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1. Introduction

Restorative sleep is an important factor for subjective well-
being, daily performance and overall health for individuals at any
age [1]. Physiologic changes in sleep architecture occur across the
human lifespan [2e4]. Nevertheless, numerous studies have

demonstrated a high prevalence of sleep disturbances among older
adults [5e8]. In a German study of about 8000 participants,
approximately every second person aged 60e79 years reported at
least one symptom of insomnia per week, such as having trouble
falling asleep or the difficulty of staying asleep [8]. Sleep difficulties,
however, are not an inherent part of the normal aging process [2,5].
Even though sleep disturbances are known to be associated with
various individual diseases including heart disease, diabetes and
depression [9e11], the majority of older individuals suffered from
more than one chronic disease simultaneously (this is labeled as
multimorbidity) [12,13]. Multimorbidity is linked to more than
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twice as many physician contacts per year compared to individuals

                                            

without multiple diseases, whereby the number of different phy-
sicians contacted increased continuously with each additional
chronic condition [14e16]. For geriatric patients, multimorbidity is
connected to the consumption of a variety of drugs, health service
misuse, and frailty [17]; potential impacts of these aspects may
include frequent adverse events, increased mortality and high
healthcare costs [15,17]. As studies indicate that certain chronic
diseases systematically co-occur [17e21], it is likely that beyond the
number of diseases, the composition within frequently co-
occurring pairs of diseases might determine individual and socie-
tal implications.

Currently, relatively little is known regarding the concept of
multimorbidity [12,14]. One assumption is that common mecha-
nisms of accelerated aging are shared between many chronic con-
ditions [22]. As the predominant approach inmedical training, care,
and research remains focused on single diseases [17,20,23], studies
investigating sleep disturbances e in particular, exceptional sleep
duration e as contributing factors or consequences of multi-
morbidity among older individuals are scarce [12,24e27].
Furthermore, none of these studies investigated disturbed sleep in
regards to its relationship with commonly occurring pairs of
diseases.

Therefore, the objective of the present study was to examine the
association between insomnia, unique symptoms of insomnia
(trouble falling asleep, difficulty staying asleep, daytime tiredness)
and exceptional sleep duration with multimorbidity, taking into
account several potential confounding variables. An additional
purpose was to investigate the relationship of these sleep distur-
bances with commonly co-occurring pairs of chronic conditions
among a large sample of community-dwelling older men and
women in Southern Germany.

Against the background of demographic changes [28,29], the
results of the present study are of relevance for an increasing
proportion of the general population in Germany. Besides the great
importance at the public health level, an enhanced understanding
of the relationship between sleep disturbances and multiple dis-
eases might contribute to the awareness of potential target groups
for sleep-related prevention and treatment.

2. Methods

2.1. Data source

For the present analyses, data were derived from the cross-
sectional Cooperative Health Research in the Region of Augsburg
(KORA) Age Study conducted in the years 2008 and 2009. The ob-
jectives of this study were to examine determinants and conse-
quences of multimorbidity among older adults and to investigate
factors of “successful aging” [30].

Four separate population-based studies were carried out in the
city of Augsburg and the two adjacent counties in southern Ger-
many, and the KORA Age Study is to be seen as a follow-up of in-
dividuals aged �65 years who have participated in at least one of
these former studies [30,31]. The first three surveys were con-
ducted in the framework of the World Health Organization
MONItoring trends and determinants in CArdiovascular diseases
(MONICA) project in the years 1984e1995. On completion of the
MONICA project, the fourth survey was conducted under the name
of KORA in the years 1999/2001. In all previous surveys, the par-
ticipants were randomly selected from population registries,
stratified by age and sex. Overall, 17,604 individuals aged 25e74
years participated in at least one of the four surveys (response
between 68% and 79%) [32e35].

For the KORA Age Study, all 9197 prior MONICA/KORA partici-
pants, who were 65 years and older on the effective date December
31st in 2008, formed the basis. Of these 9197 individuals, 2734
persons had died, 45 had moved abroad or could not be located,
and 427 refused to take part in future follow-up studies. The
remaining 5991 individuals were contacted by post between
November 2008 and September 2009 and asked to fill in a self-
administered questionnaire regarding health issues and chronic
conditions. If the individuals did not send back the postal ques-
tionnaire within three to four weeks, a postcard reminder was sent.
After another three to four weeks, non-responders were contacted
by telephone and if the person agreed, the questionnaire was
completed by telephone. Questionnaire data were available for
4565 individuals (3833 by mail and 732 by telephone) [18,30,36].
Thosewhowere interviewed by telephoneweremore often female,
they were on average older and suffered from more chronic con-
ditions compared to participants who returned the questionnaire
by mail [36].

In addition to the mailed survey, approximately twoweeks after
this survey all 5991 eligible individuals were invited to participate
in extended standardized 30-minute telephone interviews per-
formed by trained medical staff and designed to gather more spe-
cific information on various aspects of health, including the
duration of daily sleep and sleep disturbances. 4127 telephone in-
terviews (response 68.9%) could be performed, the non-
respondents could not be contacted or refused to participate
[18,30]. In the case that a telephone interviewwas not possible, the
people were offered the opportunity to either be interviewed at
home (n ¼ 60) or that proxies (e.g., relatives, friends or caregivers)
can answer selected questions on their behalf (n ¼ 185) [18,30,37].

For the present analyses, data from the 4127 telephone in-
terviews, completed with additional information about these in-
dividuals regarding chronic conditions, smoking status and
medication use from the postal survey formed the basis. Because
the “proxy-version” of the telephone interview was focused on
objectively ascertainable issues (e.g., utilization of medical ser-
vices), the proxies were not asked to provide information about
participants' sleep [30]. Therefore, the “proxy-interviews” were
excluded from the analyses. After further exclusion of data from
participants with missing values in at least one of the crucial var-
iables for the statistical analyses (sleep variables: 24 missing
values; other variables: 85 missing values), the study sample con-
sisted of 3833 participants (1868 men and 1965 women) in the age
span of 65e93 years.

The KORA Age Study received approval from the Ethics Com-
mittee of the Bavarian Medical Association (‘‘Bayerische Land-
es€arztekammer’’) and written informed consent was obtained from
all study participants.

2.2. Measures

2.2.1. Chronic conditions
As a basis for the assessment of chronic conditions, the self-

report-generated Charlson Comorbidity Index from Chaudhry
et al. [38] was used. This instrument gathered the presence of the
following ten chronic conditions/groups of chronic conditions: 1)
asthma, emphysema, or chronic bronchitis, 2) arthritis or rheu-
matism, 3) cancer, 4) diabetes, 5) digestive problems, 6) heart
trouble, 7) kidney disease, 8) liver problems, 9) stroke, and 10) HIV
illness or AIDS (because there was no indication for HIV illness/
AIDS, this condition was not considered any further) [38].

Due to the high relevance of depression/anxiety, neurological
diseases, eye diseases and hypertension for investigating multi-
morbidity among older adults, these conditions were added to the
above listed conditions [18]. Depressed mood was measured by
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means of the 15-item short form of the Geriatric Depression Scale.

                                        

The values ranged from 0 to 15, whereby participants with a score
>10 were considered as having depressed mood [39]. Anxiety was
measured by means of the Generalized Anxiety Disorder Scale-7.
Possible values ranged from 0 to 21, and having an anxiety disor-
der was defined by a score �10 [40]. The presence of neurological
diseases, eye diseases and hypertension was established by self-
report. In addition, the participants were asked to provide infor-
mation about any diseases that were not yet mentioned. If diseases
were named, theywere checked for inclusion regarding the defined
chronic conditions/groups of chronic conditions.

Multimorbidity was defined as the simultaneous presence of�2
of the above listed conditions/groups of chronic conditions in one
individual [13,18]. Most commonly co-occurring pairs of chronic
conditions were identified by Kirchberger et al. [18] in previous
analyses of the KORA Age Study.

2.2.2. Sleep disturbances
In accordance with former MONICA/KORA studies [30], unique

symptoms of insomnia were obtained by asking “Did you have
trouble falling asleep?”, “Did you have problems with sleeping
through the night?”, and “Do you feel tired or absolutely whacked
during the day because of your sleep problems at night?” in the
standardized telephone interview. Possible answers were “often”,
“sometimes”, or “almost never”, with each sleep item being
dichotomized for the analyses (yes as “often” and no as “some-
times/almost never”). To identify more severe cases, participants
were rated as having insomnia, if they reported having trouble
falling asleep and/or difficulty staying asleep and, additionally,
having daytime tiredness. The amount of sleep was documented by
responding to the open question: “How many hours a day do you
usually sleep? Please also think of nap habits.” The participants'
answers were required to be given in integer numbers. Analogous
to previous studies [41,42], sleep duration was categorized in
�5 hours (h) (short sleep duration), 6 h, 7e8 h (reference), 9 h and
�10 h (long sleep duration).

2.2.3. Socio-demographic characteristics and health-related issues
According to the World Health Organization, body mass index

(BMI) was calculated by dividing the weight (in kilograms) by the
square of height (in meters) [43]. For this, the height of the par-
ticipants was measured by trained medical staff in the respective
baseline examinations during former MONICA/KORA studies. The
current weight in kilograms was reported by the participants in the
mailed survey. Educational attainment was approximated through
years of schooling, whereby �11 years were rated as low educa-
tional level and >11 years as high educational level [44]. Risk of
malnutrition was measured by means of the SCREEN II (Seniors in
the Community: Risk evaluation for eating and nutrition, Version II,
short version). The range of score is between 0 and 48, and lower
values indicated a higher risk [45]. Leisure time physical activity
(e.g., cycling) in winter and in summer was obtained using one
question apiece. Answer categories were Likert-scaled and ranged
from “no sport activity” (four points) to “more than two hours per
week regularly” (one point) [46]. A participant was classified as
“active”, if the sum of these two responses was less than five. The
consumption of alcoholic beverages “several times per week” up to
a “daily consumption” during the last 12 months was rated as
frequent alcohol consumption. Participants were categorized as a
“smoker” if they indicated that they smoked regularly, or irregu-
larly but currently, and as “non-smoker” if they reported to have
smoked in the past or not at all. Finally, data about medication
use seven days prior to the postal survey were collected and the
substances were assigned following the anatomicether-
apeuticechemical classification system [47]. Psychotropic

medication included all anxiolytics, hypnotics, sedatives, antide-
pressants and benzodiazepines. Polypharmacy was defined as the
simultaneous consumption of �5 medications of any kind [48].

2.3. Statistical analyses

Depending on the distribution of data, means with standard
deviations and medians with interquartile ranges were provided
for describing the basic characteristics of the entire study popula-
tion and stratified for individuals with and without insomnia.
Relative frequencies were calculated for categorical variables. Using
Student's t tests and nonparametric ManndWhitney U tests, dif-
ferences in continuous variables were tested. Chi-square tests were
performed to compare prevalences.

To estimate the independent association between sleep distur-
bances and multimorbidity, three sequential logistic regression
models were computed for each sleep variable [49,50]. Based on a
prior literature search, factors presumed to be associatedwith sleep
issues and multimorbidity were preselected. Afterwards, variables
were considered for inclusion in the regression models as inde-
pendent variables if they were bivariately associated with at least
one sleep variable and the multimorbidity variable. All remaining
variables with significant relationships were examined with regard
to interrelationships and for multicollinearity. The variable psy-
chotropic medication use overlaps strongly with the variables
polypharmacy and anxiety/depressed mood. Therefore, only the
variables polypharmacy (as independent variable) and anxiety/
depressed mood (as part of the multimorbidity variable) were
included. According to the literature [51], interactions were tested
for all sleep variables with sex.

For the regression analysis, model 1 (“crude model”) comprised
only the variable insomnia. Model 2 (“basic model”) extended
model 1 with the variables of age (continuous), BMI (continuous)
and educational status (low, high). Finally, model 3 (“health issues
model”) was additionally adjusted for risk of malnutrition
(continuous), physical activity (active, inactive), frequent alcohol
consumption (yes, no), currently smoking (yes, no), and poly-
pharmacy (yes, no). This structured modeling approach was simi-
larly applied to the other sleep variables (trouble falling asleep,
difficulty staying asleep, daytime tiredness, and sleep duration). To
investigate the relationship between the sleep variables and
commonly co-occurring pairs of chronic conditions, the model
building strategy was identical.

In order to examine if the association between insomnia and
multimorbidity was different among individuals with short, refer-
ence or long sleep duration, additional multivariable models were
calculated. For these analyses, the sleep duration variable was
reclassified in broader categories namely �6 h, 7e8 h, and �9 h of
daily sleep. Furthermore, the multivariable relationships between
sleep disturbances and the specific chronic conditions were
examined.

Results were given as odds ratios (OR) and 95% confidence in-
tervals (CI). For covariable selection and interaction tests, p-values
of �0.2 were considered as statistically significant; for all other
analyses p-values of �0.05. Significance tests were calculated two-
tailed and the analyses were realized using SAS (Statistical Analysis
System, version 9.2, SAS Institute Inc., Cary, NC).

3. Results

3.1. Population description

A total of 315 individuals (8.2%) were classified as having
insomnia. Of all unique symptoms of insomnia, the prevalence of
difficulty staying asleep was the highest in the whole sample
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(40.7%), followed by trouble falling asleep (16.6%). Whereas 58.7%

                                            

of the participants reported sleeping 7e8 h daily, 6.2% were cate-
gorized as regular short sleepers (�5 h) and 7.8% as long sleepers
(�10 h). Of individuals with insomnia, 42.0% reported sleep dura-
tion of 6 h per day or less.

Table 1 describes the basic characteristics of the total sample
and stratified by insomnia. In comparison to respondents without
insomnia, there was a higher proportion of women among those
suffering from insomnia, and participants with insomnia were, on
average, significantly older than those without insomnia. Many of
the participants with insomnia reported chronic conditions
including hypertension (71.4%), eye diseases (53.7%) and heart
diseases (43.2%). The frequency of any individual chronic condition
was higher in participants with insomnia compared to those
without insomnia.

As shown in Table 2, the prevalence of multimorbidity was
58.7%, with more participants with insomnia suffering from two
or more chronic conditions (83.5%) compared to those without
insomnia (56.5%). The most frequent co-occurring pairs of
chronic conditions among individuals with insomnia were hy-
pertension/eye diseases (37.5%) and hypertension/heart diseases
(33.3%).

3.2. Association between sleep disturbances and multimorbidity

Table 3 provides sex-specific information about the association
between sleep issues and multimorbidity.

Table 1
Basic characteristics in the total sample and stratified by insomnia; N ¼ 3833 men and women aged 65e93 years.

Characteristics Total Insomnia p-value

Yes (n ¼ 315) No (n ¼ 3518)

Socio-demographic and health issues
Women (%) 51.3 60.3 50.5 0.0008
Agea (years) 73.0 (5.8) 74.1 (6.1) 72.9 (5.8) 0.0006
Body mass indexa (kg/m2) 27.5 (4.1) 27.8 (4.7) 27.4 (4.1) 0.1569
Low educational level (%) 72.8 75.9 72.5 0.1956
Physically inactive (%) 42.3 57.5 40.9 <0.0001
Risk of malnutritionb (Score 0e48) 39.0 (36.0e42.0) 37.0 (32.0e41.0) 39.0 (36.0e42.0) <0.0001
Frequent alcohol consumption (%) 47.0 38.1 47.8 0.0009
Current smoker (%) 6.5 5.1 6.6 0.2869
Psychotropic medication (%) 8.3 20.0 7.2 <0.0001
Polypharmacy (%) 26.3 42.9 24.8 <0.0001
Chronic conditions
Hypertension (%) 58.7 71.4 57.5 <0.0001
Heart diseases (%) 25.6 43.2 24.0 <0.0001
Stroke (%) 6.0 9.5 5.7 0.0060
Diabetes mellitus (%) 16.7 22.9 16.2 0.0023
Eye diseases (%) 38.0 53.7 36.6 <0.0001
Joint diseases (%) 16.5 28.6 15.4 <0.0001
Lung diseases (%) 10.2 19.4 9.4 <0.0001
Gastrointestinal diseases (%) 8.6 16.5 7.9 <0.0001
Anxiety/depressed mood (%) 8.3 31.4 6.2 <0.0001
Cancer (%) 4.3 6.4 4.1 0.0580
Kidney diseases (%) 3.8 8.6 3.4 <0.0001
Neurological diseases (%) 2.8 7.0 2.4 <0.0001
Liver diseases (%) 2.3 5.1 2.1 0.0006
Sleep issues
Trouble falling asleep (%) 16.6 58.1 12.9 <0.0001
Difficulty staying asleep (%) 40.7 91.8 36.1 <0.0001
Daytime tiredness (%) 9.6 100.0 1.5 <0.0001
Hours of daily sleepc (%) <0.0001
�5 6.2 22.9 4.8
6 12.3 19.1 11.7
7e8 58.7 41.3 60.3
9 14.9 10.5 15.3
�10 7.8 6.4 8.0

Abbreviation: N: size of study population, n: number of individuals with and without insomnia.
a Mean ± standard deviation.
b Median with interquartile range.
c Specified as hours per 24 h.

Table 2
Multiple chronic conditions in the total sample and stratified by insomnia; N¼ 3833
men and women aged 65e93 years.

Multiple chronic conditions Total Insomnia p-value

Yes
(n ¼ 315)

No
(n ¼ 3518)

Multimorbidity
�2 Chronic conditions (%) 58.7 83.5 56.5 <0.0001
Commonly co-occurring pairs of chronic conditionsa

Hypertension/eye diseases (%) 23.4 37.5 22.2 <0.0001
Hypertension/heart diseases (%) 17.9 33.3 16.5 <0.0001
Hypertension/diabetes mellitus (%) 13.2 19.7 12.6 0.0004
Joint diseases/hypertension (%) 10.0 20.6 9.10 <0.0001
Eye diseases/diabetes mellitus (%) 7.7 14.6 7.1 <0.0001
Joint diseases/eye diseases (%) 7.7 16.2 6.9 <0.0001
Hypertension/lung diseases (%) 6.6 13.3 5.9 <0.0001
Heart diseases/diabetes mellitus (%) 6.0 13.7 5.3 <0.0001
Eye diseases/lung diseases (%) 5.2 12.1 4.6 <0.0001
Joint diseases/heart diseases (%) 5.1 13.7 4.3 <0.0001
Hypertension/gastrointestinal

diseases (%)
5.0 12.4 4.4 <0.0001

Hypertension/stroke (%) 4.6 8.3 4.2 0.0011

Abbreviation: N: size of study population, n: number of individuals with or without
insomnia.

a The most commonly co-occurring pairs of chronic conditions were identified
in previous analyses of the KORA Age Study by Kirchberger et al. [18].
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In the multivariable models, insomnia was significantly related

                                        

to multimorbidity in both sexes (men: OR 2.53, 95% CI: 1.53e4.20;
women: OR 3.22, 95% CI: 2.10e4.95). Regarding the unique symp-
toms of insomnia, trouble falling asleep was associated with mul-
timorbidity among women in all models (models 1e3). While this
sleep disturbance was significantly related to multimorbidity in the
unadjusted model (model 1) and in the basic model (model 2)
amongmen, the association no longer remained significant after an
additional adjustment for risk of malnutrition, physical activity,
frequent alcohol consumption, currently smoking and poly-
pharmacy (model 3). Nevertheless, the interaction term for trouble
falling asleep*sex was not significant (p-value ¼ 0.30). Difficulty
staying asleep and daytime tiredness were significantly associated
with multimorbidity in both sexes in all three models.

As shown in Table 4, the multivariable OR for the association
between short and long daily sleep duration with multimorbidity
were 2.16 (95% CI: 1.42e3.30) and 1.10 (95% CI: 0.71e1.71) for
women respectively (model 3). However, neither short nor
long sleep duration was significantly related to multimorbidity
among men in all models (p-value for interaction sleep
duration*sex ¼ 0.17).

3.3. Association between sleep disturbances and commonly co-
occurring pairs of chronic conditions

Table 5 shows the results of the fully-adjusted relationship be-
tween insomnia and unique symptoms of insomnia with
commonly co-occurring pairs of chronic conditions among men
andwomen. After adjusting for all covariables (models 3), insomnia
and especially daytime tiredness were most strongly related to
joint diseases/eye diseases among men (insomnia: OR 2.56, 95% CI:
1.47e4.46, daytime tiredness: OR 2.60, 95% CI: 1.53e4.40) and joint
diseases/heart diseases among women (insomnia: OR 2.59, 95% CI:
1.57e4.27, daytime tiredness: OR 3.09, 95% CI: 1.94e4.91).
Regarding sleep duration, the strongest positive associations
occurred between short (OR 2.50, 95% CI: 1.41e4.43) and long (OR

2.33, 95% CI: 1.25e4.35) sleep duration with joint diseases/heart
diseases among women (data not shown).

3.4. Additional analyses

The results for the association between insomnia and multi-
morbidity stratified by sleep duration were presented in the
Supplementary Table S1 (p-value for the interaction between
insomnia and sleep duration was 0.07). It can be seen that from a
sleep duration of �6 h onwards, the OR for the association between
insomnia and multimorbidity continuously decrease to the lowest
values in the �9 h of daily sleep category.

Supplementary Tables S2 and S3 presented information about
the relationships between sleep disturbances and specific chronic
conditions. The highest values were identified for the association
between sleep disturbances and anxiety/depression.

4. Discussion

4.1. General discussion

To a varying extent, insomnia and its unique symptoms were
closely related to multimorbidity and commonly co-occurring pairs
of chronic conditions among older adults, especially among older
women. While exceptional sleep duration was not related to mul-
timorbidity among men, short sleep duration was significant and
positively associated among women. Regarding commonly co-
occurring pairs of conditions, the clearest associations were
observed between insomnia and daytime tiredness with joint dis-
eases/eye diseases in men and joint diseases/heart diseases in
women. These findings from a large sample of older individuals
from the general population in Germany were independent of
socio-demographic aspects and important risk factors, including
reduced physical activity, impaired nutritional status and taking
multiple medication.

Table 3
Sequentially-adjusted associations between sleep issues and multimorbidity (�2
chronic diseases), unstratified results and results stratified by sex; N ¼ 3833.

Sleep issues Model 1a Model 2a Model 3a

OR (95% CI) OR (95% CI) OR (95% CI)

Insomnia
Unstratified 3.89 (2.87e5.28) 3.65 (2.67e4.98) 2.92 (2.11e4.05)
Men 3.73 (2.33e5.97) 3.28 (2.03e5.28) 2.53 (1.53e4.20)
Women 3.97 (2.66e5.92) 3.93 (2.61e5.93) 3.22 (2.10e4.95)

Trouble falling asleep
Unstratified 1.75 (1.46e2.10) 1.67 (1.38e2.03) 1.45 (1.18e1.77)
Men 1.67 (1.21e2.31) 1.57 (1.13e2.18) 1.24 (0.87e1.77)
Women 1.76 (1.41e2.21) 1.72 (1.36e2.18) 1.55 (1.21e1.99)

Difficulty staying asleep
Unstratified 1.76 (1.54e2.02) 1.59 (1.39e1.83) 1.54 (1.33e1.79)
Men 1.66 (1.37e2.02) 1.47 (1.20e1.79) 1.46 (1.18e1.80)
Women 1.85 (1.54e2.23) 1.74 (1.43e2.11) 1.65 (1.34e2.02)

Daytime tiredness
Unstratified 3.94 (2.97e5.22) 3.64 (2.73e4.86) 2.90 (2.14e3.92)
Men 3.62 (2.36e5.55) 3.17 (2.05e4.89) 2.35 (1.48e3.74)
Women 4.15 (2.85e6.06) 4.02 (2.73e5.91) 3.34 (2.24e4.99)

Abbreviations: N: size of study population, OR: odds ratio, CI: confidence interval,
BMI: Body mass index.
Significant results are highlighted in bold type.
Model 1: “Crude” model (unadjusted model).
Model 2: “Basic model” was adjusted for age, BMI and educational status.
Model 3: The full model (“health issues model”) was, in addition to model 2,
adjusted for risk of malnutrition, physical activity, frequent alcohol consumption,
currently smoking and polypharmacy.

a Sex-stratified models were not adjusted for sex.

Table 4
Sequentially-adjusted associations between sleep duration and multimorbidity (�2
chronic diseases), unstratified results and results stratified by sex; N ¼ 3833.

Daily sleep
duration (h/24 h)

Model 1a Model 2a Model 3a

OR (95% CI) OR (95% CI) OR (95% CI)

Unstratified
�5 2.04 (1.52e2.74) 1.90 (1.40e2.58) 1.64 (1.19e2.27)
6 1.25 (1.02e1.54) 1.15 (0.93e1.42) 1.07 (0.85e1.33)
7e8 1.00 1.00 1.00
9 1.03 (0.86e1.25) 0.92 (0.76e1.12) 0.89 (0.72e1.09)
�10 1.42 (1.11e1.83) 1.12 (0.87e1.46) 0.98 (0.74e1.30)

Men
�5 1.30 (0.82e2.07) 1.23 (0.76e1.98) 0.97 (0.57e1.64)
6 1.53 (1.10e2.12) 1.42 (1.01e1.98) 1.31 (0.92e1.88)
7e8 1.00 1.00 1.00
9 1.18 (0.92e1.51) 1.06 (0.82e1.37) 1.12 (0.85e1.48)
�10 1.31 (0.94e1.81) 1.04 (0.74e1.45) 0.91 (0.63e1.32)

Women
�5 2.61 (1.76e3.86) 2.43 (1.62e3.66) 2.16 (1.42e3.30)
6 1.09 (0.84e1.42) 0.99 (0.75e1.30) 0.92 (0.69e1.23)
7e8 1.00 1.00 1.00
9 0.88 (0.67e1.17) 0.76 (0.57e1.02) 0.65 (0.48e0.89)
�10 1.67 (1.12e2.48) 1.28 (0.85e1.95) 1.10 (0.71e1.71)

Abbreviations: N: size of study population, OR: odds ratio, CI: confidence interval,
BMI: Body mass index, h: hours.
Significant results are highlighted in bold type.
Model 1: “Crude” model (unadjusted model).
Model 2: “Basic model” was adjusted for age, BMI and educational status.
Model 3: The full model (“health issues model”) was, in addition to model 2,
adjusted for risk of malnutrition, physical activity, frequent alcohol consumption,
currently smoking and polypharmacy.

a Sex-stratified models were not adjusted for sex.
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Although growing evidence indicates the importance of sleep as

                                            

a public health issue [52e54], relatively few large-scale studies
examined the independent association of various sleep distur-
bances with multimorbidity among individuals from the general
population. As in the present study, no significant association was
observed between long sleep duration and multimorbidity among
individuals of a Brazilian study [24]. Furthermore, in this cross-
sectional study comprising of 2637 individuals aged at least 18
years, the authors reported a significant relationship of short sleep
duration with three or more health conditions. While in the Bra-
zilian study, results of sex-specific analysis were not reported; the
findings of the present study suggest that short sleep duration was
significantly related to multimorbidity only among women. How-
ever, the results are hardly comparable due to different definitions
of sleep duration and multiple conditions, varying age distribution
and other geographical contexts. Future studies are therefore
desirable in order to help clarify the interplay between sleep
duration and multimorbidity. In addition, these studies should be
more extensive than the present one, as the number of cases in the
exceptional sleep duration categories was somewhat low.

Regarding sleep disturbances, in a cross-sectional study
including 378 individuals aged 75 years and above, with at least
three medical diagnoses, 42% reported “feeling drowsy” and 40%
had “difficulty sleeping” [25]. In a further cross-sectional study
from Koyanagai et al. [26], conducted in nine countries comprising
42,116 participants at the age of at least 50 years, sleep disturbances

were assessed with the single question: “Overall in the last 30 days,
how much of a problem did you have with sleeping, such as falling
asleep, waking up frequently during the night or waking up too
early in the morning?”. As a result, the authors found a notably
dose-dependent relationship between the number of chronic
conditions and the sleep disturbances-index variable. A study car-
ried out by Kim et al. [27], comprising about 1200 individuals aged
at least 65 years in South Korea, also considered the number of
chronic conditions. They found out that the number of physical
disorders at baseline was significantly associated with incident and
prevalent insomnia. However, none of the above studies examined
the association between sleep disturbances and the specific nature
of commonly co-occurring pairs of chronic conditions. Although in
the KORA Age Study pairs of chronic conditions including hyper-
tension occur most often [18], condition-pairs containing joint
diseases were primarily related to sleep disturbances. Joint diseases
including arthrosis and arthritis are strongly associated with pain
[55]. Therefore, it may be that the high frequency of pain among
participants with joint diseases (in conjunction with another dis-
ease) provides a preponderant explanation for these associations
[55,56]. This is confirmed in a study by Foley et al. [55], in which,
after controlling for the presence of daily pain, arthritis as such was
no longer significantly associated with insomnia or other sleep
problems. In more detail, in the present study the strongest asso-
ciations were identified between insomnia and daytime tiredness
with joint diseases/eye diseases in men and joint diseases/heart

Table 5
Fully-adjusted associations between sleep issues and commonly co-occurring pairs of chronic conditions stratified by sex; N ¼ 3833.

Insomnia Trouble falling asleep Difficulty staying asleep Daytime tiredness

ORa (95% CI) ORa (95% CI) ORa (95% CI) ORa (95% CI)

Joint diseases/eye diseases
Men 2.56 (1.47e4.46) 1.74 (1.03e2.94) 1.58 (1.06e2.34) 2.60 (1.53e4.40)
Women 1.77 (1.14e2.75) 1.45 (1.02e2.05) 1.28 (0.93e1.75) 1.86 (1.23e2.81)

Joint diseases/heart diseases
Men 2.22 (1.21e4.07) 1.84 (1.05e3.25) 1.51 (0.97e2.38) 2.19 (1.23e3.88)
Women 2.59 (1.57e4.27) 1.57 (1.03e2.41) 1.20 (0.81e1.79) 3.09 (1.94e4.91)

Joint diseases/hypertension
Men 2.14 (1.31e3.50) 2.19 (1.43e3.36) 1.37 (0.99e1.91) 1.97 (1.23e3.15)
Women 1.83 (1.23e2.73) 1.48 (1.08e2.03) 1.10 (0.83e1.47) 2.12 (1.47e3.07)

Hypertension/heart diseases
Men 1.97 (1.28e3.02) 1.64 (1.13e2.37) 1.28 (0.99e1.64) 1.92 (1.29e2.86)
Women 2.05 (1.40e3.00) 1.43 (1.06e1.93) 1.57 (1.20e2.04) 2.17 (1.52e3.10)

Hypertension/eye diseases
Men 1.36 (0.89e2.08) 1.13 (0.78e1.64) 1.39 (1.09e1.77) 1.56 (1.05e2.30)
Women 1.79 (1.28e2.52) 1.29 (1.00e1.65) 1.14 (0.92e1.41) 1.89 (1.38e2.59)

Hypertension/diabetes mellitus
Men 1.31 (0.81e2.13) 1.24 (0.81e1.89) 0.94 (0.70e1.26) 1.20 (0.76e1.89)
Women 1.09 (0.69e1.73) 1.09 (0.77e1.54) 1.02 (0.76e1.38) 1.00 (0.65e1.53)

Hypertension/lung diseases
Men 2.10 (1.22e3.62) 1.95 (1.20e3.17) 1.78 (1.22e2.60) 1.87 (1.11e3.16)
Women 1.49 (0.89e2.49) 0.90 (0.58e1.39) 1.10 (0.76e1.59) 1.77 (1.11e2.84)

Hypertension/stroke
Men 1.64 (0.87e3.08) 1.23 (0.68e2.24) 0.85 (0.56e1.31) 1.99 (1.13e3.50)
Women 1.23 (0.63e2.40) 1.04 (0.61e1.77) 1.43 (0.89e2.30) 1.64 (0.91e2.97)

Hypertension/gastrointestinal diseases
Men 2.48 (1.31e4.70) 1.19 (0.61e2.33) 1.20 (0.75e1.91) 2.40 (1.30e4.43)
Women 2.18 (1.32e3.59) 0.96 (0.61e1.51) 1.41 (0.96e2.07) 2.56 (1.56e4.07)

Heart diseases/diabetes mellitus
Men 2.27 (1.30e3.94) 1.57 (0.93e2.65) 1.17 (0.80e1.73) 2.13 (1.27e3.57)
Women 1.67 (0.93e2.98) 1.48 (0.92e2.38) 1.51 (0.97e2.34) 1.26 (0.71e2.22)

Eye diseases/diabetes mellitus
Men 1.79 (1.04e3.07) 1.29 (0.77e2.15) 1.23 (0.86e1.76) 1.94 (1.18e3.21)
Women 1.53 (0.93e2.52) 0.88 (0.58e1.33) 1.03 (0.72e1.46) 1.46 (0.92e2.34)

Eye diseases/lung diseases
Men 2.18 (1.20e3.96) 1.59 (0.90e2.79) 1.54 (1.01e2.35) 2.08 (1.17e3.68)
Women 2.00 (1.18e3.38) 1.34 (0.86e2.10) 1.43 (0.95e2.15) 2.25 (1.38e3.68)

Abbreviations: N: size of study population, OR: odds ratio, CI: confidence interval, BMI: Body mass index.
Significant results are highlighted in bold type.

a OR were adjusted for the variables of model 3 (age, BMI, educational status, risk of malnutrition, physical activity, frequent alcohol consumption, currently smoking and
polypharmacy).
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diseases among women. Eye diseases could be one of the extra-

                                        

articular manifestations commonly occurring among individuals
with severe rheumatoid arthritis [57]. The underlying mechanisms
for the association between eye diseases and rheumatoid arthritis
are unclear [58], but it has been assumed that an increase in in-
flammatory modulators in rheumatic diseases and adverse effects
of the treatment of these diseases could be responsible for the
onset of eye diseases (e.g., cataracts or glaucoma) [58e61]. Gluco-
corticoids are widely used for the treatment of rheumatic diseases
[62,63], and possible side effects of these pharmaceuticals can
include sleep disturbances [64,65]. An increased risk for individuals
with rheumatoid arthritis for developing heart failure [66e68] or
ischemic heart diseases [66,69] was reported by the literature,
whereby rheumatic diseases and heart diseases also share common
basements including inflammation [70].

In the present study, variations in the association between sleep
disturbances and multiple conditions were seen between men and
women. While sex differences generally, refer to biological and
physiological differences between both sexes, an interplay of
environmental, social and cultural factors can contribute to gender
differences [71]. Variations in (sleep-related) behavior, sleep dis-
turbances, and chronic conditions may not only be influenced by
biological aspects, but also by gender differences (e.g., with regard
to the report of symptoms and diseases from men and women
[71,72]). Although progress has been achieved in determined sex
and gender differences in various areas of sleep, major research
gaps e for instance, in the field of epidemiology e are still present
[71] and existing results are inconsistent [73,74]. Typically, women
report a poorer sleep quality andmore interruptions of sleep during
various stages of life [75]. Also in a study by van den Berg et al., the
authors recognized that if sleep aspects were assessed by an
interview, elderly women reported consistently shorter and poorer
sleep compared to elderly men. Conversely, sleep measured by an
actigraph revealed poorer sleep in men [73]. In a study by Voder-
holzer et al., however, the subjective estimates of sleep quality were
comparable between both sexes and none of the continuity mea-
sures (e.g., sleep duration or sleep efficiency) showed significant
differences for men and women in both groups of participants
(individuals with insomnia and healthy controls) [74].

4.2. Strengths and limitations

While the KORA Age Study has various strengths, specific limi-
tations should also be considered. Noteworthy strengths are the
population-based design, high responses and a large number of
participating individuals aged 65e93 years [30]. A standardized
assessment of sleep issues, the use of proven multimorbidity
measurements [76] and a careful collection of substantial influ-
encing factors, including physical activity, nutritional status and
medication intake, also enhance the results of the present study.
Through experiences (e.g., implementing studies from the WHO
MONICA project [32]), highest quality standards and controls for
conducting the KORA Age Study can therefore be assumed [30,54].

One limitation is the cross-sectional study design; it is not
permissible to anticipate conclusions about the causal direction of
the association between sleep disturbances and multimorbidity.
The present analyses shows, however, only whether and to what
extent an association is present. Furthermore, in the present study a
lot of logistic regression models were performed, thus the proba-
bility of finding associations by chance cannot be ruled out.

To calculate the BMI of the participants, current self-reported
weight in kilograms was divided by the square of height in meters
as measured at the respective baseline examinations. The literature
indicates that self-reported weight may underestimate anthropo-
metrically measured weight (among older individuals by about 0.9

kilograms (95% CI: e1.15; e0.48) [77,78]. Another aspect is the
decrease in body height with age [43,79]. While a reduction in
height generally will increase the BMI of an individual even if the
weight is stable [79], in the present study baseline values of body
height were used. Both factors may contribute to an underestima-
tion of the BMI of the participants. Moreover, chronic conditions
were assessed by self-report, so recall bias could potentially have
occurred. The prevalence of multimorbidity (58.7%), lies in the range
of the frequency of multimorbidity reported by the literature
(55e98% among older adults) [12,17,58,80,81]. However, it is posi-
tioned at the lower end. Generally, the frequency of multimorbidity
can be influenced by several factors including characteristics of the
study population and the underlying list of diseases [17,82]. The
KORA Age Study is a follow-up of all participants aged �65 years
who took part in at least one of the former MONICA/KORA studies
[30,31]. Therefore, it can be presumed that volunteer bias may have
occurred. In addition, data from all proxy interviews were excluded,
an issue which could also contribute to an underestimation of in-
dividuals with multiple conditions. In the present study, the list of
chronic conditions/group of chronic conditions for the calculations
was limited to 13. For example, it is possible that within the group of
joint diseases, not only one condition was present, but several.
Therefore, the results have to be interpreted as multimorbidity in
terms of the simultaneous presence of �2 chronic conditions which
fall into at least two groups of conditions (not as �2 chronic con-
ditions of any kind). Nevertheless, the assessment of diseases is
based on the standardized and widely-applied Charlson Comorbid-
ity Index [38,83], supplemented by chronic conditions with a high
epidemiological importance for individuals at advanced ages [18].

Finally, subjectively experienced sleep disturbances were ob-
tained by self-report using standardized questions. These questions
were implemented in the initial World Health Organization's
MONICA Augsburg Study in the years 1984/85 and pursued for
ensuring a comparability of the data [30]. However, in the future a
psychometric verification of these questions would be desirable to
provide solid assertions about validity and reliability. A further
point concerns the overlapping of participants with insomnia with
individuals classified as having anxiety and/or depression. In the
present study, 31.4% of the 315 participants with insomnia were
classified as having anxiety and/or depression (Table 1). In order to
enhance the comparability with previous studies (e.g. Ref. [55] and
[26]) the variable “anxiety/depression” was retained in the
multimorbidity-variable. Additionally, to approximate insomnia
participants were rated as having insomnia if they reported “often”
having trouble falling asleep and/or difficulty staying asleep and,
also, having daytime consequences “often” in terms of daytime
tiredness. Unfortunately, other potential day-related impacts
including impairments of social or occupational functioning [84,85]
are not covered in the present study. Nevertheless, the prevalence
of insomnia in the total sample was 8.2%, which corresponds to the
results of previous studies [6e8,86].

5. Conclusion

Not surprisingly, the results of the present study suggest that sleep
disturbances generally are widely associated with multiple diseases
among older individuals. However, in more detail, sex-specific par-
ticularities were seen, especially regarding exceptional sleep dura-
tion. While short sleep duration seems to be associated with
multimorbidity among women, neither short nor long sleep duration
was related to multimorbidity among men. As the mechanisms of
multimorbidity and their link to sleep disturbances are not yet fully
understood, further prospective studies are needed to investigate the
direction and reciprocal effect of sleep, aging and multiple chronic
conditions in consideration of the aspects sex and gender.
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