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Background Chronic physical conditions (e.g., heart diseases, diabetes) increase with population ageing, contributing
to psychological and cognitive multimorbidities. Yet, little is known about socioeconomic inequalities in this process.
We examined the associations between socioeconomic status (SES) and progression to psychological and cognitive
multimorbidities after onset of a physical condition.

Methods We used harmonized individual-level data from five prospective cohort studies across 24 countries in the
US, Europe and Asia, with repeated morbidity measurements between 2002 and 2021. Participants with at least
one new-onset physical conditions (hypertension, diabetes, heart diseases, stroke, chronic lung diseases, cancer, or
arthritis) were followed up for progression to physical-psychological multimorbidity, physical-cognitive
multimorbidity, and physical-psychological-cognitive multimorbidity. SES was determined based on educational
level and total household wealth at the onset of a physical condition. Time to and incidence rates of progressing
psychological and cognitive multimorbidities were estimated in analyses stratified by SES. Fine-Gray
subdistribution hazard models and multi-state models were used to estimate the associations between SES and
progression to psychological and cognitive multimorbidities.

Findings Among 20,250 participants aged >45 years (mean age at a physical condition onset 65.38 years, standard
deviation 8.37) with at least one new-onset physical conditions in the analysis, 7928 (39.2%) progressed to
psychological and cognitive multimorbidities during a median follow-up of 8.0 years (168,575 person-years). The
mean survival time free from physical-psychological-cognitive multimorbidity was 11.96 years (95% confidence
interval 11.57-12.34) in low SES individuals, compared to 15.52 years (15.40-15.63) in high SES individuals, with
the corresponding incidence rate of 18.44 (16.32-20.82) and 3.15 (2.48-4.01) per 1000 person-years, respectively.
The associations of education, household wealth and SES with multimorbidities followed a dose-dependent
relation, with subdistribution hazard ratios per decreasing SES category being 1.24 (1.19-1.29) for physical-
psychological multimorbidity, 1.47 (1.40-1.54) for physical-cognitive multimorbidity, and 1.84 (1.72-1.97) for
physical-psychological-cognitive multimorbidity. The strongest SES-multimorbidities associations were observed in
participants with arthritis, hypertension or diabetes. In multi-state models SES was linked to all five transitions
from physical condition to physical-psychological multimorbidity, physical-cognitive multimorbidity and physical-
psychological-cognitive multimorbidity.

Interpretation Socioeconomic inequalities are associated with the progression of a chronic physical condition, with
the lower SES groups had both an earlier time to and a higher incidence of psychological and cognitive multi-
morbidities. These findings underscore the need for more effective equity-oriented policies and healthcare practices
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to address reduced psychological wellness and cognitive maintenance among individuals with low SES and physical

conditions.
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Research in context

Evidence before this study
We searched PubMed, Web of Science and Google Scholar

from inception to February 1, 2024, using terms
“socioeconomic inequalities in health”, “health inequalities”,
“socioeconomic status”, “education”, “wealth”, “onset of
physical conditions”, “mental condition”, “psychological
condition”, “depression”, “cognitive performance”, “mental
and cognitive condition”, “psychological and cognitive
condition”, “physical and mental multimorbidity”, “physical
and psychological multimorbidity”, “physical and cognitive
multimorbidity”. Previous studies reported an ever-increasing
epidemic of chronic physical conditions worldwide, and their
disproportionate impacts on psychological or cognitive
conditions. A powerful predictor of ill health, socioeconomic
inequalities exist in the occurrence of physical, psychological
and cognitive conditions. However, there is still a lack of
evidence on the temporal progression to physical,
psychological and cognitive multimorbidities, and the extent
to which this progression is socially patterned. This study used
data from five prospective cohorts from the US, Europe and
Asia, aiming to examine the associations between
socioeconomic status (SES) and progression to psychological
and cognitive multimorbidities after onset of a physical
condition.

Introduction

With population aging and increased longevity, a greater
proportion of the population is living with chronic
physical conditions, such as cardiovascular diseases,
cancer, diabetes, and chronic lung diseases.”* Addition-
ally, as modern medicine, technology and public health
practices have advanced, more people are also surviving
long enough to develop multiple long-term health con-
ditions, known as multimorbidity.” These include both
later life psychological problems (e.g., depression) and
cognitive impairment.® For instance, a 13-year follow-up
study of 16,080 adults aged >50 years in European
countries found a dose-dependent relation between
chronic physical conditions and the risk of depression,” a
trend supported by a 4-year prospective study in China.?

Added value of this study

Our analysis represents the first evidence illustrating how
socioeconomic factors may influence the transitions from a
chronic physical condition to psychological multimorbidity,
cognitive multimorbidity, and multimorbidity including
physical, psychological, and cognitive disorders. Individuals
with lower educational level, lower total household wealth or
lower SES had an earlier time to and a higher incidence of
progressing psychological and cognitive multimorbidities. The
associations between education, total household wealth and
SES and progression to psychological and cognitive
multimorbidities followed a dose-response relation. When
specifying the temporal transitions from a physical condition
to psychological and cognitive multimorbidities, the dose-
dependent associations of SES were also observable.

Implications of all the available evidence

These findings strengthen the evidence of the far-reaching
health effects of social disadvantage and highlight that efforts
to address socioeconomic inequalities would not only reduce
the occurrence of psychological and cognitive outcomes
among patients with a physical condition, but also extend life
years free from such outcomes. In terms of public health, it is
important to address socioeconomic inequalities in order to
improve psychological and cognitive wellness among middle-
aged and older adults with a physical condition.

Another prospective study observed the higher risk of
depression and anxiety in those with physical multi-
morbidity.” Similarly, research from four Latin American
countries identified an inverse association between the
number of physical conditions and late-life cognition."
Furthermore, a 15-year follow-up involving over 23,000
adults in Europe revealed an association between phys-
ical multimorbidity—particularly hypercholesterolemia,
stroke, diabetes and osteoporosis—and an increased risk
of dementia."

Socioeconomic status (SES) is a powerful predictor of
ill health, with many risk factors being socially patterned.
These include environmental exposures, lifestyle factors,
cardiometabolic risks, life stress, access to health services,
safety behaviours (e.g., self-examination, participation in
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screening and vaccination), and adherence to medical
procedures.”»”* Consequently, accumulating evidence
suggests a socioeconomic gradient in the prevalence and
incidence of chronic conditions and multimorbidity. The
longitudinal Twenty-07 cohort study, for instance, found
that SES was a risk factor for multimorbidity comprising
physical, psychological and cognitive conditions, but
failed to differentiate them.”” A recent cross-sectional
analysis from our research team reported a higher prev-
alence of physical, psychological and cognitive multi-
morbidities among socioeconomically disadvantaged
individuals." SES was also found to influence down-
stream health outcomes, such as depression, hospitali-
zation, disability and mortality, in those with pre-existing
physical conditions.”*'® In a cross-sectional analysis of
women with uncontrolled hypertension, socioeconomic
deprivation was an important risk factor for depression."”
Longitudinal research suggests that the risk of depression
after the onset of long-term physical conditions is
particularly pronounced in individuals from low SES
groups,'® while socioeconomic inequalities in subsequent
cognitive impairment after physical conditions remain
unclear. Given the increasing prevalence of physical
conditions globally and their interrelationships with
psychological and cognitive conditions,'>” longitudinal
research is essential to determine the temporal progres-
sion to physical, psychological and cognitive multi-
morbidities. Additionally, it is important to assess how
this progression is socially patterned.

To facilitate a more comprehensive evaluation of
socioeconomic inequalities in progression to physical,
psychological and cognitive multimorbidities, we lever-
aged harmonized data of individuals with at least one
new-onset physical conditions from five prospective
cohorts across 24 countries. Our aim was to examine
whether SES is associated with the progression to psy-
chological and cognitive multimorbidities after onset of
a physical condition, such as hypertension, diabetes,
cardiovascular diseases, chronic lung diseases, cancer,
or arthritis. We hypothesized that: (1) lower SES is
associated with both an eatlier time to and a higher
incidence of psychological and cognitive multi-
morbidities; and (2) the associations between SES and
the risk of progressing psychological and cognitive
multimorbidities follow a dose-response relationship.

Methods

Study design and participants

This prospective multicohort study was in compliance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.
Individual-level data were pooled across 24 countries
(Supplementary Table S1) from five sister cohort studies
on ageing in the Global Aging, Health and Policy pro-
gram’: the US Health and Retirement Study (HRS,
2004-2021); the English Longitudinal Study on Ageing
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(ELSA, 2002-2019); the Survey of Health, Ageing and
Retirement in Europe (SHARE, 2004-2020); the China
Health and Retirement Longitudinal Study (CHARLS,
2011-2021); and the Korean Longitudinal Study of Ag-
ing (KLoSA, 2006-2021). These studies, collectively
known as HRS-family studies, follow similar protocols
and administer surveys every two or three years. They
cover nationally representative samples of middle-aged
and older adults. Additional details for each study have
been provided elsewhere.?>*

In the present analyses, seven self-reported physical
conditions were identified from the abovementioned
studies: hypertension, diabetes, cancer, chronic lung dis-
eases, heart diseases, stroke and arthritis (Supplementary
Table S2). We included middle-aged and older partici-
pants (=45 years) without abovementioned physical con-
ditions at recruitment; developing at least one of the
physical conditions before the last follow-up; and without
pre-existing psychological or cognitive conditions at the
onset of a physical condition. Individuals with missing
information of SES and the psychological or cognitive
conditions were excluded. Fig. 1 provides an overview of
the study design and the participant selection.

All participating studies were approved by Institu-
tional Review Boards and the respondents provided
written informed consent. Ethical approval was not
required for the analysis of the anonymized data.

Socioeconomic status

Since most middle-aged and older adults were retirees
and had no stable paid work, two indicators, including
educational level and total household wealth, were pri-
marily used to measure SES of participants, consistent
with our previous research.'*” Educational level was
harmonized into three levels: primary (scored 0), sec-
ondary (scored 1) and tertiary (scored 2), according to
study-specific categories. Total household wealth was
calculated at the onset of a physical condition, referring
to the sum of all wealth components (residence, busi-
ness, vehicles and saving account), excluding other debt
or loans. Total household wealth was divided into
quartiles in each study to allow cross-cohort harmoni-
zation, with scores from 0 to 3 representing the lowest
(quartile 1) to the highest (quartile 4). SES was estimated
by summing the scores of educational level and total
household wealth. We categorized SES into the
following four categories: low (scored 0), lower-middle
(scored 1 or 2), upper-middle (scored 3 or 4) and high
(scored 5). We also constructed SES using educational
level and total household income that was also divided
into quartiles in additional analyses.

Psychological and cognitive multimorbidities

The presence of psychological and cognitive conditions
after onset of a physical condition was ascertained by
two approaches: study-specific symptom-based assess-
ments and self-reported diagnosis.
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Exposures Outcomes

+ Educational level
« Total household wealth
«+ Socioeconomic status

« Physical-cognitive multimorbidity
« Physical-psychological-cognitive multimorbidity

« Physical-psychological multimorbidity 3

Enter the
cohorts
N

'Y 'Y
A4 A4 A4
No physical conditions Onset of a physical condition Progression to psychological
No psychological or cognitive conditions No psychological or cognitive conditions and cognitive multimorbidities

B

Number of participants aged 245 years recruited at baseline:
HRS: 20060 | ELSA: 12071 | SHARE: 91491 | CHARLS: 13805 | KLoSA: 6751

N=144178

N=76365
Excluding participants with no physical conditions onset before the last follow-up:
* HRS: 6637 | ELSA: 9195 | SHARE: 45569 | CHARLS: 10083 | KLoSA: 4881

N=41275
Excluding participants who had mental or cognitive conditions at the onset of a physical
condition:
« HRS: 5222 | ELSA: 1533 | SHARE: 30325 | CHARLS: 2870 | KLoSA: 1325

Number of participants aged 245 years with onset of a physical condition before the last follow-
up:
HRS: 8201 | ELSA: 1343 | SHARE: 15597 | CHARLS: 852 | KLoSA: 545

N=26538

N=434
Excluding participants with missing information of educational level and total household
wealth at the onset of a physical condition :
+ HRS: 3| ELSA: 164 | SHARE: 3 | CHARLS: 260 | KLoSA: 4

N=26104

Number of participants aged 245 years with onset of a physical condition before the last follow-
up and have information of educational level and total household wealth:
« HRS: 8198 | ELSA: 1179 | SHARE: 15594 | CHARLS: 592 | KLoSA: 541

N=5854
Excluding participants with missing information of mental or cognitive conditions during
follow-up:
+ HRS: 511 | ELSA: 150 | SHARE: 5093 | CHARLS: 65 | KLoSA: 35

Number of participants included in the final analysis:
HRS: 7687 | ELSA: 1029 | SHARE: 10501 | CHARLS: 527 | KLoSA: 506

N=20250

Fig. 1: The flowchart of the study design. (A) The study design and concept map. (B) The participants selection. HRS, the US Health and
Retirement Study; ELSA, the English Longitudinal Study on Ageing; SHARE, the Survey of Health, Ageing and Retirement in Europe; CHARLS,
the China Health and Retirement Longitudinal Study; KLoSA, the Korean Longitudinal Study of Aging.
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The assessments of psychological conditions
included the 8-item version of the Center of Epidemio-
logical Studies Depression Scale (CESD-8) in HRS and
ELSA, the 12-item version of the European—Depression
Scale (EUROD-12) in SHARE, and the 10-item version
of the Center of Epidemiological Studies Depression
Scale (CESD-10) In CHARLS and KLoSA.** In all five
studies participants were asked whether they have been
diagnosed with affective, emotional, nervous, or psy-
chiatric problems. Detailed descriptions of the ascer-
tainment of psychological conditions in each study are
provided in Supplementary Table S2.

In each study, the cognitive performance of partici-
pants was assessed through the following domains:
episodic memory (immediate and delayed word recall),
executive function (serial 7’s subtraction test), orienta-
tion (recall test of time, place and person), semantic
fluency (animal fluency test) and language (only in
KLoSA). The mean score of each domain was calculated
stratified by eight age groups (group 1: 45-49 years;
group 2: 50-54 years; group 3: 55-59 years; group 4:
60-64 years; group 5: 65-69 years; group 6: 70-74 years;
group 7: 75-79 years; group 8: >80 years) in the initially
recruited population.** The cognitive condition was
defined as scoring more than 1.5 standard deviation
(SD) below age group-specific means in at least one
cognitive domain.”> The self-reported diagnosis of
cognitive conditions (e.g., memory-related problems,
dementia and Alzheimer’s disease) was available in
HRS, ELSA, SHARE, and CHARLS, but not in KLoSA.
Detailed descriptions of the ascertainment of cognitive
conditions in each study are provided in Supplementary
Table S2.

The progression to psychological and cognitive multi-
morbidities was specified into physical-psychological
multimorbidity (PP-MM, only occurring the psychologi-
cal condition), physical-cognitive multimorbidity (PC-MM,
only occurring the cognitive condition) and physical-
psychological-cognitive multimorbidity (PPC-MM, occur-
ring both psychological and cognitive conditions).

Statistical analysis

The characteristics of participants at the onset of a
physical condition were summarized according to SES
and progression to psychological and cognitive multi-
morbidities. Categorical variables were presented as
count and percentage, and between-group differences
were compared using Chi-squared tests. We also
compared the participant characteristics at the onset of a
physical condition between the included participants
and those excluded due to missing information on SES
and outcomes.

Incidence rates of psychological and cognitive multi-
morbidities by SES category were calculated as the
number of new events divided by the time at risk (person-
years), with 95% confidence intervals (Cls) calculated
according to the Poisson distribution. The time to
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progressing psychological and cognitive multimorbidities
by SES was presented as the multimorbidity-free survival
years with 95% Cls, which were generated using Irwin’s
restricted mean to the longest follow-up years.”**” The
Irwin’s restricted mean survival time was defined as the
area under the survival curve up to a specific time point
and is considered a more reliably estimate than mean or
median survival times.**

Competing risk analyses were conducted using the
Fine-Gray subdistribution hazard models, wherein
death before psychological and cognitive multi-
morbidities was set as a competing event.** Participants
were censored at the interview year of outcomes, lost to
follow-up or the end of follow-up, whichever came first.
We constructed the cumulative incidence function (CIF)
curves to compare the risks of psychological and
cognitive multimorbidities over time across different
SES groups. Subdistribution hazard ratios (sHRs) and
95% Cls were used to quantify the strengths of the SES-
multimorbidities associations in the whole sample and
subsamples with specific physical conditions,* adjusted
for age, sex and study (Supplementary Figure S1A). The
interactions between SES and the number of physical
conditions were tested by adding a multiplicative inter-
action term to the Fine-Gray subdistribution hazard
models. Considering that educational level and total
household wealth might reflect different components of
SES, we also estimated the associations between the
different combinations of the two SES indicators (3 x 4)
and the multimorbidity outcomes.

Subgroup analyses were performed to explore varia-
tions in the effect of SES on progression to psycholog-
ical and cognitive multimorbidities by age, sex and
study. Random-effects meta-analyses were conducted to
summarize study-specific sHRs and 95% ClIs for out-
comes according to SES, with the between-study het-
erogeneity tested using I° statistics. Considering the
potential influence of new physical conditions on mul-
timorbidity outcomes, we dichotomized the participants
into those with and without additional physical condi-
tions occurring before psychological and cognitive
multimorbidities and used this variable as a covariate in
the analysis of the associations between SES and mul-
timorbidity outcomes. A series of sensitivity analyses
were conducted: 1) excluding participants with two or
more new-onset physical conditions; 2) excluding
outcome events occurring within two years after onset of
a physical condition; 3) excluding the outcome events
occurring within one follow-up visit after onset of a
physical condition; 4) excluding non-educated partici-
pants (years of schooling = 0 years); 5) defining SES
using educational level and total household income; 6)
regarding total household wealth and SES as time-
varying variables; 7) defining psychological and cogni-
tive conditions from self-reported diagnoses from HRS,
ELSA, SHARE, and CHALRS; 8) repeating the main
analyses adjusting for age, sex and country; 9)


http://www.thelancet.com

Articles

additionally adjusting for retirement as a time-
dependent variable; 10) additionally adjusting for the
number of physical conditions as a time-dependent
variable; 11) additionally adjusting for additional phys-
ical conditions occurred before outcomes; and 12)
additionally adjusting for marital status, physical activ-
ity, alcohol consumption, smoking status, body mass
index, retirement and number of physical conditions.
We further applied multiple imputation via chained
equations to impute missing values in psychological and
cognitive conditions.” The missingness was assumed at
random and was imputed five times, with the model
estimates pooled to generate final results.

We further performed multi-state models to assess
the associations between SES and temporal transitions
from physical conditions to psychological and cognitive
multimorbidities. The multi-state model is an extension
of the competing risk model, which can explore how
the exposures of interest influence different transitions.*
Death was censored as a competing event and not
modelled as a direct outcome (Supplementary
Figure S1B). We additionally set a direct transition
from a physical condition to physical-psychological-
cognitive multimorbidity for those reporting psychologi-
cal and cognitive conditions in the same wave. Therefore,
five transitions were identified: 1) from a physical con-
dition to physical-psychological multimorbidity, 2) from a
physical condition to physical-cognitive multimorbidity,
3) from a physical condition to physical-psychological-
cognitive multimorbidity, 4) from physical-psychological
multimorbidity to physical-psychological-cognitive multi-
morbidity, and 5) from physical-cognitive multimorbidity
to physical-psychological-cognitive multimorbidity. The
multimorbidity-free years and 95% ClIs of these five
transitions were calculated and compared across SES.
HRs and 95% ClIs for the associations between SES and
the five transitions were obtained using the R package
‘mstate’ (Version 0.3.2),* adjusted for age, sex and study.

All tests in this study were two-sided with a signifi-
cance level of p < 0.05. Statistical analyses were con-
ducted using SAS (Version 9.4) and R (Version 4.2.2).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Of all 144,178 participants without physical conditions
at recruitment, we excluded individuals who did not
develop physical conditions before the last follow-up
(n = 76,365), with pre-existing psychological or cogni-
tive conditions at the onset of a physical condition
(n = 41,275), and participants with missing informa-
tion on exposures (n = 434) or outcomes (n = 5854).
This resulted in 20,250 participants for the analysis

(Fig. 1). The characteristics of the participants at the
onset of a physical condition according to SES are
summarized in Table 1. The mean (+SD) age of par-
ticipants was 65.38 (+8.37) years, and 10,618 (52.4%)
were women. There were 7687 individuals from the
United States, 527 from China, 506 from South Korea,
1029 from England and 10,501 from other 20 European
countries. Participants with higher SES were more
likely to be in the age group of 55-74 years, male, from
the HRS cohort, and had a higher prevalence of cancer,
and a lower prevalence of hypertension, diabetes,
chronic lung diseases, heart diseases and stroke. The
excluded participants due to missing information on
SES and outcomes were more likely to be older, male
and from SHARE and CHARLS, and to have diabetes,
heart diseases and stroke, while they were less likely to
have arthritis (Supplementary Table S3).

During a median follow-up of 8.0 years [interquartile
range 4.0-12.0; person-years at risk 168,575], there were
3810 (18.8%) incident cases of PP-MM, 2618 (12.9%)
cases of PC-MM, and 1500 (7.4%) cases of PPC-MM
(Table 2, the characteristics of participants according
to the progression to psychological and cognitive mul-
timorbidities in Supplementary Table S4). Individuals
with lower educational level, lower total household
wealth and lower SES had an earlier time to psycho-
logical and cognitive multimorbidities after occurring a
physical condition. For PPC-MM, for instance, the
multimorbidity-free years ranged from 15.52 (95%
CI = 15.40-15.63) years for high SES to 11.96
(11.57-12.34) years for low SES. The corresponding
incidence rates of progression to psychological and
cognitive multimorbidities increased with decreasing
educational level, total household wealth and SES cate-
gory. For example, the incidence rate of PPC-MM
ranged from 3.15 (95% CI = 2.48-4.01) per 1000
person-years in high SES to 18.44 (16.32-20.82) per
1000 person-years in low SES. Individuals with lower
SES had a higher cumulative incidence of progression
to psychological and cognitive multimorbidities than the
high-SES group, despite having higher competing risks
from death (Supplementary Figure S2). Educational
level, total household wealth and SES were dose-
dependently associated with the progression to psycho-
logical and cognitive multimorbidities (Table 3). The
sHRs per decreasing SES category were 1.24 (95%
CI = 1.19-1.29) for PP-MM, 1.47 (1.40-1.54) for PC-
MM, and 1.84 (1.72-1.97) for PPC-MM. Educational
gradient was larger than that of total household wealth
both in PC-MM [sHR per category decrease 1.53 (95%
CI = 1.45-1.62) for education; 1.13 (1.09-1.17) for
household wealth] and PPC-MM [sHR per category
decrease 1.79 (1.66-1.94) for education and 1.27
(1.21-1.33) for total household wealth]. The proportional
hazard assumption was checked and verified using
Schoenfeld’s residual methods and no violations were
found. Most combinations of educational level and total
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Total (N = 20,250) Socioeconomic status p-value
Low (N = 1832) Lower-middle (N = 8152) Upper-middle (N = 7788) High (N = 2478)
Age groups (years) <0.001
45-54 1866 (9.2%) 117 (6.3%) 831 (44.5%) 731 (39:2%) 187 (10.0%)
55-64 7817 (38.6%) 544 (7.0%) 3134 (40.1%) 3084 (39.5%) 1055 (13.5%)
65-74 7634 (37.7%) 681 (8.9%) 2905 (38.1%) 3049 (39.9%) 999 (13.1%)
75~ 2933 (14.5%) 490 (16.7%) 1282 (43.7%) 924 (31.5%) 237 (8.1%)
Sex <0.001
Male 9632 (47.6%) 737 (7.7%) 3662 (38.0%) 3883 (40.3%) 1350 (14.0%)
Female 10,618 (52.4%) 1095 (10.3%) 4490 (42.3%) 3905 (36.8%) 1128 (10.6%)
Study <0.001
HRS 7687 (38.0%) 461 (6.0%) 2686 (34.9%) 3166 (41.2%) 1374 (17.9%)
ELSA 1029 (5.1%) 104 (10.1%) 415 (40.3%) 407 (39.6%) 103 (10.0%)
SHARE 10,501 (51.9%) 1129 (10.8%) 4557 (43.4%) 3856 (36.7%) 959 (9.1%)
CHARLS 527 (2.6%) 8 (12.9%) 257 (48.8%) 191 (36.2%) 11 (2.1%)
KLoSA 506 (2.5%) 70 (13.8%) 237 (46.8%) 168 (33.2%) 31 (6.1%)
Hypertension <0.001
No 8844 (43.7%) 705 (8.0%) 3241 (36.6%) 3584 (40.5%) 1314 (14.9%)
Yes 11,401 (56.3%) 1125 (9.9%) 4909 (43.1%) 4203 (36.9%) 1164 (10.2%)
Diabetes <0.001
No 17,997 (88.9%) 1552 (8.6%) 7091 (39.4%) 7057 (39.2%) 2297 (12.8%)
Yes 2247 (11.1%) 280 (12.5%) 1058 (47.1%) 728 (32.4%) 181 (8.1%)
Cancer <0.001
No 18,147 (89.6%) 1698 (9.4%) 7455 (41.1%) 6897 (38.0%) 2097 (11.6%)
Yes 2101 (10.4%) 134 (6.4%) 696 (33.1%) 890 (42.4%) 381 (18.1%)
Chronic lung diseases <0.001
No 18,857 (93.1%) 1682 (8.9%) 7485 (39.7%) 7315 (38.8%) 2375 (12.6%)
Yes 1392 (6.9%) 150 (10.8%) 666 (47.8%) 473 (34.0%) 103 (7.4%)
Heart diseases <0.001
No 16,725 (82.6%) 1432 (8.6%) 6676 (39.9%) 6526 (39.0%) 2091 (12.5%)
Yes 3524 (17.4%) 400 (11.4%) 1475 (41.9%) 1262 (35.8%) 387 (11.0%)
Stroke <0.001
No 19,369 (95.6%) 1718 (8.9%) 7760 (40.1%) 7496 (38.7%) 2395 (12.4%)
Yes 881 (4.4%) 114 (12.9%) 392 (44.5%) 292 (33.1%) 83 (9.4%)
Arthritis 0.131
No 11,641 (57.5%) 1044 (9.0%) 4743 (40.7%) 4477 (38.5%) 1377 (11.8%)
Yes 8606 (42.5%) 788 (9.2%) 3406 (39.6%) 3311 (38.5%) 1101 (12.8%)

HRS, the US Health and Retirement Study; ELSA, the English Longitudinal Study on Ageing; SHARE, the Survey of Health, Ageing and Retirement in Europe; CHARLS, the
China Health and Retirement Longitudinal Study; KLoSA, the Korean Longitudinal Study of Aging. Data are n (%), unless otherwise indicated. Socioeconomic status is a
summed score (ranging 0-5) of educational level (0, 1, or 2) and total household wealth quartile (0, 1, 2, or 3), categorized into four groups: low (0), lower-middle (1-2),
upper-middle (3-4) and high socioeconomic status (5). x” test was used to compare differences across groups.

Table 1: Characteristics of participants at the onset of a physical condition by socioeconomic status (n = 20,250).

household wealth also showed significant associations
with psychological and cognitive multimorbidities, with
the highest sHRs for the combination of primary
educational level and lowest wealth quartile (7.15, 95%
CI = 5.44-9.40, compared to those with tertiary educa-
tional level and highest wealth quartile, Supplementary
Table S5).

The associations between SES and psychological and
cognitive multimorbidities among participants with
onset of a specific physical condition are displayed in
Fig. 2 and Supplementary Table S6, controlling for age,
sex, study and comorbid physical conditions. Compared

www.thelancet.com Vol 74 August, 2024

to those with arthritis and with high SES, individuals
with arthritis in lower SES groups experienced a
significantly higher risk of PP-MM (e.g., low SES:
sHR = 2.13, 95% CI = 1.74-2.61), while those with hy-
pertension and lower SES had markedly increased risk
of PC-MM (low SES: sHR = 4.14, 3.23-5.30). For PPC-
MM, the associations of lower SES were particularly
pronounced in individuals with hypertension (e.g., low
SES: sHR = 7.85, 95% CI = 5.30-11.63), and diabetes
(e.g., low SES: sHR = 10.17, 3.23-32.06). Educational
level, total household wealth and SES significantly
interacted with the number of physical conditions
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sHR (95% Cl)

Physical-psychological
multimorbidity

Physical-cognitive
multimorbidity

Physical-psychological-cognitive
multimorbidity

Educational level

Primary 132 (1.21-1.44)
Secondary 1.16 (1.07-1.26)
Tertiary 1.00 (REF)

Per decreasing category 1.15 (1.10-1.20)
Total household wealth
Quartile 1 (Lowest)

Quartile 2

Quartile 3

Quartile 4 (Highest)
Per decreasing category
SES

Low

1.41 (1.29-1.55)
1.28 (1.17-1.40)
111 (1.01-1.22)
1.00 (REF)

1.13 (1.09-1.16)

2.04 (1.77-2.36)

Lower-middle 1.70 (1.50-1.91)

Upper-middle 1.43 (1.27-1.62)
High 1.00 (REF)
Per decreasing category 1.24 (1.19-1.29)

were adjusted for age, sex, and study.

SES, socioeconomic status; sHR, subdistribution hazard ratio; Cl, confidence interval. Socioeconomic status is a summed score (ranging 0-5) of educational level (0, 1, or 2)
and total household wealth quartile (0, 1, 2, or 3), categorized into four groups: low (0), lower-middle (1-2), upper-middle (3-4) and high socioeconomic status (5). Models

237 (2.11-2.65)
1.60 (1.45-1.77)
1.00 (REF)

153 (1.45-1.62)

3.17 (2.71-3.71)
1.70 (1.47-1.97)
( 1.00 (REF)

( 1.79 (1.66-1.94)
1.47 (1.32-1.65)
1.20 (1.07-1.34)
1.17 (1.04-1.31)
1.00 (REF)

1.13 (1.09-1.17)

211 (1.80-2.48)
1.51 (1.28-1.78)
133 (1.12-1.57)
1.00 (REF)

127 (1.21-1.33)

324 (2.72-3.85)
222 (1.92-2.57)
153 (1.32-1.76)
1.00 (REF)

147 (1.40-1.54)

6.58 (5.01-8.64)
3.79 (2.95-4.86)
2.05 (1.59-2.64)
1.00 (REF)

1.84 (1.72-1.97)

Table 3: Subdistribution hazard ratios and 95% confidence intervals for the association between socioeconomic status and progression to
psychological and cognitive multimorbidities in participants with a new-onset physical condition (n = 20,250).

progressing  psychological and cognitive multi-
morbidities. Second, the associations between educa-
tional level, total household wealth and SES and
progression to psychological and cognitive multi-
morbidities followed a dose-response relation, with the
educational gradient in progression to PC-MM and
PPC-MM being more pronounced than that of total
household wealth. Third, the dose-dependent associa-
tions of SES were observable also in an analysis speci-
fying each of the five temporal transitions from a
physical condition to psychological and cognitive
multimorbidities.

Chronic physical conditions are most prevalent in
later life and are often accompanied with an increased
risk of psychological and cognitive disorders.” Our
findings on social inequalities in this process add to
previous research, which often regarded multi-
morbidity as a unified entity, without differentiating
psychological or cognitive components.*~*” The current
study also complements a recent study which reported
a cross-sectional dose-response association between
SES and physical, psychological and cognitive multi-
morbidities in middle-aged and older adults.” While
extensive research has shown that socioeconomic
disadvantage heightens the risk of incident
diseases,***° our analysis focused on individuals
already diagnosed with a physical condition, examining
how socioeconomic factors might influence the tran-
siton from a chronic physical condition to

www.thelancet.com Vol 74 August, 2024

psychological ~ multimorbidity, cognitive = multi-
morbidity, and multimorbidity including physical,
psychological, and cognitive disorders in middle-aged
and older adults. Taken together, these findings
reveal a social gradient from single physical conditions
to complex multimorbidities, through the development
of psychological and cognitive conditions. These find-
ings have implications for optimising secondary pre-
vention. Thus, SES emerges as a significant risk factor
with a pervasive impact on all stages of health deteri-
oration, from disease etiology to disease course and
prognosis.

Considering the analysis was conducted in a
limited time duration, we used the Irwin’s restricted
mean as an index for comparing multimorbidity-free
survival time in different SES groups to accommo-
date censoring and truncation. We found that in-
dividuals with lower SES have an earlier time to and a
higher incidence of progressing psychological and
cognitive multimorbidities, suggesting that efforts to
address socioeconomic inequalities would not only
reduce the occurrence of psychological and cognitive
outcomes among patients with a physical condition,
but also extend life years free from such outcomes.
With death as a competing risk event, the dose-
response relationships of educational level, total
household wealth and SES with psychological and
cognitive multimorbidities were observed. Of these,
education inequalities were larger than adulthood
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10

PP-MM PC-MM PPC-MM

Hypertension

sHR

Lower-middle 1.67* 2.68* 4.06*

9

Upper-middle 1.46* 1.93* 2.27* 6

Diabetes 3

Low 2.08* 2.83* _ 1
Lower-middle 1.52 2.35* 6.31*
Upper-middle 1.34 1.64 3.66*

Cancer

Low 1.59* 2.46* 4.86*
Lower-middle 1.53* 1.73* 4.00*
Upper-middle 1.23 1.08 1.94*

Chronic lung diseases

Lower-middle 1.66 2.08* 4.31*

Upper-middle 1.74* 1.71 3.30*

Heart diseases

Low 1.87* 2.79* 4.99*
Lower-middle 1.62* 2.29¢ 3.63*
Upper-middle 1.53* 1.42 1.84*

Stroke

Low 1.76 2.42* _
Lower-middle 1.56 1.96* 3.69*
Upper-middle 1.46 1.31 2.21

Arthritis

Low 2.13* 3.85* 5.71*
Lower-middle 1.80* 2.23* 3.30*
Upper-middle 1.42* 1.41* 1.76*

Fig. 2: Associations between socioeconomic status and progression of psychological and cognitive multimorbidities after onset of a specific
physical condition. PP-MM, physical-psychological multimorbidity; PC-MM, physical-cognitive multimorbidity; PPC-MM, physical-psychological-
cognitive multimorbidity. Socioeconomic status is a summed score (ranging 0-5) of educational level (0, 1, or 2) and total household wealth
quartile (0, 1, 2, or 3), categorized into four groups: low (0), lower-middle (1-2), upper-middle (3-4) and high socioeconomic status (5). The
reference group is high socioeconomic status. Numbers are subdistribution hazard ratios for psychological and cognitive multimorbidities after
each new-onset condition stratified by socioeconomic status; *indicates statistical significance at p < 0.05. Models were adjusted for age, sex,
study and physical comorbidity.
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Study Subdistribution Hazard Ratio n/N sHR (95%Cl) Weight
Low (vs. high) SES

HRS - 67/461 1.77 (1.39-2.25) 29.3%
ELSA T 10/104 2.02 (0.92-4.45) 3.9%
SHARE ] 349/1129 1.42 (1.26-1.60) 57.5%
CHARLS T 11/68 1.78 (0.87-3.62) 4.7%
KLoSA —T 13/70 1.31(0.64-2.68) 4.7%
Random effects model © 1.49 (1.34-1.66) 100.0%
Heterogeneity: 2= 0%, p =0.47

Middle (vs. high) SES

HRS = 454/2686 1.42 (1.26-1.60) 37.8%
ELSA —— 36/415 2.04 (1.19-3.50) 5.1%
SHARE 1117/4557 1.16 (1.06-1.26) 44.7%
CHARLS — 37/257 1.51(0.89-2.58) 5.2%
KLoSA o 47/237 1.10 (0.70-1.71) 7.2%
Random effects model <> 1.32 (1.12-1.56) 100.0%
Heterogeneity: 12 =66%, p =0.02

Per decreasing category of SES

HRS 1181/7687 1.38 (1.26-1.51) 34.0%
ELSA —— 68/1029 1.52 (1.10-2.12) 9.3%
SHARE 2398/10501 1.18 (1.12-1.25) 38.9%
CHARLS = 68/527 1.36 (0.98-1.90) 9.1%
KLoSA - 95/506 1.13 (0.80-1.59) 8.7%
Random effects model o 1.28 (1.17-1.39) 100.0%
Heterogeneity: /° = 60%, p = 0.04

0102 05 1 2 5 10

B

Study Subdistribution Hazard Ratio n/N sHR (95%Cl) Weight
Low (vs. high) SES

HRS = 136/461 3.50 (2.93-4.19) 30.3%
ELSA — 24/104 1.76 (1.12-2.75) 19.1%
SHARE - 120/1129 1.65 (1.35-2.01) 29.6%
CHARLS —T 9/68 1.33 (0.64-2.77) 11.0%
KLoSA —_— 12/70 2.57 (1.16-5.67) 9.9%

Random effects model o 2.11(1.49-2.99) 100.0%
Heterogeneity: 1 = 89%, p < 0.01

Middle (vs. high) SES

HRS - 544/2686 1.96 (1.75-2.20) 26.6%
ELSA —-— 94/415 1.61(1.19-2.17) 20.7%
SHARE - 490/4557 1.26 (1.11-1.43) 26.3%
CHARLS I 36/257 1.32(0.81-2.15) 14.6%
KLoSA B 29/237 1.16 (0.65-2.10) 11.9%
Random effects model < 1.51 (1.24-1.84) 100.0%

Heterogeneity: /° = 86%, p < 0.01

Per decreasing category of SES

HRS = 1243/7687 1.90 (1.76-2.06) 23.8%
ELSA - 192/1029 1.40 (1.15-1.70) 21.1%
SHARE - 1048/10501 1.27 (1.16-1.40) 23.6%
CHARLS T 70/527 1.20 (0.86-1.66) 17.2%
KLoSA — 65/506 1.51(0.99-2.31) 14.3%
Random effects model <> 1.46 (1.23-1.74) 100.0%

Heterogeneity: /2 = 91%, p < 0.01

Cc

0102 05 1 2 5 10

Study Subdistribution Hazard Ratio n/N sHR (95%Cl) Weight
Low (vs. high) SES
HRS - 82/461 6.26 (4.87-8.06) 33.9%
ELSA —_— 4/104 2.44 (0.62-9.64) 7.6%
SHARE - 155/1129 2.57 (2.11-3.14) 35.5%
CHARLS —_— 9/68 5.14 (1.92-13.80) 12.5%
KLoSA —_— 12/70 4.47 (1.46-13.73) 10.4%
Random effects model e 4.00 (2.68-5.97) 100.0%
Heterogeneity: /2 = 87%, p < 0.01
Middle (vs. high) SES
HRS -+ 273/2686 2.60 (2.17-3.10) 30.5%
ELSA —r 11/415 1.30 (0.58-2.92) 13.5%
SHARE = 429/4557 1.71 (1.47-2.00) 31.0%
CHARLS I 24257 3.14 (1.33-7.39) 12.7%
KLoSA T 22/237 2.03 (0.84-4.90) 12.3%
Random effects model < 2.08 (1.62-2.66) 100.0%
Heterogeneity: 12=72%, p<0.01
Per decreasing category of SES
HRS L 566/7687 2.58 (2.24-2.84) 25.6%
ELSA e 27/1029 1.48 (0.77-2.86) 13.7%
SHARE = 826/10501 1.62 (1.47-1.78) 25.8%
CHARLS —— 39/527 2.21(1.46-3.35) 19.3%
KLoSA — 42/506 2.12(1.21-3.72) 15.7%
Random effects model < 2.00 (1.64-2.45) 100.0%
Heterogeneity: /2 = 88%, p < 0.01

T 1 71 1

0102 05 1 2 5 15

Fig. 3: Meta-analyses of associations between socioeconomic status and progression of psychological and cognitive multimorbidities in par-
ticipants with a new-onset physical condition including study-specific findings. (A) Progression to physical-psychological multimorbidity; (B)
progression to physical-cognitive multimorbidity; (C) progression to physical-psychological-cognitive multimorbidity. The models were adjusted
for age and sex. sHR, subdistribution hazard ratio; Cl, confidence interval; HRS, US Health and Retirement Study; ELSA, English Longitudinal
Study on Ageing; SHARE, Survey of Health, Ageing and Retirement in Europe; CHARLS, China Health and Retirement Longitudinal Study;
KLoSA, Korean Longitudinal Study of Aging.
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b Physical-psychological
multimorbidity
n=4364

d Physical-psychological-
cognitive multimorbidity
n=1500

A physical condition 573 (2.8%)

n=20250

C Physical-cognitive multimorbidity
n=2991

B

atob atoc atod btod ctod

Educational level
Tertiary
Secondary
Primary

Total household wealth
Quartile 4 (highest) °
Quartile 3 M
Quartile 2 °
Quartile 1 (lowest)

SES
High °
Upper-middle
Lower-middle
Low

° L] L] R 4 R g

k4 E R 4 —— ——

r—r—rr—T 1 r—7T 71T 1T 1 [~ 17 T T "1 [T T T 1 [T T T
8 10 12 14 16 8 10 12 14 16 8 10 12 14 16 8 10 12 14 16 8 10 12 14 16

Mean multimorbidity-free years

C

atob atoc atod btod ctod
Educational level
Tertiary P
Secondary M < == - —
Primary i = == —— e
Per decreasing category & ® e e =~
Total household wealth
Quartile 4 (highest) r
Quartile 3 © > ~ T T
Quartile 2 . i e ~ —e—
Quartile 1 (lowest) e o == == re—
Per decreasing category = P C M °
SES
High b
Upper-middle he " ~ =C= T
Lower—middle b Ao == == ——
LOW - sl — — —
Per decreasing category ° ® . o 2o
05 1 5 05 1 5 05 1 5 05 1 5 05 1 5
HR (95% CI)
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wealth inequalities, particularly in cognitive multi-
morbidities. Our results combining education and
wealth into 12 subgroups (3 x 4) also supported the
prominence of education over wealth. This finding is
consistent with other studies. A prospective study of
13,699 participants from the HRS suggested educa-
tion attainment but not wealth was associated with
disease accumulation.”’ A case—control study found
higher formal education reduced the risk of oeso-
phageal cancer, while the effects of wealth score did
not reach significance.”” Several factors may explain
these findings. First, education is attained in child-
hood, and therefore influence the subsequent SES in
adulthood, including occupation, income and
wealth*’; education is more likely to influence behav-
ioral and psychological factors, like lifestyles, social
support and knowledge acquisition which all affect
later-life mental wellness and cognitive function,*
while adulthood wealth tends to influence material
factors, including financial position, living arrange-
ments and access to healthcare.”* These findings
support equality-oriented policies and strategies,
especially those promoting educational attainment in
early life, in preventing the accumulation of physical,
psychological and cognitive conditions in late life. Our
meta-analyses showed that SES inequalities existed
across studies, although there was between-study
heterogeneity suggesting that the gradients may be
influenced by contextual factors, such as the general
level of elementary education.”

Our study is also one of the first large-scale investi-
gation to evaluate the associations between SES and
psychological and cognitive multimorbidities among pa-
tients with a specific physical condition. We found that
individuals with arthritis presented a larger SES gradient
in progressing physical-psychological multimorbidity. It
is possible that the long-lasting pain and psychological
distress caused by arthritis*® are particularly under-treated
among the socioeconomic disadvantaged groups.”” For
cognitive multimorbidities, the higher SES disparities
occurred among patients with hypertension and diabetes,
which could be due to factors, such as poorer blood
pressure management in those with socially disadvan-
tage, lower brain and cognitive reserve in this group as
well as a higher prevalence of risk behaviours adversely
affecting brain perfusion, neuroinflammation and cere-
bral microvasculature.’**

In the process of the paradigm shift in multi-
morbidity management towards person-centered care,
health authorities should consider the interplay between
specific chronic conditions when narrowing the health
inequalities. Since the development of psychological and
cognitive conditions has specific temporal sequences,
we applied the multi-state models to explore the effects
of SES on the timings of transitions from a physical
condition to psychological and cognitive multi-
morbidities. In addition to the transitions from a phys-
ical condition, SES gradient was also evident in the
transitions to physical-psychological-cognitive multi-
morbidity from physical-psychological multimorbidity
and physical-cognitive multimorbidity, although some
associations did not achieve statistical significance at
conventional levels due to limited sample size. These
findings strengthen the evidence of the far-reaching
health effects of social disadvantage and highlight the
need for strategies targeting social determinants at
advanced stages of the disease process. In terms of
public health, it is important to prioritise the socioeco-
nomically disadvantaged, as well as those already with
multimorbidity, in health care.

The strengths of this study include the use of pro-
spective and harmonized data from five nationally
representative cohorts covering 24 countries and
resulting in a large sample size, which allowed us to
explore socioeconomic inequalities in the progression
to psychological and cognitive multimorbidities after
onset of a physical condition. In addition, a series of
sensitivity and subgroup analyses confirmed the
robustness of our results. However, this study also has
several limitations. First, the information on physical
conditions, educational level and household wealth
were self-reported by the participants, such data are
subject to recall and social desirability biases.’ Second,
harmonized data were only available for seven com-
mon chronic physical conditions. Consequently, we
may have missed many conditions with a socioeco-
nomic gradient in prevalence and incidence. This may
have reduced our ability to observe pathways to psy-
chological and cognitive multimorbidities. Third, the
follow-ups were conducted every two to four years,
therefore not necessarily capturing all the temporal
transitions between physical, psychological and
cognitive conditions. Fourth, due to predefined cohort-
specific cut-offs for psychological and cognitive

Fig. 4: Multi-state models for health transitions by socioeconomic status. (A) Numbers (percentages) of participants in transition from a
physical condition to physical, psychological and cognitive multimorbidities. (B) Mean multimorbidity-free time of participants in transition
from a physical condition to multimorbidities. (C) Hazard ratios and 95% confidence intervals for associations between socioeconomic status
and five transitions from a physical condition to multimorbidities. SES, socioeconomic status; HR, hazard ratio; Cl, confidence interval. So-
cioeconomic status is a summed score (ranging 0-5) of educational level (0, 1, or 2) and total household wealth quartile (0, 1, 2, or 3),
categorized into four groups: low (0), lower-middle (1-2), upper-middle (3-4) and high socioeconomic status (5). Models were adjusted for age,

sex and study.
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measurements and the limited proportion of identical
data items across the studies, we relied on study-
specific instruments to measure psychological and
cognitive multimorbidities. This approach may have
contributed to increased heterogeneity in the cohort-
specific results. Despite the availability of harmoniza-
tion methodologies such as that by the CLOSER
group,” these were not used because of the heteroge-
neity in our pooled cohorts and the instruments they
used. Ideally, future research should utilize similar
protocols and optimized harmonization methods
across the aging cohorts to confirm the validity of the
findings. Five, our study included 20,250 participants,
but only 527 were from CHARLS and 506 from KLoSA,
limiting the possibilities to conduct cohort-specific
analyses and evaluate the generalisability of the find-
ings to Asian countries. Further multi-cohort studies
are warranted to elucidate socioeconomic inequalities
in the progression to psychological and cognitive
multimorbidities progression across varied cultures
and settings. Six, although we conducted sensitivity
analyses by excluding outcome events occurring within
two years or one follow-up visit after onset of a physical
condition, this cannot exclude the possibility of reverse
causality bias. This is because cognitive decline is a
long-term process, and psychological problems can
fluctuate over time. In addition, the limited follow-up
period precluded us from exploring the role of SES
across all health transitions—from no conditions to
incident disease, and the development of physical,
psychological and cognitive multimorbidities—in a
single study design. Therefore future studies with
larger sample sizes and longer follow-ups are war-
ranted. Seven, despite the multivariable-adjusted
models in the sensitivity analysis, the potential for re-
sidual confounding due to unmeasured or imprecisely
measured factors could not been excluded. Eight, no
sample weights were used in our analysis, due to the
multi-cohort design and inconsistent methods of the
construction of weights across the studies. Nine, the
complicated interactions between physical, psycholog-
ical and cognitive conditions may contribute to
immortal survival bias in the limited follow-up time.
Although we use the Irwin’s restricted mean, the Fine—
Gray subdistribution hazard model and the multi-state
models to reduce this bias, our findings should be still
interpreted with caution. Lastly, we did not have in-
formation on the symptoms, severity and subtypes of
the studied physical, psychological and cognitive con-
ditions. Future studies should collect more detailed
data to deepen our understanding of the socioeco-
nomic gradients in physical, psychological and cogni-
tive multimorbidities.

In conclusion, in this large, prospective and multi-
national cohort study, we found marked socioeconomic
inequalities in time, incidence and risk of progressing
from a physical condition to psychological and cognitive

multimorbidities. Continuous and reinforced efforts to
address socioeconomic inequalities are needed to
improve psychological and cognitive wellness among
middle-aged and older adults with a physical condition.
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