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Abstract: (1) Background: The association between multimorbidity and mental health is well established.
However, the role of gender in different populations remains unclear. Currently, China is facing an
increased prevalence of multimorbidity, especially in its disease-causing poverty population.
The present study explores the gender-based differences in the relationship between multimorbidity
and mental health using data from the rural, disease-causing poverty, older-age population in
Shandong province, China, as a case study. (2) Methods: The data were obtained from the survey
on the health and welfare of disease-causing poverty households in rural Shandong province.
We identified 936 rural participants who were over 60 years old from disease-causing poverty
households. The mental health status was measured using the Kessler Psychological Distress Scale
(K10) instrument. Using a multivariable linear regression model, including the interaction of gender
and multimorbidity, gender differences in the association between multimorbidity and mental health
were explored. (3) Results: Multimorbidity was a serious health problem in rural, disease-causing
poverty, older-age households, with the prevalence of multimorbidity estimated as 40% for women
and 35.4% for men. There was a strong association between multimorbidity and mental health,
which was moderated by gender. Women had higher K10 scores than men, and the mean K10
score was highest in women with three or more chronic diseases. Compared with men, women
with multimorbidity had a higher risk of mental health problems. (4) Conclusions: The prevalence
of multimorbidity in older-age rural disease-causing poverty subpopulations is a severe public
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health problem in China. The association between multimorbidity and mental health differed by
gender, where multimorbid women suffered an increased mental health risk compared with men.
Gender differences should be addressed when delivering effective physical and mental healthcare
support to disease-causing poverty, older-age, rural households.

Keywords: multimorbidity; mental health; older-age adults; gender; disease-causing poverty

1. Introduction

Global aging is a defining social trend in the 21st century. In 2020, the World Health Organization’s
(WHO) global health and research priority is healthy aging [1]. At present, the main public health
and individual medical problem faced by older-age adults is chronic diseases. The prevalence of two
or more coexisting multiple chronic diseases [2], or multimorbidity, has become a major challenge
for chronic disease control [3] and a common phenomenon in people aged over 60 years old [4].
Multimorbidity impairs an individual’s overall health and imposes a heavy financial burden on
families, the health system, and the society [5]. In 2013, it was reported that 28% of Americans
suffered from multimorbidity, and multimorbidities accounted for 66% of total healthcare spending [6].
According to a Canadian study, the incidence of two or more chronic diseases in the older-age adults
was as high as 76.5% [7], and a Canadian community survey found the prevalence of multimorbidity
significantly increased between 2008 and 2014 [8]. The Australian National Health Survey reported
almost 80% of Australians aged 65 years or older had three or more chronic conditions [9]. China is
also facing severe health challenges because of the rapid growth in the size of the older population.
A Chinese study found that more than half those aged 70 or older were multimorbid [10] and 80% of
those over 75 years old had three or more chronic diseases [11]. Multimorbidity is not only a function
of an aging population, but related to population health factors, such as a high body mass index,
quality of life, and the population’s socioeconomic status [12]. The worldwide prevalence of chronic
diseases in older-age adults poses important public health problems, including mental health disorders,
globally and in China [13].

Mental health disorders are a serious problem in their own right and common in people with
multimorbidity. About 20% of older people have reportedly experienced some type of mental health
problem. While we pay attention to physical functioning and disease conditions, we also need to
be aware of mental health illnesses, especially depression, which is expected to become the leading
cause of disability in developed countries in 2030 and the second leading cause of disability in the
world. The epidemiological literature on multimorbidity has consistently found high rates of affective
and anxiety disorders in those with multiple diseases [14]. Multimorbid people are twice as likely
to be psychological distressed as people without multimorbidity [15]. Comorbidity between chronic
diseases and affective disorders has been reported in numerous studies across diverse countries,
including Canada [16], the Netherlands [17], Germany [18], the UK [19], and Australia [20]. In the US,
the National Comorbidity Survey (NCS) [21] and the National Epidemiological Survey on Alcohol
and Related Conditions (NESARC) [22] have identified a relationship between multimorbidity and
psychological distress. The presence of multimorbidity complicates the question of how chronic
diseases are related to outcome variables, such as quality of life or mental health conditions [23].
Studies have revealed that pre-existing chronic diseases significantly contribute to the development of
mental health disorders and that pre-existing mental health disorders can also significantly contribute
to the development of chronic disease over time. It is very likely that the relationship between physical
diseases and mental health is temporally bidirectional [24].

The relationship of multimorbidity and mental health is influenced by two primary factors:
gender and the attributes of the subpopulation under study [13]. The results of gender differences
in the relationship between multimorbidity and mental health have been inconsistent. A survey of
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the older adults in Taiwanese urban communities revealed no significant gender differences between
chronic diseases and mental health [25], while a study of older adults in Suzhou indicated that men
with chronic diseases had more mental disorders than women [26]. The explanation of lower mental
disorders in multimorbid women may partly depend on females more widely participating in social
activities, which makes them feel happy and relaxed. Women are also better at communicating and
may better channel bad emotions than men. A study of the older adults in rural China revealed a
significant association between multimorbidity and lower mental health problems for women, but not
for men [27]. One explanation is that older-age female patients are considered a disadvantaged group
in society, often suffering negative emotions and loneliness; this can lead to women with chronic
diseases having more mental disorders than men.

Several studies identified the most important risk factors for rural, aged patients’ mental health
were self-assessed inadequate or arrears financial status [28]. International research showed that the
increase in debt or debt level was related to the subsequent mental disorders [29], confirming that
individuals” physical well-being and financial condition are closely related to mental health.
Chronic diseases impose financial pressure on families, pushing many households, especially those with
multimorbid aged members, into poverty. Disease leads to poverty by two major pathways: the death
or disability of a household income earner due to disease, and, second, high medical-related costs
related to disease treatment. Disease-causing poverty households face out-of-pocket (OOP) medical
expenses in excess of 40% of household income after expenditure on food, which reduces non-health
household expenditure below the level required for necessities [30]. Disease-causing poverty is a serious
problem in rural China, with an estimated 30 million living in poverty, including 42% in disease-causing
poverty [31,32]. At-risk disease-causing poverty households often have low educational attainment,
are dependent on agricultural income, experience a high dependency ratio, contain members in poor
health, and face existing debts or no savings. We focus on the mental health of this vulnerable,
but neglected, rural, multimorbid, disease-causing poverty, older-age subpopulation.

There is little information on gender differences in the mental health status of Chinese
disease-causing poverty, rural, older adults suffering chronic diseases. Although chronic diseases
in older adults are common [33], the relationship of multimorbidity and mental health disorders
between different genders over time is not well understood. This study investigated the association
in multimorbidity and status of mental health between different genders in disease-causing
poverty, older-age households. An understanding of the relationship between multimorbid, rural,
older-age adults in disease-causing poverty households and their mental health will help healthcare
managers design more appropriate and targeted interventions. To address this gap in the literature,
first, we evaluated the association between multimorbidity and mental health among the rural,
disease-causing poverty, older-age adults in Shandong Province, China. Second, we explored
whether gender impacted the association between multimorbidity and mental health among this rural,
disease-causing poverty subpopulation.

2. Materials and Methods

2.1. Data and Sample

We took a cross-sectional, multistage, unweighted, stratified, random sample based on the
Shandong Provincial Health Poverty Alleviation Information System, which contained data on all the
disease-related poverty households in Shandong province. The inclusion criteria were households
with a per capita income during the most recent twelve months less than RMB683 (€87 or U.S. $104),
who suffered from one or more serious disease with high medical costs. In step one, our survey was
carried out in 3 cities, Taian, Binzhou and Zaozhuang, in Shandong province; in step two, 10 townships
in the 3 cities were selected; in step three, 43 rural village committees were selected; in step four,
30 households in each rural village committee were selected. A total of 1264 households were included
in the investigation. One eligible household member over 60 years old, without cognitive impairments
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and with normal daily living activities and social interactions, normal problem-solving ability and
normal memory, was selected to be the survey respondent. Face-to-face interviews were made using
electronic questionnaires on tablet personal computers. After deleting missing values, among all the
1264 interviewees, a total of 936 older-age participants completed the questionnaire, with a mean
age of 73.1 + 6.73 years. All respondents were informed about the survey aims, assured anonymity,
and provided informed consent. The project was approved by the Public Health Ethics Committee at
Shandong University School of Public Health (Grant No. 20190406). Written informed consent was
obtained from all participants prior to research.

2.2. Key Variables, Multimorbidity

The key variable was multimorbidity, which was measured as the number of self-reported
chronic diseases, selected from hypertension, diabetes, coronary heart disease, chronic bronchitis,
cancer, asthma, chronic pharyngitis, infarction cardiac, stroke, gastric ulcer, and other chronic diseases.
The variable of multimorbidity was divided into four categories (0, 1, 2, and >3 diseases).

2.3. Mental Health

The Chinese version of the nonspecific psychological Kessler Psychological Distress Scale (K10)
was used to assess respondents” mental health [34,35]. The scale contains 10 items (tired, nervous,
severely nervous, helpless, restless, severely restless, depressed, everything is difficult, hopeless,
and worthless), each divided into 5 levels. Each item was scored as 1-5 in according with its frequency
in the past four weeks, with 1 meaning “none of the time”, 2 meaning “little of the time”, 3 meaning
“some of the time”, 4 meaning “most of the time”, and 5 meaning “all of the time” [35]. With total scores
ranging from 10 (indicating no psychological distress) to 50 (indicating severe psychological distress),
K10 focuses on anxiety and depression, which are commonly used indicators to measure psychological
problems [36]. Following the literature, scores were divided into four levels: 10-15 (good mental
health group), 16-21 (general mental health group), 22-29 (poor mental health group), and 30-50
(severe mental disorder group) [37].

2.4. Sociodemographic Variables

Demographic characteristics were collected comprising gender (female, male), age (60-69 years
old, 70-79 years old, >80 years old), education attainment (illiteracy, primary school, middle school,
or above), marital status (yes: married or living together, no: unmarried, separated, divorced,
or widowed), work status (yes: family farming, family breeding, employed by others or units,
part-time jobs without fixed employers, self-employed households, freelance jobs without employers
or others, no: no work), medical insurance (yes: had medical insurance, no: no medical insurance).

2.5. Statistical Analysis

We performed descriptive statistical analysis on all variables. The results were described
using either means and standard deviations or numbers (proportion). Gender differences in the
sociodemographic characteristics were calculated using the Student’s t-test (for continuous variables)
or chi-square test (for categorical variables). ANOVA was used to compare differences in multimorbidity
and K10 scores. Multivariable linear regression models, with K10 scores as the dependent variable,
were estimated for women and men separately to assess the association between multimorbidity
status and mental health after controlling for influential potential factors. Odds ratio (OR) expressed
the strength of the association between exposure factors and diseases. Gender differences in the
association between multimorbidity status and mental health were examined by adding gender to
the multimorbidity interaction term (gender* multimorbidity status) in the model. All data were
analyzed using STATA 14.0 (Stata Corp, College Station, TX, USA), with results considered statistically
significant when p-values were less than 0.05.
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3. Results

3.1. Respondents” Characteristics

Descriptive statistics for the sample are shown in Table 1. From the total of 936 older-age adults,
women accounted for 52.9% and men for 47.1% of the sample; men comprised a higher proportion
of the population who were middle-aged older adults (p < 0.05), more highly educated (p < 0.001),
and married (p < 0.001) than women. The proportion of women who worked (p < 0.001) and had
medical insurance (p < 0.05) was significantly lower than that of men. The proportion of women with
multimorbidities was 40% (p < 0.001), which was slightly higher than that of men. The prevalence
of not having a disease was only 4.6% for women and 5.7% for men, and the prevalence of having
one disease was 55.4% for women and 58.9% for men. The mean (SD) K10 score for women was
28.13 + 2.35, which was significantly higher than for men (p < 0.001).

Table 1. Sociodemographic and health-related conditions by gender (n = 936).

Total (n = 936) Women (n = 495) Men (n = 441)

Variable p-Value
1 (%) 1 (%) n (%)

Age 0.034°
60-69 214 (22.9) 121 (24.4) 93 (21.1)
70-79 619 (66.1) 318 (64.2) 301 (68.2)
>80 103 (11.0) 56 (11.4) 47 (10.7)

Education attainment <0.001b
None 334 (35.7) 221 (44.6) 116 (26.3)
Primary school 336 (35.9) 158 (31.9) 181 (41.0)
Middle school or above 266 (28.4) 116 (23.5) 144 (32.7)

Marital status <0.001 "
Yes 504 (53.8) 257 (51.9) 247 (56)
No 432 (46.2) 238 (48.1) 194 (44)

Work status <0.001b
Yes 263 (28.1) 21 (4.2) 242 (54.9)
No 673 (71.9) 474 (95.8) 199 (45.1)

Medical insurance 0.042b
Yes 630 (67.3) 292 (66.2) 338 (68.3)
No 306 (32.7) 149 (33.8) 157 (31.7)

Multimorbidity <0.001°
None 48 (5.1) 23 (4.6) 25 (5.7)
1 534 (57.1) 274 (55.4) 260 (58.9)
2 287 (30.7) 151 (30.5) 136 (30.8)
>3 67 (7.1) 47 (9.5) 20 (4.6)

K10, mean + SD 25.68 +3.24 28.13 +2.35 23.72 +2.96 <0.001 2

SD, standard deviation; K10, 10-item Kessler Psychological Distress Scale; @ ¢-test, b Chi-square test.

3.2. Comparison of Mental Health between Categories of Multimorbidity Status

Table 2 reports the results of comparing K10 scores between the different categories of
multimorbidity status in women and men separately. There were significant gender differences
in mean K10 scores between the four multimorbidity conditions. For women, post hoc test results
showed that the without a disease group had better mental health (p < 0.001), while the having two
or more diseases group (p < 0.001) had worse psychological distress than the one disease group.
Men without a disease group had better mental health (p < 0.001) than men having one disease group,
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but there was no significant difference between the men having two or more diseases group and the
men having one disease group. Multimorbid males were in the poor mental health group, but females
with multimorbidity were in the severe mental disorder group. As shown in Figure 1, the mean K10
score was highest in women with three or more diseases, and the score was lowest in men without

a disease.
Table 2. Comparisons of K10 scores between categories of multimorbidity status (n = 936).
Variable None One Disease Two Diseases  Three or More Diseases p-Value 2
Women
K10, mean + SD 1692 + 2.16 27.93 +£1.98 32.28 £ 2.56 35.85+2.21 <0.05
Men
K10, mean + SD 1598 + 2.44 25.05 £ 1.86 26.44 +£2.82 26.96 +2.99 <0.05

SD, standard deviation; * one-way ANOVA test for differences of multimorbidity status.

40+
- Women

w - Men
ot
§ 304
=
-
4
= 201
_
=

10 T T T T

None One Two Three or more

Multimorbidity status

Figure 1. Mean K10 score for each multimorbidity status by gender.

3.3. Association between Multimorbidity and Mental Health and Its Gender Differences

Table 3 summarizes the multivariable linear regression models of mental health measured by
K10. First, Table 3 reports the separate regression models for women (Model I) and men (Model II).
Compared with the group having one disease, the group having no disease reported significantly better
mental health in both women (OR 0.506, 95% CI 0.361-0.667) and men (OR 0.144, 95% CI 0.092-0.223).
However, for the multimorbidity group, multimorbidity had a significant negative effect on mental
health in women (Model I), but not in men (Model II). More importantly, the difference between women
and men reported in interaction Model Il was significant. As shown in Figure 2, the result of simple
slope test showed that there was a strong association between multimorbidity and mental health, which
was moderated by gender. Women with multimorbidity had a higher risk of mental health problems.
In addition, the results showed that age, education attainment, marital status, work status, and the
availability of medical insurance had a significant impact on respondents’ mental health (p < 0.05).
The young-aged (6069 years old) adults had more serious mental disorders. The older adults with
a high level of education, married, and having a job and medical insurance had significantly better

mental health.
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Table 3. Multivariable linear regression models for association between multimorbidity status and mental health and its gender difference.

Model III
. Model I Women Model II Men
Variable Interaction: Gender X Multimorbidity
OR 95% CI OR 95% CI OR 95% CI

Age (Reference: >80)

60-69 1.853* (1.009, 3.403) 1.379* (1.059, 1.795) 1.541* (1.082,2.191)

70-79 1.790 * (1.299, 2.466) 1.167 (0.734,1.792) 1.513 % (1.092, 1.931)
Education (Reference: None)

Primary school 0.772 (0.581, 1.027) 0.629 (0.270, 1.465) 0.636 (0.401, 1.009)

Middle school or above 0.687 * (0.490, 0.962) 0.419°* (0.295, 0.596) 0.577 * (0.403, 0.828)
Marital status (Reference: Single)

Married 0.562 * (0.384, 0.823) 0.421* (0.287, 0.598) 0.504 * (0.385, 0.660)
Work (Reference: None)

Yes 0.445 (0.292, 1.067) 0.293 * (0.185, 0.463) 0.304 * (0.189, 0.489)
Medical insurance (Reference: None)

Yes 0.680 * (0.478, 0.965) 0.504 * (0.385, 0.660) 0.566 * (0.381, 0.841)
Multimorbidity (Reference: 1)

None 0.506 * (0.361, 0.667) 0.144 * (0.092, 0.223) 0.307 * (0.172, 0.493)

2 1.372*% (1.049, 1.682) 1.009 (0.756,1.787) 1.242% (1.063, 1.782)

>3 1.517 % (1.196, 1.937) 1.063 (0.986, 1.242) 1.397 % (1.165, 1.667)
Women (Reference: Men) 1.342* (1.034, 1.761)
Gender X Multimorbidity

Women X None 0.771 (0.356, 1.672)

Women X Two diseases 1.463 * (1.176, 1.832)

Women X Three or more diseases 1.681 * (1.402, 2.011)
Respondents 495 441 936

OR, odds ratio; CI, confidence interval, * p < 0.05; Gender x Multimorbidity = interaction effect between gender and multimorbidity status.
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Figure 2. The role of gender among the association between multimorbidity status and mental health.
4. Discussion

For the vulnerable rural, disease-causing poverty, old-age subpopulation, we investigated the
gender differences in the association between multimorbidity and mental health. The highest mean
K10 score was achieved by women with multimorbidity status, and the lowest mean K10 score was
achieved by men having no diseases. After controlling potential confounders, gender had a significant
effect on the association between multimorbidity and mental health.

It is well known that chronic diseases negatively impact the well-being and mental health of
older adults [38]. Results from both cross-sectional and longitudinal studies have confirmed that
older people with multimorbidity reported more symptoms of mental health disorder, as compared
with those without chronic diseases [39]. The empirical evidence generally supports the hypothesis
that multimorbidity increases the risk of experiencing mental health disorders and that the more
serious the chronic diseases, the more serious the mental health disorders. We performed multivariable
linear regression analysis to estimate the effects of the interactions of gender by multimorbidity on
mental health for a neglected rural, disease-causing poverty, older-age subpopulation. We found
women suffered from the negative effects of multimorbidity on mental health even after adjusting for
other potential influential factors. One possible explanation for gender differences in multimorbidity
was that women suffering disease-causing poverty might be more sensitive to disease than men.
Further, economic distress could increase the risk of women suffering from psychological distress
from multimorbidities.

In China, the vicious cycle of disease and poverty remains a challenge. Disease has short-term and
long-term effects on poverty, where poverty also affects the utilization of medical services, which in
turn increases health vulnerability. Taking gender into consideration is essential for understanding
health conditions. The studies of gender differences in the health characteristics of those suffering
diseases have been investigated in many countries [40]. For example, a previous study using rural
data found that women with diabetes had a higher prevalence of affective and anxiety disorders than
corresponding men [41]. Many studies have found that older women are usually more affected by
poor mental health than older men [42]. Moreover, gender differences were found in terms of the
prevalence of anxiety disorders in epidemiologic surveys in Chinese older people [43].

Our study found that the rural women with low levels of education, single marital status,
and not having medical insurance were more likely to have a poor mental health status than men.
Health outcomes are influenced by social and economic factors that, in turn, are influenced by cultural
and political conditions in society [33]. In rural China, women have a lower social status and older
women have a lower socio-economic status than men, which may delay identification and management



Int. |. Environ. Res. Public Health 2020, 17, 8855 90f12

of mental health issues and increase the prevalence and severity of psychological distress in women [44].
Lower socio-economic status and education level mean women experience more stressful life events
and fewer psychological and social coping resources. Many women cannot find a good way to
actively cope with mental stress, impacting their self-efficacy and self-identification, especially in
disease-causing poverty households. Studies have shown that women’s mental health is more affected
by marriage and family than men. The destruction of a marriage will inevitably have a significant
impact on a woman’s physical and mental health [45], with single older women more likely to be
lonely, restless, and helpless. Our study found that the existence of medical insurance had a significant
impact on the mental health of women. One conclusion is that the poverty households unable to afford
insurance did not receive adequate treatment due to out-of-pocket medical expenses, and physical
discomfort due to multimorbidities further induced bad emotions. Our research is consistent with
evidence indicating that differences in neurochemical and brain structure between different genders
may be associated with different gender-specific psychiatric problems [46]. Older-age women'’s
mental problems in disease-causing poverty households were triggered by socio-economic conditions,
marital status, and health insurance. Such scenarios obviously call into question access to health and
social care systems.

As multimorbidity and mental health problems become increasingly common in China, there is
an increased challenge to provide new ways to deliver healthcare [47]. Gender analysis is a key way to
understand the healthcare of multimorbid women, especially older-age women in disease-causing
poverty households, and to tailor interventions to prevent, monitor, and treat physical and mental
illness [48]. Generally speaking, the mental health of women is especially complex, affected by
multiple factors, including emotional care, social respect, and economic and financial assistance [10].
Women, especially single, older-age women, are disadvantaged relative to men in Chinese society,
where women’s health, psychological and social needs are frequently neither recognized nor met [49].
We recommend strengthening the construction of the social support system for disease-causing
poverty households, especially households with older-age women. Second, multimorbidities and
mental health issues are not just a medical problem but a reflection of a household’s socio-economic
circumstances. The government should establish poverty reduction programs, protecting families
from poverty and the mental stress of poverty. Third, given the differential quality in urban and
rural health facilities [45], the government should improve rural health services, especially for those
with multimorbidities. Fourth, old-age care facilities are not well developed in China, creating a
gap in mixed nursing and long-term care services. Government should provide mixed nursing
and old-age care for disease-causing poverty households, especially with single female members.
Fifth, to reduce disease-creating poverty, reforms to China’s national health insurance scheme should
provide a safety net for poor households [50]. Sixth, children and relatives have been the most
important source of support and care for the older adults, especially sustaining the mental health of
the older adults. The one-child policy, smaller families, and the migration of children to urban areas
for work have weakened family care for the physically and mentally ill older adults. This gap will
need to be filled by government services, especially for multimorbid poor households with physical
and mental health problems.

There are several limitations in our study. First, this was a cross-sectional study, the
relationship between multimorbidity and mental health cannot be interpreted as cause and effect.
Longitudinal studies are needed in the future to explore this causal relationship. Second, our sample
consisted of disease-causing poverty, older-age households living in Shandong, an eastern China
province. While Shandong may be representative of east coast, industrial, high-income provinces,
studies of western and southern, less-developed, more agricultural provinces are required.

5. Conclusions

In this population-based study, we found that the multimorbid older-age adults in disease-causing
poverty households were more likely to have poor mental health. Gender mattered. Rural, older-age women
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with low levels of education, single marital status, and not having medical insurance were more
likely to have a poor mental health status than men. We recommend the development of effective
gender-specific multimorbidity healthcare programs, providing physical and mental health support.
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