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Abstract

Objectives: Multimorbidity, also referred to as multiple chronic conditions (MCCs), is the concurrent presence of 2 or more
chronic health conditions. Increasing multimorbidity represents a substantial threat to the health of aging populations.
Recent trends suggest greater risk of poor health and mortality among later-born cohorts, yet we are unaware of work
examining cohort differences in multimorbidity among aging U.S. adults.

Methods: We examine intercohort variation in MCC burden in adults aged 51 years and older using 20 years (7 = 33,598;
1998-2018) of repeated assessment drawn from the Health and Retirement Study. The index of MCCs included 9 chronic
conditions (heart disease, hypertension, stroke, diabetes, arthritis, lung disease, cancer excluding skin cancer, high depres-
sive symptoms, and cognitive impairment). We used linear mixed models with various approaches to estimate age/period/
cohort effects to model intercohort patterns in MCC burden. We also explored variation in the specific conditions driving
cohort differences in multimorbidity.

Results: More recent cohorts had greater MCC burden and developed multimorbidity at earlier ages than those born to
prior generations. The burden of chronic conditions was patterned by life-course sociodemographic factors and childhood
health for all cohorts. Among adults with multimorbidity, arthritis and hypertension were the most prevalent conditions for
all cohorts, and there was evidence that high depressive symptoms and diabetes contributed to the observed cohort differ-
ences in multimorbidity risk.

Discussion: Our results suggest increasing multimorbidity burden among more recently born cohorts of aging U.S. adults
and should inform policy to address diminishing health in aging populations.
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Multimorbidity, also known as multiple chronic con-
ditions (MCCs), is defined as having two or more con-
current chronic conditions, and affects between 55%
and 98% of the U.S. population aged 65 and older
(Salive, 2013; Vetrano et al., 2018). Management of
multimorbidity requires a complex network of in-patient,
out-patient, home health services, and pharmaceutical
treatment (Lehnert et al., 2011), often resulting in high

patient burden (Rosbach & Andersen, 2017), inadequate
care (Kastner et al., 2019), and adverse effects of poly-
pharmacy (Cadogan et al., 2016). The high prevalence
and difficulty of managing multimorbidity foreshadow a
coming public health crisis when framed against popu-
lation aging. With the number of U.S. adults aged 65+
projected to grow by more than 50% by 2050 (Vespa
et al., 2020), multimorbidity will place increasing strain
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on older adults, their families, and the health care system
(Bloom et al., 2015).

Compounding the risks posed by multimorbidity is the
slowing or reversal of improving health and well-being ob-
served over the 20th century. This shift was first identified
as an increased risk of significant physical disability among
adults aged 40-59 from 1997 to 2006 (Martin et al., 2009),
aged 50-64 from 1997 to 2007 (Martin et al., 2010),
and those aged 60-69 from 1988 to 2004 (Seeman et al.,
2010). Later work described increased mortality rates from
1999 to 2013 among non-Hispanic White adults at mid-
life, mirrored by decreases in self-reported health, psycho-
logical well-being, and rising disability (Case & Deaton,
20135). Similar trends have been reported in multimorbidity
among aging Canadians, with later-born cohorts having
greater risk of multimorbidity than age-matched peers in
prior cohorts (Canizares et al., 2018). The scope of this
trend has expanded to include reduced cognitive function
among Early (born 1948-1953) and Mid Baby Boomers
(born 1954-1959) measured from 1996 to 2014 (Zheng,
2020), and increased physiological dysregulation among
Baby Boomers, Generation X (born 1973-1980), and
Generation Y (born 1981-1999; Zheng & Echave, 2021).
Greater prevalence of chronic disease among the Baby
Boom cohort may contribute to an increase in health care
expenditures and adversely affect the financial solvency of
Medicare and Social Security (Meara & Skinner, 2015),
yet we are unaware of work examining cohort patterns in
MCC burden among aging Americans.

Identifying intercohort trends in multimorbidity requires
careful study design and selection of measures capturing
heterogeneity in age-related exposures to risk and protec-
tive factors. The confounding of age, period, and cohort
(APC) effects coupled with statistical methods that incor-
rectly address the linear dependence of these measures likely
result in biased statistical estimates of cohort differences in
age-related health outcomes (Bell, 2020; Luo, 2013; Yang
& Land, 2013). Age effects represent variation related to
chronological and biological aging, period effects are pro-
duced by historical events and changing social conditions
that influence all age groups simultaneously (e.g., secular
trends in economic development, technology, etc.), while
cohort effects reflect shared exposure to sociohistorical
context that accrues over the life course as experienced by
those born to specific years or eras. Conceptualizing cohort
effects as the product of life-course processes is helpful as
those born to specific cohorts share cultural and environ-
mental exposures at critical periods of life that may pattern
later health outcomes, and experience similar sociohistorical
exposures over the life span that shape accumulation of
risk and subsequent disparities (Kuh et al., 2003; Lynch
& Smith, 2005). Individual characteristics, including racial/
ethnic minority background (Quifiones et al., 2011, 2019,
2021), lower education (Pathirana & Jackson, 2018),
fewer financial resources (Schifer et al., 2012), and low
childhood socioeconomic status (SES) have been linked to

greater risk of multimorbidity (Tucker-Seeley et al., 2011),
and the differential health effects of life-course SES and
childhood health across aging cohorts are a growing area
of interest (Haas et al., 2017). Behavioral risks, including
smoking and obesity, vary across cohorts (Piontek et al.,
2010; Robinson et al., 2012), are linked to multimorbidity
(Agborsangaya et al., 2013; Lebenbaum et al., 2018), and
likely contribute to cohort differences in MCCs.

Recent commentary on the state of multimorbidity re-
search in aging populations emphasizes that most studies
rely on cross-sectional designs (Quifiones et al., 2020;
Vetrano et al., 2018), limiting understanding of temporal
trends in MCC burden. Also, most longitudinal work on
multimorbidity has been conducted outside of the United
States (Agborsangaya et al., 2015; Canizares et al., 2018;
Hsu, 2015), underscoring the need to address age- and
cohort-related changes in MCC burden in the U.S. popu-
lation. To contribute to the study of multimorbidity trends
in the United States, we estimated intercohort variation in
MCC burden using 20 years of representative longitudinal
assessment of MCCs, and examined heterogeneity related
to sociodemographic characteristics, childhood socioeco-
nomic adversity and health, and behavioral risk factors. We
utilized inverse probability weight (IPW)-adjusted models
to assess the influence of mortality and study attrition on
our primary analyses, and finally investigated the condi-
tions driving cohort patterns in multimorbidity.

Method

Data Source

Observations were drawn from the Health and Retirement
Study (HRS), a representative biennial panel study spon-
sored by the National Institute on Aging. The study in-
cludes respondents who were born into any of the seven
cohort groups currently represented in the HRS who com-
pleted at least one interview between 1998 and 2018. The
HRS is well-suited for the examination of cohort patterns
in health given the inclusion of additional cohorts of adults
aged 51-56 every 6 years. Self-reported doctor-diagnosed
conditions and information on condition treatment and di-
agnosis were taken from core HRS data. We also utilized
cleaned files distributed by the RAND Corporation con-
taining imputed cognitive scores, depressive symptoms,
imputed wealth and income measures, sociodemographic
indicators, and childhood SES and health.

The initial sample included 35,010 individuals aged 51
or older with at least one complete measurement on all nine
health conditions included in the index of MCC burden.
Observations with missing data on covariates used in ei-
ther the primary models estimating cohort differences in
MCC burden, or covariates used to estimate IPWs were re-
moved (7 = 1,267), as were participants with missing or
zero values for survey weights (7 = 145), resulting in an an-
alytic sample of 33,598 respondents contributing 175,162



Journals of Gerontology: SOCIAL SCIENCES, 2022, Vol. 77, No. 10

1869

person-observations. A description of respondent charac-
teristics based on sample inclusion/exclusion is presented in
the Supplementary Appendix and Supplementary Table 1
provides descriptive statistics for respondent characteristics
by sample inclusion status.

Measures

Multiple chronic conditions

We follow guidance on MCC inclusion from the U.S.
Department of Health and Human Services (HHS) Office
of the Assistant Secretary of Health (OASH) MCC working
group which used a deliberative process with experts in
clinical medicine, epidemiology, and public health to define
chronic conditions as “conditions that last a year or more
and require ongoing medical attention and/or limit activi-
ties of daily living” (Goodman et al., 2013; U.S. Department
of Health and Human Services, 2010), emphasizing prev-
alent, persistent, and incurable conditions that are poten-
tially amenable to public health or clinical interventions
(Goodman et al., 2013). Taking direction from the HHS
strategic framework on MCCs (U.S. Department of Health
and Human Services, 2010) and the Goodman et al. (2013)
conceptual model for standardizing analysis of health data
for specific chronic conditions, we operationalized MCCs
as a count of nine chronic conditions available in the HRS
that map to the 20 conditions identified by the OASH MCC
working group. Our goal was to examine variation in
MCC:s by cohort using the HRS and this operationalization
reflects a purpose-driven selection of data sources and in-
strumentation (Suls et al., 2021). To capture the persistent
nature of chronic conditions and address conflicts in con-
dition identification across interviews, we used diagnoses
from previous waves, additional information on treatment
and diagnosis date available in the HRS, and established
adjudication criteria (Cigolle et al., 2016) to amend re-
sponses to reflect having ever been diagnosed or identified
with the given condition. The sum of chronic conditions
we use as an index of MCC burden is highly correlated
with more complex weighted multimorbidity indices and
has been identified as a suitable measure of multimorbidity
(Quifiones et al., 2011).

Seven conditions in this index were based on respondent
self-reports of “having ever been told by a doctor” that they
had the following diseases: heart disease (including myocar-
dial infarction, coronary heart disease, angina, congestive
heart failure, or other heart problems), hypertension, stroke
(excluding transient ischemic attack), diabetes, arthritis,
lung disease (such as chronic bronchitis or emphysema and
excluding asthma), and cancer (any malignant tumor ex-
cluding skin cancer). Depressive symptoms were identified
using the Center for Epidemiological Studies—Depression
scale adapted in the HRS with respondents asked to re-
port for the week prior to interview whether they felt de-
pressed, were happy, felt lonely, enjoyed life, felt sad, could
not get going, that everything was an effort, or sleep was

restless. Affirmative responses to four or more symptoms
indicate high depressive symptoms (Steffick, 2000). Finally,
we include an indicator of dementia following the Langa—
Weir approach that sums immediate and delayed word re-
call scores, a backwards counting test, and a serial sevens
test with a range from 0 to 27 and dementia identified
for those with scores of <7 (Crimmins et al., 2011; Langa
et al., 2010). Description of each component of the cogni-
tive impairment index is presented in the Supplementary
Appendix.

Age, period, and cohort

Age was calculated as the difference between the
respondent’s birth date and interview date at each wave.
Period was measured as year of interview. Individual
birth years were grouped together into seven unique co-
horts: Greatest Generation (born 1923 or earlier), Early
Children of Depression (born 1924-1930), Late Children
of Depression (born 1931-1941), War Babies (born 1942-
1947), Early Baby Boomers (born 1948-1953), Mid Baby
Boomers (born 1954-1959), and Late Baby Boomers (born
1960-1965). The Late Children of Depression cohort was
used as the reference group in all analyses as they represent
the largest cohort in the HRS and have the widest age range
of all cohorts under study.

Sociodemographic and behavioral covariates

Covariates were selected to adjust models for background
characteristics and explore disparities in MCC burden while
minimizing missing data. Demographic indicators included
respondents’ sex/gender, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic/Latino, or Other
race/ethnicity [including American Indian, Alaskan Native,
Asian, Native Hawaiian, Pacific Islander, and other racial/
ethnic subgroups]), partnership status (separated, divorced,
widowed, or never married; partnered/married with spouse
present or absent), and nativity status (born in the United
States, not born in the United States). Measures of SES in-
cluded education (< high school degree, high school degree,
> high school degree), household income measured as the
combined household income of the respondent and their
spouse (including individual earnings, income from Social
Security, government transfers, unemployment or workers
compensation, and other sources of income). Household
net worth was measured as the net value of the respondent’s
financial and nonfinancial assets (e.g., residence, real estate
savings and retirement accounts, etc.) minus debts owed
on mortgages, home loans, and other debt. Both household
income and household net worth were examined as quar-
tiles to address potential nonlinear association with MCC
burden. Childhood socioeconomic adversity was meas-
ured as an additive index of mother’s education (<8 years),
father’s education (<8 years), reporting childhood finan-
cial status as poor, receiving financial help from relatives,
never living with father, and reporting father as having a
blue-collar occupation. As few respondents reported all six
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Figure 1. Observed and estimated trajectories of multiple chronic conditions (MCCs) by age and cohort, HRS 1998-2018. Notes: GG = Greatest
Generation (born 1903-1923); ECOD = Early Children of Depression (born 1924-1930); LCOD = Late Children of Depression (born 1931-1941); WB = War
Babies (born 1942-1947); EBB = Early Baby Boomers (born 1948-1953); MBB = Mid Baby Boomers (born 1954-1959); LBB = Late Baby Boomers (born
1960-1965). Panel A: Weighted means of MCC burden by cohort and age group. Panel B: Estimates of MCC burden by cohort and age group from
Model 1 (fixed effects: cohort, linear age, quadratic age, covariates; no period effect). Panel C: Estimates of MCC burden by cohort and age group
from Model 2 (fixed effects: cohort, linear age, quadratic age, covariates; random period effect). Panel D: Estimates of MCC burden by cohort and age
group from Model 3 (fixed effects: cohort, linear age, quadratic age, cohort x linear age interaction terms, covariates; random period effect). Survey
weights from respondent’s first available interview were used to adjust observed and estimated trajectories. HRS = Health and Retirement Study.

Full color version is available within the online issue.

In sensitivity analyses, we used IPWs to adjust estimates
of intercohort differences in MCC burden for potential bias
due to nonrandom dropout (Weuve et al., 2012). A single
IPW model for dropout (mortality or study attrition) was
used as [IPWs adjusting for death or attrition produce re-
sults comparable to weights adjusting for loss to mortality
only (Quinones et al., 2019). After calculation of IPWs, we
trimmed respondents with IPWs >98th percentile (17 = 834;
Stiirmer et al., 2010), then multiplied the IPW by the
person-level HRS survey weights (DuGoff et al., 2014). The
trimmed sample and the composite weights were applied to
Models 1-3. The Supplementary Appendix describes var-
iable selection and the logit model used to estimate IPWs
and presents weighted descriptives for variables used to
estimates IPWs (Supplementary Table 3), estimates from
the logit model predicting dropout used to calculate IPWs
(Supplementary Table 4), and estimates from LMMs ad-
justed for IPWs (Supplementary Table 5).

To examine how specific chronic conditions contrib-
uted to cohort differences in multimorbidity, we estimated
the weighted prevalence of each chronic condition among

multimorbid respondents. To address repeated within-
person measurement, we calculated the prevalence of each
condition at last available observation. The prevalence
of each condition among those with multimorbidity was
estimated by cohort (Supplementary Table 6) and by co-
hort and age group (Supplementary Table 7). Respondent
weights were taken from the first available measurement to
align with our primary analyses.

Descriptive and inferential analyses were completed in
SAS version 9.4 (PROC GLIMMIX was used to estimate
the LMMs) and figures were created in R version 4.0.5 and
R Studio version 1.4.1106.

Results

Weighted means of MCC burden by cohort and age group
are presented in Table 1. The burden of MCCs generally
decreased in each successive cohort when age was not con-
sidered, though cohort patterns emerge when comparing
within age group. Evaluating MCC burden within age
group across cohort indicates that the reported number of


http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbac070#supplementary-data

1872

Journals of Gerontology: SOCIAL SCIENCES, 2022, Vol. 77, No. 10

Table 2. Weighted Descriptive Statistics for Multiple Chronic Condition Burden and Background Characteristics by Cohort at

First Interview, HRS 1998-2018

Greatest Early Children  Late Children Early Baby Mid Baby Late Baby
Generation of Depression  of Depression ~ War Babies Boomers Boomers Boomers
(1903-1923)  (1924-1930) (1931-1941)  (1942-1947)  (1948-1953)  (1954-1959)  (1960-1965)
Continuous variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Chronic disease burden ~ 2.43 (1.46) 1.99 (1.40) 1.74 (1.40) 1.23 (1.29) 1.40 (1.40) 1.37 (1.39) 1.39 (1.44)
Age 80.12 (4.75)  70.90 (2.74) 61.96 (3.91)  54.34(3.98)  54.60 (3.46)  53.69(2.04)  53.84 (1.74)
# waves observed 3.81(2.42) 5.82(3.20) 7.20 (3.38) 7.65(3.33) 5.64 (2.24) 3.86 (1.28) 1.72 (0.44)
Categorical variables Y% % Y% Y% Y% Y% Y%
Female 61.28 56.08 53.36 51.26 51.44 52.63 51.57
Race/ethnicity
Non-Hispanic White — 88.21 84.28 79.88 79.38 70.97 72.35 63.24
Non-Hispanic Black 6.80 8.31 10.25 9.97 13.85 11.65 12.14
Hispanic/Latino 3.98 5.14 7.63 7.82 10.92 10.80 13.15
Other race/ethnicity 1.01 2.26 2.24 2.83 4.26 5.19 11.47
Partnered/married 46.13 65.51 72.43 75.68 72.03 72.20 69.14
Not U.S. born 7.42 7.19 10.46 8.01 11.87 12.47 15.94
Education
<HS degree 35.62 30.11 24.35 16.47 13.26 11.97 11.82
HS degree 33.33 34.26 35.39 32.83 27.26 27.07 26.21
>HS degree 31.05 35.62 40.25 50.70 59.48 60.96 61.97
Household income quartile
1 38.18 26.94 20.20 13.82 17.32 14.49 16.96
2 31.38 31.78 21.78 14.95 14.05 14.57 15.47
3 18.58 25.18 27.54 25.84 25.96 26.30 22.71
4 11.86 16.10 30.48 45.39 42.66 44.64 44.86
Household net worth quartile
1 24.90 21.42 23.16 25.88 30.59 27.93 27.42
2 25.30 24.58 23.46 26.65 24.28 25.65 25.03
3 25.77 26.11 25.31 24.08 23.98 24.12 24.63
4 24.02 27.89 28.06 23.38 21.16 22.30 22.92
Childhood socioeconomic adversity
0 11.02 13.66 18.29 22.84 25.46 32.55 31.30
1 21.47 20.81 28.56 28.38 28.03 28.12 27.77
2 21.38 20.11 20.06 19.21 17.36 15.83 17.75
3 25.37 23.78 18.42 15.18 13.22 12.42 12.08
4 15.22 15.23 10.01 9.22 9.58 6.98 7.25
5 5.54 6.41 4.67 5.16 6.34 4.09 3.85
BMI
Underweight 3.94 1.29 1.22 1.18 1.00 0.92 0.89
Normal 46.91 35.58 31.31 29.00 26.86 24.50 21.05
Overweight 35.82 41.72 40.45 39.68 37.91 36.51 36.07
Obese 13.33 21.41 27.03 30.14 34.22 38.07 41.99
Poor childhood health 6.72 5.80 6.62 5.77 6.37 5.67 6.85
Current smoker 6.33 13.94 19.14 24.83 22.51 22.89 20.71
Alcohol consumption
None 75.99 69.81 66.14 62.12 56.23 49.05 47.14
Moderate 21.36 25.31 27.77 30.66 35.92 41.39 41.12
Heavy 2.65 4.88 6.09 7.21 7.84 9.55 11.74
Study dropout 95.21 75.06 46.40 27.69 16.02 5.90 0.95

Notes: HRS respondent’s first available interview used as data source. Survey weights from first available interview used to adjust means and percentages.

BMI = body mass index; HRS = Health and Retirement Study; HS = high school; SD = standard deviation.
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chronic conditions was generally greater for later-born co-
horts. Among adults aged 80-84, those born to later cohorts
reported more chronic conditions than those born to earlier
cohorts. In adults aged 60-64, 65-69, 70-74, 75-79, and
85 and older, MCC burden appeared to increase in each
successive cohort but tended to level off in later genera-
tions. Only 11 respondents were included in the cell used to
estimate MCC burden for Mid Baby Boomers aged 65-69,
so we do not interpret this value. Among adults aged
55-59, MCC burden was relatively stable across cohort,
and among adults aged 51-54, MCC burden appeared to
increase in later cohorts.

Figure 1 Panel A displays weighted age trajectories of
MCC burden by cohort with 95% confidence intervals
(CIs). Over the observed age range, there were several points
at which later-born cohorts had greater MCC burden than
those born to earlier cohorts at comparable ages. For ex-
ample, at age 68 the average MCC burden was 1.88 (95%
CL 1.76; 1.99) for the Early Children of Depression co-
hort, 2.34 (95% CI: 2.28; 2.40) for the Late Children of
Depression cohort, and 2.66 (95% CI: 2.57; 2.76) for the
War Babies cohort. Though there are several points where
CIs overlap or observed cohort trajectories are not com-
parable due to varying within-cohort age range, this figure
provides descriptive evidence that at equivalent ages, later-
born cohorts tend to have greater MCC burden than earlier
cohorts, and that multimorbidity onset generally occurred
at younger ages for later-born cohorts.

Unweighted descriptive statistics for the complete
sample used to model cohort dynamics in MCC burden
are presented in Supplementary Table 2. Across all avail-
able interview waves and without adjustment for survey
weights, respondents reported an average of 2.35 chronic
conditions (SD = 1.61) and the mean age was 67.58 years
(SD = 10.06). To identify variation in background char-
acteristics by cohort, weighted descriptive statistics are
presented by cohort in Table 2. Later-born cohorts were
generally more likely to have an even sex distribution, be
more racially/ethnically diverse, and have a greater likeli-
hood of being born outside the United States. Education
and household income appeared to increase in each suc-
cessive cohort, and earlier born cohorts tended to report
greater childhood socioeconomic adversity. The risk of
obesity increased in later-born cohorts, as did reporting
heavy alcohol consumption. Likelihood of attrition due to
mortality or study dropout was greater among earlier born
cohorts.

Table 3 presents results from the weighted LMM:s
estimating cohort differences in MCC burden under
varying assumptions about APC effects. Estimates from the
age/cohort model adjusted for cohort, linear and quadratic
age terms, and covariates while excluding adjustment for
period effects (Model 1) suggest that compared to adults
born to the Late Children of Depression reference cohort,
those born to prior cohorts had fewer expected chronic con-
ditions, and those born to later cohorts had greater MCC

burden. In Model 2, including adjustment for period ef-
fects in addition to effects included in the age/cohort model
slightly attenuated estimates of cohort differences in MCC
burden, with estimates somewhat decreasing in magni-
tude, except for the estimate for Late Baby Boomers, which
was unchanged. Including cohort by age interaction terms
(Model 3) changes the substantive interpretation of the es-
timates, with the direct-effect cohort parameters estimating
MCC burden within cohort at the weighted grand mean
age (M = 65.28) relative to the reference cohort. The linear
age term (b = 0.11, 95% CI: 0.11; 0.11) represents the ex-
pected increase in MCC burden with a one-unit increase
in age for the reference cohort, and estimates for each co-
hort by age interaction term represent deviations from this
value. Not all cohorts included members observed at the
weighted grand mean age, suggesting comparisons of MCC
burden by cohort estimated in Model 3 should be inter-
preted cautiously, though the estimates generally align with
those derived from Model 1 and Model 2.

As we prefer to interpret estimates of cohort patterns
in MCC burden net of age and period effects, we focus at-
tention on estimates produced by Model 2. In this model,
cohort appeared to have a nonlinear monotonic associa-
tion with MCC burden. Those cohorts born prior to 1931
had lower expected MCC burden, and those cohorts born
after 1941 had greater expected MCC burden. For ex-
ample, members of the Greatest Generation cohort had an
estimated 1.22 fewer chronic conditions (95% CI: -1.27;
-1.16), while the Mid Baby Boomers had an estimated
0.60 more chronic conditions (95% CI: 0.55; 0.66), than
Late Children of Depression cohort members, respectively.
Linear age was positively associated with MCC burden net
of cohort and period effects (b = 0.10, 95% CI: 0.10; 0.10).
Notable associations between MCC burden and covariates
net of age/period/cohort included greater MCC burden
among non-Hispanic Black respondents and respondents
grouped in the “Other” racial/ethnic category, those born
in the United States, and those with less education, com-
pared to their respective reference groups. Greater house-
hold net worth was modestly associated with lower MCC
burden, and greater childhood socioeconomic adversity
and poor childhood health were positively associated with
MCC burden. Obese individuals had more chronic condi-
tions than their normal-weight counterparts, although this
association appeared modest.

Figure 1 Panels B-D display the estimated MCC tra-
jectories by age and cohort produced by the three LMMs.
Trajectories estimated by Model 1 (Panel B) and Model 2
(Panel C) were similar, reflecting the likeness of estimates re-
ported for these models in Table 3. The trajectory of MCC
burden by cohort estimated by Model 3 (Panel D) demon-
strates the effect of allowing MCC burden to vary by age
within cohort. Across models with varying approaches to
estimating APC effects, adults born to later cohorts gen-
erally reported greater MCC burden than earlier born co-
horts at comparable ages. Later-born cohorts also crossed
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Table 3. Restricted Maximum Likelihood Estimates of Multiple Chronic Condition Burden From Linear Mixed Models, HRS

1998-2018
Model 1 Model 2 Model 3
Est 95% CI Est 95% CI Est 95% CI

Cohort

Greatest Generation (1903-1923) -1.31 -1.37 -126 -1.22 -127 -116 -192 -2.02 -1.82

Early Children of Depression (1924-1930) -0.64 -0.69 -0.59 -0.63 -0.68 -0.57 -1.01 -1.07 -0.94

Late Children of Depression (1931-1941; ref)

War Babies (1942-1947) 0.42 0.37 0.47 0.39 0.34 0.44 0.39 0.33 0.44

Early Baby Boomers (1948-1953) 0.50 0.45 0.55 0.49 0.44 0.54 0.41 0.36 0.46

Mid Baby Boomers (1954-1959) 0.62 0.57 0.67 0.60 0.55 0.66 0.39 0.33 0.45

Late Baby Boomers (1960-1965) 0.66 0.61 0.72 0.66 0.61 0.72 0.72 0.61 0.83
Cohort x linear age interaction terms

Greatest Generation (1903-1923) x linear age 0.05 0.05 0.06

Early Children of Depression (1924-1930) x linear age 0.04  0.04 0.04

Late Children of Depression (1931-1941; ref) x linear age

War Babies (1942-1947) x linear age -0.01 -0.02 -0.01

Early Baby Boomers (1948-1953) x linear age -0.02 -0.03 -0.02

Mid Baby Boomers (1954-1959) x linear age -0.04 -0.04 -0.03

Late Baby Boomers (1960-1965) x linear age -0.01 -0.02  0.00°
Linear age 0.10  0.10 0.10 0.10  0.10 0.10 0.11  0.11 0.11
Female 0.08 0.05 0.11 0.07  0.04 0.10 0.08 0.05 0.11
Race/ethnicity

Non-Hispanic White (ref)

Non-Hispanic Black 0.24 0.20 0.28 0.28 0.23 0.32 0.28 0.24 0.33

Hispanic/Latino -0.01 -0.07 0.05*  0.01 -0.05 0.072  0.01 -0.05 0.07¢

Other race/ethnicity 0.15 0.07 0.24 0.19 0.11 0.27 0.19 0.11 0.27
Partnered/married -0.08 -0.10 -0.07 -0.08 -0.09 -0.06 -0.08 -0.09 -0.06
Born outside United States -0.36 -041 -031 -0.35 -041 -0.30 -0.35 -0.41 -0.30
Education

< HS degree 0.34 0.30 0.39 0.36 0.32 0.40 0.36 0.31 0.40

HS degree (ref)

> HS degree -0.18 -0.22 -0.15 -0.19 -0.23 -0.16 -0.19 -0.23 -0.16
Household income quartile

Q1 (ref)

Q2 -0.08 -0.09 -0.07 -0.03 -0.04 -0.02 -0.03 -0.04 -0.02

Q3 -0.11 -0.13 -0.10 -0.05 -0.06 -0.04 -0.04 -0.05 -0.03

Q4 -0.12 -0.14 -0.11 -0.06 -0.07 -0.05 -0.06 -0.07 -0.05
Household net worth quartile

Q1 (ref)

Q2 -0.07 -0.08 -0.06 -0.05 -0.06 -0.04 -0.05 -0.06 -0.04

Q3 -0.13 -0.15 -0.12 -0.09 -0.10 -0.08 -0.08 -0.10 -0.07

Q4 -0.19 -0.21 -0.17 -0.12 -0.13 -0.10 -0.11 -0.13 -0.10
Childhood socioeconomic adversities

0 (ref)

1 0.09 0.04 0.13 0.10 0.06 0.15 0.10 0.06 0.15

2 0.19 0.14 0.23 0.21 0.16 0.26 0.21 0.16 0.26

3 0.23 0.18 0.28 0.26 0.20 0.31 0.26 0.20 0.31

4 0.37  0.31 0.43 0.40 0.34 0.46 0.40 0.34 0.46

S 0.50 0.43 0.58 0.54 0.47 0.62 0.54 0.47 0.62
Childhood health (fair/poor) 0.55 0.49 0.61 0.58 0.52 0.64 0.58 0.52 0.64
BMI

Underweight 0.07  0.03 0.10 0.05 0.02 0.08 0.05 0.02 0.07

Normal (ref)

Overweight 0.00 -0.02 0.01* -0.01 -0.02 0.000 -0.01 -0.02 0.00°

Obese 0.07  0.05 0.09 0.03  0.02 0.04 0.03  0.02 0.04
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Table 3. Continued
Model 1 Model 2 Model 3
Est 95% CI Est 95% CI Est 95% CI
Current smoker -0.17 -0.19 -0.15 -0.11 -0.12 -0.09 -0.11 -0.12 -0.09
Alcohol consumption
None (ref)
Moderate -0.10 -0.11 -0.09 -0.05 -0.06 -0.05 -0.05 -0.06 -0.04
High -0.14 -0.16 -0.12 -0.08 -0.10 -0.07 -0.08 -0.10 -0.07
Intercept 234 2.29 2.39 2.40  2.35 2.45 2.47 242 2.52
Age squared 0.00  0.00 0.00*°  0.00  0.00 0.00 0.00  0.00 0.00
Random effects
Individual 1.69 1.66 1.72 1.02  0.98 1.05 1.03  0.99 1.06
Period 0.84  0.84 0.84 0.84  0.84 0.84

Notes: Survey weights from respondent’s first available interview used. Model 1: Fixed effects: cohort, linear age, quadratic age, covariates; no period effect. Model

2: Fixed effects: cohort, linear age, quadratic age, covariates; random period effect. Model 3: Fixed effects: cohort, linear age, quadratic age, cohort x linear age

interaction terms, covariates; random period effect. BMI = body mass index; CI = confidence interval; HRS = Health and Retirement Study; HS = high school.

aIdentifies estimate p > .001.

Estimated MCC trajectory by wave (excluding cohort effect)

43

Estimated number of chronic conditions (0-9)

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Wave

Figure 2. Estimated trajectory of multiple chronic conditions (MCCs) by
interview wave, HRS 1998-2018. Notes: Statistical model used to gen-
erate estimates included fixed effects for wave, linear age, quadratic
age, and covariates; no cohort effect estimated. Survey weights from
respondent’s first available interview were used to adjust estimated tra-
jectory. HRS = Health and Retirement Study.

the threshold of multimorbidity at younger ages than those
born to prior cohorts. Based on estimates from Model 3
(displayed in Figure 1 Panel D), the age of multimorbidity
onset was about 75 years of age for the Greatest Generation,
about 69 years of age for Early Children of Depression,
about 61 years of age for Late Children of Depression, and
between ages 55-57 for members of the War Babies and all
Baby Boom cohorts.

To estimate the magnitude of period effects, or trends in
MCC burden as a function of chronological time, Figure 2
presents predicted MCC burden by wave in models ad-
justed for linear and quadratic age while excluding cohort
effects. Covariates included in Models 1-3 and an indicator
of study dropout adjusted the model estimating period ef-
fects. The plot suggests an increase in MCC burden over
the observational period net of age, but this trend should

be interpreted cautiously as the statistical model excluded
cohort effects to break APC collinearity.

To examine the impact of mortality and other forms of
nonrandom attrition on the observed cohort patterns in
MCC burden, we reestimated the primary LMMs adjusted
for IPWs. Supplementary Table 3 presents weighted descrip-
tive statistics for the cross-wave sample used to estimate
IPWs. Notably, about 31% of the sample dropped out of the
study due to mortality or other forms of attrition. Estimates
from the IPW-adjusted LMMs, presented in Supplementary
Table 5, generally align with those from models unadjusted
for IPWs, suggesting the primary results are likely robust to
the influence of mortality and loss to follow-up.

To examine cohort differences in the composition of
MCCs, Supplementary Table 6 presents the weighted prev-
alence of each chronic condition for respondents with
multimorbidity by cohort. Among multimorbid adults, ar-
thritis and hypertension were the most common chronic
conditions, with arthritis the most common condition for
respondents born before 1948, and hypertension the most
common condition for those born 1948 or later. Prevalence
of depressive symptoms and diabetes generally increased in
each successive cohort, while heart disease, cancer, stroke,
and cognitive impairment decreased among later-born co-
horts (though these are likely the result of uncontrolled
age differences across cohort). Focusing on condition prev-
alence across cohorts within age group (Supplementary
Table 7), depressive symptoms appeared to consistently
increase in later cohorts in all but the oldest age groups,
and diabetes prevalence was generally greater in later co-
horts for all age groups. Prevalence of heart disease and
stroke typically decreased within age group in later cohorts.

Discussion

The present study establishes intercohort patterns in MCC
burden in a representative sample of aging U.S. adults. Both
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descriptive and inferential approaches to identifying cohort
effects suggest that later-born cohorts are experiencing greater
MCC burden and crossing the threshold of multimorbidity
at younger ages than prior cohorts. We identified disparities
in MCC burden related to race/ethnicity, childhood socio-
economic adversity, and childhood health, and found that
depressive symptomatology and diabetes were likely con-
tributing to the observed cohort multimorbidity patterns.
Our results add to evidence of deteriorating health among
those entering midlife and late life and represent a poten-
tially significant threat to the health of aging populations
and the efficacy of our health care system.

We found that later-born U.S. cohorts experienced
greater MCC burden and multimorbidity at earlier ages than
cohorts born to prior eras. The identification of increasing
MCC burden among later cohorts is alarming yet aligns with
several reports of decreasing health and wellness in aging
populations (Canizares et al., 2018; Case & Deaton, 2015;
Zheng & Echave, 2021). Identifying mechanisms explaining
intercohort morbidity patterns is challenging given several
plausible causal and artifactual inputs. Differential exposure
to risk factors such as obesity may generate greater disease
burden at earlier ages (The GBD 2015 Obesity Collaborators,
2017), or declining disease-specific mortality rates may re-
sult in populations with expanding morbidity (Crimmins &
Beltran-Sanchez, 2011). Others argue that enhanced disease
detection and medicalization explain the recent increase in
chronic disease, suggesting that greater chronic disease prev-
alence is the result of enhanced medical technology, prolifer-
ation of diagnostic classifications and criteria, and improved
screening and detection (McGrail et al., 2016). Several of
our statistical models adjusted for period effects in attempts
to account for the influence of secular trends in technology,
diagnosis, and screening on the estimates of intercohort pat-
terns in MCC burden, though we recognize that residual
confounding due to these factors likely remains. Given our
inability to parse the specific contributions of risk exposure,
morbidity expansion, and trends in diagnosis/awareness to
our findings, continued work to identify drivers of cohort
trends in MCC burden is required.

From a methodological perspective, our work must be
framed within the ongoing debate surrounding the estima-
tion of APC effects on health outcomes. There are several
methodological and theoretical approaches that have gen-
erated vigorous discussion on the (in)ability to break APC
collinearity (Bell, 2020; Luo, 2013; Yang & Land, 2013),
though consensus on preferred methods has not been
reached. The inability to derive a point estimate for the as-
sociation between MCC burden and period net of cohort
and age is an example of the constraints on the researcher
when attempting to estimate APC effects. As our inten-
tion was to identify substantive patterns in MCC burden
by cohort net of age and period, and not take a definitive
stand on how the APC problem should be resolved, we
took several complimentary approaches with evidence of
intercohort trends in MCC burden emergent across the de-
scriptive and inferential methods chosen.

Sociodemographic characteristics and childhood health
appeared to pattern chronic disease risk for all cohorts.
Respondents who were non-Hispanic Black or from ra-
cial/ethnic subgroups including American Indians, Alaskan
Natives, Asians, Native Hawaiians, and Pacific Islanders
had greater MCC burden than White respondents. Racial/
ethnic disparities in multimorbidity in older adults are well
established (Quifiones et al., 2011, 2019, 2021), though we
are unaware of existing evidence of greater multimorbidity
among racial/ethnic minorities who are not Black or
Hispanic/Latino derived from representative U.S. data.
Respondents born outside of the United States had signif-
icantly lower MCC burden than native born respondents,
potentially reflecting health advantages among immigrant
Americans (Elo et al., 2011) and underdiagnosis of chronic
disease due to higher rates of uninsured among foreign-
born adults. As foreign-born adults are more prevalent in
recent cohorts, immigration may be masking even larger
adverse shifts in cohort health among U.S. born adults.
Socioeconomic disparities in MCC burden were apparent
for all cohorts as reporting less than a high school degree,
having low household net worth, and experiencing greater
socioeconomic adversity in childhood independently in-
creased the likelihood of greater MCC burden. The durable
effect of life-course SES on disease risk across cohort re-
flects the central role of SES in patterning risk exposure
and health disparities (Kuh et al., 2003; Lynch & Smith,
2005). The lasting effects of health in childhood, described
as the “long arm of childhood health” (Haas, 2007), were
apparent as those reporting fair-to-poor childhood health
were at risk of greater MCC burden. In comparison to
sociodemographic measures, behavioral risk factors in-
cluding BMI, smoking status, and alcohol consumption
were modestly associated with MCC burden.

Regarding the contribution of each condition to co-
hort differences in multimorbidity, arthritis and hyper-
tension were the most prevalent single conditions among
multimorbid older adults, which has been identified else-
where (Quifiones et al., 2016). The increase in depressive
symptoms and diabetes identified in later-born cohorts
while accounting for age is more informative of the con-
ditions contributing to cohort patterns in multimorbidity.
Increases in depression among adults aged 50 and older
were observed from 2005 to 2015 (Weinberger et al.,
2017), and more recent cohorts of midlife adults have el-
evated risk of mental distress (Case & Deaton, 2015) and
depressive symptomatology (Abrams & Mehta, 2019). The
prevalence of diabetes increased among adults aged 65
and older from 1999 to 2018 (Wang et al., 2021), though
we are unaware of work examining cohort variation in
diabetes among older adults. As was true of our primary
findings, recent trends in depressive symptomatology and
diabetes are likely the combined result of differential ex-
posure to factors leading to worse health such as greater
wealth inequality and obesity-related chronic disease in
later cohorts (Canizares et al., 2018; Zewde, 2021), and
surveillance-related increases in diagnoses due to enhanced
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awareness and medicalization of these conditions over the
observational period.

Our work benefits from several strengths including mul-
tifaceted assessment of cohort patterns in MCC burden over
two decades of observation in a large representative sample
of aging Americans, but limitations temper the conclusions
that can be drawn from our findings. Common issues in
evaluating trends in health and multimorbidity including
within-person variability in self-reports of chronic disease,
difficulty in operationalizing multimorbidity and disease se-
verity, incomplete population representation, and mortality
selection likely influence our results (Quifiones et al., 2020;
Weuve et al., 2012). Though we implemented adjudication
methodology to address conflicts in condition identifica-
tion across interviews, our index of multimorbidity relies
on self-report of seven of nine conditions, and sufficient in-
formation to triangulate diagnosis of depressive symptoms
and dementia was unavailable. Also, our MCC index nec-
essarily excluded some conditions as our operationalization
of MCC burden was based on conditions available in the
HRS that align with the 20 conditions identified by the
OASH MCC working group and the Goodman et al. (2013)
conceptual model for standardizing analysis of health data
for specific chronic conditions. Our use of a standardized
conceptual model to define and measure multimorbidity
attempts to address the heterogeneity in the assessment of
multimorbidity (Diederichs et al.,2011), though we acknowl-
edge our MCC index is one of many operationalizations of
the concept of multimorbidity. Lack of detailed information
on disease stage and prognosis prevented us from examining
whether the severity of conditions varied across cohort,
and estimating intercohort variation in unique MCC com-
binations was beyond the scope of our analyses. Regarding
population representation, the lack of specificity on racial/
ethnic heritage among Hispanic/Latinos and the multiple
racial/ethnic groups included in the masked “Other” race/
ethnicity category in the HRS precludes meaningful exami-
nation of these groups. Also, adults remaining in the earliest
born cohorts are highly select on good health, and adults in
later-born cohorts likely live with greater MCC burden due
to lower age- and disease-specific mortality rates compared
to earlier generations. Though our results did not appear
sensitive to dropout, selective mortality prior to HRS enroll-
ment may have contributed to the observed cohort patterns.
Finally, the exclusion of respondents with missing data may
have underrepresented certain groups, though the relatively
small percentage of excluded cases (4.0% of possible cases)
suggests this likely did not significantly influence our results.

Our study contributes to evidence that multimorbidity
is increasing in the cohorts just beginning to enter older
adulthood. Worsening health among the cohorts driving
population aging will likely increase the burden of care on
communities, clinicians, and health systems tasked with
managing the health of our population. Policies aimed at
improving the upstream determinants of health for racial/
ethnic minorities and interventions designed to improve eq-
uitable access to education, reduce childhood socioeconomic

adversity, and enhance childhood health would drive sus-
tained improvements in the health of aging populations.
Programs specifically targeting depression and diabetes
may be particularly impactful in reducing MCC burden in
cohorts beginning to enter older adulthood. Future work
on the progression and sequelae of multimorbidity at the
individual and population level is crucial to development
of policy and interventions able to address the possible cas-
cade of disease resulting from deteriorating health among
cohorts beginning to experience age-related health decline.
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