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Objective: This study explores the associations between four macro-level 
factors—Economic Development (ED), Economic Inequality (EI), Governmental 
Willingness and capacities to invest in Public Health (GWPH) and Public Health-
Related Infrastructures (PHRI)—and three mental health indicators: depressive 
symptoms, cognitive function and life satisfaction, among middle-aged and 
older adults in China.

Materials and methods: We obtained individual-level data from the Harmonised 
China Health and Retirement Longitudinal Survey (H-CHARLS) 2018 and 
acquired our provincial-level data from the Chinese Statistical Yearbook. Two-
level linear mixed models are used to examine the associations. Supplementary 
analyses are carried out to test the robustness of the study.

Results: There are provincial variations in macro-level factors. Depressive 
symptoms and cognitive functions also vary across provinces, whereas life 
satisfaction does not. We find that ED contributes to better depressive status. 
EI contributes to worse cognitive functions and life dissatisfaction. GWPH and 
PHRI are not associated with mental health.

Conclusion: The study suggests that macro-level ED contributes to better 
depressive status. EI and potential systematic inequality lead to worsened 
cognitive functions and life dissatisfaction. It is too soon to generalise whether 
institutional factors like GWPH and PHRI are good or bad for mental health, but 
the current public health system in China does not adequately support mental 
and cognitive health.
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1 Introduction

Three overarching ideas have been proposed to understand health disparities at a macro-
socioeconomic level (1). Economic development (ED) contributes to better health outcomes, 
while economic inequality (EI) detracts from these benefits, although institutional factors, 
such as investment in health infrastructure, can mitigate these effects (2–4).
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Controversy persists over whether ED positively or negatively 
affects health outcomes. In general, ED enables governments to raise 
resources for public health by investing in health infrastructures, 
which make basic health services possible. Such services have been 
crucial to eliminating communicable diseases and improving maternal 
and child mortality (5). Health investment also buffers the negative 
effects arising from EI (2). Nevertheless, ED could lead to increased 
chronic diseases due to urbanisation, which shifts lifestyles towards 
unhealthy diets and sedentary behaviours, particularly in developing 
countries (6, 7).

Although ED, in theory, gives authorities opportunities to raise 
funds to invest in public health, governments with different socio-
economic ideologies do not always have the incentive to undertake 
such actions. For instance, under the notion of decentralisation, the 
central government tends to devolve responsibility for health services 
to the local, including implementation of local plans, procurement of 
equipment, financing and evaluation (8–11). Fiscal decentralisation is 
usually measured by the ratio of local public expenditure on health to 
total local public expenditure. Aligned with the total government 
expenditure on health, this measurement reflects the willingness and 
capacities of local governments to distribute their funds to the health 
sector (12). Hence, it could contribute to better health.

The impact of EI on health is a topic of debate as well. On the one 
hand, some research suggests that EI offsets the benefits of economic 
progress, leading to poorer health outcomes (3). EI may harm health 
due to relative deprivation, impacting mental well-being and social 
cohesion, causing pressures and physiological changes (13). On the 
other hand, researchers argue that there is little evidence to connect 
economic inequality to health (14), especially within emerging 
economies. Further, studies indicate that ED is more important than 
EI in determining health, particularly across developing countries (15, 
16), where there is either a lack of health services or competent 
governments, sometimes both.

To sum up, the literature underscores two important macro-level 
factors intertwined with overall health: economic development (ED) 
and economic inequality (EI). The effects on health are mediated by 
institutional factors, such as governmental willingness and capacity to 
invest in public health and public health-related investment. However, 
the specific pathways and how they influence health are still tentative.

Over decades, China has experienced a remarkable development. 
Such development contributes to a shift in epidemiological patterns, 
transitioning from maternal, child, and infectious diseases to chronic 
non-communicable illnesses, including mental and cognitive health 
disorders. It has been documented that the prevalence of mental 
health disorders in China keeps increasing, particularly for the 
middle-aged and older adults (5). This age cohort is vulnerable 
because middle age marks a stage of life where limited physical 
functioning and chronic diseases start to become prevalent. Moreover, 
this period is associated with increasing healthcare needs. Individuals 
who fall in this age category are vulnerable to various socio-economic 
disadvantages, particularly those stemming from macro-level factors 
(1, 17). Despite this growing concern, research exploring the 
relationship between macro-level factors and health remains limited, 
with studies specifically addressing mental health being even scarcer.

Among the few, Wang and Granados (18) examine the relationship 
between economic growth and three mental health indicators, 
respectively. The cross-sectional study finds that higher rates of 
economic growth are associated with poorer depressive status, worse 

cognitive capacities and life dissatisfaction. These findings stand in 
contrast with the evidence found in Western Europe, North America 
and Japan, where it is slower economic growth associated with worse 
mental health (18). They propose that the rapid economic growth 
tends to heighten insecurity, as different skill sets are differently 
rewarded, and inequality creates winners and losers in the 
establishment of a market-oriented economy (18–20). In addition, 
pollution and congestion, driven by fast industrialisation and 
urbanisation, also have detrimental effects on depressive status, but 
these effects are either small or not casual (21). The study also 
highlights that mental health is worse at lower income levels. However, 
the primary focus of the study is on examining mental health in its 
entirety, without delving into the details of how ED separately 
influences cognitive abilities and life satisfaction. Further, the study 
did not adjust the effect of EI on mental health.

Different from depression, which is thought to develop through a 
“psycho-neuro-endocrine” pathway (22), cognitive functions decline 
throughout adulthood. Such decline begins in individuals’ 
mid-twenties and becomes more prominent during later midlife, 
especially after the age of 50 (23–26). Although cognitive function 
tends to decline with chronological age, recent studies find that 
younger cohorts reported a higher level of cognitive function 
compared to their previous generation. Such a phenomenon is called 
the Flynn effect (25). It has been suggested that ED improves overall 
quality of life, such as access to a hygienic living environment and 
nutritious foods, which contribute to better cognitive functions. ED 
also made basic social services possible, including basic health services 
and compulsory schooling. Higher educational attainment has been 
repeatedly found contribute to early cognitive stimulation of the brain, 
which in turn may influence later cognitive function (27), despite a 
roughly 16-year lagged effect (28). However, obesity, the prevalence of 
which rises with ED, is negatively related to cognitive performance 
(29). In contrast, higher degrees of metropolitan-level income 
inequality, measured by the Gini coefficient, predict lower level of 
cognitive functions with a lag period of 16–18 years, regardless of 
gender, race/ethnicity, or net wealth (28). Such a pathway coincides 
with the pattern of epidemiological transition that China has 
experienced in recent decades. We thus posit that macro-level factors, 
such as ED and IE, could affect the cognitive function of middle-aged 
and older adults in China.

Life satisfaction or happiness, these subjective well-being 
measures reflect a person’s cognitive and affective evaluation of one’s 
own life (30). Positive emotions are associated with higher levels of 
cognitive mechanics in later life (31). It is statistically meaningful to 
examine life satisfaction as an independent indicator of mental 
health (32).

Previous studies find income inequality, as an indicator of 
persistent unfairness, has a negative effect on life satisfaction (33). 
Such negative effects have been replicated based on Germany (34), 
European (35), American (36) and Japanese data (37). In contrast, 
empirical evidence also indicates a positive association between 
income inequality and happiness in Canada (38), the United Kingdom 
(39) and Japan (40): people may appreciate inequality if it signals 
social mobility, a phenomenon also called the ‘tunnel effect’ (41). Yet 
another Russian study found no relationship between happiness and 
income inequality (42).

Similarly, research on income inequality and happiness in China 
yields contrary findings. Smyth and Qian's (43) study shows that 
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perceived income inequality lowers happiness in urban China, with 
varying impacts based on income levels. Knight and Gunatilaka (44) 
find that a higher Gini coefficient in rural counties increases 
happiness due to the “demonstration effect.” Jiang, Lu and Sato (45) 
find a positive correlation between city-level Gini coefficients and 
happiness in China. In contrast, many studies suggest socio-
economic development is more important than inequality in 
determining self-reported health status (1). For clarity, 
we  summarise these empirical findings in the 
Supplementary Table S1.

In summary, there are gaps in the literature. Firstly, existing 
research has overlooked the examination of the relationship between 
macro-level factors and mental health. Among the few studies, they 
typically explore only the relationship between a single macro-level 
indicator and a single aspect of mental health, such as the relationship 
between inequality and cognitive impairment (28), or economic 
development and depression (46). Comprehensive studies that 
account for the effects of EI, ED and institutional factors on mental 
health are exceedingly rare. Second, the relationship between macro-
level factors and mental health outcomes exhibits strong 
heterogeneities between developed and developing countries. 
Studying China, one of the largest developing countries, will enhance 
our understanding in this context.

The present study fills the gap by examining the associations 
between macro-level factors and mental health among middle-aged 
and older adults in China using several macro-level variables as the 
covariates and using a large and nationally representative dataset with 
a multilevel structure.

2 Materials and methods

2.1 Data source and study sample

Given the multi-level structure of our study, we draw on our data 
from different sources.

We obtain our mental health variables and individual-level 
covariates from the Harmonised-China Health and Retirement 
Longitudinal Study Version D (H-CHARLS). H-CHARLS is a 
longitudinal dataset that has been designed to align with a series of 
ageing studies worldwide, including the Health and Retirement Study 
(HRS) and the Survey of Health, Ageing and Retirement in Europe 
(SHARE). H-CHARLS provides standardised measures and improved 
generalisability, aiming to international collaborations and 
comparisons. Details of H-CHARLS can be found elsewhere (47, 48).

Although the latest data (2020) is available, to avoid potential 
confounding and cohort effects from the pandemic, particularly on 
mental health, we opt to use survey data from 2018. We obtained our 
provincial-level (macro-level) information across 28 provinces based 
on year 2018 from the Chinese Statistical Yearbook 2019, due to the 
lag in data administration.

We included people who are 45 years or older as our study sample. 
This age cohort is particularly vulnerable because middle age marks a 
stage of life where limited physical functioning and chronic diseases 
start to become prevalent. Moreover, this period is associated with 
increasing healthcare needs. Individuals who fall in this age category 
are vulnerable to various socio-economic disadvantages, particularly 
those stemming from macro-level factors (1).

The final analytical sample comprises 17,547 individuals across 28 
provinces in China. The average age of the sample is 63.15 (SD = 9.60), 
and there are slightly more women than men (51.33% vs. 48.67%). 
Sample weights that the CHARLS team has computed for individual 
non-responses are applied.

2.2 Outcome variables: mental health

Depression is the most common forms of mental disorders. It is 
estimated that 5% of world population suffers from some form of 
depressive symptoms. Also, depression is an important predictor to 
many other mental disorders, such as anxiety or even suicide. 
Cognitive functions, likewise, are core features of mental health 
conditions. Cognitive impairments encompass difficulties with 
attention, memory recall, planning, organising, reasoning and 
problem-solving, losing these capacities is a precursor to dementia 
(49). An early study also highlights that assessing of life satisfaction as 
a standalone measure of mental well-being statistically merits 
independent examination (32). Accordingly, and following the 
previous study (18), we  selected the indices of (1) depressive 
symptoms, (2) cognitive function and (3) life satisfaction as the 
indicators of mental health.

2.2.1 Depressive symptoms
H-CHARLS used the 10-item Centre for Epidemiological Studies 

Depression Scale (CES-D 10) to measure depression. CES-D 10 has a 
possible total summary score of 0–30, and higher scores indicate a 
higher level of depression or poorer mental health.

Strong psychometric properties, internal consistency and validity 
have been demonstrated by previous studies. The CES-D 10 
demonstrates strong predictive accuracy relative to the 20-item 
version, with good internal consistency across general, older, and 
multiethnic populations. It also shows acceptable to good sensitivity 
and specificity in detecting depression in China (50–53).

2.2.2 Cognitive function
H-CHARLS used the Telephone Interview for Cognitive Status 

(TICS) to measure cognitive function. The interview was carried out 
face-to-face. The tests consist of 30 items, including orientation, serial 
of 7 subtraction and episodic memory tests (54, 55). TICS scores range 
from 0 to 30, with higher scores indicating better cognitive function.

The TICS demonstrates strong reliability (inter-rater and intra-
rater coefficients of 0.89–0.98) and validity, correlating well with tools 
like the Mini-Mental State Examination (MMSE) and Clinical 
Dementia Rating (CDR). It is effective for screening dementia and 
mild cognitive impairment, particularly when in-person assessments 
are impractical. In China, TICS has been culturally adapted and 
validated, proving sensitive to early cognitive decline and suitable for 
large-scale monitoring of older adults (56, 57).

2.2.3 Life satisfaction
To assess life satisfaction, respondents were asked to think about 

life as a whole and to rank their life satisfaction on a five-point Likert 
scale. We  assigned 4 points for “completely satisfied,” 3 for “very 
satisfied,” 2 for “somewhat satisfied,” 1 for “not very satisfied,” and 0 
for “not at all satisfied.” The total scores range from 0 to 4, with a 
higher score representing greater life satisfaction. The use of this 
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Likert scale has been proved good internal reliability and validity by a 
previous study on macro-level economic growth and life satisfaction 
in China and worldwide (18, 38, 41, 42).

2.3 Provincial-level variables

In light of previous studies (1, 58), this study offers a concise 
summary of macro-level economic, institutional and healthcare 
infrastructure factors influencing the mental health of middle-aged 
and older adults in China. We constructed six variables drawn from 
the Chinese Statistical Yearbook to capture the economic situation and 
healthcare provision of each province. Accounting for population, 
they are (1) gross domestic product per capita (GDP per capita, unit: 
10000 Chinese yuan), (2) ratio of urbanisation, (3) ratio of local 
government expenditure on health care, (4) local government general 
budget expenditure, (5) number of hospital beds per 1,000 population 
and (6) number of primary care institutions per 1,000 population.

The selection of these six macro-level variables reflects their 
pivotal roles in shaping the socio-economic environment, which 
significantly influences mental health outcomes among the 
ageing population in China. GDP per capita captures the general 
economic prosperity, which can impact mental well-being by 
improving access to resources and reducing financial stress. The 
urbanisation ratio reflects shifts in living environments and 
changes in lifestyles, potentially affecting social support 
networks, access to mental health services and health behaviours. 
Government expenditure on healthcare and the general budget 
illustrate the prioritisation of public health and social welfare, 
which are crucial for developing comprehensive mental health 
services. Lastly, the availability of hospital beds and primary care 
institutions per 1,000 population indicates the healthcare 
infrastructure’s capacity, influencing access to both preventive 
and curative mental health services. Together, these variables 
provide a comprehensive view of the socio-economic context and 
its influence on mental health.

We transformed the local government’s general budget 
expenditure with a logarithm. We carried out a principal component 
analysis (PCA) to avoid multicollinearity and to limit the number of 
macro-level variables. We  then interpreted the three extracted 
components as representing (1) an “economic development (ED)” 
dimension, (2) a “governmental willingness and capacities to invest in 
public health (GWPH)” dimension and (3) a “public health-related 
infrastructure (PHRI)” dimension. The discussion on the statistics of 
PCA and the interpretation of results will follow later.

2.4 The Gini coefficients

The Gini coefficient is a key measure of economic inequality, 
representing the distribution of income or wealth. Since official Gini 
coefficients for China are not available officially, we  construct 
provincial coefficients using data from the Chinese Statistical 
Yearbook. Calculating the Gini coefficient is significant for this study 
as it allows for quantifying economic inequality, which is known to 
exacerbate mental health issues such as social stress, lower life 
satisfaction, and limited healthcare access, particularly for 
disadvantaged individuals. By examining this relationship, the Gini 

coefficient helps establish how income and wealth disparities affect 
mental health outcomes in the ageing Chinese population. 
Additionally, understanding the role of inequality can guide targeted 
public health and social policy interventions to mitigate its impact on 
vulnerable groups. In summary, the Gini coefficient provides valuable 
insights into the connection between economic inequality and mental 
health, informing future policy development.

In the Yearbook, residential income level has been divided into 
seven categories for urban residents since 1987 and five categories for 
rural residents since 2001. As the income variables are treated as 
discrete variable in the Yearbook, we  construct the coefficients 
following method once used for education inequality (59):
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where, Gini is the Gini coefficients, μ is the average income for 
certain population, n represents the number of categories (7 for urban 
residents and 5 for rural residents), yi is the average income of category 
i, pi is the ratio of the population of category i to the total population. 
Based on the Gini coefficient, which represents the ratio of the area of 
inequality in the Lorenz curve to the area of total inequality, the 
following formula can be derived:
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Where, P is the total population, W is the total income, and Wi is the 
cumulative income up to group i. Then we  can calculate the Gini 
coefficients for rural area and urban area, respectively. Then, following 
Sundrum’s method (60), we  can compute Gini coefficients for 
each province:
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where, Gu and Gr represent the Gini coefficients of urban and rural 
residents in a given province, respectively. Pu and Pr represent the 
population proportions of urban and rural areas, respectively. uu and 
ur represent the per capita incomes of urban and rural areas, 
respectively. u represents the national average income. Gini coefficients 
are calculated using MATLAB.

2.5 Individual-level covariates

We included demographic covariates (age and sex) and socio-
economic covariates (education background, marital status, 
economic status and place of residence). We also accounted for 
covariates related to health behaviours (alcohol consumption and 
smoking behaviours) and functions (difficulties in activities of daily 
living and the presence of comorbidities). As social insurance 
provide a sense of security for citizens, which has been proven as a 
buffer for depression (46), we include the insurance status of all 
participants. Specification on survey instruments can be found in 
Supplementary Table S2.
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2.6 Statistical analysis

We begin by presenting descriptive statistics of the sample. Then, 
we report mean scores for each mental health indicator by covariate 
subgroup. Following this, we present thermal maps to illustrate the 
distribution of various macro-level factors for 28 provinces in China.

An obvious model to consider for the continuous response 
variable yij, mental health indicators, is a multiple linear regression 
model, including age, gender, provincial-level factors, and other 
covariates. The model for the mental health, yij, of individual, i, of 
province, j, is specified as:

 0 1 1ij ij p pij ijy x xβ β β ξ= + +…+ +  (1)

where x1ij through xpij are independent variables and covariates, 
and ξij is a residual. We assume that the mental health of individuals 
to provinces are uncorrelated given the observed covariates, or in 
other words that the residuals ξij and ξi’j are uncorrelated. We can 
therefore split the total residual or error into two error components: 
ζj, which is shared between individual of the same province,  
and ijQ , which is unique for each individual:

 ij j ijξ ζ= + Q

Substituting for ξij into the multiple-regression model (1), see 
Equation 1, we  obtain a two-level linear random-intercept model 
with covariates:

 ( )0 1 1 j ijQij ij p pijy x xβ β β ζ= + +…+ + +

 ( )0 1 1 Qj ij p pij ijx xβ ζ β β= + + +…+ +
 (2)

This model (Equation 2) can be viewed as a regression model with 
an added level-2 residual ζj, or with an individual-specific intercept 
β0 + ζj. The random intercept ζj can be considered a latent variable that 
is not estimated along with the fixed parameters β1 through βp. The 
linear random-intercept model with covariates is an example of a 
linear mixed (effects) model where there are both fixed and random 
effects. Such a random intercept model is also called as a mixed 
effects model.

We employ multiple imputations (MI) by chained equations (MICE) 
to handle missing data on depressive symptoms (N = 1,579, 8.95%), 
cognitive function (N = 1,542, 8.7%), life satisfaction (N = 1,439, 8.2%) 
and one discrete covariate, economic status quartiles (N = 2,987, 
17.0%), using Stata’s mi programme. We impute missing continuous 
variables and categorical variables by applying a predictive mean 
matching imputation method and a multinomial logistic model, 
respectively (61). Five cycles of MI are used. We  use Stata 15.0 
(StataCorp, College Station, TX) for all bivariate and multivariate analysis.

2.7 Supplementary analysis

To assess the robustness of our study, we  recalculate Gini 
coefficients using household expenditure data from H-CHARLS 2018, 

instead of income. Household expenditure is preferred because 
expenditures measure economic status from the perspective of quality 
of life, which is potentially linked to mental health. Income may not 
capture economic status from sources like real estate, while 
expenditure is less affected by sporadic income shocks (62–65). 
Moreover, due to substantial missing income data in H-CHARLS, 
expenditure provides a more reliable metric.

To accurately reflect economic status, we  exclude the annual 
automobile expenditure, which, as is a one-off payment, is likely to 
overestimate household economic status in the surveyed year. 
Similarly, we  retained fitness and care expenditures but excluded 
medical service expenditures to avoid overestimation. In China, 
people of lower socioeconomic status tend to pay more for medical 
services due to the healthcare reimbursement and insurance 
system (66).

Using Stata 15.0’s INEQDECO package, we then calculated the 
Gini coefficients for each of the 28 provinces and examined the 
relationship between macro-level factors and mental health indicators.

Last, in order to evaluate the rationality and accuracy of the 
imputed data, we run a multiple imputation of 10 cycles to compare 
to the one of five cycles. The results are collected in the 
Supplementary Table S3.

3 Results

Table 1 shows the number and percentage of observations in each 
covariate subgroup and summarises the mean score for each mental 
health indicator by covariate subgroup in the 2018 survey. In general, 
people who are older, female, rural residents, not married, 
economically disadvantageous, less educated, have no insurance of 
any kind, do not drink, do not smoke, have more comorbidities and 
have difficulties in ADL tend to report higher mean scores of CES-D 
10 and lower mean scores of TICS, indicating poorer mental health. 
While life satisfaction mean scores show no clear differences across 
covariate subgroups.

For clarity, Figure  1 presents the distribution of each mental 
health score by province. Residents from Beijing and Shanghai report 
better mental health status. Generally, northern provinces have higher 
median mental health scores compared to their southern counterparts, 
while eastern provinces exhibit better results than those in the west. 
For instance, among the top 5 provinces with the lowest CES-D 10 
scores (better depressive status), 4 are in the north. In contrast, 11 
provinces report a higher median than the national average, with the 
last 5 all being southwest provinces, indicating a poorer depressive 
status. As for cognitive functions (TICS scores), 12 provinces report a 
higher median (better) than the national average, with 9 being 
northern provinces. All 10 provinces with lower TICS scores are 
located in the south. However, there are no evident disparities in life 
satisfaction across provinces.

The PCA produced three principal components with 
eigenvalues greater than one (2.58, 1.76, 0.998, respectively). The 
first three components account for 43.01% (PC1), 29.33% (PC2) 
and 14.24% (PC3) of the total variance, respectively (86.58% in 
total). PC1 is positively correlated to GDP per capita and the ratio 
of urbanisation (loadings are 0.58 and 0.59, respectively). As the 
two factors are highly associated with economic growth, 
we interpret the component as “Economic Development (ED).” 
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TABLE 1 Descriptive statistics of the sample and mean score (standard deviation) of each mental health indicator by covariate subgroup, H-CHARLS 
2018.

N (%) Depressive symptoms Cognitive functions Life satisfaction

Age

  45–49 813 (4.64) 7.36 (0.21) 15.84 (0.22) 3.20 (0.03)

  50–59 6,006 (34.31) 8.27 (0.08) 14.24 (0.08) 3.22 (0.01)

  60–69 6,413 (36.64) 8.60 (0.09) 10.92 (0.08) 3.26 (0.01)

  70–79 3,171 (18.11) 8.95 (0.13) 9.46 (0.12) 3.29 (0.02)

  80 or older 1,102 (6.3) 8.33 (0.23) 6.11 (0.21) 3.36 (0.03)

Gender

  Male 8,540 (48.67) 7.35 (0.07) 12.88 (0.07) 3.28 (0.01)

  Female 9,007 (51.33) 9.55 (0.08) 10.85 (0.08) 3.23 (0.01)

Residence

  Urban 6,972 (39.73) 7.36 (0.08) 13.67 (0.08) 3.28 (0.01)

  Rural 10,575 (60.27) 9.20 (0.07) 10.66 (0.07) 3.24 (0.01)

Marital status

  Married/live together 14,745 (84.03) 8.20 (0.05) 12.38 (0.06) 3.26 (0.01)

  Single/divorced/separated/widows 2,802 (15.97) 10.09 (0.15) 8.68 (0.13) 3.19 (0.02)

Economic status

  Highest 3,511 (24.11) 7.93 (0.11) 13.82 (0.12) 3.29 (0.01)

  Middle-high 3,607 (24.77) 8.41 (0.11) 12.72 (0.11) 3.25 (0.01)

  Middle-low 3,679 (25.27) 8.68 (0.11) 11.67 (0.11) 3.25 (0.01)

  Lowest 3,763 (25.84) 9.17 (0.11) 10.18 (0.11) 3.25 (0.01)

Educational background

  College degree or higher 321 (1.83) 4.94 (0.3) 18.62 (0.27) 3.35 (0.04)

  High School or equivalent 1736 (9.89) 6.54 (0.13) 16.88 (0.12) 3.25 (0.02)

  Middle School 3,425 (19.52) 7.54 (0.1) 15.39 (0.09) 3.25 (0.01)

  Elementary school 4,739 (27.01) 8.07 (0.09) 13.72 (0.09) 3.25 (0.01)

  Sishu or no school but can read 2,908 (16.57) 9.68 (0.13) 9.83 (0.11) 3.23 (0.02)

  Illiterate 4,418 (25.18) 10.00 (0.11) 5.35 (0.08) 3.28 (0.01)

Insurance status

  Have insurance of any kind 16,860 (96.29) 8.45 (0.05) 11.96 (0.05) 3.26 (0.01)

  Have no insurance 650 (3.71) 9.25 (0.28) 8.59 (0.28) 3.15 (0.04)

Smoking behaviours

  Do not smoke 12,735 (72.58) 8.75 (0.06) 11.67 (0.06) 3.26 (0.01)

  Current smoking 4,812 (27.42) 7.77 (0.09) 12.28 (0.09) 3.25 (0.01)

Alcohol consumption

  Do not drink 11,624 (66.47) 8.96 (9.22) 11.08 (0.07) 3.24 (0.01)

  At least once a month or more 5,864 (33.53) 7.16 (7.47) 13.32 (0.09) 3.28 (0.01)

Num. comorbidities

  None 3,247 (18.5) 6.25 (0.1) 12.54 (0.13) 3.38 (0.01)

  1 4,052 (23.09) 7.32 (0.1) 12.08 (0.11) 3.31 (0.01)

  2 3,571 (20.35) 8.30 (0.11) 11.77 (0.12) 3.27 (0.01)

  3 or more 6,677 (38.05) 10.38 (0.09) 11.39 (0.09) 3.15 (0.01)

Activities of daily lives

  Have no difficulties 13,938 (80.04) 7.53 (0.05) 12.48 (0.06) 3.30 (0.01)

  Have difficulties in ADL 3,476 (19.96) 12.69 (0.13) 9.00 (0.12) 3.05 (0.02)
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PC2 is positively correlated to the total provincial government 
expenditure on health (log-transformed) and the ratio of total 
government expenditure on health to local government general 
budget expenditure (loadings are 0.56 and 0.58, respectively). 
Consistent with an early study (12), this component reflects an 
idea of decentralisation, a “the governmental willingness to invest 
in public health (GWPH).” PC3 is positively correlated to the 
number of hospital beds per 1,000 population and the number of 
primary care institutions per 1,000 population (loadings are 0.65 
and 0.18, respectively). We interpret it as “public health-related 
infrastructures (PHRI).”

Based on the PCA results, Figure 2 illustrates the macro-level 
characteristics of each province in China in 2018 (for actual values, 
see Supplementary Table S4). The coastal provinces in the southeast 
clearly have higher levels of ED compared to the inland provinces, 
with the western provinces exhibiting the lowest levels of ED in China. 
The three municipalities, Beijing, Tianjin and Shanghai, have the 
highest level of ED. Regarding EI, northeast and southern provinces 

report higher Gini coefficients, with Shanghai being the most equal 
city and in China. This result is in line with a previous study (67).

Table 2 presents regression coefficients and standard errors from 
two-level mixed effect models, demonstrating associations between 
four macro-level factors and depressive symptoms (Model 1), 
cognitive functions (Model 2) and life satisfaction (Model 3), 
respectively. We  find ED is negatively associated with depressive 
symptoms. EI is negatively associated with cognitive function and life 
satisfaction. The two institutional macro-level factors, GWPH and 
PHRI are found not significantly associated with any mental 
health indicator.

Instead of macro-level factors, our results suggest that individual-
level covariates appear to be  the most significant contributors to 
mental health outcomes. People who are older, female, rural residents, 
not married or live with anyone, economically disadvantageous, have 
no social insurance of any kind, currently smoking, do not consume 
alcohol, have more comorbidities and having difficulties in ADL, tend 
to report more depressive symptoms, poorer cognitive functions and 

FIGURE 1

The distribution of mental health scores by province, H-CHARLS 2018. 1. For clarity, we only present the first quartile, median, and third quartile of each 
mental health indicator for each province, as the maximum and minimum values of CES-D 10 and TICS are 30 and 0, respectively. Those for self-rated 
life satisfaction are 4 and 0, respectively. 2. Dot line in each figure represents the national median mental health score.
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life dissatisfaction, indicating worse mental health. People who are 
economically and educationally advantageous report fewer depressive 
symptoms and better cognitive functions. In contrast, individuals who 
are economically advantageous report higher levels of life satisfaction, 
but there is no significant relation between educational background 
and life satisfaction. In addition, although the effect is weak, 
consuming alcohol is positively associated with the three  
mental health indicators, respectively. Such reverse effect will 
be discussed later.

The Gini coefficients calculated based on Chinese Statistical 
Yearbook are correlated to those based on household expenditures 
from H-CHARLS (Pearson correlation coefficient, r = 0.08, p < 0.000). 
Our supplementary analyses demonstrate strong robustness of our 
models. Details see Supplementary Table S5.

4 Discussion

Applying nationally representative multilevel data, we explore the 
associations between four macro-level factors, i.e., ED, EI, GWPH and 
PHRI, and three mental health indicators, i.e., depressive symptoms, 
cognitive function and life satisfaction, respectively, among the 
middle-aged and older adults in China.

In line with prior research, we find there are provincial variations 
in ED, EI, GWPH, and PHRI (1). By using the Pearson correlation 

test, we  find EI is weakly but positively associated with ED (pc1, 
r = 0.101, p < 0.001) and GWPH (pc2, r = 0.021, p < 0.05), but 
negatively with PHRI (pc3, r = −0.35, p < 0.000). Such results indicate 
that areas with higher levels of ED tend to exhibit higher levels of EI 
in China. Governments in less equal areas tend to have higher 
willingness to invest in public health. ED could play a mediating role 
in this context. PHRI could mitigate the negative effect of EI (2).

Likewise, depressive symptoms and cognitive functions also show 
variations across provinces. Beijing and Shanghai have an advantage 
in depressive status and cognitive functions, while northern provinces 
perform better than their southern counterparts. However, there is no 
clear difference in life satisfaction across provinces, suggesting 
different mental health indicators could develop along 
various pathways.

Our results show that a higher level of ED is associated with better 
depressive status, while provincial EI is not significantly associated with 
depression. Such a finding reflects a materialist pathway: ED is more 
important than EI in determining individual health in developing 
countries (1, 4). For Chinese older adults who grew up in environments 
with an extreme lack of medical support and clean and nutritious 
food, fast economic growth significantly improves the quality of life 
within just one generation. However, it is premature to conclude EI 
does not affect mental health. The reasons are twofold. First, macro-
level EI may not independently predict depression, but it could 
mediate the known and unknown causal processes through which 

FIGURE 2

The macro-level characteristics of each province in China by 2018. ED, economic development; Gini, gini coefficients; GWPH, governmental 
willingness and capacities to invest in public health; PHRI, public health-related infrastructures.
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social class leaves its mark on individuals throughout their lives (3). 
Second, EI has a lagged effect on health, possibly up to 15 years. The 
effect of EI on depression has not yet been observed (68). Further, 
different mental health indicators could develop following different 
pathways: our results find EI contributes to worse cognitive functions.

We find EI contributes to worse cognitive functions, although the 
effect is weak. Such a weak effect may reflect a lagged effect of EI on 
health. One American study suggests that the effects of macro-level 
income inequality on individual self-rated health are strongest after a 
latency period of roughly 16 years, with weaker effects measured 
4–12 years (69). Another study based on the U.S population finds that 
metropolitan-level factors better predict cognitive function than state-
level factors, highlighting that the impact of macro-level factors on 

cognition can differ at more localised levels (28). Future research 
should investigate this issue or even compare the provincial-level and 
city-level effects on cognition with the controlled lagged effects as data 
becomes available in China. The effect of EI on cognitive functions 
could be stronger.

At the individual level, education have been consistently linked to 
cognitive function (25). People who are illiterate score 10 points lower 
on the TICS (out of 30) compared to those with a college education 
background (see model 2). This supports the “cognitive reserve” 
hypothesis, which suggests that higher educational attainment and 
cognitive enrichment build greater nervous system resilience against 
neuropathological damage (e.g., vascular damage, Alzheimer’s protein 
build-up, inflammation). This increased resilience raises the threshold 

TABLE 2 The coefficients and standard errors of two-level mixed effects models for mental health indicators, H-CHARLS 2018.

Depressive symptoms Cognitive functions Life satisfaction

Model 1 Model 2 Model 3

Economic development −0.35 (0.07)*** −0.05 (0.09) −0.01 (0.02)

Economic inequality −0.16 (3.17) −8.83 (4.00)* −0.75 (0.38)†

GWPH −0.08 (0.12) −0.08 (0.15) −0.04 (0.03)

PHRI −0.15 (0.17) −0.08 (0.21) −0.01 (0.04)

Age −0.07 (0.00)*** −0.14 (0.00)*** 0.01 (0.00)***

Female (ref = male) 1.38 (0.05)*** 0.32 (0.04)*** −0.03 (0.01)***

Rural resident (ref = urban) 1.14 (0.04)*** −1.08 (0.04)*** −0.02 (0.01)***

Single/divorced/separated/widows (ref = married or 

live together)
1.11 (0.06)***

−0.67 (0.05)*** −0.10 (0.01)***

Economic status (ref = highest)

  2ed quartile (middle-high) 0.12 (0.06)*** −0.25 (0.05)*** −0.05 (0.01)***

  3rd quartile (middle-low) 0.29 (0.06)*** −0.5 (0.05)*** −0.07 (0.01)***

  4th quartile (lowest) 0.4 (0.06)*** −1.07 (0.05)*** −0.07 (0.01)***

Education background (ref = college degree or higher)

  High School 0.64 (0.16)*** −1.13 (0.13)*** −0.05 (0.02)†

  Middle School 1.24 (0.15)*** −2.14 (0.13)*** −0.03 (0.02)

  Primary School 1.49 (0.15)*** −3.46 (0.13)*** −0.01 (0.02)

  Sishu/can read 2.45 (0.16)*** −6.26 (0.13)*** 0.00 (0.02)

  Illiterate 2.2 (0.16)*** −10.3 (0.13)*** 0.05 (0.02)†

Have no insurance (ref = have insurance of any kind) 0.14 (0.10)† −1.15 (0.09)*** −0.09 (0.01)***

Current smoker (ref = do not smoke) 0.45 (0.05)*** −0.63 (0.04)*** −0.04 (0.01)***

Drink alcohol (ref = do not drink) −0.39 (0.05)*** 0.44 (0.04)*** 0.01 (0.01)†

Num. comorbidities (ref = none)

  1 0.78 (0.06)*** 0.39 (0.05)*** −0.07 (0.01)***

  2 1.54 (0.06)*** 0.32 (0.05)*** −0.11 (0.01)***

  3 or more 3.12 (0.06)*** 0.55 (0.05)*** −0.24 (0.01)***

Have difficulties in ADL (ref = have no ADL) 3.93 (0.05)*** −0.72 (0.05)*** −0.24 ± 0.01***

Depression n/a −1.40 (0.04)*** n/a

Constance 5.64 (2.01)** 32.37 (2.53)*** 3.38 ± 0.43***

Province-level (level 2) Variance 0.74 (0.10) 0.93 (0.13) 0.16 (0.02)

AIC/BIC 588,234/588479 559,605/559860 217,483/217728

Significant level: †10%, *5%, **1%, ***0.1%.
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for cognitive impairment, accounting for other macro-level 
socioeconomic inequalities (70, 71).

We find that a higher level of ED does not contribute to higher levels 
of life satisfaction, but EI predicts life dissatisfaction (model 3). This 
inconsistency between ED and happiness has been widely referred to 
as the Easterlin paradox (72). It states that although happiness 
correlates with income among and within nations at a certain point in 
time, it does not increase as income continues to grow. Specifically, 
China’s rapid economic growth has prompted an epidemiological 
transition. This transition over the past decades. This transition, 
coinciding with urbanisation and lifestyle changes, has resulted in the 
prevalence of chronic diseases such as cardiovascular disease, diabetes, 
and dementia. These chronic diseases require long-term healthcare 
investment, presenting fiscal challenges for most developing countries 
and potentially reducing life satisfaction due to socio-
economic inequalities.

Two main factors associated with such socioeconomic inequalities 
have been reported as linked to life satisfaction in China: increasing 
inequality and the dissolution of the social security net during the 
economic reforms (73–76).

In China, the costs of health services are climbing continuously 
under economic restructuring and the market-oriented health service 
system, in turn exacerbating economic inequality (77, 78). Older 
adults are increasingly unable to afford health treatment or falling into 
poverty due to out-of-pocket payments for health services (79). In 
2008, about 31% of rural older adults reported that proper medical 
services were not affordable (80). In urban areas, 62% of older adults 
reported having been ill in the past 2 weeks but did not access medical 
services, and 14% of them reported financial difficulties as the main 
reason for this (81). These findings are consistent with our model 
(model 3), which shows that older adults who have participated in any 
kind of social insurance report greater life satisfaction than those who 
have not.

In addition, although macro-level ED is not significantly 
associated with life satisfaction, individual economical advantage is 
associated with greater life satisfaction (model 3). As a previous study 
highlights that health and economic status are the most significant 
factors for life satisfaction among older adults (82).

We find that PHRI and GWPH are not associated with mental 
health. Throughout our models, higher levels of PHRI are found not 
to be associated with any mental health indicators. However, drawing 
the conclusion that PHRI plays no role in improving mental health 
may be premature. Based on the current empirical data, we reaffirm 
that the present provincial PHRI in China is not specifically designed 
to address mental health challenges and, therefore, does not improve 
mental health (83). Similarly, GWPH, which reflects the capacities and 
willingness of the local government to public health, is found to be not 
associated with mental health outcomes. While we acknowledge the 
efforts and achievements of the Chinese government in public health, 
the evidence suggests that the present investments are not favouring 
mental health.

Further, one potential reason for this lack of associations could 
be the uneven allocation of government health-related investment. For 
instance, the current medical reimbursement system favours urban 
residents and people working in the public sector (84, 85). Such 
institutional actions may widen inequality. Specifically, the New Rural 
Cooperative Medical Scheme (NCMS) and the Urban Resident Basic 
Medical Insurance (URBMI) were introduced in 2003 and 2007, 

respectively. Although those projects benefited the majority, we cannot 
ignore the fact that they also created gaps between the accessibility of 
medical services for rural and urban residents. Similarly, Government 
Medical Insurance (GMI) and Urban Employee Medical Insurance 
(UEMI) have created a gap between residents employed in the public 
and private sectors (78, 84, 85). We thus posit that economic inequality 
and potential systematic inequality lead to life dissatisfaction. Such 
topic deserves further investigations.

The present study has several limitations. First, despite self-
reported life satisfaction being widely used, robust and comprehensive 
measurements for life satisfaction, such as the 32-item Life Satisfaction 
Questionnaire (LSQ-32) are preferred (86). Second, there are potential 
macro-level factors that have not been accounted for in our study. A 
direct measure of mental health support facilities at the provincial 
level is necessary. Air pollution could be another macro-level factor, 
despite its correlation with the urbanisation ratio. New theoretical 
frameworks are desired in the future to accommodate latent factors. 
Third, lagged effects on depression and cognitive health have been 
repeatedly reported (28, 69). The lagged associations between macro-
level factors and mental health deserve further investigations. Fourth, 
we find that alcohol consumption is positively associated with better 
mental health outcomes. This result suggests the likely presence of 
unexamined mediators. On the one hand, alcohol consumption could 
be  linked with economic advantages, which contribute to better 
health. On the other hand, the effect of alcohol consumption on 
mental health could be  mediated by social ties and participation, 
which is found associated with better mental health outcomes (87). 
Overall, our study is constrained by data limitations.

Further, the cross-sectional design of our study has limitations. 
First, it can identify associations but not causality, making it unclear 
whether economic inequality is the cause of mental health issues. 
Second, the cross-sectional data captures only a snapshot in time, 
overlooking changes over time, particularly as individuals age. 
Further, it may also be influenced by confounding factors like culture 
or life experiences and can oversimplify complex interactions. Such 
cohort effects may distort results if differences between age groups or 
regions are not accounted for. Therefore, while informative, cross-
sectional data cannot establish causal relationships or capture long-
term dynamics. Longitudinal data and design are desired in the 
future study.

Last, we select middle-aged and older adults in China as our study 
sample. The interpretation and generalisation of our findings should 
be strictly limited to this age cohort. This caution is necessary because the 
same macro-level factor may influence the mental health of the younger 
cohort in a different way. For instance, hypothesis has been proposed that 
rapid economic growth increases work pressure on the younger working 
individuals rather than the older ones, increasing anxiety among the 
younger cohort (88). As for cognitive function, being a physiological 
capacity, it remains stable across the early stages of life, regardless of 
inequality. Lagged effects, referring to the delayed impact of an exposure 
or intervention on an outcome, may take years to manifest after 
inequalities have occurred. For example, the lagged effect of inequality on 
cognition might be more accurately assessed by considering the Gini 
coefficient from 15 years prior (28). Clearly, it is premature to expect 
individuals from the younger cohort to assess their overall life satisfaction.

The strength of our study is its position as one of the few studies to 
examine a broader range of macro-level factors in relation to multiple 
mental health indicators, on top of individual covariates. In summary, 
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we  find ED contributes to better depressive status. EI is negatively 
associated with cognitive functions and life satisfactions. While our 
findings are not conclusive, they suggest that institutional factors like 
GWPH and PHRI in China may not be sufficiently supportive of mental 
health. This highlights the need for further policy considerations.

In the context of population ageing in China, integrating macro-
level factors into health policies can significantly enhance depression 
management, cognitive health, and life satisfaction. For economic 
development (ED), policies should focus on increasing pensions and 
providing financial assistance for healthcare and daily living, reducing 
economic stress—a key factor in late-life depression. Economic 
growth should also support community-based programme that foster 
social engagement, which can improve life satisfaction and protect 
against cognitive decline. Addressing economic inequality (EI) is 
crucial, as disparities exacerbate mental health challenges among older 
adults. Policies should aim to ensure equitable access to quality 
healthcare, particularly mental health and cognitive care. This could 
involve targeted subsidies for low-income seniors and policies that 
promote social participation, helping to mitigate feelings of isolation 
and enhance life satisfaction.

Government healthcare expenditure (GWPH) should prioritise 
geriatric mental health services, including funding for routine cognitive 
screenings and depression assessments. Expanding access to 
psychotherapy, cognitive rehabilitation, and community mental health 
services will support older adults in maintaining cognitive function and 
emotional well-being. Investments in public health-related infrastructure 
(PHRI) should focus on creating age-friendly environments, such as 
accessible healthcare facilities, day-care centres for seniors, and telehealth 
systems tailored to their needs. These infrastructures can facilitate 
preventive care, early detection of mental health issues, and ongoing 
support, improving both life satisfaction and overall mental 
health outcomes.

Incorporating these factors into health policies requires a balanced 
approach. Economic development should focus on not only growth 
but also equitable access to resources and services. By aligning 
economic policies with mental health needs and targeting vulnerable 
populations, it is possible to reduce the risk of depression and improve 
overall well-being in China’s ageing population.
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