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Abstract

Multimorbidity significantly impacts health, well-being, and the economy; there-
fore, exploring notable factors associated with multimorbidity across all age
groups is critical. For this investigation, we focused on the relationship between
four lifestyle factors and multimorbidity risk. We recruited 11,031 Chinese citizens
aged > 12 years from 31 provinces between July 2021 and September 2021 using a
quota sampling strategy to ensure that the socioeconomic characteristics (sex, age,
rural-urban distribution) of those participating in this research were representative
of national demographics. In the first stage, multivariable logistic regression models
were utilized as a means of investigating the relationship between lifestyle factors
and multimorbidity. Then, a multinomial logistic regression model was used with
the aim of examining the Healthy Lifestyle Profile (HLP) related to the number of
chronic diseases. Multivariable logistic regression models assessed the interaction
effects and joint association among the four lifestyle factors. Overall, 18% of the
participants had at least one disease, and 5.9% had multimorbidity. Approximately
two-thirds of the participants were physically inactive, 40% had consumed alcohol,
39% were underweight or overweight, and 20% were or had been smokers. Partici-
pants who maintained one HLP showed a 34% lower multimorbidity risk (adjusted
OR, 0.66; 95% CI, 0.48 to 0.92), while participants who maintained 4 HLP showed
a 73% lower multimorbidity risk (adjusted OR, 0.27; 95% CI, 0.17 to 0.43), as com-
pared to those who had 0 HLP. The joint association analysis revealed that partici-
pants with all four healthy lifestyle factors had 0.92 times lower odds of multimor-
bidity (95% CI: 0.90, 0.94) in comparison with the all-unhealthy reference cluster.
Notably, individuals with a combination of healthy smoking status and healthy body
weight had the highest minimized odds of multimorbidity (OR: [0.92], 95% CI:
0.91, 0.94). Common lifestyle habits, alone or in combination, are associated with
multimorbidity risk. This study provides insights for public health programs to pro-
mote a healthy lifestyle at a younger age and to alleviate multimorbidity risk in older
people.
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Abbreviations

HLP Healthy Lifestyle Profile

NCDs Non-communicable Diseases

BMI Body Mass Index

IPAQ International Physical Activity Questionnaire
MET  Expenditure of metabolic equivalent

COPD  Chronic Obstructive Pulmonary Disease

OR Odds Ratio

CI Confidence Intervals

Introduction

Multimorbidity, when at least two chronic conditions are simultaneously present in
an individual, is a major challenge for global public health (Salisbury, 2012). For
China, a developing country, the presence of multimorbidity undoubtedly increases
the burden on the economy (La et al., 2022) and healthcare systems (H. H. Wang,
2014). The combination of multiple diseases can lead to poorer health (Lujic et al.,
2022; Q. Zhang et al., 2022; Y. Zhang et al., 2020), lower life quality (Fortin et al.,
2004; Makovski et al., 2019), and higher mortality risk (Emerging Risk Factors Col-
laboration et al., 2015; Rocca et al., 2021). However, chronic disease presence rises
dramatically as people get older (Haug et al., 2020), and diseases tend to cluster
(Wikstrom et al., 2015, pp. 1982-2012). Therefore, most studies on multimorbid-
ity focus on older adults. However, multimorbidity is very common and affects
many people <65 years of age. Some reports suggest that the absolute number of
people < 65 years of age with multiple diseases is higher (Barnett et al., 2012) than
that of the older population (> 65 years of age). Moreover, the all-cause mortality
and hospitalization rates of the middle-aged population are higher than those of
the older population (Jani et al., 2019; Lai et al., 2019). Therefore, the prevalence
of multimorbidity across different age groups and the associated factors should be
characterized. While there is certainly an influence of quantifiable aspects, such as
socio-economic status (Pathirana & Jackson, 2018), environmental pollution (Divo
et al., 2014), and genetics (Malecki et al., 2020), is key to consider, it is similarly
important to acknowledge what role elusive elements have to play, especially when
trying to acutely comprehend how multimorbidity risk affects people of different
demographics with unique lifestyles so that effective strategies can be formulated
(Espeland et al., 2020; Fortin et al., 2014; Wikstrom et al., 2015).

Focusing more specifically on lifestyle characteristics, the 2013-2020 Global
Action Plan for the Prevention and Control of Non-communicable Diseases, also
known as NCDs, from the World Health Organization (WHO) can be referenced
to determine how impactful behaviors like smoking, drinking alcohol, maintain a
healthy diet, and exercising are within this context, as these facets are pinpointed
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as the four most important (World Health Organization, 2013, pp. 2013-2020). It
has been supported by other academics that people who smoke are far more likely
to suffer from multiple chronic diseases (Ng et al., 2020; Tommola et al., 2019).
In India, middle-aged women who drink alcohol are significantly more likely
(18%) to suffer from multimorbidity than their counterparts (Mishra et al., 2021).
Moreover, the risk of multimorbidity in people with obesity is five times that in
people with a normal body mass index (BMI) (Kivimaéki et al., 2022). However,
the prevalence of a good lifestyle among Chinese adults is extremely low (Zhu
et al., 2019).

In contrast to the unchangeable factors, lifestyle characteristics are subject to
change over time. Nearly half of the population has reduced the frequency of their
physical activity compared to ten years ago (Picavet et al., 2011). People’s life-
styles, in terms of BMI, alcohol consumption, and smoking, have changed over a
thirty-year measurement period (Schermer et al., 2022). Individual lifestyles are
also associated with societal development (H.-L. Yang et al., 2022). In China, the
increase in the rate of urbanization has led to a decrease in activity and a signifi-
cant increase in the BMI of the population in urban areas (Hou et al., 2019). How-
ever, the variability in lifestyle habits gives more people control their lives and
health. Adults who change their unhealthy lifestyle are 35% less likely to develop
cardiovascular disease and 40% less likely to die (King et al., 2007). In addition,
adverse factors due to multimorbidity tend to accumulate with age (de Almeida
et al., 2020). Thus, the increasing prevalence of multimorbidity in old age may
be managed with healthy habits and early changes in adverse habits earlier in life.
The trend of multimorbidity prevalence in sub-Saharan Africa has been proposed
to be preventable by early changes in modifiable factors, including BMI (Alkhatib
et al., 2021). Furthermore, chronic diseases can be prevented to reduce the inci-
dence of multimorbidity. Prevention-based approaches usually focus on estab-
lished risk factors, including smoking and alcohol consumption (NHS England,
2014). Thus, a combination of preventive lifestyle changes has also been proposed
to be useful in preventing chronic diseases (Fortin et al., 2014; Krokstad et al.,
2017). The morbidity of many NCDs, such as cardiovascular diseases (Odegaard
et al., 2011), obesity (Matheson et al., 2012), cancer (Sasazuki et al., 2012), and
stroke (Chiuve et al., 2008), has been reported to decrease with the accumulation
of healthy lifestyles.

However, few studies have evaluated the relationship between the accumulation
of multiple lifestyles and the prevalence of comorbidities in various age groups
in China. Previous studies conducted in China have focused on middle-aged and
elderly populations (Shao et al., 2021; Sun et al., 2021; S. Wang et al., 2017) or
limited the scope of multimorbidity to cardiometabolic diseases (W. Chen et al.,
2023; Han et al., 2021; Li et al., 2022). In this nationally representative study,
we aimed to investigate what relationship there is between four lifestyle aspects
(physical activity level, alcohol consumption, smoking history, and BMI) and
the multimorbidity risk among 11,031 Chinese individuals aged > 12 years. We
hypothesise that there is a negative association between healthy lifestyles and the
risk of multimorbidity.
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Material and Methods
Study design and population

This survey is cross-sectional, seeking to recruit members of the Chinese population
from across the country’s 31 provinces, with a multistage, stratified cluster sampling
from July 2021 to September 2021. Firstly, in 31 participating provinces, one capi-
tal city and two to six non-capital cities were chosen through the random number
table method, and 120 cities were chosen. Then, within each city, individuals were
selected using a quota sampling strategy to ensure that socioeconomic characteris-
tics (sex, age, and rural-urban distribution) of the study population were comparable
to national population characteristics. Finally, a minimum of one trained investiga-
tive team was recruited from each city to collect 100-200 questionnaires via direct
interaction. Uniform training was provided to the survey teams to ensure methodo-
logical uniformity and high-quality data collection. Investigators utilize online sur-
vey platforms to distribute questionnaires directly to the public within their desig-
nated areas, either through one-on-one sessions or face-to-face interactions. The
population included was > 12 years of age at enrollment, without mobility problems
or mental abnormalities, resulting in 11,031 valid participants. To ensure the quality
of responses, particularly from young adolescents or elderly respondents, investiga-
tors ensured informed consent was obtained before participation, and they were also
tasked with recording the identifiers of the questionnaires. In scenarios where partic-
ipants demonstrated the ability for verbal communication but were physically unable
to engage with the survey instrument, investigators conducted individual interviews
to record the responses on their behalf.

The questionnaire included the following facets: demographic information, a
short-form Family Health Scale, and a 10-item Big Five Inventory.

Assessment of lifestyle

Modifiable lifestyle elements were smoking history, alcohol consumption, BMI, and
physical activity levels. We asked participants about whether they currently smoke,
used to smoke, or have never smoked, falling into categories of current smoker, ex-
smoker, and non-smoker. Alcohol consumption was categorized according to fre-
quency, type, and dosage as either light, heavy, or non-drinker. Nondrinkers com-
prised individuals who had not consumed any alcohol over the last year. Current
light drinkers were males who consumed <25 g of alcohol per day or females who
consumed < 15 g of alcohol per day in the past year. Current heavy drinkers were
defined as males who consumed>25 g per day or females who consumed> 15 g
per day in the past year. BMI was determined via self-reported weight (kg)/height
(m)? and was categorized into underweight (< 18.5 kg/m?), normal (18.5-24.0 kg/
m?), and overweight/obese (>24.0 kg/m?), based on Chinese criteria. Physi-
cal activity was determined by utilizing questions obtained from the International
Physical Activity Questionnaire (IPAQ) (Craig et al., 2003). More specifically, we
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investigated physical activity by asking about the hours participants spent each week
engaging in moderate-to-vigorous behaviors (such as swimming, cycling, and body-
building). The expenditure of metabolic equivalent (MET) hours each week was also
added (Supplemental File 1). We grouped total MET (h/week) in tertiles and catego-
rized it as inactivity (<9.75 MET-h/week), median (9.75-26.25 MET-h/week), and
activity (>26.25 MET-h/week).

These four lifestyle factors were summarized to calculate a Healthy Lifestyle Pro-
file (HLP) ranging from O (none) to 4 (all). A higher HLP indicated healthier lifestyle
behaviors. Healthy smoking status in this study was coded as O if the respondent
reported their status as an “ex-smoker” or “current smoker” and 1 if they reported
their status as “non-smoker”. Healthy alcohol consumption was coded as “0” if the
respondent reported their status as “current light drinker” or “current heavy drinker”
(i.e., ever drinker) and 1 if they reported their status as “non-drinker”. Healthy BMI
was coded as “0” if the BMI was “ < 18.5 kg/m?” or “>24 kg/m®” (i.e., underweight/
overweight) and 1 if the BMI was “18.5-24.0 kg/m*” (i.e., normal). Healthy physi-
cal activity was categorized as inactivity (coded 0) and activity (coded 1) based on
the median MET (<20.3 MET-h/week [median of total physical activity for every
participant]).

Multimorbidity

Multimorbidity was defined as living with two or more chronic conditions. This
study collected self-reported medical history based on the physician’s diagnosis.
Participants were asked, ‘Have you been diagnosed with any of the following dis-
eases?” with respect to 20 common conditions in Chinese people, including hyper-
tension, asthma, dyslipidemia, chronic enteritis, thrombus, stroke, chronic gastritis,
coronary heart disease, lumbar disc herniation, diabetes, neoplasms, chronic kidney
disease, emotional disorders, osteoporosis, Parkinson’s disease, fatty liver disease,
Alzheimer’s disease, Chronic Obstructive Pulmonary Disease (COPD), thyroid dis-
ease, and viral hepatitis. Individuals with two or more of these 20 diseases were
classified as having multimorbidity.

Covariates

Other covariates included in the study were demographic characteristics: age (<30,
3145, 46-60,>60 years), sex (female/male), residence (rural/urban areas), and
ethnicity (Han/others); socioeconomic factors: educational achievement (no formal
school/primary school, middle school, secondary school, college/university, gradu-
ate), monthly income (<3000, 3001-4500, 4501-7500, > 7500 Chinese Yuan), and
health insurance (no/yes)).

Statistical analysis

We calculated the frequencies and percentages for descriptive analyses. Multi-
morbidity presence as well as chronic disease number (no disease, 1 disease,
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2 diseases, >3 diseases) for every healthy lifestyle profile (0 to 4 range) were
determined through percentages alongside 95% confidence intervals (Cls) with
reference to the overall populous. Distinctions in the prevalence of healthy life-
style profiles between different variables, including multimorbidity, were con-
trasted via the chi-squared test.

A three-stage regression analysis was conducted. To start, multivariable
logistic regression models were used as a means of examining the relationship
between single lifestyle aspects and multimorbidity (yes/no). Three logistic mod-
els were fitted: (i) unadjusted, (ii) adjusted for age and sex, and (iii) adjusted for
age, sex, residence, education, income, insurance, and ethnicity. Second, the cor-
relates of HLP with multimorbidity (yes/no) were analyzed using multivariate
logistic regression. Third, a multinomial logit regression model was used with the
aim of examining the relationship between HLP and the chronic diseases number
(no disease, one disease, two diseases, and > three diseases). The ‘no disease’ cat-
egory was the reference group.

To demonstrate potential interaction effects among these four lifestyle factors
and show which combination generates the best performance in reducing odds of
multimorbidity, joint associations of double lifestyle factors and all four lifestyle
factors and multimorbidity were assessed using multivariable logistic regression
models, adjusted for sex, age, residence, education, income, insurance status, and
ethnicity.

To explore the differential association of HLP with multimorbidity in the pop-
ulation groups, we performed subgroup analyses stratified by age and residence
using multivariate regression analyses. Findings are reported as odds ratios (OR)
and 95% ClIs. The estimates could be determined as statistically notable if the
P-values were lower than 0.05. All evaluations were conducted through R soft-
ware (version 4.2.1).

Results

Overall, 11,031 participants aged>12 years from 31 provinces were included.
(Table 1) The demographic, socioeconomic, lifestyle, and morbidity attributes of
all participants according to the HLP score categories are presented in Table 1.
Most of the participants were <60 years of age: 42% of the total study population
were < 30 years old, 27% were 31-45 years old, 20% were 46—60 years old, and 10%
were > 60 years of age. Approximately two-thirds of the participants were physically
inactive, 40% had ever consumed alcohol, 39% were underweight or overweight, and
20% were ever smokers. At baseline, 475 (4%) participants had no healthy lifestyle,
1604 (15%) had one HLP, 3553 (32%) had two HLP, 4098 (37%) had three HLP,
and 1301 (12%) had four HLP. Overall, 18% of the study population had at least one
disease, and 5.9% had multimorbidity. Multimorbid participants had a higher preva-
lence of unhealthy lifestyles than participants who did not have multimorbidity. Par-
ticipants with >2 HLP were more likely to be younger, female, have higher monthly
income and have higher education as compared to participants with 0—2 HLP.
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Associations of single lifestyle and HLP with multimorbidity

All four lifestyle factors had independent and statistically significant associations with
multimorbidity risk. (Table 2) Current heavy drinkers had a strong positive associa-
tion with multimorbidity with an adjusted OR of 3.00 (95% CI, 2.10 to 4.27). Current
light drinkers also had a positive association with multimorbidity with an adjusted
OR of 1.29 (95% CI, 1.06 to 1.57). In comparison to never-smokers, current smokers
and ex-smokers both had a 1.5 times higher risk of multimorbidity. Compared to par-
ticipants with normal BMI, underweight participants were positively associated with
multimorbidity with an adjusted OR of 1.42 (95% CI, 1.07 to 1.90).

HLP has a strong inverse association with the risk of multimorbidity. Participants
with 1 HLP had a 34% lower multimorbidity risk (adjusted OR, 0.66; 95% CI, 0.48
to 0.92), participants with 2 HLP had a 55% lower multimorbidity risk (adjusted

Table 2 Association between single lifestyle factors, healthy lifestyle profile and multimorbidity

Lifestyle factor Unadjusted model 1 Adjusted model 2 # Adjusted model 3 °

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Alcohol consumption status

Never drinker Reference Reference Reference
Current light 1.11 (0.94-1.31) 0.226 1.27 (1.05-1.55) 0.014 1.29 (1.06-1.57) 0.010
drinker

Current heavy 3.53(2.59-4.82) <0.001 2.98 (2.10-4.24) <0.001 3.00 (2.10-4.27) <0.001
drinker

Smoking status

Non-smoker Reference Reference Reference

Current smoker 2.10(1.71-2.58)  <0.001 1.52(1.18-1.96) 0.001 1.50 (1.16-1.95) 0.002

Ex-smoker 3.49 (2.80-4.37) <0.001 1.50(1.15-1.97) 0.003 1.50 (1.14-1.97) 0.003

Physical activity status

Activity Reference Reference Reference

Median 1.62 (1.31-2.01) 0.011 1.22(0.97-1.53) 0.086 1.15(0.92-1.45) 0.224

Inactivity 2.05(1.66-2.52) <0.001 1.33(1.07-1.67) 0.012 1.23 (0.98-1.55) 0.077

BMI

Underweight 1.05 (0.81-1.37) 0.710 1.45(1.09-1.93) 0.010 1.42 (1.07-1.90) 0.017

Normal Reference Reference Reference

Overweight/ 2.48(2.09-2.94) <0.001 2.14 (1.78-2.57) <0.001 2.13 (1.77-2.56) <0.001
obesity

Healthy lifestyle profile

Reference Reference Reference

0.61 (0.45-0.82) 0.001 0.67 (0.49-0.93) 0.016 0.66 (0.48-0.92) 0.013
0.37 (0.28-0.49) <0.001 0.45(0.33-0.62) <0.001 0.45(0.32-0.62) <0.001
0.22 (0.16-0.30) <0.001 0.30(0.21-0.42) <0.001 0.30 (0.21-0.43) <0.001
0.14 (0.09-0.22)  <0.001 0.25(0.16-0.40) <0.001 0.27 (0.17-0.43) <0.001

A LW NN = O

% Adjusted for sex and age

b Adjusted for variables in model 1 plus residence, education, income, insurance, and ethnicity
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OR, 0.45; 95% CI, 0.32 to 0.62), participants with 3 HLP had a 70% lower multi-
morbidity risk (adjusted OR, 0.30; 95% CI, 0.21 to 0.43), and those with 4 HLP had
a 73% lower multimorbidity risk (adjusted OR, 0.27; 95% CI, 0.17 to 0.43), com-
pared to those with 0 HLP. (Table 3).

Associations of HLP with the number of chronic diseases

Table 3 reveals an inverse dose—response dynamic between the HLP and chronic dis-
ease numbers. The risk of having two diseases was 35% lower for the 1 HLP group
(OR 0.65, 95% CI 0.44 to 0.96), 54% lower in the 2 HLP groups (OR 0.44, 95% CI
0.29 to 0.64), 75% lower in the 3 HLP groups (OR 0.25, 95% CI 0.17 to 0.38), and
78% lower in the 4 HLP groups (OR 0.22, 95% CI 0.13 to 0.39), compared to the 0
HLP group in the fully adjusted model. Moreover, the risk of having more than three
chronic diseases was 54% lower in the 1 HLP group, 76% lower in the 2 HLP group,
84% lower in the 3 HLP group, and 87% lower for the 4 HLP group, in comparison
with the O HLP group. Stratified results align with the main findings, indicating an
inverse relationship between HLP and multimorbidity risk, most notably in individ-
uals under 60 and urban residents with four HLPs (Figs. 1 and 2).

Joint Associations of Lifestyle Factors

Extending the analysis to encompass all four lifestyle behaviors, a composite of all
healthy behaviors was significantly related to reduced multimorbidity risk (OR: 0.92;
95% CI: 0.90, 0.94), as presented in Fig. 3. The most marked protective effect was
observed in individuals who maintained healthy drinking habits and physical activ-
ity levels despite unhealthy smoking and body weight (U.H.H.U), corresponding to
an OR of 0.91 (95% CI: 0.86, 0.96). Furthermore, even in the presence of unhealthy
smoking, drinking, and physical activity, healthy body weight alone (U.U.U.H) was
related to reduced multimorbidity risk (OR: 0.92; 95% CI: 0.89, 0.94), indicating the
considerable impact of maintaining healthy body weight.

The joint association analysis, examining the interplay between pairs of life-
style factors, demonstrated that participants adhering to two healthy behaviors
had lower odds of multimorbidity when contrasted with those engaging in two
unhealthy behaviors. For instance, individuals who neither smoked nor drank had a
4% decrease in multimorbidity risk (OR: 0.96; 95% CI: 0.95, 0.98) relative to their
counterparts with both risk factors (Panels A, Fig. 4). Moreover, those who were
nonsmokers and maintained a normal weight showed an OR of 0.92 (95% CI: 0.91,
0.94), suggesting a more substantial reduction in odds compared to the reference
group. Notably, maintaining a normal body weight appeared to be a significant pro-
tective factor across various combinations, as seen in Panels C, E, and F (Fig. 4).

Associations of HLP with multimorbidity, stratified by age and region

Figure 1 represents the age-stratified odds of multimorbidity for individuals with
different HLPs. For participants aged <60 years, a greater number of HLP was
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AGE Healthy lifestyle profile adj. OR(95%CI) P(Wald's test) P(LR-test)
<30 years 0 Reference 0.018
1 L 0.39 (0.1,1.57) 0.186
2 —a— 0.22 (0.06,0.83) 0.026
3 L 2 0.14 (0.04,0.52) 0.004
4 0.09 (0.02,0.48) 0.005
31-45 years 0 Reference <0.001
1 s 0.60 (0.30,1.18) 0.141
2 1 0.36(0.18,0.73) 0.004
3 0.13 (0.06,0.30) <0.001
4 0.16 (0.06,0.43) <0.001
46-60 years 0 Reference <0.001
1 0.63 (0.40,1.00) 0.051
2 0.44 (0.27,0.71) <0.001
3 A 4 0.22(0.12,0.38) <0.001
4 4 0.28 (0.13,0.59) <0.001
>60 years 0 Reference 0.457
1 0.91(0.5,1.67) 0.770
2 0.70 (0.39,1.26) 0.235
3 r 1 0.69 (0.38,1.26) 0.226
4 p——— 0.58 (0.25.,1.35) 0.205

0.0

0.5

1.0

1.5 2.0

Fig. 1 Relationship of multimorbidity with healthy lifestyle profile, stratified by age categories. Adjusted
for sex, residence, education, income, insurance, and ethnicity. Color shoud be used for this figure in

print

Region Healthy lifestyle profile adj. OR(95%CI) P(Wald's test) P(LR-test)

0 Reference 0.120
1 - 0.74 (0.41,1.32) 0.305

Rural 2 0.51 (0.29,0.90) 0.021
3 e 0.53 (0.29,0.96) 0.037
4 e 0.40 (0.17,0.97) 0.043

Urban 0 Reference <0.001
1 0.61 (0.41,0.9) 0.013
2 0.41 (0.28,0.61) <0.001
3 0.22 (0.14,0.34) <0.001
4 = 0.22 (0.12,0.37) <0.001

0?0 015 1.0 1.‘5

Fig.2 Relationship of multimorbidity with healthy lifestyle profile, stratified by region. Adjusted for age,
sex, education, income, insurance, and ethnicity. Color shoud be used for this figure in print

related to decreased multimorbidity risk. Participants aged <30 years with 4 HLP
had the lowest risk of multimorbidity (OR 0.09 (95% 0.02, 0.48). For participants
aged > 60 years, no statistically notable relationship between lifestyle and multimor-
bidity could be distinguished.

Figure 2 represents the association between HLP and the risk of multimorbid-
ity when stratified by region. Regardless of region, HLP was inversely associated

@ Springer



Association of Lifestyle Factors with Multimorbidity Risk... 1425

HHHU 0.92 (0.90, 0.95)
HH.UH 0.92 (0.90, 0.94)
number
1
[ORY
o
3
B s
HUUH 0.93 (0.91,0.95) . 2
3
HUHU 0.94 (0.91,0.97) .
H -
HH.UU 094 091,006) [ 5
6
UUUH 0.92 (0.89, 0.94) u
H -
UUHU Hﬁ 100097, 103 |4 8
H -
UHUU - 1.02 (0.98, 1.06)
HU.UU —_ 0.96 (0.93, 0.98)

All Unhealthy (Ref) 1.00

o--e-

0.90 0.95
Odds Ratio (95% CI)

3
o
&

Joint Healthy Lifestyle Factors: Smoking, Drinking, Physical Activity, Body Weight

Fig. 3 Joint association of all healthy lifestyle factors and multimorbidity. Models adjusted for sex, age,
residence, education, income, insurance, and ethnicity. Notation: "H’ represents Healthy and *U’ repre-
sents Unhealthy across lifestyle factors. In the sequence "H.H.H.H’ to “U.U.U.U”, each position corre-
sponds to a specific lifestyle factor—Ist to Smoking, 2nd to Drinking, 3rd to Physical Activity, and 4th
to Body Weight. For instance, "H.H.H.U’ indicates an individual who does not smoke (Healthy), does
not drink (Healthy), engages in physical activity (Healthy), but is underweight/overweight (Unhealthy).
Color shoud be used for this figure in print

with multimorbidity. The protective effects of healthier HLP were greater among
participants from urban areas compared to those from rural areas. For example, par-
ticipants living in urban areas with 4 HLP had the smallest multimorbidity risk (OR
0.22,95% CI10.12, 0.37). Among participants living in rural areas, those with 4 HLP
had a 60% lower multimorbidity risk (odds ratio [OR] 0.40, 95% CI 0.17: 0.97).

Discussion

This study evaluated the relationship between four lifestyle characteristics (physical
activity level, alcohol consumption, smoking history, and BMI) and multimorbidity
risk. According to research, ours is the initial investigation in China with the aim
of analyzing how lifestyle impacts the risk of multimorbidity in age groups rang-
ing from under 18 to over 80 years. The results of this study indicate that common
lifestyle habits, either alone or in combination, are associated with the risk of mul-
timorbidity. We found a dose-response association between the number of healthy
lifestyles and multimorbidity risk, which persisted significantly after adjusting for
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A. Smoking, Drinking B. Smoking, Physical Activity
Nonsmoker & Nondrinker —- 0.96(0.95,098) Nonsmoker & Current exercise —- 0.95 (0.95, 0.98)
1 "
: 0.99(0.97, 1.01) Current exercise ———e——— 099(0.97,1.01)
] \
0.98 (0.96, 0.99) Nonsmoker —_— 0.97 (0.96, 0.99)
Both Unhealthy . Reference Both Unhealthy . Reference
095 0.96 0.97 0.98 099 1.00 1.010dds Ratio (95% Cl) 0.95 0.96 0.97 0.98 0.99 1.00 1.010dds Ratio (95% CI)
C. Smoking, Body Weight D. Drinking, Physical Activity
Nonsmoker & Normal Weight —_ 092(0.91,094)  Nondrinker & Current exercise —- 0.97 (0.96, 0.99)
Normal Weight ——e— ! 0.93(0.91,0.94) Current exercise ——————— 0.99(0.98, 1.00)
\ \
Nonsmoker —— 0.94 (0.93, 0.96) Nondrinker — 0.98 (0.97, 0.99)
Both Unhealthy o Reference Both Unhealthy e Reference
0925 0950 0975 1.00 Odds Ratio (95% CI) 096 097 098 099 100 Odds Ratio(95% Cl)
E. Drinking, Body Weight F. Physical Activity, Body Weight
Nondrinker & Normal Weight —_ 0.95(0.93,0.96)  Current exercise & Normal Weight —- 0.96 (0.95, 0.97)
1 1
Normal Weight ~— ——e—— | 0.95(0.94,0.97) Normal Weight ~ ——e=== | 0.96 (0.95,0.97)
\ ]
Nondrinker B 0.97 (0.95,0.98) Current exercise ——e—— 0.98(0.97,1.00)
| i
Both Unhealthy ® Reference Both Unhealthy ® Reference
i i
i i
094 096 098 1.00 Odds Ratio (95% CI) 0.95 0.96 0.97 0.98 0.99 1.00 Odds Ratio (95% CI)

Fig. 4 Joint association of double healthy lifestyle factors and multimorbidity. Adjusted for sex, age, resi-
dence, education, income, insurance, and ethnicity. Color shoud be used for this figure in print

demographic factors. Individuals who followed four healthy lifestyles had an 86%
lower risk of multimorbidity than those who did not. Within this group, those with
four healthy lifestyles had an 87% lower risk of developing three diseases than those
with zero. Overall, the risk of multimorbidity was lower for participants with several
healthy lifestyles than for those with no healthy lifestyles, and the risk of multimor-
bidity was reduced with an increasing number of healthy lifestyles, regardless of the
number of diseases.

In a large cohort from seven European nations, a healthy lifestyle, according
to the HLP score, was clearly related to the risk of multimorbidity for cancer
and cardiometabolic diseases (Freisling et al., 2020). Findings from the Finnish
25-64-year-old cohort revealed that smoking, a lack of physical activity, and a
high BMI are unhealthy lifestyles that predispose the intact population to mul-
timorbidity (Wikstrom et al., 2015, pp. 1982-2012). Similarly, in a Japanese
40-79-year-old population-based large-scale prospective study, the number of
healthy lifestyle behaviors had a strong inverse association with death from coro-
nary heart disease, total cardiovascular disease, and stroke (Eguchi et al., 2012).
The results from the West of Scotland Twenty-07 Cohort Study demonstrated that
five lifestyle factors (diet, BMI, physical activity, alcohol, and smoking) were
effective in predicting the development of multimorbidity (Katikireddi et al.,
2017). Cross-sectional data from Canada revealed that obesity and sedentary life-
styles increase the risk of multimorbidity (Geda et al., 2021). Similar to the above
studies, we focused on the relationship between multiple lifestyles and the preva-
lence of multimorbidity in China. However, in our study, in addition to the above-
mentioned cancers, cardiometabolic diseases, stroke, coronary heart disease, and
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diabetes, we increased the number of chronic diseases assessed to more than 20,
among which also included mental diseases such as emotional disorders besides
chronic diseases in the physical level. The age range of the study population was
extended from under 18 to over 80 years. Most importantly, our study was strat-
ified based on all age groups to analyze the relationship between lifestyle and
the risk of multimorbidity in all age groups. We found that the healthier life-
style developed at a young age was associated with a lower risk of comorbidity.
Thus, the incorporation of a healthy lifestyle earlier in life would have a greater
impact on people’s health. For older adults, aging (Fortin et al., 2005), weak-
ness in physical function, and other factors, such as healthcare utilization, have a
greater impact on the risk of multimorbidity than lifestyle factors. As compared
with other potential factors associated with the risk of multimorbidity, includ-
ing genetic factors and environment (e.g., socioeconomic status), lifestyle is more
feasible to change at an early age. Although this study focuses primarily on the
improvement of healthy lifestyles for physical diseases, it has also been shown
that there is a positive association between different dimensions of mental health
and well-being (Hautekiet et al., 2022). This study revealed that early interven-
tion would have a significant impact on reducing the risk of multimorbidity. This
work also characterizes the effect of age- and lifestyle-related factors on multi-
morbidity and, thus, provides potential direction for future research.

In addition to age stratification, place of residence was also used for stratifica-
tion. The relationship between a healthy lifestyle and reduced multimorbidity risk
was stronger in urban areas than in rural areas. It is well known that an individual’s
living environment affects their health (Marmot et al., 2008). An Algerian study on
urban-rural lifestyle risk factor differences revealed that the lifestyle risk factors are
not isolated, and their prevalence varies according to living areas (Kerkadi et al.,
2021). First, the difficulty of urban residents in adopting healthy lifestyle habits may
have contributed to our findings, which are supported by an Indonesian investiga-
tion that portrayed how urban residents are considerably more vulnerable than their
rural counterparts in terms of disease (Hussain et al., 2015). Reasons behind this on
an international scale can be attributed to how urban areas are typically more pol-
luted, meaning that health outcomes for locals are considerably disrupted (Bridge,
2012). Alongside this, those in rural communities typically engage in physical labor
to a greater extent than urban citizens, which is one of the factors that contribute
to lower obesity rates for the former demographic as well as lower vulnerability
to NCDs (Singh et al., 2011; van Zyl et al., 2020). To focus specifically on China,
which is the selected location for our study, it has been proposed that those living in
urban areas are more likely to develop multimorbidity in contrast with those in rural
areas (Fan et al., 2022; Yi et al., 2019). Meanwhile, the prevalence of diabetes and
dyslipidemia in urban areas as compared to rural China was 3.2% (S. H. Yang et al.,
2010) and 8.8% (Pan et al., 2016) higher, respectively, and the prevalence of cancers
such as breast, thyroid, lip, kidney, oral cavity, colon, prostrate, and pharynx, was
also higher in urban areas (Yuan & Xie, 2021). Even so, there is a lack of dedi-
cated investigations in China that have sought to investigate the dynamic between
multiple lifestyles and multimorbidity risk with a region of residence for stratifica-
tion. The mechanisms underlying this difference based on region are not yet clear
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and require further research. Regardless of the specific relevance, the promotion of a
healthy lifestyle for people living in urban areas, especially those with multimorbid-
ity, should be advocated.

The study examined the interplay between the four elements — BMI, alco-
hol consumption, physical activity, and smoking—and was concerned about their
interaction effect on multimorbidity. Compared to the reference group with all four
unhealthy factors, either all four or three of these factors are in a healthy state; the
results reliably demonstrated a significant decrease in multimorbidity risk, with
average odds ratios dropping to as low as 0.92. Regardless of the health status of
smoking, alcohol consumption, and physical activity, normal body weight is heavily
connected to a reduction in multimorbidity risk. Furthermore, within the six com-
binations of these four factors, the results indicate that the risk of multimorbidity
is significantly reduced for all paired combinations of healthy lifestyles. Similarly,
the inclusion of normal body weight, whether in combination with other healthy or
unhealthy lifestyle factors, remains a significant protective factor against multimor-
bidity. In other words, maintaining a healthy body weight offers protection against
multimorbidity, and combinations that include a normal body weight have the best
performance in enhancing public health.

In the analysis of single factors, individuals with normal BMI also represent the
lowest risk of multimorbidity. According to the results of this study, those with a nor-
mal BMI are at a 48% lower risk of multimorbidity than people who are overweight or
underweight. For reference, normal weight was defined as between 18.5 and 24.9 kg/
m% A study in Canada with participants>12 years of age living in ten provinces
demonstrated that as BMI increased, the likelihood of multimorbidity increased sig-
nificantly (Geda et al., 2021). Furthermore, the prevalence of multimorbidity increased
with each BMI category, peaking in obese category III (Jovic et al., 2016). However,
the correlation between BMI and mortality was consistent with the U-shaped relation-
ship between BMI and the risk of multimorbidity in our study. In a large prospective
cohort study that lasted 32 years in the United States, the correlation between BMI and
mortality was lowest within the BMI range of 18.5-22.4 kg/m? when adjusted for all
four lifestyle factors—dietary habits, physical activity level, smoking habits, and alco-
hol consumption (Veronese et al., 2016). Few studies have evaluated the relationship
between being underweight and multimorbidity. A Swiss study of 12-year BMI trajec-
tories in older adults revealed a significant association between early weight loss and
rapid development of multimorbidity later in life (Calderén-Larrafiaga et al., 2021).
Weight loss is not only a manifestation of several chronic diseases (Vetrano et al., 2018;
von Haehling et al., 2017) but may also predict the prodromal phase of forthcoming
death (Alley et al., 2010; C. Chen et al., 2019). A longitudinal survey of the Taiwan-
ese ageing population also showed a significant positive association between being
underweight and depression (Chang & Yen, 2012). Meanwhile, an unhealthy lifestyle is
thought to impair the body’s repair function and accelerate aging, thus causing weight
loss (Veronese et al., 2016). Therefore, a lower BMI may be a marginal manifestation
of the remaining factors that lead to increased multimorbidity, which partly explains
our finding that normal weight is a protective factor against multimorbidity.

As expected, people who were currently exercising had a 45% lower risk of
developing multimorbidity than those who were not exercising. Previous studies
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have similarly demonstrated a notable negative relationship between physical activ-
ity levels and multimorbidity (Geda et al., 2021). However, physical activity is also
negatively correlated with mortality in individuals with multimorbidity (Chudasama
et al., 2019). Maintaining a high level of physical activity can help improve free
function and thus prevent or improve the symptoms of many age-related chronic
diseases (Duggal et al., 2019). Interestingly, individualized aerobic exercise train-
ing (Lo et al., 2020) and self-management plans (Khunti et al., 2021) can be used to
encourage people who reduce their usual exercise levels due to multimorbidity.

For alcohol consumption and smoking behavior, the risk of comorbidity was
reduced by 22% and 61% for non-drinkers and non-smokers, respectively. After
adjusting for demographic factors, the positive correlation between these two life-
style factors and the risk of multimorbidity remained significant. A study conducted
in Canada on modifiable lifestyle risk factors and their associations with the first
chronic disease revealed that compared to alcohol consumption, BMI, diet, and
physical inactivity, heavy cigarette smoking was strongly associated with the risk
of at least one of these chronic diseases (Ng et al., 2020). Smoking behavior was
also significantly associated with persistent unhealthy psychological states (Menassa
et al., 2023). A study from India on women aged 15-49 years revealed that smoking
and alcohol consumption increased their multimorbidity risk by 18% as compared to
their counterparts (Mishra et al., 2021).

Strengths and limitations

This is the primary nationally representative investigation that has explored the
dynamic between a healthy lifestyle profile and multimorbidity in Chinese people
from under 18 years to over 80 years. We also provide updated information to facili-
tate assessment and understanding of the health status of participants from different
age groups and regions. This study highlights the importance of healthy lifestyle
interventions to prevent multimorbidity as well as treatment programs for people in
resource-limited settings.

Our study has some limitations. First, smoking, alcohol consumption, physical
activity, BMI, and chronic diseases were measured based on self-reported question-
naires; therefore, measurement errors and recall bias may exist. Second, as this was a
cross-sectional and observational study, we could not analyze the causal relationship
between lifestyle and multimorbidity; thus, the relationships could be influenced by
reverse causation. Further prospective studies in the Chinese population are needed
as a means of assessing what impact a healthy lifestyle has on multimorbidity risk.
Third, we did not analyze different patterns of multimorbidity, considering only the
number of chronic diseases. However, most of our study population was younger
than 45 years, and the number of people with multimorbidity was relatively small
compared with previous studies. The largest comorbidity number in this study was
three; therefore, it was not suitable for cluster analysis. Fourth, we only considered
four common lifestyle factors, and other factors, including diet, sleep duration, and
other lifestyle factors, can be included in further analysis.
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Conclusions

In summary, our results revealed that a healthier smoking status, alcohol con-
sumption, physical activity, and BMI were associated with a reduced multimor-
bidity risk. We found a dose—response association between the number of healthy
lifestyles and multimorbidity risk. Individuals who followed four healthy lifestyle
profiles had an 86% lower risk of multimorbidity than those who did not. We
also found that the healthier the lifestyle the people develop at a younger age,
the lower the risk of multimorbidity. Overall, our findings identify health-related
factors that reduce multimorbidity and provide insights for the healthcare system
to design health-promoting programs. Future research is needed to determine an
effective approach for the whole population to advocate for a healthier lifestyle in
public health guidelines.
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