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ABSTRACT

Objectives Members living in the same household tend
to share some similar behaviours and environment. We
want to quantitatively assess the associations of chronic
conditions to investigate the concordance of disease status
among the household members.

Setting Shanghai, China.

Participants Our data were from the fifth Health Service
Survey in Shanghai in 2013. 12 002 households with 31
531 residents were selected in this survey by using a
three-stage, stratified, random sampling method.
Outcome measures Five highly prevalent chronic
conditions, namely hypertension, diabetes, ischaemic heart
disease (IHD), cerebrovascular disease (CVD) and obesity
were chosen. The generalised estimating equations (GEE)
model was used to estimate the associations adjusted for
age, gender, education status, health insurance status,
smoking and drinking. Using a subsample of adult children
with parents’ chronic conditions as the key risk factor
and a subsample of wives with the chronic conditions of
the husband as key risk factor, we reran our GEE models
to explore chronic condition concordance within these
relationships.

Results A total of 10 198 households with 27 010 adult
participants were included. Using all adult household
members, we found positive statistically significant
associations between one’s chronic conditions and

the same disease status of their household members
(hypertension (OR=3.26, 95% CI 3.02 to 3.52); diabetes
(OR=1.68, 95% Cl 1.40 to 2.01); IHD (OR=5.31, 95%

Cl 3.56 to 7.92); CVD (OR=3.40, 95% Cl 1.99 to0 5.80);
obesity (OR=3.41, 95% Cl 2.34 to 4.96)). The results of
analysing ad-child subsample and spouse subsample
also showed similar associations. Moreover, the potential
concordance of different chronic conditions was found
between hypertension and diabetes.

Conclusions We found chronic condition concordance
within households. This study provides evidence that the
chronic conditions of other members of a household may
be a significant risk factor for a household member’s own
health.

BACKGROUND

During the past three decades, China had
experienced rapid social, economic and
health services development.' * Life expec-
tancy has increased, lifestyles have changed,

Strengths and limitations of this study

» This is the first study in China to estimate the risk
to a household member’s own health, which asso-
ciate with the chronic conditions of other household
members.

» We perform multivariate logistic generalised esti-
mating equations models to estimate the associa-
tion between an adult’s own chronic condition status
and the chronic condition status of other household
members within three subsamples including all
adult household members, children with parents’
chronic conditions as key risk factor and wives with
husband’s chronic conditions as key risk factor.

» The definition and diagnosis of chronic condition
for each participant was based on his or her self-
reported records.

» This study was conducted in Shanghai and the re-
sults might not be generalised to other regions of
China.

» Based as it is on cross-sectional data, this study
does not estimate the risk of a new chronic condition
in a household member, nor does it provide evidence
of a causal relationship.

healthcare has become more accessible and
health insurance coverage has increased.
Aligned with these remarkable improve-
ments, healthcare concerns in the country
have expanded from a narrow focus on infec-
tious diseases to encompass treatment for
non-communicable chronic conditions as
well.** Research has shown the prevalence
of hypertension increased from 5.11% in
1959 to 17.65% in 2002 and the prevalence
of type 2 diabetes mellitus increased from
1% in 1980 to 9.7% in 2008.°” In measuring
disability-adjusted life-years (DALYs), non-
communicable chronic conditions have
become main contributors to a country’s
burden of disease. As of 2015, high systolic
blood pressure, high fasting plasma glucose
and high body mass index (BMI), respectively
ranked first, second and fourth as important
risk factors related to DALY. In 1990, the
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respective ranks of these three diseases were only 3rd,
10th and 138th.® As a typical city in China, Shanghai
represents the direction of economic and healthy devel-
opment in China. Noteworthily, ageing is a significant
issue in Shanghai. Moreover, this would bring about
the new healthcare challenges for Chinese society and
government.”

Improvement in healthcare and innovation of new
effective medical treatments will definitely play an increas-
ingly important role in dealing with chronic conditions.
Additionally, detection of risk factors and identification
of individuals at high-risk are the important first steps in
the prevention and treatment of chronic conditions. To
study the risk factors, various research has mainly focused
on the personal lifestyles related to the risk of chronic
conditions, for example, smoking, drinking, exercise and
diet."”" Some genetic mechanisms are also considered
as the risk factors of chronic conditions."* ' The house-
hold environment, which integrate the lifestyles, genetic
mechanisms and environmental factors, would be an
important research direction in controlling the preva-
lence of chronic conditions."®

Based on the fifth Health Service Survey of Shanghai,
which was the extension of China’s National Health
Service Survey (NHSS) in 2013, the prevalence rate was
27.24% for hypertension and 7.05% for diabetes among
29 269 people aged 15 years or older.'” Regarding hyper-
tension, 6096 out of 12 002 households (50.79%) had at
least one member with hypertension, and 1733 house-
holds (28.43%) of these 6096 households had at least two
members suffering from the disease. This result showed
the possibility of household clustering in the prevalence of
chronic conditions. We hypothesised that there were asso-
ciations between chronic conditions in the participants
and the same conditions in their household members,
we conducted the research and analyses using data from
the fifth Health Service Survey of Shanghai. In this study,
we focused on five highly prevalent chronic conditions:
hypertension, diabetes, ischaemic heart disease (IHD),
cerebrovascular disease (CVD) and obesity. Risk factors
based on chronic conditions in other family members
were detected for subsamples consisting of all household
members, adult children and wives, respectively.

METHODS

Data source

In this study, we used data from the fifth Health Service
Survey of Shanghai in 2013. This survey was organised
and conducted by the Shanghai Municipal Commission
Health and Family Planning, and was the extension of
NHSS. From 1993 to 2013, the NHSS has been conducted
for five times (every 5 years), and is a cross-sectional
survey study.'® The sampling method and quality assur-
ance measures used in Shanghai survey were consistent
with the national sampling approach and principle.'? The
fifth Health Service Survey of Shanghai was conducted in
all of the 17 districts in Shanghai. The survey adopted a

three-stage, stratified, random sampling method. In the
first stage, 100 towns/townships were randomly selected
from all these 17 districts. In the second stage, 1000
villages/communities were randomly sampled from the
selected towns/townships. In the third stage, about 12
000 households were randomly selected.

We conducted a face-to-face interview with each house-
hold using a structured household questionnaire devel-
oped by the National Commission Health and Family
Planning of China. The questionnaire contained the
general information of the households, the demographic
characteristics of household members, relationships
among them, their self-reported illnesses and injuries, as
well as their outpatient and inpatient information.

To ensure the quality of this survey, certain assurance
measures were applied during the process of data collec-
tion. Survey constitutors checked potential logical errors
of the collected data. In case of any logical errors, the
investigators would contact the household members and
verify the relevant information. The accuracy of data
information was assessed using the revisit approach. More
specifically, the investigators revisited 5% of the sampled
households and collected 10 key questions to check the
consistency of the information recorded. The consistency
rate between these two visits was nearly 99%. Additionally,
the Myer’s Blended index was 7.39, indicating that there
was non-existence of age preference in this survey.'” %
Finally, this survey collected the information of 12 002
households with 31 531 participants. We included the
households with at least two adults aged 18 years or older.

Five chronic conditions

In this survey, we chose five chronic conditions with high
prevalence rates: hypertension, diabetes, IHD, CVD and
obesity. The definition of these chronic conditions was
based on the corresponding questions in the question-
naire, the disease coding list of the NHSS and BMI. If
a participant chose ‘YES’ or a specific disease code, he
or she was considered to have the corresponding chronic
condition.

Hypertension

Hypertension was indicated based on the question ‘Have
you ever been told by a doctor that you have hyperten-
sion?” in the questionnaire.

Diabetes

Diabetes was indicated based on the question ‘Have you
ever been told by a doctor that you have diabetes?’ in the
questionnaire.

Ischaemic heart disease
The disease codes for IHD included angina pectoris
(061), myocardial infarction (062) and other ischaemic
heart disease (063).

Cerebrovascular disease
The disease code for CVD included cerebrovascular
disease (067).
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Obesity
Obesity was indicated by the WHO International BMI
categories (BMI >30 kg/m?).*!

Covariates

Sociodemographic characteristics added to our models
as covariates include age (continuously specified in
years), education status (illiteracy/primary, secondary or
college), health insurance status (yes or no), marriage
status (married, unmarried, divorced or widowed),
smoking (yes or no) and drinking (yes or no). Except the
analyses of spouse subsample, gender (male or female)
was also included as a covariate.

Statistical analyses

This study had five primary outcomes, each of which
represented the status of each of the five chronic condi-
tions, namely hypertension, diabetes, IHD, CVD and
obesity, in the participants (‘No’ or ‘Yes’). If a participant
had any of these five chronic conditions (‘Yes’), his or
her status of having ‘Any chronic condition’ is considered
as ‘Yes’. To make a comprehensive assessment, we settled
three subsamples: all adult household members (the
total sample), adult children (adult children subsample)
and wives (spouse subsample). In addition, we identified
chronic conditions in the other household members as
the exposure (or risk factor) in three subsamples.

For the full study sample of all adult household
members, we included all household members aged 18
years or older. If any other residents (excluding self)
have the given chronic conditions, the exposure status
of household situation for each participant is identified

as ‘Yes’. For the subsample of adult children, only adult
children would be included in analyses, and those partici-
pants were excluded if the disease information of parents
were not available. The chronic conditions status of their
parents was considered as exposure. For the subsample of
spouses, we included married women in the analyses. We
defined the chronic conditions of wives as the outcomes
and the chronic conditions of husbands as the exposure.

The generalised estimating equations (GEE) model
with logit link would be used to explore the associations
between chronic conditions of participants and the
conditions of the others living in the same household. We
considered a two-level hierarchical structure of the model
(individuals within households). The model was based
on individual’s data without taking sampling weight into
account due to the lack of relevant information. The OR
and 95% CI were estimated by the GEE model to indicate
the association between any chronic condition or each
given chronic condition of an individual and the same
condition of household member (eg, the association
between the hypertensive status of a participants and that
same condition in his or her other household members).
In addition, the association of different chronic condi-
tions would also be assessed (eg, the association between
hypertension in a participant and diabetes in other house-
hold members).

Adjusted models and unadjusted models were both
used to estimate the associations in three household
subsamples. The adjusted models included age, gender,
health insurance status, education status, drinking and
smoking; however, gender was excluded in the subsample

31,531 participates from
12,002 households

o Exclude because age less

than 18 (n=2,717)

28.814 adult participates

Exclude because there is only one

> person in a househoud (n = 1,800)

27,014 adult participates

¥ v

Y

Scene | Scene 2
27,014 participates from

10,198 household

5.493 participates from
4,865 households

Scene 3
7,845 participates from
7,211 households

Figure 1 The flow chart of participates selection of the three subsamples analysis. There were four participates missing in
education status or marriage status in scene 1. There were four participates missing in education status or marriage status in
scene 2. There was one participate missing in education status or marriage status in scene 3.
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Table 1 Sociodemographic characteristics of participants

Characteristic All household members Children* Wivest
No. of households 10 198 4865 7211
No. of participates 27 014 5493 7845

Age, years, mean (SD)
Male, n (%) 13 182 (48.8)
Education status, n (%)£§

illieracy/primary 5801 (21.47)

Secondary 14 484 (53.62)

College 6727 (24.9)
Marriage status, n (%)1]

Unmarried 3124 (11.56)

Married 22 116 (81.87)

Divorced or widowed 1772 (6.56)

Insurance, n (%) 26 011 (96.29)
Drinking, n (%) 5157 (19.09)
Smoking, n (%) 6392 (23.66)
Chronic conditions, n (%)

Any chronic conditions™* 8467 (31.34)
Hypertension 7245 (26.82)
Diabetes 1875 (6.94)
IHD 455 (1.68)
CVD 372 (1.38)
Obesity 631 (2.34)

52.63 (17.06)

36.01 (12.18)

3273 (59.58)
334 (6.08)
2481 (45.17)
2678 (48.75)

2286 (41.62)

54.01 (13.85)

2191 (27.93)
4551 (58.01)
1102 (14.05)

2924 (53.23) -
283 (5.15) -
5247 (95.52) 7575 (96.56)
944 (17.19) 222 (2.83)
1460 (26.58) 166 (2.12)
653 (11.89) 2414 (30.77)
480 (8.74) 2102 (26.79)
110(2) 498 (6.35)
11(0.2) 117 (1.49)
8(0.15) 106 (1.35)
128 (2.33) 156 (1.99)

*The characteristics of children in parents—children subsample.
TThe characteristics of wives in spouses subsample.

F'lllieracy/primary’ in education status means the education years were from 0 to 5 years, ‘secondary’ means the education years were from 6
to 12 years and ‘college’ means the education years of residents were higher than 12 years including undergraduate and graduate degrees.

§There were two participates missing in education status in data set.
{IThere were two participates missing in marriage status in data set.
**The participants had at least one chronic condition.

CVD, cerebrovascular disease; IHD, ischaemic heart disease.

of spouses. The final conclusion was based on the results
of the adjusted models. The results of unadjusted models
are given to provide online supplementary information.
We chose the exchangeable working correlation matrix
to estimate SE of coefficients in the GEE models.

The subgroup analyses were conducted for the full study
sample of all adult household members according to two
predefined stratification factors: sex (male or female),
education (illiteracy/primary, secondary and college).
We did not conduct any statistical model to deal with the
missing data because of low missing data rates. Any obser-
vation with missing data would be excluded from the final
analyses. All data management and statistical analyses
were performed using SAS software (V.9.4). All reported
p values were two-sided and p value <0.05 was regarded as
statistically significant. This study was reported based on
the Strengthening the Reporting of Observational studies
in Epidemiology guidelines (online supplementary S1),
and all analyses were conducted according to the statis-
tical analysis plan (online supplementary S2).

Patient and public involvement
This is a cross-sectional study based on survey responses.
It includes no further patient involvement.

RESULTS

A total of 10 198 households (27 010 participants) with at
least two adults who aged 18 years or older were included
in our study from the database of the fifth Health Service
Survey of Shanghai in 2013. For the subsample of adult
children, there were 5489 available records, and for the
subsample of spouses, there were 7844 records. The detail
information was shown in flowchart (figure 1). Table 1 has
shown the details of sociodemographic characteristics.
The mean age of all included participants was 52.63 years,
and 31.34% (n=8467) had at least one chronic condition.
However, the adult children participants in the subsa-
mple of adult children were young (36.01 years), and the
prevalence rates of chronic conditions were much low
(11.89%).
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CVD, cerebrovascular disease; IHD, ischaemic heart disease.

All household members

In the full study sample of all adult household members,
the results indicated that the chronic conditions of partic-
ipants was associated with the same conditions of others
living in the same household (the diagonal of table 2):
any chronic condition (OR=3.03, 95% CI 2.81 to 3.28),
hypertension (OR=3.26, 95% CI 3.02 to 3.52), diabetes
(OR=1.68, 95% CI 1.40 to 2.01), IHD (OR=5.31, 95%
CI 3.56 to 7.92), CVD (OR=3.40, 95% CI 1.99 to 5.80)
and obesity (OR=3.41, 95% CI 2.34 to 4.96). The results
also revealed that there were significantly positive asso-
ciations for some different chronic conditions (diabetes
and hypertension, diabetes and obesity). The OR was 1.19
(95% CI 1.08 to 1.32) for diabetes to hypertension and
1.23 (95% CI 1.11 to 1.36) for hypertension to diabetes.
The OR was 1.36 (95% CI 1.08 to 1.73) for diabetes to
obesity and 1.36 (95% CI 1.09 to 1.70) for obesity to
diabetes. More details were presented in table 2, and the
results of unadjusted GEE models were listed in online
supplementary table S1.

In subgroup analysis, we found the similar associations for
the sex subgroups and education level subgroups (figures 2
and 3 and online supplementary table S2). However, no
significant association was not found in the analyses of
diabetes and IHD in the college education subgroup.

Adult children subsample

We did not conduct the analyses of IHD and CVD in this
household subsample because of low prevalence rates
(0.2% for IHD and 0.15% for CVD). Table 3 listed the
results of adjusted GEE models for adult children. The
positive associations between chronic conditions of adult
children and the same conditions of their parents were
observed: any chronic condition (OR=5.13, 95% CI 4.20
to 6.28), hypertension (OR=6.29, 95% CI 4.92 to 8.05),
diabetes (OR=11.56, 95% CI 7.88 to 16.98) and obesity
(OR=13.85, 95% CI 8.54 to 22.46). For different chronic
conditions, the children with diabetes and obesity were
associated with parents with hypertension (OR was 2.40
for diabetes and OR was 1.69 for obesity). And the results
also indicated that hypertension status of children was asso-
ciated with the diabetes status of their parents (OR=1.61).
The results of unadjusted GEE models for the subsample of
adult children were listed in online supplementary table S3.

Spouses subsample

The results of the spouses subsample are shown in table 4.
Similar to the other two subsamples above, positive statis-
tically significant associations were also observed between
chronic conditions in husbands and the same conditions
in their spouses: any chronic condition (OR=1.58, 95%
CI 1.41 to 1.77), hypertension (OR=1.63, 95% CI 1.45
to 1.84), diabetes (OR=1.57, 95% CI 1.21 to 2.03), IHD
(OR=6.58,95% CI 3.78 to 11.43), CVD (OR=3.62, 95% CI
1.86 to 7.07) and obesity (OR=5.09, 95% CI 2.92 to 8.86).
The wives with diabetes and IHD were associated with the
hypertension status of their husbands (OR was 1.46 for
diabetes and OR was 1.60 for IHD). And the association
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Figure 2 The forest plot of five chronic conditions subgroup analysis categorised by gender. The plot showed the adjusted
ORs and 95% CI of the association between each given chronic condition of individual with the same condition of household
member. CVD, cerebrovascular disease; IHD, ischaemic heart disease.

between the hypertension status of wives and the diabetes
status of husbands was also indicated (OR=1.29). The
information of unadjusted GEE models could be avail-
able in online supplementary table S4.

DISCUSSION

In China, Shanghai has the heaviest burden of non-
communicable diseases because of its largest population
and ageing population.” We conducted in-depth analyses

+
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s @ lllieracy/Primary
M Secondary
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Figure 3 The forest plot of five chronic conditions subgroup analysis categorised by education status. The plot showed the
adjusted ORs and 95% CI of the association between each given chronic condition of individual with the same condition of
household member. CVD, cerebrovascular disease; IHD, ischaemic heart disease.
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of the associations among five preselected chronic condi-
tions status within the household members in Shanghai,
China. Using the data of the fifth Health Service Survey,
we found that the participants living with their household
members with chronic conditions were associated with 46%
higher OR of having one or more chronic conditions. For
each of five chronic conditions, the above associations were
observed in each same chronic condition. We also found
the similar associations in children subsample and spouses
subsample. These results were consistent with some other
research results.'® ** Additionally, the results suggested
potential associations between the different chronic condi-
tions, for example, hypertension and diabetes.

We chose five chronic conditions (hypertension, diabetes,
IHD, CVD and obesity) as the target diseases of our study
because of the highest prevalence rates in this health service
survey. Based on the current knowledge, the incidence of
the chronic conditions is the result of the combination of
multiple factors. The members of the same household would
live in the same environment, and might have the similar
behaviours. In addition, some of them would have genetic
associations (eg, parents and children, or brothers and
sisters). Some research reported the association between
the family health history and risk of disease.*** However,
if a member of the household was diagnosed with a certain
type of chronic condition, the likelihood of the other
family members having their diagnostic tests performed
was higher. This phenomenon might cause reporting bias
and lead to the association of chronic conditions among
household members. Our study pointed out the positive
associations between chronic conditions in adults and the
same conditions in their household members. According
to the results of all household members, we found that the
ORs for THD and CVD were high, and the 95% CI of the
corresponding ORs was wide. An explanation might be that
the prevalence rates of IHD and CVD were only 1.68% and
1.38%, respectively. Moreover, low prevalence rates might
reduce the accuracy of the statistical model estimation.
However, the results of both the adjusted GEE model and
the unadjusted one showed the positive associations for
these two chronic conditions.

In order to further explore the effect of a common
genetic factor or a common living environment, we analysed
two subsamples, a subsample of adult children to examine
the two factors together, and a subsample of spouses to
examine living environment factors in the absence of a
common genetic link. Similar to results using all adult
household members, positive associations were found in
these two subsamples. These findings were consistent with
some previous studies.”* * * The results of analyses in
these two special subsamples showed the effects of genetic
factors and those of a common living environment without
genetic ties on the associations of interest. Moreover, the
adjusted ORs in analyses about children subsample were
much higher (eg, OR=6.12 for hypertension association).
However, we could make a conclusion that the effect of
genetic factors was much more important. This might be
because certain chronic conditions are age-related diseases,

and the prevalence rates of adult children in this health
service survey were low. For example, the prevalence of
hypertension among adult children was only 8.86% (the
mean of age was 39.16 years old), and prevalence rate for
those whose parents had no hypertension was much lower
(only 3.34%, the mean of age was 34.36 years old). Based on
this consideration, we included the age covariate into the
adjusted model. Therefore, these results might reflect the
associations between chronic conditions in children and
those in their parents despite high ORs. In order to show
the effects of covariates more clearly, we listed the results of
full models for three subsamples in online supplementary
table S5. We found that the effects of most covariates were
consistent across three subsamples.

In addition to explore the association of the same
chronic condition between participants and their house-
hold members, the results of different chronic conditions
indicated that there was positive association between hyper-
tension and diabetes. This association was seen in all three
subsamples. The mechanisms and pathways could not be
concluded in our study, but certain previous studies might
provide some hypotheses. The hypertension and diabetes
are the syndromes of metabolic syndrome (MetS). Some
risk factors for MetS, such as lifestyle, diet, family disease
history, environment, might be the cofactors for the preva-
lence of hypertension and diabetes.”™ However, the exact
mechanisms should need further investigation.

Although the aim of our study is not to investigate
certain specific risk factors for the prevalence of chronic
conditions, the quantitative assessment showed the
concordance of chronic conditions within households.
We suggested that individuals whose household members
had certain chronic conditions should pay more atten-
tion to their health status. Health education about
chronic diseases and breaking some potential unhealthy
behaviours might help reduce the prevalence rates of
chronic conditions among those individuals. Moreover,
regular health examination (eg, measurement of blood
pressure and weight) would be helpful for residents to
monitor their own health status. Shanghai is the biggest
and most developed city in China, and lends the devel-
opment trend. Some researchers indicated that Shanghai
Chronic Disease Self-Management Programme, the most
widely accepted self-management patient education
programmer worldwide, could improve participants’
health behaviour, self-efficacy and health status.”* Maybe
this programme could be modified and acceptable to
the healthy residents whose household members have
chronic conditions. Moreover, the chronic condition
concordance within households should also be given
special care in other regions of China, and the relevant
solutions should be worked out advanced. These would
be beneficial for controlling the prevalence rate of
chronic conditions and reducing the disease burden for
the country and among residents.

Our study had several potential limitations. First, the
definition and diagnosis of chronic condition for each
participant was based on his or her self-reported records.
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This might lead to the potential risk of under-reporting
and misreporting. However, this survey was part of the
NHSS and every investigator had undergone rigorous and
formal training. Previous research has shown the agree-
ment between biomedical and self-reported measure-
ments of certain chronic conditions in a Chinese national
community sample.** Therefore, the records of these
five chronic conditions would be reliable. Second, this
study was conducted in Shanghai and the results could
not represent the situation in other regions of China.
Nevertheless, it could draw the attention of the public
and health management departments to this problem.
Third, our study could neither estimate the risk of new
chronic conditions among household members nor
find out a certain significant risk factor. We only pointed
out the phenomenon that there were associations for
the prevalence of chronic conditions at the household
level. The mechanism and specific causes of cohabita-
tion effects on prevalence of chronic conditions could
not be presented by our study. These results suggested
that we better pay attention to the health status of the
health residents in the households with members with
chronic conditions. Fourth, this study is a cross-sectional
survey study, and several potential bias, such as recall
bias, confounding bias and reporting bias, might not be
completely avoided. The exclusion of households with
only one family member might also cause some selection
bias. To deal with the confounding bias, we conducted
the analyses using the adjusted GEE models with some
sociodemographic covariates.

CONCLUSIONS

In conclusion, our study indicated that one’s chronic
condition status was associated with the status of their
household members in the Shanghai, China. The results
of adult children and spouses subsamples were consistent
with those of all household members. Additionally, anal-
yses about different chronic conditions suggested possible
positive associations between hypertension and diabetes.
The mechanisms about these associations should be inves-
tigated by further research. However, the evidence about
the association of chronic conditions for the same house-
hold members suggests that people should pay more
attention to their health status, especially those whose
household members have chronic conditions. That might
reduce the prevalence and increase the early detection
rate about some chronic conditions.
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