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Abstract

health (SRH) in older adults in Europe.

SRH, and increased rates of ADL-IADL disability.

Background: Multimorbidity is associated with greater likelihood of disability, health-related quality of life, and
mortality, greater than the risk attributable to individual diseases. The objective of this study is to examine
the association between unique multimorbidity combinations and prospective disability and poor self-rated

Methods: We conducted a prospective analysis using data from the Survey of Health, Ageing and Retirement
in Europe in 2013 and 2015. We used hierarchical models to compare respondents with multiple chronic
conditions to healthy respondents and respondents reporting only one chronic condition and made within-group
comparisons to examine the marginal contribution of specific chronic condition combinations.

Results: Less than 20% of the study population reported having zero chronic conditions, while 50% reported
having at least two chronic conditions. We identified 380 unique disease combinations among people who
reported having at least two chronic conditions. Over 35% of multimorbidity could be attributed to five
specific multimorbidity combinations, and over 50% to ten specific combinations. Overall, multimorbidity
combinations that included high depressive symptoms were associated with increased odds of reporting poor

Conclusions: Multimorbidity groups that include high depressive symptoms may be more disabling than
combinations that include only somatic conditions. These findings argue for a continued integration of
both mental and somatic chronic conditions in the conceptualization of multimorbidity, with important
implications for clinical practice and healthcare delivery.
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Background

Multimorbidity, most often defined as the presence of
two or more co-existing chronic conditions, is highly
prevalent among older adults across the world [1-5].
Multimorbidity is associated with greater likelihood of
disability [6—10], major depressive disorder [11], lower
self-rated health [12], quality of care [13] and increased
healthcare utilization and cost [14, 15]. As the world’s
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population ages, there is a growing need for population-
based research in multimorbidity to clarify the complex
interactions between health-related quality of life,
chronic disease and disability [16, 17].

Several seminal works have informed research and
clinical practice to shift away from focusing on index,
single, and individual chronic diseases and instead con-
sider the full complement of chronic diseases as they co-
occur in patients [1, 18, 19]. Yet, there is little consensus
on how to measure and operationalize multimorbidity
and quantify linkages between important geriatric syn-
dromes and health-related quality of life consequences
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of multimorbidity among older adult populations. Spe-
cifically, gaps in this growing area of research involve
increasing the evidence base on the epidemiology of
multimorbidity and integrating patient-centered mea-
sures to assess the impact of multimorbidity on patients’
lives [20, 21].

An increasing number of studies have moved to iden-
tify specific multimorbidity patterns among older adults
as an advancement over merely counting the total
number of chronic conditions. A recent meta-analysis
identified three nonrandom patterns of multimorbidity:
musculoskeletal, cardiometabolic, and mental health
[17]. Specific disease combinations may be more or less
disabling than others, therefore it is clinically-relevant to
assess outcomes for these combinations [22]. Further,
depression is often co-morbid with other chronic condi-
tions, but it is not standard practice to include depres-
sion in the operationalization of multimorbidity [23, 24].
While previous studies have examined the prevalence,
correlates, and patterns of multimorbidity, and some
studies examine the association between multimorbidity
and depression [25-27], few have examined the effect of
unique multimorbidity profiles, specifically those that in-
corporate depression into the operationalization of mul-
timorbidity—which may have important and debilitating
interactions with co-existing disease—and associations
with health-related quality of life outcomes [7, 10, 28].

The purpose of this study is to assess the association
between prevalent multimorbidity patterns, including
chronic mental and somatic disease that occur in
concert, on self-rated health and activities of daily living
(ADL) and instrumental activities of daily living (IADL)
disability using a cross-national sample of older adults in
Europe. We compare respondents with multiple chronic
conditions to healthy respondents and respondents
reporting only one chronic condition and conduct
within-group comparisons to examine the marginal
conribution of specific chronic conditions. We discuss
implications of unique multimorbidity patterns and
examine country-by-country differences within multi-
morbidity groups. Examining specific multimorbidity
patterns will allow for optimization of health care deliv-
ery and organization within clinical practice to improve
care in these populations.

Methods

The Survey of Health Ageing and Retirement in Europe
(SHARE) is a multidisciplinary and cross-national longi-
tudinal survey of noninstitutionalized Europeans aged 50
and over across 20 European countries and Israel. The
target population consists of all persons aged 50 and
over at the time of sampling and who have their per-
manent home in the respective SHARE country. Persons
who are hospitalized, out of the country, or unable to
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speak the country’s language at the time of interview
were excluded. Computer-assisted personal interviewing
(CAPI) was used during face-to-face interviews. Recruit-
ment strategies were country specific. If respondents
faced physical or cognitive limitations, it is possible that
the respondent is assisted by a proxy respondent. The
full description of this survey has been published else-
where [29].

The most recently available survey data from 2013 and
2015 (Waves 5 and 6) were used in this study. All covar-
iates and exposure were assessed in 2013 and outcomes
were assessed in 2015. 47,523 respondents were inter-
viewed in both 2013 and 2015 sample waves, and we ex-
cluded 21,352 respondents who were under the age of
65 in 2013, and 862 respondents with one or more miss-
ing chronic disease responses. Seventeen respondents
had non-positive survey weights and were excluded. Our
final study population included 25,239 older adults.
Fourteen countries were included in both the 2013 and
2015 SHARE survey: Austria, Germany, Sweden, Spain,
Italy, France, Denmark, Switzerland, Belgium, Israel,
Czech Republic, Luxembourg, Slovenia and Estonia.

Disability assessment

SHARE respondents were asked about difficulty per-
forming common everyday tasks to assess physical func-
tioning, six activities of daily living, (ADL; dressing,
walking across a room, bathing, eating, transferring from
a bed, and toileting) and seven instrumental activities of
daily living (IADL; using a map, meal preparation, gro-
cery shopping, using a telephone, taking medication,
doing work around the house, and managing money).
The primary outcome variable is a combined ADL-IADL
index variable assessed in 2015, created by summing the
number of ADL and IADL disability counts for each re-
spondent (range 0—13) [30].

Self-rated health

Respondents were asked to rate their own health (SRH),
on a scale from 0 to 4 (excellent, very good, good, fair,
poor) [How would you rate your current health state?].
A higher score indicates poor SRH. The outcome vari-
able is a dichotomous index variable assessed in 2015 for
poor SRH (poor, fair) vs. good SRH (good, very good,
and excellent).

Chronic diseases

Respondents were asked about diagnoses of multiple
chronic conditions: [Has a doctor ever told you that
you had/Do you currently have any of the conditions
on this card?]. We used the nine conditions queried
in the survey that are associated with disability and
poor SRH among older adults for this study: myocar-
dial infarction, high blood pressure, stroke, diabetes,
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cancer, lung disease (excluding asthma), arthritis,
Parkinson’s and Alzheimer’s diagnoses. Persons who
indicated “yes” in Wave 5 or any previous wave were
recorded as having the chronic condition, unless they
disputed having the condition in a later wave. We
additionally included a variable for self-reported high
depressive symptomatology based on 12 questionnaire
items. The instrument used was the EURO-D scale which
includes 12 dichotomous indices: depression, pessimism,
suicidality, guilt, sleep, interest, irritability, appetite, fa-
tigue, concentration, enjoyment, and tearfulness [31].
Concordant with previous studies, respondents with four
or more responses indicating depressive affect on the 12
question Euro-D scale (0-12) were defined as having high
depressive symptomatology [31-33].

Covariates

Sociodemographic covariates were assessed at baseline
in 2013 and included age (years), gender (1 =female),
education level (pre-primary, primary, lower secondary,
upper secondary, post-secondary, 1st tertiary, 2nd ter-
tiary), BMI calculated from interviewer measured height
and weight, smoking (1 =current smoking), partnered
(1 =married or cohabitating) and household net worth
quartile in Euros adjusted for inflation.

Statistical analyses

To assess the relationship between multimorbidity and
disability (ADL-IADL index) and poor self-rated health,
we examined the prevalence of combinations for partici-
pants who reported having at least two chronic condi-
tions. The most prevalent multimorbidity combinations
were tabulated and rank-ordered by percent of study
participants in each multimorbidity combination. The
ten most prevalent groups are examined to ensure suffi-
cient sample size within each multimorbidity combin-
ation in regression analyses. Mean ADL-IADL index and
mean SRH index were calculated for each multimorbid-
ity group.

We estimated mixed negative binomial and mixed
logistic regression models to assess the relationship
between multimorbidity group and disability index and
dichotomized poor self-rated health, respectively. ADL-
IADL index and poor SRH reported in 2013 were in-
cluded in respective models to account for baseline
values. The associations in the present study should not
be interpreted as causal associations, as we did not as-
sess incident poor SRH and ADL-IADL index. Negative
binomial models allow for modeling over-dispersed
count data. Country was included as a random effect in
all models to account for clustering of study participants
by country of residence. We report incidence rate ratios
(IRR) and odds ratios (OR) and 95% confidence inter-
vals. A p value of <0.01 was considered significant to
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account for multiple comparisons. Parameter estimates
from negative binomial regression models are inter-
preted as the log of the ratio of expected counts, or the
log of the rate ratio. These rate ratios can be interpreted
as the relative difference in incidence rates between
groups.

Across both dependent variables, we evaluated two dif-
ferent comparison groups: 1) healthy respondents who
reported having no chronic conditions (n = 5,492) and 2)
respondents who reported having only one chronic con-
dition (7 =38,164). We further evaluated these associa-
tions among nested groups, or groups that included one
additional condition to the existing combination to as-
sess the relative impact of the additional condition be-
tween groups. For example: a group that includes both
hypertension and arthritis and myocardial infarction
would be compared with a group that includes only
hypertension and arthritis to assess the relative contribu-
tion of myocardial infarction to the combination. An OR
or IRR that is different from one in this context indicates
that the additional condition contributes to a change in
poor SRH or ADL-IADL index, while an OR or IRR that
is close to one indicates no additional odds of reporting
poor SRH or relative rate of ADL-IADL count associated
with the addition of the given condition.

We present both unadjusted and adjusted analyses.
Adjusted models include baseline self-rated health or
ADL-IADL index, age, gender, education, BMI, current
smoking, partnered status, and household net worth. All
analyses were weighted using SHARE calibrated longitu-
dinal survey weights to account for sampling. All denomi-
nators presented are unweighted and all percentages are
weighted using these survey weights. Missing data for
income and education was imputed using multiple impu-
tations provided by SHARE [34]. All analyses were con-
ducted using SAS 9.4.

Results

Our study population consisted of 25,293 respondents
across 14 countries and two survey waves in 2013 and
2015. 57% of participants were female and the mean age
was 75. 11% were current smokers and 49% reported hav-
ing two or more chronic conditions. The mean number of
chronic conditions for the full sample was 1.68 and the
mean ADL-IADL index was 0.81. 19% of the sample re-
ported having zero chronic conditions, while 50% reported
having at least two chronic conditions. 70% of the popula-
tion reported no ADL-IADL limitations and 55% reported
having “good” or better self-rated health. Hypertension
was the most prevalent individual chronic condition (49%)
followed by arthritis (34%) and high depressive symptoms
(31%). Parkinson’s and Alzheimer’s were the least fre-
quently reported individual chronic conditions. Baseline
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characteristics of the full study sample are summarized in
Table 1.

We identified 380 unique disease combinations in
people who reported having at least two chronic condi-
tions. Baseline study characteristics among participants
with multimorbidity are shown in Additional file 1. Over
35% of multimorbidity could be attributed to five spe-
cific multimorbidity combinations, and over 50% to ten
specific combinations. The top ten multimorbidity cat-
egories by prevalence among people who reported hav-
ing at least two chronic conditions and their respective
mean ADL-IADL counts and percent reporting poor
SRH are reported in Table 2. Hypertension was present
in eight of the ten groups, while high depressive symp-
tomatology and arthritis were each included in six and
five groups, respectively. Among individuals with at least
two chronic conditions, 50% reported high depressive
symptomatology.

Figure 1 shows the top ten multimorbidity combina-
tions by country of residence for the sample reporting at
least two chronic conditions. Older adults in Italy repre-
sented the majority of individuals in five of the ten mul-
timorbidity groups, and older adults in Germany
represented the majority if individuals in four of the ten
groups. France represented the majority in one multi-
morbidity group. Overall, Luxembourg, Slovenia, and
Estonia had minority representation across all multimor-
bidity groups.

The results from unadjusted and adjusted negative bi-
nomial and logistic models are shown in Table 3. All ten
multimorbidity groups were associated with significantly
greater rates of ADL-IADL disability compared to
healthy respondents with no chronic conditions in un-
adjusted models. In adjusted models, all groups except
for Group 6 were associated with greater rates of ADL-
IADL disability. When compared with respondents
reporting only one condition, Groups 2-5, 7, 8 and 9 all
had significantly greater ADL-IADL limitations, after
adjustment.

All ten multimorbidity groups had increased odds of
reporting poor SRH when compared with healthy re-
spondents and respondents with only one chronic condi-
tion in unadjusted models. In adjusted models, all
groups were associated increased odds of reporting poor
SRH when compared with healthy respondents. All
groups were associated with increased odds of reporting
poor SRH when compared with respondents with only
one chronic condition, except for Group 8.

The head-to-head results from nested group compari-
sons are shown in Table 4. Unadjusted results are shown
in Additional file 2. In nested comparisons, we examine
perfect subsets of larger groups to evaluate the relative
influence of one additional condition added to a
multimorbidity combination. Nested comparisons are
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Table 1 Baseline Characteristics of the Study Population, SHARE

2013-2015 (n=25,293)

Characteristic

N (%) / Mean (SE)

Female
Age, mean
Body Mass Index, mean
Current Smoking
Higher Education
Partnered
Chronic conditions
Myocardial Infarction
Hypertension
Stroke
Diabetes
Cancer
Lung Disease
High depressive symptoms
Parkinson’s
Arthritis
Alzheimer’s
Number of chronic diseases, mean
ADL & IADL index, mean
Self-Rated Health
Excellent
Very Good
Good
Fair
Poor
Self-Rated Health, mean
Countries
Austria
Germany
Sweden
Spain
[taly
France
Denmark
Switzerland
Belgium
Israel
Czech Republic
Luxembourg
Slovenia

Estonia

14,082 (56.82)
74.67 (0.13)
26.82 (0.16)
2975 (11.13)
6,349 (19.71)
17,090 (59.54)

3,953 (15.42)
12,296 (48.76)
1,229 (4.66)
4,025 (16.61)
1,587 (7.05)
1,708 (7.80)
6,883 (30.5)
282 (1.11)
7,365 (34.08)
395 (1.61)
1.68 (0.04)
0.81 (0.06)

1,499 (4.81)
3,683 (11.31)
9,169 (38.29)
8,067 (33.09)
2,875 (12.51)
2.37 (0.05)

1,694 (2.34)

1,967 (26.89)
2,258 (3.25)
2,863 (14.14)
2,049 (21.65)
1,726 (18.25)
1,542 (1.77)
1,419 (2.74)
2,113 (342)
899 (1.20)
2431 (3.18)
465 (0.11)
1,232 (0.64)
2,635 (042)

®Values are unweighted counts and weighted percentages

ADL Activities of daily living

IADL Instrumental activities of daily living
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Table 2 Mean SRH and ADL-IADL Index and 95% Confidence Interval of Study Population in 2015 by Multimorbidity Group, SHARE

2013-2015

N° %° ADL-IADL (0-13) Poor SRH

Mean (95% Cl) % (SE)

Group 1 Hypertension + Arthritis 1274 214 0.71 (0.55, 0.87) 50.7 3.0)
Group 2 Hypertension + High Depressive Symptoms 870 139 1.22 (0.90, 1.53) 548 (2.3)
Group 3 Arthritis + High Depressive Symptoms 649 136 1.56 (131, 1.80) 65.2 (3.1)
Group 4 Hypertension + Arthritis + High Depressive Symptoms 683 13.1 1.84 (1.54, 2.14) 724 (1.8)
Group 5 Hypertension + Diabetes Mellitus 801 12.3 0.97 (035, 1.58) 509 (4.1)
Group 6 Myocardial Infarction + Hypertension 572 73 0.81 (0.37, 1.25) 533 (3.1)
Group 7 Hypertension + Diabetes Mellitus + Arthritis + High Depressive Symptoms 250 56 2.05 (1.55, 2.55) 82.2 (5.1)
Group 8 Hypertension + Diabetes Mellitus + Arthritis 271 5.1 0.80 (0.63, 0.97) 69.8 (4.3)
Group 9 Hypertension + Diabetes Mellitus + High Depressive Symptoms 255 42 142 (0.59, 2.26) 722 (7.0)
Group 10 Myocardial Infarction + Hypertension + High Depressive Symptoms 250 34 145 (0.89, 2.01) 726 (4.2)

#Values are unweighted counts

bValues are weighted percentages

ADL Activities of daily living

IADL Instrumental activities of daily living
SRH Self rated health

grouped by the condition that is added, assessing the
marginal impact of the added condition. Groups 4, 7,
9 and 10 included high depressive symptoms added
to the combinations represented in groups 1, 8, 5 and
6, respectively. After adjustment, all four of these
groups had significantly greater ADL-IADL limitations
compared with their relative comparison group that
did not include high depressive symptoms. Groups 4,
7 and 9 had increased odds of reporting poor SRH
when compared with their reference group that did
not include high depressive symptoms. The addition

of high depressive symptoms to hypertension and
myocardial infarction (Group 10 compared to Group
6) did not result in significantly different odds of
reporting poor SRH.

All other nested comparisons included the addition
of a somatic condition in their comparison group.
None of these groups had significantly different odds
of reporting poor SRH. All but one of the groups had
no change in rates of ADL-IADL disability. The
addition of diabetes mellitus to hypertension and high
depressive symptoms (Group 9 compared to Group 2)

Group1 Group2 Group3 Group4 Group5 Group6 Group7 Group8 Group9 Group 10
Austria 1.4 22 0.9 0.9 3.1 43 1.7 22
Germany | 261 222 14.6 152 329 342 268 | 381 156 252
Sweden 3.1 22 1.5 1.5 29 28 04 17 1.6 24
Spain 15.6 16.5 153 17.1 15.0 17.9 216 194 269 128
Ttaly 179 297 239 | 377 207 164 295 139 280 291
France 22.0 16.0 17.8 10.2 9.8 14.5 13.0 16.6 15.9
Denmark 23 0.8 0.8 0.8 1.6 18 04 18 02 13
Switzerland 238 1.5 2.1 23 14 2.6 12 14 06 15
Belgium 35 3.1 33 2.9 23 238 1.8 1.9 14 238
Israel L0313 -- 2.5 1.7 1.0 0.8 14 1.6
Czech 43
Luxembourg ----------
Slovenia |02 S04 03 02 [ ol s 12
Estonia |03 08 --- 09 04 03 07 14
Fig. 1 Multimorbidity Group Composition by Country, SHARE 2013-2015 (n = 11,644), Reported as Weighted Percentages )




Page 6 of 10

(2019) 19:198

Sheridan et al. BMC Geriatrics

Uyeay pajes JI3s HYS

Buinl Ajiep jo saniAnoe [euswWINISUl gV
Bua Ajiep jo semiandy 1gy

10" 0 >d saedipu

YLIOM 19U ‘uofiednpa ‘||Ng ‘sniels Bupjows ‘passuned ‘xas ‘abe “1gy|-1Qy dulidseq 1oy _uwum:._tf
YLIOM 13U ‘uonednpa ‘|Ng ‘snieis bupjows ‘pasaunied ‘xas ‘abe ‘yieay paies-j|es auleseq 1oy paisnipy,

(
(

» 85 l-€l
(

» (ECT-6C1) 691

» (P9T-151) 00T

(0£1-560) LTL

» OVC-0F'1) 98'L

(L0'1-0£0) 980

» (851-0LL) L€L

0£'1-0C'L
v/ 1-0C'L

) €L
) Sl
el
67'1-960) L
%%29\

» ([CLT-0V1) S6'L

» (L€T-TC1) L9

(€£1-960) 6T'L

% (65€-0L1) LV
« (LOT-LE1) 691

» (86€-C07) ¥8'C

» (90%—L07) 06

(L91-¥80) 8l'L

» (S0S-657) ¢9€

B7'1-160) 9l'L
(L€'1-980) 90'L

« [CUE~L07) ¥5C
# (67681 ¥ET
)

» (E€T-651) €6'L

(C€1-5610) T
paisnipeun

» (LTL=€0Y) L¥'S

» (8EG-1L1E) 607

» (E€-1077) 85C

% (LT11-8/'G) 508
« (§87-207) OF'C

(
x
x (

(

x (CO€E-951) L1T

x (C9€-€8'1) 85C

(tTT-01'1) 8S'L

% OCE¥91) LET

(e¥'1-580) OL'L

* (LTT-1¥L) 9L'L

8€T-SS'1) €
057-09'1) 007
lzz-8'1) L
6/'1-97°1) 0
%886/\

% (SE-TLl) eV
x (L8T-9¥'1) S0

% (SCC-ITL) §

» (LFP=107) 86C
% (6£7-08'1) ¥T'T

(
x (
(
(

»(9L/-8€¢€) TL'S

» (€6'/-9¥'€) ¥T'S
» (8TE-6E1) €T

» (086-9€%) €59
» (E8T¥S'1) 60T
x 6V7-8¥1) T6'1

¥8'5-09°€) 657
OV’ S—LT€E) ECY
LEV=LL7T) 8Y'E
[Y'T=99'1) C0°C

paisnipeun

» (CY1-78) €S0L
x (1S01-€09) 96'L

» (S7'9-06€) 20'S

% (88'1T-LTL1) 99GL
% (LGS-16€) L9

swordwAs anjssaidsg
ybIH + uoisusuadAH + uonoieyu| [eIpJedOAN 0L

swodwAg aalssaidsg
YbIH + sniljja S219qelg + UOoISUsuadAH 6

SIUYMY + SN|IBW S312gelq + UoisusuadAH 8

swoldwAs anissaidsg ybiH
+ SUYMY + SnUIRIN S232qelg + uolsuauadAH i/

uoIsUSLRdAH + uonDJIeju| [eIPJeDOA 9
SNY|IDIN S9190RIJ + UOISUIURdAH

swoidwAg
dAIss21dag YBIH + SUYUY + UOISUSUSdAH

swoldwAs aAissaidag YbIH + SUYUY €
swoydwAs anissaidsg YbiH + uoisuauadAy iz
SUYUY + UOISUSLRdAH :|

(ID %S6) ¥yl avI/ay

swordwAg aaissaidag
ybIH + uolsuauadAH + uonoiejU| [RIPIEDOAN 0|

swoidwAg aaissaidag
ybiH + snijjaN se19gelq + uoisusuadAH 6

SRUYUY + SNjIBN S213gelq + uoisuauadAl g

swordwAg aaissaidag
ybIH
+ SNUYUY + S|P S190eId + UoISUsURdAH :/

uoIsULRdAH + uond.eju| [eIpJedOA 9

(#918 = U) UOIIPUOD) dJUoIYD) U :dNoJD) 3dUI4aY

(Z6%5 = U) SUORIPUOD) D1U0IYD ON dNOID) 2DUI3JRY

« (671-90'L) 97’1 « (691-97'1) ¥ L « (LOT-6€1) £971 « (LEE—VPD) ¥8T SIS $212qeIQ + UoIsUSuRdAH S
swordwiAg

60T-651) LLL « 6L77€) Y0P < (LLT-€L1) L1T (L£6-659) 98/ aNIssaIdaq YBIH + SRUYMY + UoIsuSHdAH
« 99171l 9¢'L « (987-907) 7T « (st 6 « (65°5-66'€) €41 swoldwAs aaissa1dad YOIH + SHUYUY €
(8L1-LT'1) 051 « L7100 6£T « (6£7-59'1) 6 Or'S-107) SO swoidwiAs anissaidag YBIH + uoisusuadAH 7
LeL-co) 6Ll « (L91-CE) 671 « (S8'1-G€'1) 851 (87°€-557) 68¢C SILUYLY + UoISUSHdAH :|
(paisnlpy paisnfpeun cPaisnipy paisnfpeun (1D %S6) HO HYS 1004

SLOZ-£107 FdVHS ‘dnoio AUpiquowRIn Uo Xapul 1QVI-1aV PUB Yi[eaH Paiey-j|aS 100d JO S|3POI [eluoulg aAnebaN pue uoissaibay dnsiboT € ajqel



Sheridan et al. BMC Geriatrics (2019) 19:198

Page 7 of 10

Table 4 Nested Comparisons: Adjusted Logistic Regression and Negative Binomial models of Poor Self-Rated Health and ADL-IADL

Index on Multimorbidity Group, SHARE 2013-2015

Comparison Group

Reference Group

Poor SRH:
OR (95% ClI)*

ADL-IADL Index:
IRR (95% Cl)°

Addition of High Depressive Symptoms
to Combination

4: Hypertension + Arthritis + High
Depressive Symptoms

9: Hypertension + Diabetes Mellitus +
High Depressive Symptoms

10: Myocardial Infarction + Hypertension +
High Depressive Symptoms

7: Hypertension + Diabetes Mellitus + Arthritis +
High Depressive Symptoms

Addition of Diabetes Mellitus to Combination
8: Hypertension + Diabetes Mellitus + Arthritis

9: Hypertension + Diabetes Mellitus + High
Depressive Symptoms

7: Hypertension + Diabetes Mellitus + Arthritis +
High Depressive Symptoms

Addition of Arthritis to Combination

4: Hypertension + Arthritis + High Depressive
Symptoms

8: Hypertension + Diabetes Mellitus + Arthritis

7: Hypertension + Diabetes Mellitus + Arthritis + High
Depressive Symptoms

Addition of Cardiovascular Conditions to Combination

10: Myocardial Infarction + Hypertension +
High Depressive Symptoms

4: Hypertension + Arthritis + High Depressive
Symptoms

1: Hypertension + Arthritis

5: Hypertension + Diabetes
Mellitus

6: Myocardial Infarction +
Hypertension

8: Hypertension + Diabetes
Mellitus + Arthritis

1: Hypertension + Arthritis

2: Hypertension + High
Depressive Symptoms

4: Hypertension + Arthritis +
High Depressive Symptoms

2: Hypertension + High
Depressive Symptoms

5: Hypertension + Diabetes
Mellitus

9: Hypertension + Diabetes
Mellitus + High Depressive
Symptoms

2: Hypertension + High
Depressive Symptoms

3: Arthritis + High
Depressive Symptoms

144 (1.14-1.83) *

1.58 (1.11-2.24) *

1.24 (0.84-1.84)

2.15(1.33-348) *

1.12 (0.82-1.54)
1.13 (0.80-1.61)

144 (0.94-2.20)

1.14 (0.88-1.46)

1.13 (0.82-1.56)

142 (0.87-2.32)

1.39 (0.96-2.01)

1.28 (0.98-1.68)

1.33 (1.12-1.59) *

1.74 (1.28-2.36) *

1.90 (1.46-2.46) *

1.76 (1.31-2.38) *

1.09 (0.83-1.44)
142 (1.10-1.83) *

1.30 (1.05-1.61)

1.12 (0.93-1.33)

0.99 (0.71-1.38)

1.00 (0.77-1.29)

1.35 (1.06-1.72)

1.00 (0.84-1.20)

@ Adjusted for baseline self-rated health, age, sex, partnered, smoking status, BMI, education, net worth
P Adjusted for baseline ADL-IADL, age, sex, partnered, smoking status, BMI, education, net worth

* indicates p< 0 .01

ADL Activities of daily living

IADL Instrumental activities of daily living
SRH Self rated health

The bold term is the condition that is added to the combination relative to the reference group

was associated with significantly greater ADL-IADL
disability.

Discussion

This study examined associations between the ten most
prevalent multimorbidity groups with disability and poor
self-rated health. Multimorbidity was highly prevalent in
this sample of older Europeans, with 50% of the sample
reporting at least two chronic conditions. About 48% of
the sample reported poor or fair SRH, and 30% reported
at least one ADL/IADL limitation. Overall, high depres-
sive symptomatology was identified in 50% of older
adults with multimorbidity. Relative to older adults in
Europe with one or no chronic conditions, older adults
in all multimorbidity groups reported increased disability
burden and increased odds of poor self-rated health.

Hypertension was present in nearly all of the most
prevalent combinations, and high depressive symptom-
atology and arthritis were present in a majority of the
most prevalent combinations. This population had simi-
lar rates of multimorbidity when compared with studies
involving US and Australian older adults [6, 35], and in
other studies of older European adults [15].

We find that multimorbidity group combinations are
not distributed evenly across nations, likely reflecting
differences in both the demographic composition and
multimorbidity burdens across the included European
countries. The clustering of multimorbidity categories in
certain counties, such as Italy and Germany, is indicative
of underlying population and demographic compos-
itional characteristics, as well as the differential distribu-
tion of risk factors and chronic disease etiology among
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European countries and region-specific differences in
ascertainment and diagnoses of chronic conditions. Fur-
ther exploration of specific multimorbidity patterns within
European countries is warranted.

Multimorbidity combinations that include high de-
pressive symptoms are associated with high rates of
prospective ADL-IADL disability, and increased odds
of reporting poor SRH in this study. It is plausible
that, on average, the addition of high depressive
symptoms to any chronic condition or combination of
chronic conditions may be more disabling or associ-
ated with worse SRH than the addition of an individ-
ual somatic condition. When we examine nested
multimorbidity groups, we find that all four groups
that include high depressive symptoms have higher
ADL-IADL burden, and three of the four groups have
increased odds of reporting poor SRH. Concurrently,
when we examine nested groups that only include the
addition of a somatic condition, we found no differ-
ences in odds of reporting poor SRH. The ORs in
these comparisons are close to one, possibly indicat-
ing that the addition of a somatic condition alone to
an individual with high depressive symptoms has a
relatively small effect on SRH. We see a similar pat-
tern when looking at ADL-IADL index, where almost
all groups that include the addition of a somatic con-
dition do not have significantly different rates of
ADL-IADL disability, with IRR close to one. However,
we do find increased rates of ADL-IADL disability in
one somatic condition group, the comparison of
Group 9 with Group 2, where diabetes mellitus is
added to high depressive symptoms and hypertension.

Taken together, these results suggest that the
addition of high depressive symptomatology alone
may be considerably more disabling than the addition
of another somatic condition. These findings are con-
sistent with previous studies in the US that conceptu-
alized multimorbidity combining somatic and mental
conditions [7, 22]. The present study provides poten-
tial evidence that this association extends cross-na-
tionally. To our knowledge this is one of the first
studies to examine associations between unique multi-
morbidity combinations and associations with pro-
spective self-rated health and ADL-IADL disability in
Europe. Our analysis of a large, cross-nationally rep-
resentative, longitudinal dataset allows us to assess
associations while accounting for prior SRH and
ADL-IADL disability to account for temporal se-
quence. Most importantly, these findings underscore
the potential multiplicative effect chronic conditions
may have on SRH and disability and highlight the po-
tential role of high depressive symptomatology as a
key co-morbid condition in the operationalization of
multimorbidity.
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This study has several noteworthy limitations. First,
the use of self-reported measures of chronic health con-
ditions and health states may under or over-estimate the
true prevalence of these conditions in this older popula-
tion, particularly among lower socioeconomic and lower
education groups [36]. However, several studies have
shown reasonable concordance between participant re-
ports of physician-diagnosed conditions and administra-
tive and medical record data sources [37, 38]. Second,
condition severity could not be assessed and may be an
important consideration in comparing multimorbidity
combinations and associations with the outcomes of
interest. However, chronic disease severity is notoriously
difficult to capture with high reliability in population-
based data sources [39] . In sensitivity analyses, we ob-
served that less than 1% of participants who reported
having a chronic condition in wave 5 reported no longer
having that condition in wave 6, which would indicate a
possible misunderstanding about the presence or ab-
sence of the condition. Still, it is important to assess
self-report of chronic conditions, because they represent
individuals’ beliefs about the chronic diseases they have
and dictate self-management behaviors. Future research
should further clarify chronic disease status and ascer-
tainment in longitudinal studies—possibly with the in-
clusion of information treatments and medication use to
confirm diagnoses present—to better assess the develop-
ment and progression of multimorbidity over time [40].
In addition, better specifying the psychosocial risk fac-
tors (and protective, buffering factors) associated with
multimorbidity is an important area of research that
should be prioritized in future studies.

Conclusions

This is the first cross-national study to examine the
association between unique multimorbidity combina-
tions and ADL-IADL disability and self-rated health. We
find that multimorbidity is highly prevalent among
European older adults and is associated with higher rates
of disability and increased odds of poor self-rated health.
Finally, multimorbidity combinations that include high
depressive symptoms may be more disabling than com-
binations that include only somatic conditions. These
findings argue for a continued integration of both
mental as well as somatic chronic conditions in the
conceptualization of multimorbidity, with important im-
plications for clinical practice and healthcare delivery.
Organizing health care delivery to better address the
multiplicative effect of the presence of multiple chronic
conditions, particularly depression, should be prioritized.
European health systems may want to emphasize man-
agement of chronic mental health conditions for patients
with multiple chronic conditions to improve health out-
comes associated with aging.
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