection of data on health behaviour or mental 
health variables, Wave 3 data were not included in our analysis.

Ethics statement
The CHARLS team obtained ethical approval for the research 
from the Ethical Review Committee of Peking University. All 
participants provided written informed consent (Zhao 
et al., 2013).

Analytical sample
Respondents were excluded from the present analysis for the 
following reasons: age <50 years at baseline; inconsistent age 
information across waves (e.g. younger reported age than in a 
previous wave); missing value for any covariate of interest in at 
least one wave; or missing 10-item Centre for Epidemiologic 
Studies Depression Scale (CES-D-10) score in at least one wave. 
We applied the age threshold of 50 years to focus on mid-
dle-aged and older adults, based on previous studies (Pan et al., 
2008; Shaw & Agahi, 2012) and in accordance with the World 
Health Organization’s Study on Global Ageing and Adult Health 
(Kowal et al., 2012). The final analytical sample comprised 25,317 
observations from 8439 respondents. The procedure used for 
sample selection is summarized in Figure 1.

Measures

As we adopt an LCGA approach in pursuit of our research aims, 
three types of measures are distinguished: manifest items, the 
distal outcome, and covariates. Manifest items are observed 
health behaviour variables based on which the underlying 
latent health behaviour trajectories can be identified. The distal 
outcome is a measure of depressive symptomatology that will 
be regressed on the latent health behaviour trajectories, 
whereby we will adjust for a range of covariates.

Manifest items
Smoking, physical activity, and social participation served as 
manifest items in the LCGA. Smoking status was measured with 
a dichotomous variable distinguishing between current smok-
ers and non-smokers.

With regard to physical activity, respondents were asked 
whether they performed vigorous physical activity (VPA) or mod-
erate physical activity (MPA) for at least 10 min every week (‘yes’ 
or ‘no’). ‘Yes’ responses prompted the interviewers to ask respon-
dents on how many days they performed at least 10 min of VPA 
and MPA in a usual week (0–7). VPA was defined to include activ-
ities that made respondents breathe much harder than normal, 
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such as heavy lifting and cycling with a heavy load. MPA was 
defined to include activities that made respondents breathe 
somewhat harder than normal, such as bicycling at regular pace 
or mopping the floor. Consistent with earlier work (Li et al., 2020), 
we dichotomized the physical activity variable by classifying 
respondents as physically active (MPA/VPA on ≥2 days/week) and 
physically inactive (MPA/VPA on <2 days/week).

The social participation variable was operationalized by 
asking participants whether they had done any of the follow-
ing social activities in the month prior to the interview: inter-
acted with (a) friend(s); played ma-jong, chess, or cards or 
gone to a community club; gone to a sporting event or par-
ticipated in a social group or other type of club; engaged in 
the activities of a community-related organization; conducted 
volunteer or charity work; attended an educational or training 
course. A dichotomous variable for social participation was 
derived by coding respondents who did not participate in 
any listed social groups or activities as 0 and respondents who 
participated in at least one of the listed social activities in the 
past month as 1.

Distal outcome
Depressive symptoms were measured with the 10-item version 
of the Center for Epidemiologic Studies Depression Scale (CES-
D-10) (Andresen et al., 1994; Radloff, 1977). The respondents 
were asked how often they had experienced each of the follow-
ing in the past week: (1) ‘I was bothered by things that do not 
usually bother me’, (2) ‘I had trouble keeping my mind on what 
I was doing’, (3) ‘I felt depressed’, (4) ‘I felt hopeful about the 
future’, (5) ‘I felt everything I did was an effort’, (6) ‘I felt fearful’, 
(7) ‘My sleep was restless’, (8) ‘I was happy’, (9) ‘I felt lonely’, and 
(10) ‘I could not get “going”’. Item responses were provided on 
a four-point scale ranging from 0 (‘rarely or none of the time’) 
to 3 (‘most or all of the time’). Responses to the positively 
worded items 4 and 8 were reverse coded before analysis. Total 
CES-D-10 scores range from 0 to 30, with higher scores indicat-
ing higher levels of depressive symptoms. The CES-D-10 has 
demonstrated sufficient reliability and validity among commu-
nity-dwelling older adults in China (Chen & Mui, 2014), and 
showed good internal consistency for all three CHARLS waves 
in this study (Cronbach’s α: 0.777–0.807).

Figure 1. Flow chart of sample selection.
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Covariates
Wave of data collection was used as our indicator of time. Wave 
numbers were deducted with one, so that the intercepts in the 
estimated models of depressive symptoms can be interpreted 
more intuitively. Given their known associations with health 
behaviours (Feng et al., 2021; Grundy & Read, 2015; Margolis, 
2013; Van den Broek, 2021a; Van den Broek & Fleischmann, 
2021) as well as with mental health (Chen et al., 2017; Feng et al., 
2019; Grundy et  al., 2019; Read et  al., 2016; Van den Broek, 
2021b; Zhai et al., 2015), age, gender, level of urbanization of 
location of residence, level of education, marital status, number 
of children, and co-residence with a child were moreover con-
sidered as potential confounders. Time-invariant covariates 
were gender (male/female), age at baseline in years (centred 
on the sample mean), educational attainment (at least upper 
secondary education/lower secondary education or lower]), 
level of urbanization of location of residence (urban/rural) and 
number of living children (0/1/2/3/≥4).Time-varying covariates 
were co-residence with at least one child (no/yes) and partner 
status (not partnered [separated, divorced, widowed, or never 
married]/partnered [currently married or cohabiting]).An over-
view of sample characteristics is provided in Table 1.

Statistical analysis

The analysis performed for this study consisted of multiple 
steps. First, we used LCGA to identify the most representative 
categories of latent longitudinal trajectories of multiple health 
behaviours across three waves. We did so, because a vast num-
ber of health behaviour combinations can potentially be 
observed as three health behaviours are considered at three 
timepoints. LCGA is a data reduction technique suitable for the 
identification of sub-populations (i.e. unobserved, but distinct 
groups) that display particular trajectories of health behaviours 
over time (Hodgekins et al., 2015). Secondly, we performed ran-
dom-effects regression analyses to estimate associations 
between identified behaviour patterns with depressive symp-
toms over time. LCGA was performed using Mplus version 8.3 
and all other analyses were performed in Stata 17.0.

Estimation of latent longitudinal health behaviour 
patterns
The main goal of LCGA is to explain individual variability in growth 
parameters (Berlin et  al., 2014). LCGA is part of a family of 

measurement models called mixture models. These models 
assume that a population contains a mixture of different groups 
of individuals that display different behaviour patterns. Probability 
methods allow to identify the number of groups or classes that 
adequately explains heterogeneity in observed behaviours, and 
assignment of individuals to one or another of these classes. 
Individuals are assumed to belong to only one class, and the classes 
are exhaustive (i.e. all individuals are in one class or another).

In this study, we modelled the trajectories of the three 
behaviours of interest (physical activity, smoking, and social 
participation) simultaneously within classes. The expecta-
tion-maximization algorithm (EM) used in LGCA can deal with 
missing information on manifest items under the missing at 
random (MAR) assumption (Dempster et al., 1977). This means 
that it is assumed that any differences between the distributions 
of missing values and the distributions of observed values can 
be explained by the other variables included in the model 
(Bhaskaran & Smeeth, 2014).Due to routing errors during the 
Wave 2 data collection, Wave 2 smoking information was not 
available for approximately one in four respondents (cf. Phillips 
et al., 2021). Moreover, the physical activity questions were only 
asked to half of the CHARLS sample in each of the three waves 
used here (Phillips et al., 2021). It should be noted that for each 
wave of data collection a random selection procedure deter-
mined the subsample that was asked the physical activity ques-
tions in that particular wave. Hence, the MAR assumption was 
arguably not violated.

A drawback of the EM algorithm is that it may only produce a 
local rather than the global maximum of the log likelihood func-
tion dependent on the initial parameter values chosen in the first 
iteration. We therefore used 2000 sets of random starting values 
to avoid local maxima. The best log-likelihood value was repli-
cated on several final stages of the EM algorithm, which indicates 
successful convergence (Jung & Wickrama, 2008). We began with 
a two-class solution model, and added classes until we observed 
no further improvement of the model fit. Identification of the 
optimal number of classes was guided by the Bayesian informa-
tion criterion (BIC). BIC is a fit statistic that favours more parsimo-
nious models, as it penalizes model complexity relatively strongly 
(Dziak et al., 2020). We also considered the entropy, a measure of 
the overall classification accuracy, when deciding on the optimal 
number of classes (Supplementary Table 1).

Predicting depressive symptoms
In the last step, we estimated longitudinal random-effects mod-
els of depressive symptoms. In a first random-effects model, 
CES-D-10 scores were regressed on the latent health behaviour 
trajectories, time (measured by wave number) and the afore-
mentioned covariates. Intercepts the slope of time were allowed 
to vary randomly across individuals. In a second random-effects 
model, we added cross-level interaction terms that enabled the 
effects of time to vary as a function of the latent health behaviour 
profiles. This enabled us to assess whether differences in depres-
sive symptomatology between people with different health 
behaviour trajectories became larger or smaller over time.

Given that latent class assignment is based on probability, 
individuals’ affiliation to a class has a degree of uncertainty that 
must be accounted for when using latent classes as predictors 
of other variables. After determination of the optimal number 
of latent classes, we therefore extracted each participant’s pos-
terior probabilities of being in each class. This database was 
used to create n = 50 imputed datasets where each participant 

Table 1. Sample characteristics; means and percentages.

Wave 1 Wave 2 Wave 4

Mean depressive symptoms 
(CeS-D-10)

8.6 8.0 8.4

(Standard deviation) (6.4) (5.8) (6.5)
gender (male) 49.2%
Mean age in years at baselinea 61.1
(Standard deviation) (7.3)
At least upper secondary education 9.9%
lives in rural area 64.6%
number of children
 0 2.2%
 1 13.7%
 2 32.2%
 3 25.2%
 4+ 26.6%
At least one co-resident child 54.0% 45.7% 50.0%
Partnered 87.3% 85.5% 83.2%

Notes: Data are from the China Health and Retirement longitudinal Study 
(CHARlS), Waves 1, 2, 4.

aValues represent scores before mean centring.

https://doi.org/10.1080/13607863.2022.2149694
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was assigned to one of the latent classes estimated on the basis 
of the individual’s posterior probability of being in each of these 
classes. This procedure is dubbed pseudo-random draws, to 
emphasise that the latent class imputations are bounded by 
the estimated posterior probabilities of being in one class or 
another. This is akin to the multiple imputation approach, which 
uses the posterior distribution of a parameter to generate m 
sets of parameter estimates. These multiple draws where each 
participant was reassigned to one latent class can thus be used 
in further analyses to relate latent classes to other covariates 
while controlling for latent class uncertainty. This was achieved 
by combining estimates from the imputed pseudo-random 
draws using Rubin’s combination rules (Little & Rubin, 1989).

Results

Latent longitudinal health behaviour patterns

Models with two to ten latent classes were estimated. A sev-
en-class solution best fit the data (BIC: 63,613.1 vs. 63,620.0 [six-
class solution] and 63,620.4 [eight-class solution]); full 
goodness-of-fit indices are provided in Supplement Table 1). In 
addition, this model provided a somewhat more definite classi-
fication (entropy) compared with models with a greater number 
of classes. A graphical overview of the seven classes is presented 
in Figure 2. The presented class-conditional response probabili-
ties correspond perfectly with the distribution on the various 
observed health behaviour items for the respective latent classes.

Figure 2. Class-conditional response probabilities on manifest health behaviour items over time.
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The first class identified can be labelled connected active 
non-smokers. This class is characterized by very low probabilities 
of smoking and high probabilities of physical activity and social 
participation in all three waves. 21.8% of our sample were esti-
mated to be in this class.

The second class was the most prevalent in our sample (aver-
age posterior probability: 24.7%).People in this class also had 
high probabilities of physical activity and low probabilities of 
smoking in all waves. In contrast to their counterparts in the 
first class, they had relatively low probabilities of social partici-
pation in all waves. This class can therefore be labelled isolated 
active non-smokers.

The third class (average posterior probability: 17.0%) was 
also characterized by low probabilities of smoking and social 
participation in all waves. Given that the probabilities of physical 
activity were relatively low in all waves as well, we labelled this 
class isolated inactive non-smokers.

People in the fourth class (average posterior probability: 
14.5%) were highly likely to smoke and to be physically active 
in all waves. Given that their probabilities of social participation 
were relatively low in all waves, this class can be labelled isolated 
active smokers.

The fifth class (average posterior probability: 12.2%) was also 
characterized by high probabilities of smoking in all waves. We 
labelled this class connected active smokers, because people in 
this class were highly likely to be both physically and socially 
active in all waves.

Whereas the health behaviour of people in the classes 
described thus far tended to be highly stable over time, the smaller 
sixth class (average posterior probability: 5.4%) was characterized 
by increases over time in both the probability of physical activity 
and the probability of social participation. The probabilities of 
smoking were low in all waves. This class can therefore be labelled 
increasingly connected and active non-smokers.

The health behaviour of people in the seventh class (average 
posterior probability: 4.4%) was again characterized by stability 
over time. In all waves, they were relatively unlikely to be phys-
ically active, highly likely to smoke and moderately likely to be 
socially active. Consequently, we labelled this class moderately 
connected inactive smokers.

As shown in Table 2, there were substantial differences in the 
background characteristics of people with different health 
behaviour patterns. Most notably, the share of women greatly 
exceeded the share of men in groups with health behaviour 
profiles characterized by high probabilities of smoking, whereas 

the opposite was the case in health behaviour profile groups 
with low probabilities of smoking. Also, groups with health 
behaviour profiles characterized by high probabilities of social 
participation tended to have relatively high shares of people 
with at least secondary education.

Depressive symptoms

Results of the random effects models predicting depressive 
symptoms are presented in Table 3. The first model, in which the 
effects of time are constrained to be similar for all health 
behaviour classes, shows that connected active non-smokers had 
significantly fewer depressive symptoms than their counterparts 
in all other health behaviour classes, except the increasingly con-
nected and active non-smokers. Predicted depressive symptoms 
for people in the latter health behaviour class were also signifi-
cantly lower than for the isolated active non-smokers (Δb = 
−1.265, p < .001), isolated inactive non-smokers (Δb = −1.001, p 
< .01), isolated active smokers (Δb = −1.380, p < .01), connected 
active smokers (Δb = −0.736, p < .05), and moderately connected 
inactive smokers (Δb = −1.125, p < .001). Being in the connected 
active smokers health behaviour class was associated with inter-
mediate levels of predicted depressive symptoms. People in this 
class had significantly fewer predicted depressive symptoms 
than their counterparts in the isolated active non-smokers (Δb = 
−0.529, p < .05) and the isolated active smokers (Δb = −0.644, p 
< .01) health behaviour classes. Depressive symptoms were high-
est in the four classes characterized by less than high probabil-
ities of social participation in all waves (isolated active 
non-smokers; isolated inactive non-smokers; isolated active 
smokers; moderately connected inactive smokers), and they did 
not differ significantly between these four classes.

The model also showed that, after adjusting for health 
behaviour class and the other covariates included, depressive 
symptomatology significantly weakened over time. Furthermore, 
male gender, higher age at baseline, having at least upper sec-
ondary education and living with a partner were associated with 
fewer depressive symptoms. Both childlessness and high fertility 
were associated with raised depressive symptoms, as was living 
in rural area.

In the second model, we added a range of cross-level inter-
action terms to assess whether the effects of time varied as a 
function of the health behaviour classes. None of these inter-
action terms were statistically significant. The analyses thus did 
not provide evidence that the differences in depressive 

Table 2. Background characteristics at baseline by health behaviour pattern; means and percentages.

Connected 
active 

non-smokers
isolated active 
non-smokers

isolated 
inactive 

non-smokers
isolated active 

smokers
Connected 

active smokers

increasingly 
connected and 

active non-smokers

Moderately 
connected 

inactive smokers

gender (male) 30.2% 31.2% 31.3% 90.0% 89.5% 32.4% 87.6%
Mean age in yearsa 60.6 60.9 62.6 60.8 60.1 61.5 62.3
(Standard deviation) (7.3) (7.1) (8.1) (6.8) (6.8) (7.7) (7.7)
At least upper secondary 

education
12.8% 5.7% 7.3% 8.0% 15.8% 14.8% 11.8%

lives in rural area 60.0% 68.5% 62.0% 73.0% 63.6% 54.7% 62.9%
number of children
 0 1.6% 2.0% 2.3% 3.2% 2.5% 1.6% 2.9%
 1 14.7% 11.7% 12.7% 13.6% 16.6% 14.2% 16.1%
 2 34.1% 31.3% 28.1% 33.6% 35.7% 32.0% 30.9%
 3 25.4% 26.8% 25.3% 25.3% 22.8% 25.9% 21.1%
 4+ 24.3% 28.3% 31.7% 24.3% 22.3% 26.3% 29.0%
At least one co-resident child 54.1% 55.4% 52.6% 53.6% 54.2% 53.6% 52.8%
Partnered 86.0% 88.8% 84.8% 88.8% 90.4% 83.0% 85.6%

Notes: Data are from the China Health and Retirement longitudinal Study (CHARlS).
aValues represent scores before mean centring.
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symptomatology between people with different health 
behaviour trajectories became larger or smaller over time.

Discussion

In this study, we aimed to identify longitudinal patterns of mul-
tiple health behaviours, and to assess associations of such pat-
terns with depressive symptoms in a population-based sample 
of people aged ≥50 years in China. We identified seven distinct 
longitudinal patterns of (un)healthy behaviours. Consistent with 
earlier work (Saint Onge & Krueger, 2017), all but one of the health 
behaviour patterns identified were discordant, that is, neither 
uniformly healthy nor uniformly unhealthy. We observed that 
patterns entailing low probabilities of being socially active were 
associated with significantly more depressive symptoms, almost 
regardless of scores on the other health behaviour indicators. This 
suggests the presence of an overshadowing effect (cf. Shaw & 
Agahi, 2012), that is, the harmful effects of being socially inactive 
might be so detrimental to depression status that they margin-
alize the impacts of co-existing health behaviours.

The influence of social relationships on risk for mortality is 
comparable with a well-established risk factor such as smoking 
and exceeds the influence of other risk factors such as physical 
inactivity (Holt-Lunstad et al., 2010). Our findings suggest that 
social participation is also very important for mental health. Our 
finding that depressive symptoms were highest in all four classes 
with lower probabilities of social participation across waves high-
lights the key role the fulfilment of social needs has for human 
beings to function well and thrive. Plausibly, cognitive dissonance 
as a result of missing out on the social participation deemed 
indispensable may be so detrimental for mental health that it 
overshadows the mental health risks of other health behaviours. 
The vital role of social participation in the amelioration of depres-
sive symptoms has not been documented as well as those of 
other health behaviours among older adults from a longitudinal 
perspective. Thus, our findings contribute to the bridging of this 
research gap and highlight the potential importance of social 
participation for the reduction of depressive symptoms among 
middle-aged and older adults in China. Therefore, helping people 
to become (or stay) socially active might be a way to decrease 
depressive symptoms in later life.

Although middle-aged and older adults can benefit from 
positive health behaviour changes, we observed stability in 
most of the identified health behaviour patterns over four years. 
This result is consistent with the finding that health behaviour 
stability was more common than change in a 25-year study 
conducted with U.S. adults (Burgard et al., 2020). Empirical find-
ings indicate that many behaviours posing health risks are ini-
tiated during earlier life stages (Barnett et  al., 2008; Steptoe 
et al., 2002), and that healthy and unhealthy behaviours stabilize 
in adolescence and adulthood (Burgard et al., 2020; Daw et al., 
2017; Wiium et al., 2015). Thus, we suggest that health behaviour 
interventions among adolescents and young adults are needed 
before unhealthy behaviours become stabilized.

Limitations

Limitations of the study are respondents’ self-reporting for all 
health behaviour variables, which may have introduced bias. 
Researchers have, for instance, reported suboptimal retest valid-
ity for self-reported physical activity measures (Dal Grande et al., 
2012). Given that suboptimal health behaviour, e.g. smoking, 
tends to be stigmatized (Goldstein, 1991), respondents may 
moreover provide socially desirable answers to questions 
regarding health behaviours. Nevertheless, research has shown 
that self-reports of smoking behaviour are accurate in most 
studies (Patrick et al., 1994).

Secondly, although the total sample size was substantial, the 
rather low prevalence of two of the estimated latent health 
behaviour patterns (increasingly connected and active non-smok-
ers and moderately connected inactive smokers) resulted in lim-
ited statistical power for estimating the effects of these 
particular health behaviour patterns on (changes in) depressive 
symptoms. Specifically, the presumed beneficial influence of 
social participation on mental health would lead one to expect 
relatively favourable trajectories of change in depressive symp-
toms for increasingly connected and active non-smokers, but we 
did not find statistically significant evidence for change over 
time in depressive symptomatology gaps between these peo-
ple and their counterparts with different health behaviour tra-
jectories. As this may be related to the current study’s limited 
statistical power to detect such effects, future studies with even 

Table 3. Results of random effects models of depressive symptoms 
(CeS-D-10).

Model 1 Model 2

B (Se) B (Se)

Health behaviour pattern:
 Connected active 

non-smokers Ref. Ref.

 isolated active 
non-smokers

1.009*** (0.198) 1.056*** (0.220)

 isolated inactive 
non-smokers

0.745*** (0.212) 0.795** (0.243)

 isolated active smokers 1.124*** (0.219) 1.152*** (0.247)
 Connected active smokers 0.480* (0.219) 0.585* (0.244)
 increasingly connected and 

active non-smokers
−0.256 (0.339) −0.174 (0.381)

 Moderately connected 
inactive smokers

0.869** (0.330) 1.030** (0.367)

time −0.063** (0.023) −0.021 (0.054)
time × isolated active 

non-smokers
−0.041 (0.082)

time × isolated inactive 
non-smokers

−0.043 (0.086)

time × isolated active smokers −0.024 (0.086)
time × Connected active 

smokers
−0.090 (0.095)

time × increasingly connected 
and active non-smokers

−0.071 (0.132)

time × Moderately connected 
inactive smokers

−0.138 (0.162)

gender (male) −2.065*** (0.127) −2.065*** (0.127)
Agea −0.018* (0.008) −0.018* (0.008)
At least upper secondary 

education
−1.383*** (0.160) −1.383*** (0.160)

lives in rural area 1.408*** (0.112) 1.408*** (0.112)
number of children
 0 1.063** (0.367) 1.063** (0.367)
 1 −0.506** (0.161) −0.506** (0.161)
 2 Ref. Ref.
 3 0.301* (0.142) 0.301* (0.142)
 4+ 0.649*** (0.157) 0.649*** (0.157)
At least one co-resident child 0.147 (0.077) 0.147 (0.077)
Partnered −1.453*** (0.157) −1.452*** (0.157)
Constant 8.990*** (0.221) 8.941*** (0.221)

level 2 residual variance 4.020*** (0.050) 4.021*** (0.050)
level 2 time slope variance 0.751*** (0.044) 0.751*** (0.044)
level 1 residual variance 4.260*** (0.034) 4.260*** (0.035)

Notes: Data are from the China Health and Retirement longitudinal Study 
(CHARlS), Waves 1, 2, 4. 25,317 observations nested in 8,439 persons. Models 
estimated with robust standard errors.

a Age in years at baseline, mean centred.
* p < .05; ** p < .01; *** p < .001.
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larger samples are called for to generate more precise estimates 
of the mental health impact of change in social participation in 
conjunction with other health behaviours.

Thirdly, the high level of stability over time noted among 
both health behaviour patterns and depressive symptomatol-
ogy call for caution when interpreting the estimated impact of 
the health behaviour patterns on depressive symptoms. Prior 
to reaching midlife or old age, people may turn to suboptimal 
health behaviour, e.g. smoking, as a way of coping with stress 
(McEwen, 1998), and it is thus not unplausible that depressive 
symptomatology may, to some extent, predispose persons to 
particular suboptimal health behaviour patterns. Analyses of 
long-running birth cohort data with frequently repeated mea-
sures of both health behaviour and depressive symptomatology 
are needed to gain better insights into the ways in which health 
behaviour patterns and depressive symptoms mutually shape 
each other. Unfortunately, such data are not yet available for 
the Chinese context.

Conclusions

Our empirical findings indicate that health behaviour patterns 
characterized by consistently low probabilities of social par-
ticipation are associated with more depressive symptoms 
among middle-aged and older adults in China. This suggests 
that the impact of social inactivity may overshadow the effects 
of other (un)healthy behaviours. In addition, the stability of 
the patterns of multiple health behaviours over time suggests 
that behavioural interventions are needed earlier in life. These 
findings should be considered when developing health pro-
motion strategies that aim to reduce depressive symptoms 
among middle-aged and older adults in China.
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