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The coexistence of several chronic diseases is very common in older adults,
making it crucial to understand multimorbidity (MM) patterns and associated
mortality. We aimed to determine the prevalence of MM and common chronic
disease combinations, as well as their impact on mortality in men and women
aged 65years and older using the population-based KORA-Age study, based in
South of Germany. The chronic disease status of the participants was determined
in 2008/9, and mortality status was followed up until 2016. MM was defined as
having at least two chronic diseases. We used Cox proportional hazard models
to calculate the hazard ratios (HRs) and the 95% confidence intervals (Cls) for
associations between MM and all-cause mortality. During the study period 495
men (24.6%) and 368 women (174%) died. Although the MM prevalence was
almost the same in men (57.7%) and women (60.0%), the overall effect of MM on
mortality was higher in men (HR: 1.81, 95% ClI: 1.47-2.24) than in women (HR: 1.28,
95% Cl: 1.01-1.64; p-value for interaction <0.001). The type of disease included
in the MM patterns had a significant impact on mortality risk. For example, when
both heart disease and diabetes were included in the combinations of two and
three diseases, the mortality risk was highest. The risk of premature death does
not only depend on the number of diseases but also on the specific disease
combinations. In this study, life expectancy depended strongly on a few diseases,
such as diabetes, hypertension, and heart disease.

chronic disease, multimorbidity, mortality, older people, sex differences, hazard ratios

1. Introduction

Even though life expectancy has increased in recent decades as a result of modern medicine,
individuals are developing more chronic diseases, resulting in rising multimorbidity (MM) (1).
According to the World Health Organization (WHO), MM has been defined as the occurrence
of two or more chronic diseases in one person at the same time (2).

Based on a systematic literature review of 41 articles from different countries, the prevalence
of MM ranges from 55 to 98% in those aged >65 years. In Germany, based on the cross-sectional
national telephone health interview survey “German Health Update” (GEDA 2012-2013), the
MM prevalence ranged from 61.7% (95% CI: 59.3-64.1) for 60 to 69-year-olds to 72.9% (95%
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CI: 70.4-75.2) for 70 to 79-year-old individuals. Others reported a
62% MM prevalence for those aged >65years in the German
population. In Augsburg, MM prevalence was 58.6% for individuals
aged 65-94 years based on the KORA-Age data in 2008/9 (3).

Investigating chronic illness combinations and their negative
consequences on the old people and the health care system is a major
concern in countries with growing aging populations nowadays. Many
studies showed the association between MM and lower quality of life
(4), higher health care use and cost (5), and functional decline in older
adults (6).

Moreover, many studies have found a relationship between MM
and an increased risk of mortality (7-12), but the value of mortality
risk is not similar. One reason for these dissimilarities could be a low
sample size in some studies, and another reason for the differences
might be the included disease types, age groups, and risk
factors (7-12).

To our knowledge, there exists only one recent study (13) in
Germany exploring the association of MM patterns and mortality
based on health insurance claims data. Therefore, we aimed to identify
the prospective association of MM with all-cause mortality controlling
for sociodemographic and lifestyle factors in men and women based
on the large population-based KORA-Age study. Additionally,
we specified the most prevalent combinations of disease in men and
women, and their associated mortality risk.

2. Methods
2.1. Data collection and study design

The adult population-based KORA (Cooperative Health Research
in the Region of Augsburg) study was conducted between 1984 and
2001 in the Region of Augsburg, Germany. In 2008/9, KORA
participants who were aged 65-year-olds or older were invited for the
first wave of a specific project on health in old age — the KORA-Age
study. Details about the study design and data collection have been
explained elsewhere (14). Briefly, 5.991 individuals from the KORA
cohort who were still alive, had not moved outside the study area or
had not withdrawn their consent to participate met the inclusion
criteria born between 1915 and before 1944 (i.e., >65years in 2009).
4,565 individuals returned a postal self-report questionnaire and 4,127
individuals (2015 men and 2,112 women) answered further questions
in a 30 min standardized telephone interview. The questionnaire and
interview items are based the MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease) Project of the World Health
Organization or from validated instruments. For instance, the MM
instruments chosen were from established questionnaires (15-17).
The study was conducted by trained staff at the KORA study Center
in Augsburg after an initial pilot phase. Mortality status was assessed
until 2016 by official death certificates. 4,127 individuals with
questionnaire and interview information were included in
this analysis.

Abbreviations: MM, Multimorbidity; BMI, Body mass index; WHR, Waist to hip ratio;
KORA, Cooperative Health Research in the Region of Augsburg; WHO, World
Health Organization; IQR, Interquartile range; SD, Standard deviation.
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2.2. Mortality

All participants of the first wave of the KORA-Age study were
followed for all-cause and cause-specific (cardiovascular, cancer, and
other disease-related) mortality using official death certificates, coded
according to the International Classification of Diseases (ICD-10).
Cardiovascular-related mortality consists of diseases of the circulatory
system (ICD-9 codes 390-459, ICD-10 codes 100-199) and sudden
death with unknown cause (ICD-9 code 798, ICD-10 code R99).
Cancer-related mortality consists of neoplasms (ICD-9 codes
140-208, ICD-10 codes C00-C95). Other disease-related mortality
consists of the remaining causes of death, for example, pneumonia
(ICD-9 code 486, ICD-10 codes J18.8, J18.9), chronic bronchitis
(ICD-9 code 491, ICD-10 Codes J41, J42, J44) and dementias (ICD-9
code 290, ICD-10 Codes F03.90, F05, F01.50, FO1.51) (18). Follow-up
for participant’s mortality status was performed until 07.10.2016
(median follow-up time: 6.97 years, interquartile range; IQR=75th%-
25th%: 7.07-6.74 years).

2.3. Multimorbidity and single chronic
diseases

MM has been defined as the presence of two or more chronic
diseases in one person simultaneously (2). We considered 14 major
chronic diseases, including hypertension, eye disease, heart disease,
diabetes, joint disease, lung disease, gastrointestinal disease, stroke,
cancer, kidney diseases, liver diseases, neurological diseases,
depression, and anxiety. Hypertension, diabetes, cancer (any cancer
recognized within the last 3years), stroke, and heart diseases
(myocardial infarction and coronary artery disease) were assessed
based on the self-report questionnaire (whether participant currently
have disease). All other diseases were identified in a telephone
interview based on the Charlson Comorbidity Index (15). Participants
were asked whether they suffer from kidney, liver, lung diseases (e.g.,
asthma, chronic bronchitis, and emphysema), inflammatory joint
problems (arthritis or rheumatism), gastrointestinal diseases (e.g.,
colitis, cholecystic, gastric, or ulcer), heart diseases (e.g., congestive
heart failure, coronary heart failure, or angina), eye problems (e.g.,
cataract, retinitis pigmentosa, glaucoma, macular degeneration,
diabetic retinopathy). Neurological diseases were evaluated based on
self-reported diseases like epilepsy, Parkinson’s disease, or multiple
sclerosis. The Geriatric Depression Scale (16) and Generalized Anxiety
Disorder Scale-7 (17) screening tools were used to diagnose depression
and anxiety. Persons with scores >10 were defined as suffering from
depression or anxiety.

2.4. Demographic and lifestyle measures

We considered age, family status, education level, alcohol
consumption, physical activity, body mass index (BMI), and smoking
behavior as covariates. Family status is a combination of the self-
reported marital status and living alone or with a spouse/partner
categorized in the two groups “living with a partner/spouse” and
“living alone, divorced or widowed.” The education level had three
categories based on years of education and vocational training: low
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level (9years or less), middle (10 or 11years), and high (12years
or more).
Alcohol consumption was based on self-reported alcohol intake

» «

with the following three groups: “Never, rare or former use,” “once a
week,” or “daily use” Leisure time physical activity was measured from
two separate questions about leisure time sports activity per week in
winter and summer, including cycling. Possible answers were (1) >2h,
(2) 1-2h, (3) <1 h, and (4) none. Participants, who had a total score of
<5, obtained by summing the numbers (1)-(4) relating to activities in
winter and summer, were classified to be “physically active” (19).

The BMI was computed by dividing weight in kilograms by square
height in meters. Measurements of height and weight were made by
trained investigators while wearing light clothes and without shoes.
Based on self-reported information, there are three categories for
smoking status: never smokers, former smokers, and active smokers.

2.5. Statistical analysis

We presented categorical data as percentages and continuous data
as means (SD) if they were normally distributed or medians (IQR) if
non-normally distributed in the descriptive analysis. To examine the
differences between outcome groups (alive and dead), t-test for
continuous variables and the Chi-squared test for categorical variables
were performed. Kaplan-Meier curves and log-rank tests were
presented graphically to compare the survival distributions of
participants with and without MM.

Cox proportional-hazards models were used to investigate the
associations between MM and specific combinations of disease with
mortality by adjusting for age, education, family status, smoking
habits, alcohol use, BMI, and physical activity. The combined model
has been used to check the significance of sex differences and then the
sex-specific models have been performed. The interaction effect of
MM with age and BMI was also checked in the sex specific models.
Moreover, the spline Cox proportional hazard model was used for
examining the non-linear effect of BMI. The proportional hazard
assumption was examined using Schoenfeld residuals. Additionally,
the prevalence of every single disease in men and women was
calculated. In order to check the patterns of disease combinations, all
possible combinations of two and three diseases were identified and
the most prevalent combinations were presented in men and women
separately. Using those with no disease or just one disease as the
reference group, the adjusted hazard ratios of these most common
combinations were then calculated.

For sensitivity analysis, we adjusted the model examining the
association between MM and mortality for waist-to-hip ratio instead
of BMI. Additionally, we fitted the model without MM to check to
which degree MM can explain the underlying association between
risk factors and mortality. We also ran the model without BMI to
evaluate how much BMI could confound the effect of MM on
mortality. Statistical relationships were considered significant for
p-values <0.05. All statistical analyses were performed using R 4.1.2
and RStudio 2021.09.1' and the “dplyr;” “pspline,” “survival” and
“survminer” libraries for analysis has been used.

1 https://www.r-project.org
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2.6. Ethics statement

The Ethics Committee of the Bavarian Medical Association has
approved the KORA-Age study (08094). Written informed consent
was obtained from all study participants according to the
Helsinki Declaration.

3. Results
3.1. Study population characteristics

The prevalence of MM was 57.7 and 60.0% in men and women,
respectively. Baseline characteristics of the 4,127 participants stratified
by their mortality status are shown in Table 1. Out of 2015 male
participants, 495 (24.5%) died (24.1% cancer related, 44.5%
CVD-related and 31.4% other disease-related deaths). Out of 2,112
female participants, 368 (17.5%) died (23.1% cancer-related, 44.8%
CVD-related, and 32.1% other disease-related deaths). There were
statistically significant differences (p <0.001) between those who
survived and those who died for age, family status, education, alcohol
use, physical activity, and MM status in both men and women
(Table 1). Although associations of BMI and smoking habits with
mortality were statistically significant in men, they were not significant
in women. Individuals without MM had a significantly longer survival
probability compared to those with MM in both men and women
(Figure 1).

3.2. Association between multimorbidity
and all-cause mortality

Based on a non-linear multivariable-adjusted model, MM status
was significantly positively associated with all-cause mortality in men
(HR: 1.81, 95% CI: 1.47-2.24) and women (HR: 1.28, 95% CI: 1.01-
1.64; Table 2).

3.3. Risk factor profiles of all-cause
mortality

Age, family status, educational attainment, physical activity, and
smoking were significantly linked to increased mortality risk in males,
whereas age, physical activity, and smoking were significantly linked
to increased mortality risk in women (Table 2).

Since the interaction effect between age and MM was significant,
we stratified our analysis by 5-year age groups.

Among men and women aged 65-79 years, MM was positively
associated with all-cause mortality (Table 3; Figure 2). The
interaction effect between MM and BMI was not significant,
however; there were significant differences in survival probabilities
of individuals with and without MM at different levels of BMI in
men and women. Additionally, participants with higher BMI (BMI
>25kg/m?) had a longer survival probability compared to lower
BMI (BMI<=25kg/m?) both with and without MM (Figure 3).
Based on the spline Cox proportional model, a curvilinear
association between BMI and all-cause mortality was specified in
men and women. The BMI value related to the highest mortality
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TABLE 1 Baseline characteristics of the study participants were stratified by sex and mortality status.

Characteristics Men Women
Died=No Died=Yes Value of p Died=No Died=Yes Value of p
N 1,520 495 1744 368
Age [mean (SD)] 71.85 (5.34) 77.45 (6.20) <0.001 72.3 (5.39) 78.3 (6.66) <0.001
Multimorbidity ~ Yes 799 (52.6) 364 (73.5) 993 (56.9) 274 (74.5)
<0.001 <0.001
(%) No 721 (47.4) 131 (26.5) 751 (43.1) 94 (25.5)
Living alone, divorced,
. 262 (17.2) 144 (29.1) 965 (55.3) 118 (32.1)
Family status widowed
<0.001 <0.001
(%) Living with a partner/
1,258 (82.8) 351 (70.9) 779 (44.7) 250 (67.9)
spouse
Low (8-9years) 85 (5.6) 52 (10.5) 466 (26.7) 138 (37.5)
Medium (10-11years) 800 (52.6) 292 (59.0) 1,012 (58.0) 182 (49.5)
Education (%) <0.001 <0.001
High (12 or higher
635 (41.8) 151 (30.5) 266 (15.3) 48 (13.0)
years)
Never, rare or former
330 (21.7) 142 (28.7) 977 (56.0) 239 (64.9)
use
Alcohol (%) 0.006 0.004
Once a week 192 (12.6) 56 (11.3) 251 (14.4) 36.0 (9.8)
Daily use 998 (65.7) 297 (60.0) 516 (29.6) 93 (25.3)
BMI-kg/m? (SD) 27.67 (3.59) 27.13 (3.81) 0.004 27.35 (4.55) 26.94 (4.98) 0.122
Never Smoker 518 (34.1) 128 (25.9) 1,231 (70.6) 262 (71.6)
Smoking (%) Former smoker 900 (59.3) 330 (66.7) 0.003 414 (23.7) 80 (21.9) 0.637
Current smoker 100 (6.6) 37(7.5) 99 (5.7) 24 (6.6)
Physical activity | Active 993 (65.3) 201 (39.9) 992 (56.9) 113 (30.3)
<0.001 <0.001
(%) Inactive 527 (34.7) 294 (60.1) 752 (43.1) 255 (69.7)

Arithmetic means (SD) were given for age and BMI as continuous variables and frequency (percentage) for other categorical variables. T-test for continuous variables and the chi-squared test
for categorical variables were used to check the difference between groups.

was for BMI lower than 25 kg/m* (underweight or normal BMI) in
both men and women (Figure 4).
1.004
0.754
I without Multimorbidity . . . -
I v stmorty 3 3.4. Association between multimorbidity
st 2 and cause-specific mortality
'(EU 0.254
9 p <0.0001 In the fully adjusted models for cause-specific mortality, the risk of
o (1) gg cancer caused mortality was 66% (HR: 1.66,95% CI: 1.11-2.49) and 76%
f_g ' (HR: 1.76, 95% CI: 1.05-2.95) higher in individuals with MM compared
S 0.751 to those without MM in men and women, respectively. In addition,
5 Il Without Multimorbidity = ) . ) :
%) 0.50] M winwmoras 5 compared with men without MM, the risk of mortality from
' g cardiovascular causes was 83% (HR: 1.83, 95% CI: 1.33-2.51) higher in
0.254 those who had MM. In women with MM, the hazard ratio for
N 0.0001 cardiovascular causes was 27% (HR: 1.27, 95% CI: 0.87-1.86) higher than
(') 1 0'00 20'0 0 3 0'00 without MM, but the HR was not significantly elevated. For other disease
causes, the hazard ratios were (HR: 1.96, 95% CI: 1.32-2.92) and (HR:
days
1.08, 95% CI: 0.69-1.69) in men and women, respectively, (Figure 5).
FIGURE 1
Kaplan—Meier survival curves for men and women with and without
multimorbidity. Kaplan—Meier curve shows the time to death for . .
individuals with and without MM. Censored data (vertical sign-on 3.5. Prevalence of Slngle diseases and
lines) denotes participants no longer available in KORA-Age 3 who disease Combinations
did not experience death. There were statistically significant
(p <0.0001) differences in survival probability between 2 groups in
both men and women based on the log-rank test. The prevalence of single and a combination of two and three
diseases are shown in Table 4. The five most prevalent paired diseases
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TABLE 2 Multivariate adjusted association of MM and all-cause mortality for men and women.

Men (n=2015)

Characteristics

Women (n=2,112)

Model 0 Model 1 Model 2 Model 3 Model 0 Model 1 Model 2 Model 3
(non- (non-
linear linear
BMI) BMI)
2.32 1.84 1.82 1.81 (1.47, 2.10 1.35 1.29
Multimorbidity (ref: no) 1.28 (1.01,1.64)
(1.89,2.85) (1.51,2.26) (1.48,2.24) 2.24) (1.66,2.66) (1.05,1.72) (1.01,1.65)
1.13 1.12 1.11 (1.09, 1.15 1.12
Age (per year) 1.12(1.11,1.15)
(1.12,1.15) (1.09,1.13) 1.12) (1.13,1.17) (1.10,1.15)
Family status
(ref: Living Living alone,
1.36 1.35 1.27
with a divorced, 1.25(0.98,1.59)
(1.12,1.67) (1.11,1.66) (0.99,1.61)
partner/ widowed
spouse)
8-9 +30 e b 1.20 (0.85,1.69)
Educati -9years . .85,1.
ucation ¥ (1.09,2.07) (1.08,2.06) (0.82,1.62)
(ref: 12 years
1.29 1.30 0.93
or more) 10-11years 0.96 (0.69,1.33)
(1.05,1.57) (1.06,1.59) (0.67,1.28)
Never, rare
fi ' s 123 1.21 (0.84,1.74)
Alcohol or former . .84,1.
conotuse (1.09,2.07) (0.85,1.64) (0.87,1.79)
(ref: once a use
week) 1.04 1.04 111
Daily use 1.08 (0.73,1.61)
(0.77,1.41) (0.76,1.40) (0.75,1.65)
1.70 1.68 1.70
Physical activity (ref: active) 1.67 (1.32,2.11)
(1.40,2.04) (1.39,2.00) (1.35,2.15)
0.97 0.99
BMI (kg/m?) * ®
(0.94,0.99) (0.97,1.01)
Former 1.16 1.15 1.08 1.04
Smoki:
moking smoker (0.94,1.43) (0.93,1.42) (0.83,1.39) (0.880,1.35)
status (ref:
Current 1.76 1.73 1.59
never) 1.54 (1.00,2.39)
smoker (1.21,2.56) (1.18,2.51) (1.03,2.46)
AIC 7070.243 6794.823 6740.871 6730.415 5305.573 ‘ 5050.834 5032.326 5026.419

Data were presented as hazard ratios with 95% confidence intervals. Model 0, model 1, and model 2 were calculated based on the Cox proportional hazard model. *In model 3, BMI was

considered as the spline effect in the spline Cox proportional hazard model.

TABLE 3 Number of men and women in different age groups stratified by
mortality status (alive and died).

Age Men Women
9"OUPS  total Alive Died Total Alive Died
65-69 709 645 64 720 666 54
70-74 533 433 100 606 548 58
75-79 413 278 135 408 327 81
80-84 262 136 126 250 151 99
85+ 98 28 70 128 52 76
Total 2015 1,520 495 2,112 1744 368

Number of men and women in each age groups who were alive or died until end of follow up
(07.10.2016).

in men were heart-hypertension, hypertension-eye, diabetes-
hypertension, heart-eye, and joint-hypertension. In women,
hypertension-eye, heart-hypertension, diabetes-hypertension, joint-
hypertension, and heart-eye were the most prevalent pairs.

Frontiers in Nutrition
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3.6. Disease combinations and all-cause
mortality

The seven most prevalent diseases in men and women (lung, joint,
heart, diabetes, hypertension, eye, and anxiety) were selected to check
the hazard ratio of the most prevalent combination of two and three
diseases. Since the frequencies of quartets and quintets were low,
we calculate the HR for the pairs and trios only.

3.6.1. Mortality and combination of two diseases
Men with heart-hypertension, diabetes-hypertension, diabetes-eye,
and heart-diabetes had a significantly increased risk of mortality
compared with men with one or no disease. Women with heart-
hypertension, diabetes-hypertension, heart-eye, joint-hypertension,
diabetes-eye, heart-diabetes, lung-hypertension, and hypertension-
anxiety had a significantly higher risk of all-cause mortality compared
to women with one or no disease. In women, the combination of two
diseases resulted in a significantly increased risk of mortality with
higher HR value than in men with the same combination (Table 4).
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physical activity.
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Age stratified hazard ratios for the association of multimorbidity with all-cause mortality for men and women. Hazard ratios (95% Cls) for associations
of MM with all-cause mortality were calculated for each age group and adjusted for education, family status, smoking habits, alcohol use, BMI, and
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Kaplan—Meier survival curves for men and women based on BMI and multimorbidity status. Kaplan—Meier curves show the comparison of survival
probability between individuals with and without MM stratified by BMI category (<=25, >25) and sex. p-value <0.0001 are presented for the log-rank

1000 2000 3000

e /Vithout Multimorbidity

3.6.2. Mortality and combination of three
diseases

Men presented significantly higher hazard ratios for individuals
who had the combination of heart-diabetes-hypertension, heart-
diabetes-eye, and joint-diabetes-hypertension compared with men
with one or no disease. However, women showed a significantly
higher risk for the combination of heart-hypertension-eye, heart-
diabetes-hypertension,

diabetes-hypertension-eye, lung-

hypertension-eye, heart-diabetes-eye, and

hypertension (Table 4).

joint-diabetes-
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3.7. Sensitivity analysis

There is some evidence that the waist-to-hip ratio (WHR)
could be a good measure of fat distribution within the body while
adjusting for the body shape (20). According to the WHO, a
normal WHR range for men is 0.9 or less and 0.85 or less for
women, while a WHR of >1.0 can raise the risk of chronic diseases
in both male and female. Therefore, we repeated our Cox
proportional models using WHR instead of BMI. We only had
WHR ratio values for 1,051 participants out of 4,127. Hazard
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Hazard Ratio 95% Cl in Men
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FIGURE 4

Hazard Ratio 95% Cl in Women
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BMI

Association between BMI (kg/m?) and all-cause mortality in men and women. Hazard ratios of all-cause mortality are calculated by the spline Cox
proportional hazard model. Solid lines and dash lines, respectively, represent the hazard ratios and their 95% confidence intervals after adjusting for
MM, age, education, family status, smoking habit, alcohol use, and physical activity.
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FIGURE 5

Association between multimorbidity and cause-specific mortality. Hazard ratios (95% Cls) of MM were calculated for all-cause and cause-specific
mortality and adjusted for education, family status, smoking habit, alcohol use, BMI, and physical activity.

ratios of MM were (HR: 1.89, 95% CI: 1.24-2.78) in men and (HR:
1.12, 95% CI: 0.92-1.69) in women after adjusting the model for
WHR instead of BMI. When WHR was used as a continuous
variable in the model, a curvilinear (U-shaped) relationship
between WHR and all-cause mortality was detected in both men
and women (Figure 6). When the cox model was fitted without the

Frontiers in Nutrition

MM, the effect estimates for age, particularly in men, increased
significantly, but there was no considerable change for the other
covariates. Furthermore, only the hazard ratios of MM in men
were reduced by roughly 7% after fitting the model without BMI,
whereas effect estimates for other covariates did not change
significantly (Table 5).
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TABLE 4 Frequency of single disease and the most prevalent combination of two and three diseases and their corresponding adjusted hazard ratios

(95% confidence interval) for all-cause mortality stratified by sex.

Combination of
two diseases

Frequency (Rank) of single diseases

Men (n =2015) Women (n =2,112)

Disease Men Women Frequency HR (95% Frequency HR (95%
(n =2015) (n =2,112) (Rank*) Cls) (Rank) Cls)
Hypertension 1,086 (1) 1,206 (1) Heart-hypertension 381 (1) 1.47 (1.15,1.71) 323(2) 1.59 (1.17,2.16)
Eye 630 (2) 862 (2) Hypertension-eye 378 (2) 0.87 (0.78,1.08) 542 (1) 1.25 (0.94,1.67)
Heart 555 (3) 454 (3) Diabetes-hypertension 268 (3) 1.63 (1.31,2.04) 258 (3) 2.09 (1.52,2.89)
Diabetes 352 (4) 312 (5) Heart-eye 203 (4) 1.15 (0.91,1.46) 241 (5) 152 (1.11,2.11)
Joint 227 (5) 404 (4) Joint-hypertension 173 (5) 1.15(0.87,1.51) 247 (4) 1.42 (1.01,2.02)
Lung 207 (6) 200 (7) Diabetes-eye 146 (6) 1.34 (1.02,1.74) 163 (7) 1.98 (1.38,2.83)
Gastrointestinal 139 (7) 196 (8) Heart-diabetes 134 (7) 1.87 (1.43,2.45) 108 (12) 2.87 (1.96,4.20)
Stroke 136 (8) 100 (9) Lung-hypertension 128 (8) 1.34 (0.99,1.81) 134 (8) 1.67 (1.12,2.51)
Cancer 99 (9) 68 (11) Joint-eye 116 (9) 1.11 (0.81,1.48) 206 (6) 1.12 (0.77-1.62)
Anxiety 90 (10) 223 (6) Hypertension-anxiety 60 (16) 1.47 (0.95,2.27) 132 (9) 1.64 (1.06,2.55)
Kidney 81(11) 70 (10) Joint-heart 91 (12) 1.32 (0.94,1.85) 129 (10) 1.32 (0.86,2.03)
Combination of three Frequency
Neurological 60 (12) 50 (12) HR (95% CIs) Frequency (Rank) HR (95% CIs)
diseases (Rank)
Liver 41 (13) 47 (14) Heart-hypertension-eye 145 (1) 1.08 (0.82,1.43) 177 (1) 1.43 (1.00,2.03)
Heart-diabetes-
Depression 23 (14) 49 (13) 112 (2) 1.81 (1.36,4.42) 91 (4) 2.87 (1.92,4.28)
hypertension
Diabetes-hypertension-
111 (3) 1.34 (0.99,1.80) 135 (2) 2.61 (1.65,4.13)
eye
Lung-hypertension-eye 67 (4) 1.14 (0.76,1.77) 80 (6) 1.69 (1.06,2.72)
Joint-hypertension-eye 67 (5) 1.23 (0.86,1.75) 129 (3) 1.24 (0.81,1.88)
Joint-heart-hypertension 66 (6) 1.11 (0.73,1.67) 90 (5) 1.52 (0.95,2.43)
Heart-diabetes-eye 60 (7) 1.69 (1.18,2.41) 63 (9) 2.61 (1.65,4.12)
Lung-heart-hypertension 53 (8) 1.46 (0.95,2.23) 50 (13) 1.74 (0.98,3.08)
Joint-diabetes-
49 (9) 1.61 (1.07,2.39) 51 (12) 2.09 (1.31,3.36)
hypertension
Joint-heart-eye 42 (13) 1.09 (0.69,1.72) 73(7) 1.17 (0.69,1.98)
Hypertension-eye-
27 (23) 1.28 (0.69,2.35) 69 (8) 1.66 (0.99,2.76)
anxiety

*The Rank of disease combination shows the sorted descending rank based on the prevalence of specific combinations among all possible combinations in men and women separately. The

heart-hypertension and the hypertension-eye have the highest frequency and first rank for the diseases pair in men and women, respectively. The Hazard ratios (95% Cls) of the specific

combination were calculated after adjusting for age, education, family status, smoking habit, alcohol use, BMI, and physical activity. For each hazard ratio, the reference group was considered

as individuals who had no or one disease.

4. Discussion

The KORA-Age study demonstrated a positive association of MM
with all-cause mortality. While women had a higher MM prevalence,
the HR for the association between MM and all-cause mortality was
higher for men than for women. The findings of other studies confirm
this finding that women live longer than men but are less healthy
(21-24). We could also confirm the finding from a Bavarian Aging
Study for individuals older than 65years old that women with poorer
health situations had a lower mortality rate compared to men. They
showed that for all ages and morbidity definitions, women had
significantly higher life expectancy than men (25).

The sex disparities in MM prevalence and impact of MM on
mortality in different parts of the world suggest that there are
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underlying mechanisms accountable for these differences. One
explanation could be that most studies use self-reported information
on health status to assess chronic diseases and men prefer to report
only severe health conditions. Moreover, women report their chronic
diseases and symptoms with more detail and accuracy (26). For
instance, a woman suffering from mild angina pectoris might claim
that she has a cardiovascular illness, while a man might report it only
if he had a heart attack. This reason could also explain the stronger
link between MM and CVD mortality among men observed in the
present study. Another possible explanation is that the mortality
difference between men and women might be influenced by lifestyle
factors. Although we performed our analysis after adjusting for
socioeconomic factors, the confounder residuals might influence the
sex differences in the effect of MM on mortality. While family status
was not a significant predictor for women, males who lived alone,
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Association between waist-hip ratio (WHR) with all-cause mortality in men and women. Hazard ratios of all-cause mortality are calculated by the spline
Cox proportional hazard model. Solid lines and dash lines, respectively, represent the hazard ratios and their 95% confidence intervals after adjusting
for MM, age, education, family status, smoking habit, alcohol use, and physical activity.

TABLE 5 Association of multimorbidity and covariates with all-cause mortality.

Characteristics

Full model

Men

Without MM = Without BMI

Full model

Women

Without MM Without BMI

Multimorbidity (ref: No)

1.82 (1.48,2.24)

1.77 (1.45,2.19)

1.29 (1.01,1.65)

1.28 (1.00,1.64)

Age (per year) 1.12 (1.09,1.13) 1.22 (1.14,1.18) 1.12 (1.10,1.13) 1.12 (1.10,1.15) 1.14 (1.11.,1.16) 1.13 (1.11,1.15)
Family status Living alone,

(ref: Living with divorced, 1.36 (1.12,1.67) 1.34(1.10,1.64) 1.27 (0.99,1.61) 1.32 (1.02,1.66) 1.26 (0.99,1.61) 1.27 (0.99,1.61)
a partner/spouse) | widowed

Education (ref: 8-9years 1.50 (1.09,2.07) 1.46 (1.06,2.01) 1.15 (0.82,1.62) 1.29 (0.88,1.78) 1.16 (0.83,1.64) 1.13 (0.81,1.59)
12 years or more) 10-11years 1.29 (1.05,1.57) 1.27 (1.04,1.55) 0.93 (0.67,1.28) 1.02 (0.75,1.47) 0.94 (0.68,1.30) 0.93 (0.67,1.28)

Alcohol use (ref:

once a week)

Never, rare or

former use

1.29 (1.09,2.07)

1.24 (0.89,1.72)

1.25 (0.87,1.79)

1.15 (0.80,1.65)

1.26 (0.88,1.82)

1.27 (0.88,1.82)

Daily use

1.04 (0.77,1.41)

1.03 (0.76,1.39)

1.11 (0.75,1.65)

1.01 (0.68,1.51)

1.11 (0.75,1.65)

1.13(0.76,1.67)

Physical activity (ref: active)

1.70 (1.40,2.04)

1.73 (1.43,2.09)

1.66 (1.38,2.00)

1.70 (1.35,2.15)

1.73 (1.37,2.19)

1.69 (1.34,2.14)

BMI (kg/m?)

0.97 (0.94,0.99)

0.98 (0.95,1.01)

0.99 (0.97,1.01)

0.99 (0.97,1.02)

Smoking status

(ref: never)

Former smoker

1.16 (0.94,1.43)

1.24 (1.01,1.53)

1.15(0.93,1.42)

1.08 (0.83,1.39)

1.08 (0.84,1.41)

1.08 (0.83,1.40)

Current smoker

1.76 (1.21,2.56)

1.81 (1.24,2.62)

1.82 (1.25,2.64)

1.59 (1.03,2.46)

1.61 (1.04,2.48)

1.62 (1.05,2.49)

AIC

6740.871

6773.993

6743.304

5032.326

5034.715

5031.005

Data were represented as hazard ratios with a 95% confidence interval. In sensitivity analyses, MM and BMI were, respectively, omitted from the models.

divorced, or widowed had a higher significant mortality risk than  patterns and mortality could be caused by lifestyle differences. Similar

those who lived with a partner/spouse. Furthermore, males were more  results confirmed in self-reported health status that older men with
likely to use alcohol daily and less likely to be never smokers than  poorer healthy lifestyles had increased mortality risk compared to

females in our study; therefore, sex-specific differences in MM women (27).
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Our research also found that for older men and women, being
overweight or obese (BMI>25kg/m?) is linked to lower mortality risk
than having a normal weight (BMI<= 25kg/m?). Although some
studies showed that individuals in young or middle age who were
overweight (25 <BMI < 30) or had obesity (30>=BMI) could have an
increased risk of mortality compared with normal BMI
(18.5<BMI < =25) adults, there are other studies as well which show
a BMI paradox particularly for older adults (aged > 65-year-olds) (24).
Moreover, BMI cannot always discriminate between body fat mass
and lean tissue properly (28). In sensitivity analysis, we discovered a
similar relationship using the waist-to-hip ratio instead of BMI. This
paradoxical relationship has been shown in various cohort studies and
meta-analyses for those aged over 65years old. They reported less
(29-31) or similar (32) mortality risk for overweight or obese
individuals compared to normal weight in older persons. There is still
a need to explore the effect of central adiposity on MM and then
mortality development in older people. Another possible explanation
is that the results pointing at a paradox might mostly be a consequence
of misclassification bias, reverse causation, or collider bias (33).

Interestingly, although MM is associated with a higher HR of
mortality in men compared to women (based on the general definition
of having two or more diseases), the risk of all significant combinations
of two and three diseases is higher in women compared to men. In our
study, the risk of premature mortality for diseasecombination
increased with the number of diagnoses, particularly in women, which
is consistent with earlier research (7). Participants with three or four
chronic diseases had a 25% higher risk of premature death than those
who did not have a chronic disease, and the risk jumped to 80% for
those with five or more diseases (34).

According to our findings, hypertension is the most common
condition, both alone and in combination, which is consistent with
past research (2, 35). Hypertension is strongly associated with risk of
premature mortality among individuals with diabetes (36),
cardiovascular (37), rheumatoid arthritis (38), and eye disease (39).
Mens mortality risk decreased or remained constant when
hypertension was combined with the pairs of diseases; however, there
was no specific pattern in women'’ risk. Other studies showed that for
the old population, hypertension is four times more common in
postmenopausal women than in premenopausal women, but only
three times more common in age-matched males (40). This sex
disparity likely contributes to the lower estrogen level in
postmenopausal women since estrogen acts as a protective factor in
women (41). Additionally, anxiety and depression in women can
increase the risk of hypertension (41). In our study, anxiety appears in
the most prevalent combination for women, but these combinations
do not show a significantly elevated risk of mortality. Other underlying
mechanisms, such as renin-angiotensin, the sympathetic nervous
system, the immunological system, lifestyle, and environmental
factors could potentially explain sex differences in the presence of
hypertension and cardiovascular diseases (42). We also found the
heart disease-diabetes combination as the most hazardous in both
male and female and it had a higher risk in women compared to men,
even when combined with other diseases. Many studies also reported
the increased risk of heart failure in the presence of diabetes. This
increase might happen because diabetes can raise the risk of atrial
fibrillation, and coronary heart disease, which are significant risk
factors for heart failure (43). When heart disease-diabetes is combined
with hypertension and eye diseases, respectively in trios, the risk

Frontiers in Nutrition

10.3389/fnut.2023.1146442

decreased in men but remained almost constant in women. In
addition, although the joint diseases had the same prevalence in our
old men and women, when added into heart-diabetes-hypertension
combination, it resulted in significant mortality in women. This
finding is in line with other studies that cardiovascular disease is the
leading cause of death among rheumatoid arthritis patients,
accounting for around 35% of all deaths (44). In contrast to our
findings, other studies have found that women suffering from joint
disease have less cardiovascular risk compared to men (45, 46). They
discovered that, although women are three times more likely than
males to have rheumatoid arthritis, they are more protected from
coronary artery disease and cardiovascular disease. Different factors
such as estrogen level, blood vessel situation, menopausal status,
coronary calcium score (46), disability (47) and other lifestyle factors
such as alcohol use (48), physical activity (49), BMI (50), and smoking
(1)

diseases combination.

behavior could explain the sex difference risk in

5. Strengths and weaknesses

One of the study’s strengths was that it included the most common
chronic diseases in the age group 65 and older that might have a
significant impact on mortality in older people. Being a very large and
informative dataset from the population-based KORA cohort study
with older participants and their follow-up information is another
strength of our research. We were able to investigate not only the
combination of two diseases but also multiple different combinations
of diseases due to the large sample size. This database also included
data on demographic, sociodemographic, physical, and mental health
characteristics, which enabled us to adjust our findings for a variety of
MM-related factors.

One potential limitation of this study is that our disease
information was collected by questionnaires and telephone interviews,
which could result in recall and information biases due to misreporting
and non-response in very sick participants. Furthermore, neither the
severity of each disease nor geriatric syndromes such as pressure
ulcers, incontinence, frailty, falls, functional decline, or delirium were
considered in our research. We also did not know which disease
occurred first in one individual, which would have allowed for a more
exact interpretation. Furthermore, the prevalence of most diseases was
relatively low in the KORA-Age population, which could explain the
lack of a significant association between some disease combinations
and the risk of mortality. Therefore, some of the differences in the
strength of associations between MM combinations and mortality
between men and women could be explained by the low power
induced by the small number of cases in particular combinations of
disorders. Furthermore, the data was gathered before the Corona
Pandemic and therefore obviously analysis does not take into account
the cause-specific mortality by SARS-CoV2.

6. Conclusion

The effects of morbidity patterns on mortality in older men and
women are highly heterogeneous and depend on the specific disease
combinations. Some diseases affected the MM prevalence, but they
had no substantial impact on mortality risk. We suggest that future
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research should look at the morbidity patterns in men and women
separately, as they showed different patterns of mortality, which might
be due to differences in risk factors profileAlthough hypertension, eye,
and joint disease appeared in the most common combinations, these
conditions were not as strongly associated with the risk of death as
other diseases. In conclusion, MM prevalence itself does not predict
mortality but depends on the different disease combination. In the
KORA-Age population studied here it was heart disease together with
diabetes alone or in combination with other diseases was associated
with mortality. Future work should however include geriatric
syndromes as well as MM prevalence to add to the understanding
what factors contribute to a long and healthy life.
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