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A B S T R A C T   

Multimorbidity disproportionally affects individuals exposed to socioeconomic disadvantage. It is, however, 
unclear how adverse socioeconomic conditions (SEC) at different periods of the life course predict the occurrence 
of multimorbidity in later life. In this scoping review, we investigate the association between life course SEC and 
later-life multimorbidity, and assess to which extent it supports different life course causal models (critical 
period, sensitive period, accumulation, pathway, or social mobility). We identified four studies (25,209 partic-
ipants) with the first measure of SEC in childhood (before age 18). In these four studies, childhood SEC was 
associated with multimorbidity in old age, and the associations were partially or fully attenuated upon adjust-
ment for later-life SEC. These results are consistent with the sensitive period and the pathway models. We 
identified five studies (91,236 participants) with the first measure of SEC in young adulthood (after age 18), and 
the associations with multimorbidity in old age as well as the effects of adjustment for later-life SEC differed from 
one study to the other. Among the nine included studies, none tested the social mobility or the accumulation 
models. In conclusion, SEC in early life could have an effect on multimorbidity, attenuated at least partly by SEC 
in adulthood.   

1. Introduction 

In ageing populations, the rise in the number of individuals suffering 
from multiple chronic health conditions is a major public health concern 
(Mathers and Loncar, 2005). Multimorbidity, the co-occurrence of two 
or more chronic diseases, decreases quality of life and increases risks for 
disability and mortality (Makovski et al., 2019; Nunes et al., 2016; 
Quiñones et al., 2016). Compared to frailty and disability, multi-
morbidity would have the strongest association with mortality, making 
it a central target for population health interventions (Dugravot et al., 
2020; Nunes et al., 2016). Further, as life expectancy continues to rise 
globally, the burden of multimorbidity is expected to grow unless pre-
ventative measures are taken (Kingston et al., 2018). 

Multimorbidity disproportionally affects groups exposed to disad-
vantaged socioeconomic conditions (SEC) (Ingram et al., 2021; Mar-
engoni et al., 2011; Pathirana and Jackson, 2018). Hence, SEC at 
different periods of life has been shown to predict the risk of later-life 
multimorbidity. Most studies have however focused on either current 

SEC, i.e., at the time of multimorbidity assessment, like current educa-
tion or current employment (Nagel et al., 2008; van den Akker et al., 
2000), or SEC during one life period, either during childhood or young 
adulthood (Haas and Oi, 2018; Marengoni et al., 2008; Yang et al., 
2021). However, this approach does not allow accounting for the change 
in SEC across the life course, i.e., along trajectories that could have 
differential effects on multimorbidity. There is also evidence that life-
time SEC is a stronger predictor for disease outcomes in later life than 
SEC at any singular life point (Tucker-Seeley et al., 2011). 

What remains unclear is the causal relationship between life course 
SEC and multimorbidity. Different non-mutually exclusive life course 
causal models have been proposed to explain the link between exposures 
at different times across the life course and health and disease in later 
life. They are the critical period, sensitive period, accumulation, 
pathway, and social mobility models. Importantly, these theories have 
rarely been backed up and systematically evaluated with empirical data. 
Health outcomes that were reviewed through such a life course lens 
include quality of life or chronic diseases, among others, but not 
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multimorbidity (Lynch and Smith, 2005; Niedzwiedz et al., 2012; 
Pudrovska and Anikputa, 2014). Thus, in this scoping review, we aimed 
to describe how SEC at different periods during the life course predict 
the risk of multimorbidity in later life. Further, we assessed to which 
extent the different life course causal models were supported by 
empirical studies. 

2. Methods 

2.1. Definition of life course models 

In this review, we consider several life course models, that is, the (1) 
critical period, (2) sensitive period, (3) pathway, (4) accumulation, and 
(5) social mobility model. 

The critical, or sensitive, period model (also called the “latency” 
model) refers to limited time windows during which exposures have an 
effect on an outcome occurring at a later point. It is an extension of the 
idea of biological or fetal programming that was proposed in the bio-
logical sciences to explain the “long arm of childhood”, i.e., the long- 
lasting health effects of experiences in early life (Barker, 1997; Blane 
et al., 2007). The terms “critical” and “sensitive” are not homogenously 
defined in the literature. They can be used to distinguish between the 
permanence of an exposure: sensitive periods allow for a capacity to 
recover, whereas exposures during a critical period have a more irre-
versible impact, like the exposure of a fetus to tobacco or alcohol. 
However, some authors also use them to distinguish between the impact 
of an exposure, i.e., the same exposure has a greater effect if it occurs 
during a critical period compared to if it occurred during a sensitive 
period. 

The pathway model views individual risk factors as interconnected. 
Also known as the “chain of risk” model or as the “social trajectory” 
model (Hendricks, 2012), the pathway model describes a sequence of 
exposures that are linked together: one bad experience tends to lead to 
another and so forth (Kuh et al., 2003). Thus, health inequalities in early 
life lead to further health problems, which over time widens the gap 
between the most advantaged and the most disadvantaged. One counter 
argument is the age-as-level-theory which states that, on average, dis-
crepancies decrease over time, meaning that health inequalities in early 
life will eventually level out (Lynch, 2003). 

The accumulation model states that it is not the timing of an expo-
sure that matters, but its duration. Similar to a dose-response relation-
ship, harmful exposures accumulate over the course of one’s life to reach 
their full effect in later life. The underlying hypothesis is that stressors, 
like adverse health behaviors, injury, or illness, create cumulative 
damage that the body is eventually unable to compensate (Kuh et al., 
2003). 

Finally, the social mobility model focuses on how individuals move 
between different social groups across their life. The assumption is that 
this movement, whether upward or downward, has an effect on health 
outcomes later on (Lynch et al., 1994). This can take place on the in-
dividual, group, or intergenerational level and, depending on the field of 
research, may refer to movement between different social classes or 
income groups. 

2.2. Search strategy and inclusion criteria 

We conducted a scoping review following the PRISMA guidelines for 
scoping reviews (Tricco et al., 2018) (see Appendix B). We have chosen 
to conduct a non-systematic review since we have a broad research 
question and aim to identify a gap in current knowledge, not to estimate 
specific associations. We started with studies that we were familiar with 
due to our own expertize. To identify additional studies of interest, we 
scanned the reference list in those initial studies and searched for citing 
articles in Google Scholar. Finally, we conducted a search of online 
databases using PubMed and Google Scholar between April 1, 2021 and 
August 31, 2021. The search terms were “life course” AND 

“multimorbidity” OR “comorbidity” AND “socioeconomic”; the full 
electronic search strategy for PubMed is described in Appendix A. We 
only considered full-text articles published in English. There were no 
limitations regarding article publication date. The search was conducted 
by CW and SC; any disagreements regarding inclusion were resolved 
through discussion until consensus was established. We have not regis-
tered a research protocol prior to this work. 

We considered cohort studies with prospective or retrospective data 
as well as cross-sectional studies with retrospective data, conducted in 
high-income countries. We chose to focus on high-income countries due 
to the rapid expansion of morbidity in these countries driven by 
increasing life expectancies (Hay et al., 2017; Spiers et al., 2021). 
Studies were considered if they examined multimorbidity at age 50 and 
above as an outcome, and measured SEC at different moments of the life 
course (at least twice). Multimorbidity could be assessed once or mul-
tiple times, self-reported or based on medical records or administrative 
data. Different definitions for multimorbidity were eligible, as long as 
they were explicitly defined. 

We base our understanding of socioeconomic conditions (SEC) on 
previous studies in health research (Galobardes et al., 2007; Shaw et al., 
2007). We define them as factors that grant individuals differential ac-
cess to material, social, cultural, etc. resources within a socially strati-
fied society. SEC could be assessed in different ways, including but not 
limited to income, wealth, education, etc., with a minimum of two 
measures across two different life periods (Shaw et al., 2007). For 
simplification, we have split the life course into two periods: childhood 
(between birth and age 18) and adulthood (ages 18 +). Periods of the life 
course could be uterine life, childhood, adolescence, young adulthood, 
middle age, or old age. 

2.3. Data analysis 

We summarized and described the included studies, focusing on key 
findings. First, we extracted information regarding SEC measurement, 
definition and measurement of multimorbidity, and how the association 
between the two was assessed. Second, we appraised if the results of the 
included studies support specific life course causal models (Fig. 1). We 
considered that: 

(1) the critical period model was supported if an association be-
tween a SEC indicator in early life (developmental phase) and multi-
morbidity in later life was found, if this association was not attenuated 
after adjusting for later-life SEC indicators, and if the later-life SEC in-
dicator was not associated with multimorbidity. 

(2) the sensitive period model was supported if an association 
between a SEC indicator in the developmental phase of the life course 
and old age multimorbidity was found, if the association was attenuated 
but remained significant after adjusting for later-life SEC indicators, and 
if the later-life SEC indicator was associated with multimorbidity. 

(3) the pathway model was supported if a SEC indicator in early life, 
or in later life course periods, was fully mediated by one or more later 
SEC indicators, suggesting an indirect effect of SEC over difference pe-
riods of the life course. 

(4) the accumulation model was supported if any forms of an 
accumulation of multiple SEC exposures (in a minimum of two life 
course periods) was operationalized into one variable (e.g., as a score or 
latent variable) and found to be associated with later-life 
multimorbidity. 

(5) the social mobility model was supported if an association be-
tween downward or upward social mobility and later-life multi-
morbidity was found. This mobility refers to the direction of an 
individual’s change (over the life course) on the same social status in-
dicator (e.g., starting in low social class in young adulthood and ending 
in high social class in late adulthood means upward social mobility). 
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3. Results 

3.1. Search results 

We identified articles that measured the association between SEC 
and later-life multimorbidity (Table 1). After a full-text review, ten 
studies were excluded because they did not fit the eligibility criteria. 
Eight studies were excluded because SEC was assessed during one life 
period only, either during childhood or adulthood (Aminisani et al., 
2020; Marengoni et al., 2008; Nagel et al., 2008; Pathirana and Jackson, 
2018; Roberts et al., 2015; Schäfer et al., 2012; van den Akker et al., 
2000; Yang et al., 2021). Two studies did not focus on individual life 
trajectories, but either on differences between birth cohorts (Canizares 
et al., 2018) or between individuals of different age groups (McLean 
et al., 2014). The final number of studies included in this review was 
nine, all published within the last ten years. 

In these nine studies, multimorbidity was defined as the co- 
occurrence of min. 2 chronic conditions, with the exception of Schäfer 
et al. (2012) who defined it as min. 3 chronic conditions. The list of 
chronic conditions considered to define multimorbidity varied between 
studies, ranging from 5 to 46 conditions. The number of study partici-
pants ranged from 1673 (Aminisani et al., 2020) to 63,842 (Nielsen 
et al., 2017), with a total of 116,445 across the nine studies examined. 
These studies were conducted over twenty different countries, specif-
ically New Zealand, South Korea, England, United States, and across 15 
European countries included in the SHARE cohort study (Börsch-Supan 
et al., 2013). 

3.2. Childhood as first SEC exposure 

In four studies, the first SEC exposure was measured in childhood 
before the age of 18 (Dekhtyar et al., 2019; Henchoz et al., 2019; Pavela 
and Latham, 2016; Tucker-Seeley et al., 2011). Of these, two studies 
assessed childhood socioeconomic conditions via a composition of 
multiple variables: (a) child labor and parental unemployment or busi-
ness failure (Henchoz et al., 2019), and (b) family’s relative socioeco-
nomic standing, whether the respondent’s family has moved for 
financial reasons, and parental education (Pavela and Latham, 2016). 
One study assessed the occupation of the father during childhood 
(Dekhtyar et al., 2019). The fourth study assessed childhood SEC via the 
question “While you were growing up, before age 16, did financial 

difficulties ever cause you or your family to move to a different place?” 
(Tucker-Seeley et al., 2011). A majority of studies (n = 3) thus focused 
on financial variables to describe early-life SEC while one study focused 
on parental occupation exclusively. 

Later-life SEC exposures were measured at study baseline, with the 
exception of Henchoz et al. (2019) who used exclusively retrospective 
exposures. Later-life SEC exposures included adolescence or young 
adulthood, with education featuring in three studies. Additional SEC 
exposure measurements were income and wealth in old age (Pavela and 
Latham, 2016) and lifetime earnings during young and middle adult-
hood (Tucker-Seeley et al., 2011). 

In these four studies, there was an association between childhood 
SEC and later-life multimorbidity. Further, in these four studies, the 
association was partially or fully attenuated by later-life SEC exposures. 
Therefore, none of the studies supported childhood SEC as a critical 
period. They provided support for the pathway (Dekhtyar et al., 2019; 
Henchoz et al., 2019; Pavela and Latham, 2016) and sensitive period 
models (Pavela and Latham, 2016; Tucker-Seeley et al., 2011). Nothing 
can be said regarding the social mobility model nor the accumulation 
model since none of the included studies performed the necessary 
analyses. 

3.3. Adulthood as first SEC exposure 

Five studies measured respondents’ first SEC in young adulthood, i. 
e., after the age of 18 (Aminisani et al., 2020; Nielsen et al., 2017; 
Schäfer et al., 2012; Singer et al., 2019; Yi et al., 2019). The SEC in-
dicators were education and later-life income in all five studies. 

Regarding the association between SEC and multimorbidity in later 
life, the findings were inconsistent. Aminisani et al. (2020) reported no 
association between old age income nor education and multimorbidity 
in a fully adjusted model. Singer et al. (2019), found an association for 
old age household wealth, but not for education; social status and 
occupation in middle age had minimal effects in their study. Both 
Nielsen et al. (2017) and Schäfer et al. (2012) found an association for 
education and household income, respectively household-size adjusted 
net income. For Yi et al. (2019), findings differed slightly depending on 
location, with a stronger impact of SEC in urban regions compared to 
rural ones. Education was only associated with multimorbidity in urban 
locations, not in rural ones. Higher income was associated with a lower 
multimorbidity risk regardless of location. 

Fig. 1. List and graphical representation of various life course causal models to understand how socioeconomic conditions (SEC) across the life course has an effect 
on multimorbidity later in life. Xchild = Exposure in childhood. Xadult = Exposure in adulthood. Ylate life = Outcome in later life. 
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Table 1 
Overview of included studies measuring associations between socioeconomic exposures and multimorbidity in later life.  

Authors, Year Country (cohort), 
sample size, age and 
sex distribution at 
baseline 

Exposuresa Life course 
model(s) 
supported 

Controlled for Main results  

Childhood (ages 0 – 18) Adulthood (ages 
18–50)    

Aminisani et al. 
(2020) 

New Zealand (Health, 
Work and Retirement 
Study), 
n = 1673, age groups 
(percentage): 55–64 
(76.7%), ≥ 65 
(23.3%), 51.9% 
female 

Education Education, income No model 
supported 

Sex, ethnicity, education, 
income, BMI 

Higher education and income 
were protective factors against 
multimorbidity onset. 

Dekhtyar et al. 
(2019) 

Sweden (SNAC-K), 
n = 2589, age groups 
(percentage): 60–66 
(44.7%), 72–78 
(30.6%), 81–87 
(17.0%), ≥ 90 (7.8%), 
62.0% female 

Father’s occupation, 
education 

Education, occupation Pathway Sex, age, smoking, alcohol, 
dropout status, 
underweight, number of 
medications at baseline 

Speed of disease accumulation 
was lower in individuals with 
more than elementary 
education and for active 
occupations compared with 
high-strain jobs. The 
association between 
childhood circumstances and 
speed of disease accumulation 
was attenuated by later-life 
experiences. 

Henchoz et al. 
(2019) 

Switzerland 
(Lc65 +), 
n = 4731, mean age 
67.9 ± 1.5 years (SD), 
58.0% female 

Education, child labor, 
family economic 
environment, food 
restrictions 

Education, 
Socioeconomic status, 
stressful live events in 
adulthood, 
supplemental 
retirement benefits 

Pathway Problematic alcohol 
consumption, smoking, 
BMI, physical activity, 
education, living 
arrangement, supplemental 
retirement benefits, 
stressful live events in 
adulthood 

All childhood adversity 
indicators, including poor 
family economic environment, 
child labor, and food 
restrictions, were significantly 
associated with 
multimorbidity. 

Nielsen et al. 
(2017) 

15 European countries 
(SHARE), 
n = 63,842, age 
groups (percentage): 
50–59 (28.3%), 60–69 
(34.9%), 70–79 
(24.4%), 80 +

(12.4%), 55.4% 
female 

Education Household income Sensitive 
period 

Age, gender Across all studied European 
regions, lower education and 
lower household income were 
independently and 
significantly associated with 
higher odds of 
multimorbidity. 

Pavela and 
Latham 
(2016) 

USA 
(HRS), 
n = 10,584, mean age 
54.9 ± 5.76 years 
(SD), 55.0% female 

Education, family’s 
socioeconomic standing, 
moving due to financial 
reasons, mother’s 
education, father’s 
education, father’s 
occupation 

Education, income, 
wealth 

Sensitive 
period, 
pathway 

Demographics, baseline 
adult health, health 
behaviors 

Lower childhood 
socioeconomic status (SES) 
was associated with increased 
number of chronic conditions; 
however, childhood SES was 
no longer associated with 
chronic conditions after 
adjustment for adult SES. 

Schäfer et al. 
(2012) 

Germany (MultiCare 
Cohort Study), 
n = 3189, mean age 
74.4 ± 5.2 years (SD), 
59.3% female 

Education Education, income, 
former occupation, 
home ownership 

Sensitive 
period 

Age, gender, marital status, 
household type, education, 
degree of autonomy at 
former occupation, 
household-size adjusted net 
income, home ownership 

Multimorbidity was associated 
with education and income. 
Former occupation and home 
ownership were not associated 
with multimorbidity. 

Singer et al. 
(2019) 

England (English 
Longitudinal Study of 
Ageing), n = 15,046, 
median age 64 years 
(56–73 interquartile 
range), 
53.7% female 

Education Education, household 
wealth, subjective 
social status, 
occupation 

No model 
supported 

Social engagement, social 
support and individual 
sense of control, physical 
activity, alcohol 
consumption, tobacco 
smoking, wave, age, sex 

The likelihood of 
multimorbidity was 
consistently associated with 
household wealth. People with 
low subjective social status 
and in routine or semi-routine 
occupations had slightly 
increased odds of 
multimorbidity. Education 
was not associated with 
multimorbidity. 

Tucker-Seeley 
et al. (2011) 

USA 
(HRS), 
n = 7305, mean age 
65 years, 53.6% 
female 

Education, financial 
hardship 

Education, lifetime 
earnings 

Sensitive 
period 

Education, gender, race, 
ethnicity, age 

Childhood financial hardship 
was positively associated with 
a higher number of chronic 
conditions. Lifetime earnings 
was negatively associated with 
multimorbidity, although the 
noted association was 
relatively small. 

Yi et al. (2019) Korea (KLoSA), 
n = 7486, 66.8 

Education Education, income, 
working for pay 

No model 
supported 

Unclear Lower education levels, lower 
income levels and not 

(continued on next page) 
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Two of the five studies provided results supporting the sensitive 
period model (with education as an indicator of the period encom-
passing late adolescence and young adulthood, hereafter “young 
adulthood”), although not convincingly (Nielsen et al., 2017; Schäfer 
et al., 2012). For Nielsen et al. (2017), the association between young 
adulthood SEC (education) and multimorbidity was partially attenuated 
in a multivariable model, but it was not specified whether this attenu-
ation was due the adjustment for later-life SEC (household income) or 
due to another covariate (age, sex). For Schäfer et al. (2012), young 
adulthood SEC (education) and later-life (income) were both associated 
with multimorbidity in a multivariable model. However, it was not clear 
which exposures were included in the multivariable model. The 
remaining three studies performed their analyses in a way that did not 
allow for testing of the life course models as we have defined them. 

4. Discussion 

In this scoping review, we investigated the association between SEC 
across the life course and later-life multimorbidity, defined as two or 
more chronic conditions, and assess to which extent it supports different 
life course causal models. In four studies, childhood SEC was associated 
with multimorbidity, and the associations were partially or fully atten-
uated upon adjustment for later-life SEC, what is consistent with a 
sensitive period or a pathway model. In six studies with the first measure 
of SEC in young adulthood, the associations with multimorbidity as well 
as the effects of adjustment for later-life SEC differed from one study to 
the other. The critical period model was not supported and there was no 
study to test the social mobility or the accumulation model. 

The examined associations between adulthood SEC and multi-
morbidity risk were mostly in line with previous findings. Notably, 
higher educational achievement and higher economic resources had an 
inverse relationship with multimorbidity risk in later life when they 
were found to be associated. However, we examined as well studies that 
did not find an association between education and multimorbidity risk 
(Aminisani et al., 2020; Singer et al., 2019; Yi et al., 2019); a previous 
meta-analysis has reported on the heterogeneous results of studies 
assessing the association between education and multimorbidity and 
named differing methods of multimorbidity ascertainment as one of the 
possible reasons (Pathirana and Jackson, 2018). On the other hand, with 
the exception of (Aminisani et al., 2020), all studies found an association 
between economic resources (personal income, household income, 
wealth, etc.) and multimorbidity risk. 

Importantly, the critical period model was not supported in the four 
studies examining the impact of childhood SEC. In other words, the 
association between poor SEC exposures in early life and the risk of 
multimorbidity in later life was modified by mid-life exposures and the 
later-life SEC indicator was associated with multimorbidity. This high-
lights the importance of intervention strategies across different periods 
of the life course, as no single life period seems to entirely determine 
multimorbidity risk. The right interventions, targeting the right pre-
dictors at the right time (or period of the life course), can decrease the 
burden of multimorbidity in the population. A better understanding of 
the link between life course socioeconomic position and multimorbidity 
in later life is the first step in that direction. 

There are multiple possibilities for mechanisms underlying the sen-
sitive period and pathway models. Being born into a poor family in-
creases (i) the risk of having a low birth weight or being premature (Kuh 

et al., 2004), (ii) the risk of exposure to adverse childhood experiences 
(Walsh et al., 2019) and psychosocial stress (Kraft and Kraft, 2021), or 
(iii) the risk of exposure to environmental pollution (Hajat et al., 2015; 
Miao et al., 2015). Growing up in a family with poor socioeconomic 
conditions may jeopardize the development of the child across biolog-
ical (e.g., brain), cognitive (e.g., language skills, memory) and social (e. 
g., education) characteristics, resulting in a health gradient between the 
most and least disadvantaged (Cooper and Stewart, 2021; Herbaut and 
Geven, 2019; Kuh et al., 2004; Kulic et al., 2019; Rakesh and Whittle, 
2021). Alternatively, one can view early-life “success” as a form of 
capital that can be used to receive more advantages and benefits later on 
(Ferraro et al., 2009). Thus, there are most likely both biological and 
social drivers underlying these life course models. 

However, it is important to note that for the purpose of this review, 
we have developed an operationalization of the life course models in 
which they are mutually exclusive. This may not correspond to the re-
ality of the bio-psycho-social mechanisms underlying the association 
between life course SEC and multimorbidity in later life, whereby a 
mixture of models may be at work. 

4.1. Limitations 

Our study has major limitations. Firstly, both the exposure and the 
outcome of interest were measured heterogeneously across studies. For 
the exposure, different socioeconomic variables were considered by the 
study authors, with their own operationalizations. Further, multi-
morbidity was most often self-reported, which leads to an underesti-
mation of the prevalence of multimorbidity (Ofori-Asenso et al., 2019). 
Additionally, though almost all studies defined multimorbidity as the 
co-occurrence of a minimum of two chronic conditions, the list of 
eligible chronic conditions differed between studies. For example, 
Tucker-Seeley et al. (2011) investigated multimorbidity within six 
common chronic conditions, whereas Schäfer et al. (2012) used a list of 
46 chronic conditions in their study. The heterogeneity in how multi-
morbidity is constructed and examined in public health research has 
already been described in the literature (Diederichs et al., 2011; Ho 
et al., 2021; Willadsen et al., 2016). Further, it is possible that the as-
sociation between multimorbidity and SEC differs depending on the 
disease, hence explaining some of the different findings of the included 
studies. Lastly, there are methodological limitations to scoping reviews. 
Our search was not systematic, thus we might have missed studies that 
could change our conclusions. We have also not assessed the quality of 
the included studies, increasing the risk that our findings are biased. 

5. Conclusion 

In this study, we studied the association between life course SEC and 
multimorbidity in later life and assessed the support of different life 
course causal models underlying this association. We have found limited 
support for the pathway and sensitive period models, suggesting that (a) 
there are developmental periods of the life course (childhood and young 
adulthood) which can influence multimorbidity risk in later life and (b) 
socioeconomic exposures may follow a chain of risk pattern in deter-
mining this risk. Based on these results, we suggest that interventions 
and health promotion aimed at reducing the risk of multimorbidity in 
old age should consider the early-life socioeconomic conditions of the 
targeted population. We have identified an important gap in the 

Table 1 (continued ) 

± 10.2 years (SD), 
53.8% female 

currently working for pay 
were associated with higher 
odds of having 
multimorbidity.  

a The listed exposures are not extensive but have been selected as the ones with most relevance for this study. For a full list of measured exposures please refer back to 
the original studies. 
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literature and urge future research on multimorbidity to consider po-
tential interactions between exposures across multiple life periods. 
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Appendix A 

PubMed search strategy 

((("life change events"[MeSH Terms] OR ("life"[All Fields] AND "change"[All Fields] AND "events"[All Fields]) OR "life change events"[All Fields] 
OR ("life"[All Fields] AND "course"[All Fields]) OR "life course"[All Fields]) AND ("multimorbid"[All Fields] OR "multimorbidities"[All Fields] OR 
"multimorbidity"[MeSH Terms] OR "multimorbidity"[All Fields])) OR ("comorbid"[All Fields] OR "comorbidity"[MeSH Terms] OR "comorbidity"[All 
Fields] OR "comorbidities"[All Fields] OR "comorbids"[All Fields])) AND ("socioeconomic factors"[MeSH Terms] OR ("socioeconomic"[All Fields] AND 
"factors"[All Fields]) OR "socioeconomic factors"[All Fields] OR "socioeconomics"[All Fields] OR "socioeconomic"[All Fields] OR "socio-
economical"[All Fields] OR "socioeconomically"[All Fields]). 

Appendix B 

Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist.   

Section Item Prisma-ScR Checklist item Reported on 
page # 

TITLE 
Title  1 Identify the report as a scoping review. 1 
ABSTRACT 
Structured summary  2 Provide a structured summary that includes (as applicable): background, objectives, eligibility criteria, sources of 

evidence, charting methods, results, and conclusions that relate to the review questions and objectives. 
3 

INTRODUCTION 
Rationale  3 Describe the rationale for the review in the context of what is already known. Explain why the review questions/ 

objectives lend themselves to a scoping review approach. 
4 

Objectives  4 Provide an explicit statement of the questions and objectives being addressed with reference to their key elements 
(e.g., population or participants, concepts, and context) or other relevant key elements used to conceptualize the 
review questions and/or objectives. 

4 

METHODS 
Protocol and registration  5 Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a Web address); and if 

available, provide registration information, including the registration number. 
5 

Eligibility criteria  6 Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, language, and 
publication status), and provide a rationale. 

5–6 

Information sources*  7 Describe all information sources in the search (e.g., databases with dates of coverage and contact with authors to 
identify additional sources), as well as the date the most recent search was executed. 

5 

Search  8 Present the full electronic search strategy for at least 1 database, including any limits used, such that it could be 
repeated. 

5 

Selection of sources of evidence† 9 State the process for selecting sources of evidence (i.e., screening and eligibility) included in the scoping review. 5 
Data charting process‡ 10 Describe the methods of charting data from the included sources of evidence (e.g., calibrated forms or forms that 

have been tested by the team before their use, and whether data charting was done independently or in duplicate) 
and any processes for obtaining and confirming data from investigators. 

5 

Data items  11 List and define all variables for which data were sought and any assumptions and simplifications made. – 
Critical appraisal of individual 

sources of evidence§
12 If done, provide a rationale for conducting a critical appraisal of included sources of evidence; describe the 

methods used and how this information was used in any data synthesis (if appropriate). 
– 

Synthesis of results  13 Describe the methods of handling and summarizing the data that were charted. 5–6 
RESULTS 
Selection of sources of evidence  14 Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally using a flow diagram. 
7 

Characteristics of sources of 
evidence  

15 For each source of evidence, present characteristics for which data were charted and provide the citations. 7–8 

Critical appraisal within sources of 
evidence  

16 If done, present data on critical appraisal of included sources of evidence (see item 12). – 

Results of individual sources of 
evidence  

17 For each included source of evidence, present the relevant data that were charted that relate to the review 
questions and objectives. 

7–8 

(continued on next page) 
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(continued ) 

Section Item Prisma-ScR Checklist item Reported on 
page # 

Synthesis of results  18 Summarize and/or present the charting results as they relate to the review questions and objectives. 7–8 
DISCUSSION 
Summary of evidence  19 Summarize the main results (including an overview of concepts, themes, and types of evidence available), link to 

the review questions and objectives, and consider the relevance to key groups. 
9 

Limitations  20 Discuss the limitations of the scoping review process. 9–10 
Conclusions  21 Provide a general interpretation of the results with respect to the review questions and objectives, as well as 

potential implications and/or next steps. 
10 

FUNDING 
Funding  22 Describe sources of funding for the included sources of evidence, as well as sources of funding for the scoping 

review. Describe the role of the funders of the scoping review. 
11 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews. 
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media platforms, and Web sites. 
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative and/or qualitative research, expert 
opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is not to be confused with information sources (see first 
footnote). 
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of data extraction in a scoping review as data 
charting. 
§ The process of systematically examining research evidence to assess its validity, results, and relevance before using it to inform a decision. This term is used for items 
12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of interventions) to include and acknowledge the various sources of evidence that 
may be used in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document). 
From: Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMAScR): Checklist and Explanation. Ann 
Intern Med. 2018;169:467–473. doi: 10.7326/M18-0850. 
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Calderón-Larrañaga, A., 2019. Association between speed of multimorbidity 
accumulation in old age and life experiences: a cohort study. Am. J. Epidemiol. 188, 
1627–1636. 

Diederichs, C., Berger, K., Bartels, D.B., 2011. The measurement of multiple chronic 
diseases – a systematic review on existing multimorbidity indices. J. Gerontol. Ser. A: 
Biomed. Sci. Med. Sci. 66, 301–311. 

Dugravot, A., Fayosse, A., Dumurgier, J., Bouillon, K., Ben Rayana, T., Schnitzler, A., 
Kivimaki, M., Sabia, S., Singh-Manoux, A., 2020. Social inequalities in 
multimorbidity, frailty, disability, and transitions to mortality: a 24-year follow-up 
of the Whitehall II cohort study. Lancet Public Health 5, E42–E50. 

Ferraro, K.F., Shippee, T.P., Schafer, M.H., 2009. Cumulative inequality theory for 
research on aging and the life course. In: Bengston, V.L., Gans, D., Pulney, N.M., 
Silverstein, M. (Eds.), Handbook of theories of aging. Springer Publishing Company, 
pp. 413–433. 

Galobardes, B., Lynch, J., Smith, G.D., 2007. Measuring socioeconomic position in health 
research.Br. Med Bull 81-82, 21–37. 

Haas, S.A., Oi, K., 2018. The developmental origins of health and disease in international 
perspective. Soc. Sci. Med. 213, 123–133. 

Hajat, A., Hsia, C., O’Neill, M.S., 2015. Socioeconomic disparities and air pollution 
exposure: a global review. Curr. Environ. Health Rep. 2, 440–450. 

Hay, S.I., Abajobir, A.A., Abate, K.H., Abbafati, C., Abbas, K.M., Abd-Allah, F., 
Abdulkader, R.S., Abdulle, A.M., Abebo, T.A., Abera, S.F., 2017. Global, regional, 
and national disability-adjusted life-years (DALYs) for 333 diseases and injuries and 
healthy life expectancy (HALE) for 195 countries and territories, 1990–2016: a 
systematic analysis for the global burden of disease study 2016. Lancet 390, 
1260–1344. 

Henchoz, Y., Seematter-Bagnoud, L., Nanchen, D., Büla, C., von Gunten, A., Démonet, J.- 
F., Santos-Eggimann, B., 2019. Childhood adversity: a gateway to multimorbidity in 
older age? Arch. Gerontol. Geriatr. 80, 31–37. 

Hendricks, J., 2012. Considering life course concepts. J. Gerontol. Ser. B: Psychol. Sci. 
Soc. Sci. 67, 226–231. 

Herbaut, E., Geven, K., 2019. What Works to Reduce Inequalities in Higher Education? A 
Systematic Review of the (Quasi-)Experimental Literature on Outreach and Financial 
Aid. World Bank, Washington, DC.  

Ho, I.S.-S., Azcoaga-Lorenzo, A., Akbari, A., Black, C., Davies, J., Hodgins, P., Khunti, K., 
Kadam, U., Lyons, R.A., McCowan, C., 2021. Examining variation in the 
measurement of multimorbidity in research: a systematic review of 566 studies. 
Lancet Public Health 6 (8), e587–e597. 

Ingram, E., Ledden, S., Beardon, S., Gomes, M., Hogarth, S., McDonald, H., Osborn, D.P., 
Sheringham, J., 2021. Household and area-level social determinants of 
multimorbidity: a systematic review. J. Epidemiol. Community Health 75, 232–241. 

Kingston, A., Robinson, L., Booth, H., Knapp, M., Jagger, C., Project, M., 2018. 
Projections of multi-morbidity in the older population in England to 2035: estimates 
from the population ageing and care simulation (PACSim) model. Age Ageing 47, 
374–380. 

Kraft, P., Kraft, B., 2021. Explaining socioeconomic disparities in health behaviours: a 
review of biopsychological pathways involving stress and inflammation. Neurosci. 
Biobehav. Rev. 127, 689–708. 

Kuh, D., Ben-Shlomo, Y., Lynch, J., Hallqvist, J., Power, C., 2003. Life course 
epidemiology. J. Epidemiol. Community Health 57, 778. 

Kuh, D., Power, C., Blane, D., Bartley, M., 2004. Socioeconomic pathways between 
childhood and adult health. In: Kuh, D.L., Ben-Shlomo), Y. (Eds.), A Life Course 
Approach to Chronic Disease Epidemiology: Tracing the Origins of Ill Health from 
Early to Adult Life, 2nd edn. Oxford University Press, Oxford, UK, pp. 371–395. 

Kulic, N., Skopek, J., Triventi, M., Blossfeld, H.-P., 2019. Social background and 
children’s cognitive skills: The role of early childhood education and care in a cross- 
national perspective. Annu. Rev. Sociol. 45, 557–579. 

Lynch, J., Smith, G.D., 2005. A life course approach to chronic disease epidemiology. 
Annu. Rev. Public Health 26, 1–35. 

Lynch, J.W., Kaplan, G.A., Cohen, R.D., Wilson, T.W., Smith, N., Kauhanen, J., 
Salonen, J.T., 1994. Childhood and adult socioeconomic status as predictors of 
mortality in Finland. Lancet 343, 524–527. 

Lynch, S.M., 2003. Cohort and life-course patterns in the relationship between education 
and health: a hierarchical approach. Demography 40, 309–331. 

Makovski, T.T., Schmitz, S., Zeegers, M.P., Stranges, S., van den Akker, M., 2019. 
Multimorbidity and quality of life: systematic literature review and meta-analysis. 
Ageing Res. Rev. 53, 100903. 

Marengoni, A., Winblad, B., Karp, A., Fratiglioni, L., 2008. Prevalence of chronic diseases 
and multimorbidity among the elderly population in Sweden. Am. J. Public Health 
98, 1198–1200. 

Marengoni, A., Angleman, S., Melis, R., Mangialasche, F., Karp, A., Garmen, A., 
Meinow, B., Fratiglioni, L., 2011. Aging with multimorbidity: a systematic review of 
the literature. Ageing Res. Rev. 10, 430–439. 

Mathers, C.D., Loncar, D., 2005. Updated Projections of Global Mortality and Burden of 
Disease, 2002-2030: Data Sources, Methods and Results. World Health Organization, 
Geneva.  

McLean, G., Gunn, J., Wyke, S., Guthrie, B., Watt, G.C., Blane, D.N., Mercer, S.W., 2014. 
The influence of socioeconomic deprivation on multimorbidity at different ages: a 
cross-sectional study. Br. J. Gen. Pract. 64, e440–e447. 

Miao, Q., Chen, D., Buzzelli, M., Aronson, K.J., 2015. Environmental equity research: 
review with focus on outdoor air pollution research methods and analytic tools. 
Arch. Environ. Occup. Health 70, 47–55. 

C. Wagner et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref1
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref1
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref1
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref2
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref2
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref2
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref3
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref3
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref4
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref4
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref5
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref5
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref5
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref6
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref6
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref6
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref7
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref7
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref8
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref8
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref8
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref8
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref9
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref9
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref9
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref10
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref10
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref10
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref10
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref11
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref11
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref11
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref11
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref12
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref12
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref13
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref13
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref14
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref14
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref15
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref16
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref16
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref16
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref17
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref17
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref18
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref18
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref18
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref19
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref19
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref19
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref19
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref20
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref20
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref20
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref21
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref21
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref21
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref21
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref22
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref22
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref22
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref23
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref23
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref24
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref24
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref24
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref24
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref25
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref25
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref25
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref26
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref26
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref27
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref27
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref27
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref28
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref28
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref29
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref29
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref29
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref30
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref30
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref30
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref31
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref31
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref31
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref32
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref32
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref32
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref33
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref33
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref33
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref34
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref34
http://refhub.elsevier.com/S1568-1637(22)00072-1/sbref34


Ageing Research Reviews 78 (2022) 101630

8

Nagel, G., Peter, R., Braig, S., Hermann, S., Rohrmann, S., Linseisen, J., 2008. The impact 
of education on risk factors and the occurrence of multimorbidity in the EPIC- 
Heidelberg cohort. BMC Public Health 8, 1–10. 

Niedzwiedz, C.L., Katikireddi, S.V., Pell, J.P., Mitchell, R., 2012. Life course socio- 
economic position and quality of life in adulthood: a systematic review of life course 
models. BMC Public Health 12, 1–11. 

Nielsen, C.R., Halling, A., Andersen-Ranberg, K., 2017. Disparities in multimorbidity 
across Europe–findings from the SHARE survey. Eur. Geriatr. Med. 8, 16–21. 

Nunes, B.P., Flores, T.R., Mielke, G.I., Thumé, E., Facchini, L.A., 2016. Multimorbidity 
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