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Purpose: Our aim was to clarify the frequency and correlates of multimorbidity among the oldest old.

Patients and Methods: We used data from the representative “Survey on quality of life and subjective well-being of the very old in
North Rhine-Westphalia (NRW80+)” covering participants >80 years living in private households and in institutionalized settings in
North Rhine-Westphalia (n = 1484, mean age was 86.3 years). Multimorbidity is defined as the co-occurrence of at least two chronic
conditions. Sociodemographic, lifestyle-related, and health-related (including health literacy) correlates were included in regression
analysis.

Results: About 79% of the participants were multimorbid. Logistic regressions showed that the likelihood of multimorbidity
significantly increased with living in a private household, having a larger network size, worse self-rated health, higher functional
impairment, and more depressive symptoms, whereas the remaining sociodemographic and lifestyle-related factors as well as health
literacy were not significantly associated with multimorbidity.

Conclusion: A large proportion of participants in very late life is multimorbid. Apart from health-related factors, also two
sociodemographic factors (ie, living situation and network size) were associated with multimorbidity among the oldest old. This
knowledge may help to identify individuals at risk for multimorbidity in very late life.

Keywords: 80 and over, depression, functional status, multimorbidity, multiple chronic conditions, health literacy, loneliness, social
isolation, network size, technology, physical activity, institutionalization, nursing home

Introduction
There is a steady increase in the number of individuals in late life (particularly among the oldest old individuals aged 80
years and over). Since age is commonly associated with the number of chronic conditions, the number of individuals with
multimorbidity (co-existence of at least two chronic conditions) is also expected to rise. For example, a systematic review
stated that the prevalence of multimorbidity in late life varied from 55% to 98% among individuals aged 60 years and
over.! Only one” of the studies mentioned in this former systematic review' additionally focused on individuals aged 80
years and over and identified a prevalence of 74% among men and 80% in women in this age group (based on data from
a general practice setting). In Europe, about 50 million individuals had multimorbidity.’ Additionally, multimorbidity is
also a challenge in low- and middle-income countries.*

Multimorbidity is also an increasing challenge because it is associated with, eg, feelings of loneliness,” higher pain,®
a high economic burden,” nursing home admission® and even mortality.” For example, multimorbidity may affect loneliness
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by decreasing the quality of the relationships.” Moreover, certain chronic conditions (eg, chronic low back problems
combined with gout, chronic gastritis or cardiac insufficiency) can contribute to higher pain levels.'” Furthermore,
multimorbidity commonly reflects an increased need for healthcare use (eg, GP visits'") — which refers to a high economic
burden.” Additionally, certain chronic conditions (such as stroke, Parkinson’s disease, hip fracture) as part of multi-
morbidity may drive the association between multimorbidity and nursing home admission as well as longevity.®

Moreover, multimorbidity is a risk factor of elder abuse/mistreatment'” and can contribute to low grip strength.'?
Hence, it is important to identify the correlates of multimorbidity. This is of particular importance as various critical
events take place in this age bracket (eg, marked decrease in health, feelings of isolation, admission to nursing or old age
home). Therefore, studying the frequency and correlates of multimorbidity exclusively in this age bracket is important.

Most of the existing studies mainly examined the frequency and correlates of multimorbidity in older age (eg,'* ).
For example, one of these studies by Sakib et al used baseline data from the Canadian Longitudinal Study on Aging (45—
85 years) to investigate the correlates of multimorbidity using multiple logistic regressions.'> Another study by Zhang
et al used data from the China Health and Retirement Longitudinal Study (CHARLS)." Both studies showed that
a higher likelihood of multimorbidity was significantly associated with, among other things, higher age, and being
female, whereas one study showed that it was associated with lower education.'®

However, there is a lack of knowledge regarding the frequency and correlates of multimorbidity exclusively among
the oldest old — based on large, representative samples (and including individuals living in institutionalized settings).
Thus, our aim was to fill this gap in our current knowledge. Our findings may be important to address individuals at
increased risk of multimorbidity which in turn is important because it can contribute to successful ageing and longevity
in late life.”

Materials and Methods

Sample

Data for our study were taken from the “Survey on quality of life and subjective well-being of the very old in North
Rhine-Westphalia (NRW80+)”. In the most populous state in Germany (North Rhine-Westphalia), this study took place
from August 2017 to February 2018. It is a representative sample of individuals > 80 years in this state (with men and
individuals aged 85 years and older being oversampled). More precisely, a multistage sampling design was applied. First,
120 sampling points were defined. These sampling points were located in 94 communities. It should be noted that
communities that have a high proportion of individuals aged 80+ had multiple sampling points. In sum, 400 addresses
were chosen at random from the population registries for each sampling point. Second, a sample of 8040 target
individuals who were approached for an interview was chosen using a disproportionate sampling strategy with
stratification by age groups (80—84, 85-89, and 90+ years) and gender. Fieldwork was carried out by the renowned
company Kantar public.

Several topics were included in this study (eg, health-related factors, socioeconomic-factors). Main inclusion criteria
were as follows: Having a registered main residence in this state (including both individuals in private households and
individuals in institutionalized settings) and being 80 years or older. It should be noted that the response rate was 23.4%.
Main reasons for non-participation were a lack of willingness to participate and the inability to participate for health
reasons. However, the response rate should be put into perspective against the background of the age bracket of the
participants (including participants in institutionalized settings), and a mean interview duration of about 90 minutes.
Moreover, prior research has shown that, eg, gender, age group or living situation were not associated with the likelihood
of non-response.”' As also stated by Kuppler and Wagner (referring to the response rate of the NRW 80+): “[...] a low
response rate does not necessarily imply low representativeness of the sample”.?> Moreover, the response rate has to be
seen in the light of the age bracket, the general low participation rate in Germany and the mean interview duration.
Further details are given by Wagner et al.'

The sample consists of 1863 individuals (1687 self-report interviews and 176 proxy interviews). In our analytical
sample, n equaled 1484 individuals due to missings.
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The NRW80+ was approved by the ethics committee of the Medical Faculty of the University of Cologne (No. 17—
169). Informed consent was obtained from all participants or their legal representatives.

Outcome: Multimorbidity

In accordance with a previous multimorbidity index,> based on self-reports 19 chronic illnesses were assessed (for each illness: 0
= absence, 1 =presence): myocardial infarction, heart failure, hypertension, stroke, mental illness, cancer, diabetes, respiratory or
pulmonary disease, back pain, gastric or intestinal disease, kidney disease, liver disease, blood disease, joint or bone disease,
bladder disease, sleep disorder, eye disease or visual disorder, ear disease or hearing impairment, and neurological disease.
Multimorbidity was defined as the co-occurrence of at least two of these aforementioned chronic illnesses.

Independent Variables

Based on previous research'*'® and theoretical considerations, independent variables were chosen. Several sociodemo-
graphic, lifestyle and health-related factors were included in regression analysis: sex, age, marital status (distinguishing
between single; divorced; widowed; married, living together with spouse; married, living together with spouse), living
situation (living in a private household; living in an institutionalized setting), the level of education (ISCED-97%*
classification: low, medium or high), size of social network and loneliness (from 1= never/almost never to 4 = almost
or almost always; with higher values corresponding to higher loneliness levels).

With regard to lifestyle-related factors, we included a score which counts the frequency of 16 activities (eg, sports, traveling,
cinema, volunteering, or walks), ranging from 1 to 5 (with higher values corresponding to a higher frequency). Moreover, we
included the number of technologies in use (based on six items, eg, computer/laptop, internet, smartphone; in each case: 0=no,
1=yes). By averaging the items, a score was calculated (higher values indicate a higher number of technologies in use).

With regard to health-related factors, we included: self-rated health (from 1 = very bad to 4 = very good), functional
impairment, depressive symptoms and health literacy. A modified Lawton and Brody IADL scale (with seven items, each
case: 0 = only possible with help to 2 = no help needed)*® was used to quantify functional impairment. The score was
calculated by averaging the seven items (02, higher values indicating lower functional impairment).

The “depression in old age scale” (DIA-S)***’ was used to assess depressive symptoms, consisting of four items
(each case: no or yes). A sum score was calculated (ranging from 0 to 4, with higher values corresponding to more
depressive symptoms). The DIA-S has favorable psychometric properties.”’ By averaging two items, a score was used
to quantify health literacy (from 1 to 4, higher values correspond to higher health literacy).

Statistical Analysis

In a first step, sample characteristics are shown stratified by the presence of multimorbidity (no or yes). Chi? tests or
independent #-tests were conducted, as appropriate. Additionally, the frequency of multimorbidity is displayed stratified
by age group. Moreover, effect sizes (Cohen’s d) were calculated. Thereafter, multiple binary logistic regressions were
used to identify the correlates of multimorbidity. The statistical significance was defined as p value of <0.05. Stata 16.1
was used for statistical analyses (Stata Corp., College Station, Texas).

Results

Sample Characteristics
In Table 1, sample characteristics stratified by multimorbidity are given. In total, mean age was 86.3 years (SD: 4.5,
ranging from 80 to 102 years) and about 49% were female. In sum, about 79% of the individuals were multimorbid. In
bivariate analysis, multimorbidity was significantly associated with higher age, higher loneliness levels, both lifestyle
factors (activities and technology usage), and all health-related factors (self-rated health, functional impairment,
depressive symptoms, as well as health literacy). Further details are shown in Table 1. Furthermore, the frequency of
multimorbidity is displayed stratified by age group (Table 2).

Comparably high effect sizes (according to Cohen’s d) were identified for the association between multimorbidity
with self-rated health (d=0.76), functional impairment (d=0.50), and depressive symptoms (d=—0.51).
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Table | Sample Characteristics (for the Analytical Sample), Stratified by Multimorbidity (n=1484)

Absence of Presence of Total P-value
Multimorbidity | Multimorbidity
N=306 N=1178 N=1484
Sex 0.83
Men 158 (51.6%) 600 (50.9%) 758 (51.1%)
Women 148 (48.4%) 578 (49.1%) 726 (48.9%)
Age 85.8 (4.5) 86.4 (4.4) 86.3 (4.5) 0.04
Marital status 0.82
Married, living separated from spouse; widowed; divorced; single 175 (57.2%) 682 (57.9%) 857 (57.7%)
Married, living together with spouse 131 (42.8%) 496 (42.1%) 627 (42.3%)
Living situation 0.22
Living in a private household 281 (91.8%) 1105 (93.8%) 1386 (93.4%)
Living in an institutionalized setting 25 (8.2%) 73 (6.2%) 98 (6.6%)
Educational level (ISCED-97) 0.14
Low 59 (19.3%) 291 (24.7%) 350 (23.6%)
Medium 173 (56.5%) 618 (52.5%) 791 (53.3%)
High 74 (24.2%) 269 (22.8%) 343 (23.1%)
Size of the social network 7.0 (94) 7.5 (8.6) 7.4 (8.8) 0.42
Loneliness (ranging from never/almost never to 4 = almost or almost 1.2 (0.6) 1.4 (0.7) 1.3 (0.7) <0.01
always, with higher values indicating higher loneliness)
Activities: Frequency (ranging from | to 5, with higher values 2.4 (0.5) 2.4 (0.6) 2.4 (0.6) 0.04
corresponding to a higher frequency)
Technology usage: Number (ranging from 0 to |, higher values indicate 0.2 (0.2) 0.2 (0.2) 0.2 (0.2) 0.047
a higher number of technologies in use)
Health literacy (from | to 4, higher values correspond to higher health 3.7 (0.6) 3.6 (0.7) 3.6 (0.7) 0.04
literacy).
Self-rated health (ranging from | = very bad to 4 = very good) 3.1 (0.6) 2.5 (0.7) 2.7 (0.7) <0.001
Functional impairment (IADL; ranging from 0 to 2, with higher values 1.7 (0.5) 1.4 (0.7) 1.5 (0.6) <0.001
corresponding to lower functional impairment)
Depressive symptoms (DIA-S4, ranging from 0 to 4, with higher values 0.5 (0.8) 1.0 (1.2) 0.9 (1.1) <0.001
corresponding to more depressive symptoms)

Abbreviations: ISCED-97, International Standard Classification of Education 97; IADL, Instrumental Activities of Daily Living; DIA-S4, depression in old age scale with four items.

Regression Analysis

Results of logistic regressions are given in Table 3. Logistic regressions showed that the likelihood of multimorbidity

significantly increased with living in a private household (OR: 0.39, 95% CI: 0.21-0.69), having a larger network size
(OR: 1.02, 95% CI: 1.00-1.04), worse self-rated health (OR: 0.39, 95% CI: 0.31-0.49), higher functional impairment
(OR: 0.40, 95% CI: 0.29-0.57), and more depressive symptoms (OR: 1.34, 95% CI: 1.12-1.59).
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Table 2 Frequency of Multimorbidity (by Age Group)

Multimorbidity 80 to 84 Years | 85 to 89 Years | 90 Years and Older

N=513 N=399 N=261

Absence of multimorbidity 121 (23.6%) 99 (24.8%) 39 (14.9%)

Presence of multimorbidity 392 (76.4%) 300 (75.2%) 222 (85.1%)

In contrast, sex, age, marital status, educational level, loneliness, activities, technology usage, and health literacy were
not significantly associated with the likelihood of multimorbidity.

Because (particularly a high number of) depressive symptoms can reflect a mental illness, depressive symptoms were
removed from the main regression model. These results are displayed in Table 4. In terms of effect size and significance,
all findings remained nearly the same (compared to our main model). However, in this additional model, the association
between health literacy and multimorbidity achieved statistical significance (OR: 1.28, 95% CI: 1.02—1.60; main model:
1.25, 95% CI: 0.98-1.60).

Discussion

Main Findings

The goal of our current study was to identify the frequency and correlates of multimorbidity in highest age using data
from a large, representative sample. In total, 79% of the individuals were multimorbid. Regressions revealed that the
likelihood of multimorbidity significantly increased with living in a private household, having a larger network size,

Table 3 Correlates of Multimorbidity. Results of Binary Logistic Regressions (0 = Absence of
Multimorbidity, | = Presence of Multimorbidity)

Independent Variables

Multimorbidity

Sex: Women (Ref.: Men)

Age

Marital status: Married, living together with spouse (Ref.: Married,
living separated from spouse; widowed; divorced; single)

Living situation: Living in an institutionalized setting (Ref.: Living in

a private household)

Educational level (ISCED-97): - medium (Ref.: low)

- high

Size of the social network

Loneliness (ranging from never/almost never to 4 = almost or almost
always, with higher values indicating higher loneliness)

Activities: Frequency

Technology usage: Number

Health literacy

Self-rated health (ranging from | = very bad to 4 = very good)
Functional impairment (IADL; ranging from 0 to 2, with higher values
corresponding to lower functional impairment)

Depressive symptoms (DIA-S4, ranging from 0 to 4, with higher values

corresponding to more depressive symptoms)

0.96 (0.69-1.33)
1.01 (0.97-1.04)
0.98 (0.72-1.35)

0.39%* (0.21-0.69)

0.86 (0.59-1.25)
1,00 (0.62-1.60)
1.02* (1.00-1.04)
0.99 (0.77-1.28)

122 (0.93-1.59)
119 (0.63-2.27)
1.25% (0.98-1.60)
0.39%* (0.31-0.49)
0.40%* (0.29-0.57)

1.34% (1.12-1.59)

Constant 31.60" (0.89-1124.29)
Pseudo R? 0.14
Observations 1484

Notes: Odds ratios are displayed; 95% confidence intervals in parentheses; **p<0.001, *p<0.01, *p<0.05, “p<0.10.

Listwise deletion was used to handle missing data.

Abbreviations: ISCED-97, International Standard Classification of Education 97; IADL, Instrumental Activities of Daily

Living; DIA-S4, depression in old age scale with four items.
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Table 4 Correlates of Multimorbidity. Results of Binary Logistic Regressions (0 = Absence of
Multimorbidity, | = Presence of Multimorbidity) — without Depressive Symptoms as

Independent Variable

Independent Variables

Multimorbidity

Sex: Women (Ref.: Men)

Age

Marital status: Married, living together with spouse (Ref.: Married,
living separated from spouse; widowed; divorced; single)

Living situation: Living in an institutionalized setting (Ref.: Living in

a private household)

Educational level (ISCED-97): - medium (Ref.: low)

- high

Size of the social network

Loneliness (ranging from never/almost never to 4 = almost or almost
always, with higher values indicating higher loneliness)

Activities: Frequency

Technology usage: Number

Health literacy

Self-rated health (ranging from | = very bad to 4 = very good)
Functional impairment (IADL; ranging from 0 to 2, with higher values
corresponding to lower functional impairment)

Constant

Pseudo R?

Observations

0.97 (0.71-1.32)
1.00 (0.97—1.04)
0.99 (0.73-1.34)

0.42% (0.24-0.73)

0.86 (0.60-1.24)
0.99 (0.63-1.57)
1.02%(1.00-1.03)
111 (0.88-1.39)

127" (0.98-1.64)

.08 (0.58-2.03)

1.28* (1.02—1.60)
0.33%%% (0.27-0.41)
0.41%+% (0.30-0.56)

67.20% (2.29-1971.73)
0.13
1576

Notes: Odds ratios are displayed; 95% confidence intervals in parentheses; ***p<0.001, *p<0.01, *p<0.05, *p<0.10.
Abbreviations: ISCED-97, International Standard Classification of Education 97; IADL, Instrumental Activities of Daily
Living.

worse self-rated health, higher functional impairment, and more depressive symptoms, whereas the remaining socio-
demographic and lifestyle-related factors as well as health literacy were not significantly associated with multimorbidity.
Based on (1) representative data exclusively from the (2) oldest old ((3) also covering individuals living in institutio-

nalized settings) and using (4) valid tools, our study thus extends previous knowledge in multimorbidity research.

Previous Research and Possible Explanations
The association between a larger network size and a higher likelihood of multimorbidity which was found in our study
may seem counterintuitive at first glance. However, it confirms previous research based on middle-aged and older adults
in Germany.”®*° As stated by Kristensen et al,***’ this association may reflect the fact that individuals with multi-
morbidity are in higher need of care and could therefore enlarge their social network. Previous qualitative research has
also demonstrated that individuals with multimorbidity described their networks frequently as fulfilling and diverse.*®

Our study showed that health-related factors (worse self-rated health, higher functional impairment, and more
depressive symptoms) were significantly associated with multimorbidity among the oldest old. This appears very
plausible and stresses the importance of health-related factors for multimorbidity. Furthermore, it is in accordance
with previous research examining individuals in older age in China."®

Surprisingly, individuals living in private households have a higher likelihood of multimorbidity compared to
individuals living in institutionalized settings. However, it should be noted that institutionalization is particularly
associated with cognitive or functional impairment, but not increased chronic conditions in Germany.*'***> Oldest old
individuals living in private households may suffer from social exclusion or may miss communication with others —

particularly when living alone — as stated before.'” These factors could in turn lead to multimorbidity in Germany.’
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Strengths and Limitations

Some strengths and limitations are worth noting when interpreting our data. It should be noted that data were used from
a rarely examined population (individuals >80 years). Additionally, data were taken from a large, representative sample —
also covering individuals living in institutionalized settings, whereas existing studies were mainly limited to community-
dwelling individuals. Furthermore, valid tools were used to quantify the variables. While the response rate was rather
low, the NRWS80+ is considered as representative for individuals aged 80 years and over living in North Rhine-
Westphalia.”' Nevertheless, as also acknowledged by Kuppler and Wagner:** individuals with high care needs may be
underrepresented. One consequence may be that the actual frequency of multimorbidity is somewhat higher among
individuals > 80 years living in North Rhine-Westphalia. Valid tools were used to assess the correlates. Moreover, an
established tool was used to quantify multimorbidity. However, it should be noted that it is based on self-reports. Due to
the cross-sectional design, the directionality of the associations should be treated with caution.

Conclusion and Future Research
It is worth repeating that a large proportion of individuals in very late life is multimorbid. Apart from health-related
factors, also two sociodemographic factors (living situation and network size) were associated with multimorbidity
among the oldest old. In conclusion, this knowledge may help to identify individuals at risk for multimorbidity in very
late life. Specifically addressing these individuals at risk can contribute to successful ageing among the oldest old. From
a public health perspective, this knowledge may ultimately assist in reducing the prevalence of multimorbidity in very
late life.

Future research is required to clarify the correlates of different multimorbidity patterns in this age bracket. Moreover,
research from other regions and longitudinal studies are both required to confirm our findings.

Disclosure
The authors report no conflicts of interest in this work.
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