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Abstract

Background: While risk factors for age-related diseases may increase multimorbidity (MM), early life deprivation may
also accelerate the development of chronic diseases and MM.

Methods: This study explores the prevalence and pattern of MM in 65-71 year-old individuals born before, during,
and after World War Il in Southern Germany based on two large cross-sectional KORA (Cooperative Health Research
in the Region of Augsburg) -Age studies in 2008/9 and 2016. MM was defined as having at least two chronic diseases,
and birth periods were classified into five phases: pre-war, early war, late war, famine, and after the famine period.
Logistic regression models were used to analyze the effect of the birth phases on MM with adjustment for sociode-
mographic and lifestyle risk factors. Furthermore, we used agglomerative hierarchical clustering to investigate the
co-occurrence of diseases.

Results: Participants born during the late war phase had the highest prevalence of MM (62.2%) and single chronic
diseases compared to participants born during the other phases. Being born in the late war phase was significantly
associated with a higher odds of MM (OR=1.83, 95% Cl: 1.15-2.91) after adjustment for sociodemographic and
lifestyle factors. In women, the prevalence of joint, gastrointestinal, eye diseases, and anxiety was higher, while heart
disease, stroke, and diabetes were more common in men. Moreover, three main chronic disease clusters responsible
for the observed associations were identified as: joint and psychosomatic, cardiometabolic and, other internal organ
diseases.

Conclusions: Our findings imply that adverse early-life exposure may increase the risk of MM in adults aged
65-71 years. Moreover, identified disease clusters are not coincidental and require more investigation.

Keywords: Chronic disease, Multimorbidity, Geriatrics, Logistic regression, Machine learning, Agglomerative
hierarchical clustering

Introduction

Parallel to the worldwide increase in life expectancy in
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among older adults. MM is a major concern in the health
care system since it can result in reduced quality of life,
increased mortality, disability, and higher health care
costs [1].

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 [2]. In Ger-
many, 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-old to 72.9% (95% CI:
70.4-75.2) for 70 to 79 year-old individuals [3]. Others
reported a 62% MM prevalence for those aged > 65 years
in the German population [4]. In Augsburg, MM preva-
lence was 58.6% for individuals aged 65—-94 years based
on the KORA-Age 1 data in 2008/9 [5]. Various studies
have assessed the association of MM with sociodemo-
graphic and lifestyle factors, which indicated MM has
been mainly associated with age, sex, educational level,
income, physical activity, smoking, and alcohol consump-
tion [6, 7].

The potential clustering of chronic diseases is in par-
ticular relevant for prevention, diagnosis, and treatment.
Various studies have explored different approaches to
determine the co-occurrence of chronic diseases, such
as analyzing the prevalence of specific disease combi-
nations, network analysis, factor analysis, and multi-
ple correspondence analysis [8]. Kirchberger et al. [5]
used factor analysis based on the Tetrachoric correla-
tion matrix for 4127 persons. They identified four main
comorbidity patterns: metabolic/cardiovascular diseases,
liver/lung/joint/eye diseases, anxiety/depression/neuro-
logical diseases, and cancer/gastrointestinal problems. To
specify the chronic diseases clustering, only a few stud-
ies to date used clustering as an unsupervised machine
learning algorithm, which has some advantages: No ini-
tial assumption on data distribution, the number of clus-
ters or cluster structure is needed in most algorithms and
the results are very informative by using dendrograms for
visualization [8].

Childhood adversity and malnutrition have been iden-
tified in studies as a possible source of chronic disease
risk and then MM in later life [9]. In addition, socioeco-
nomic hardship and traumatic events such as abuse and
neglect during early life stages can contribute to chronic
diseases progression [10, 11]. Regarding the early life
experience, it is also worth noting that there were wide-
spread food shortages during World War II, especially in
the Soviet Union, India, China, Java, Vietnam, Greece,
Austria, and The Netherlands. However, in Germany,
food shortages mainly occurred at the end of World War
II due to the destruction of agricultural land, livestock,
machinery, and labor shortages. In Germany, adults aged
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65-71 years who born or were in their crucial develop-
mental age during the famine period and the early recon-
struction after World War II had increased risk of health
deficit accumulation including chronic diseases, disability
and frailty. The average energy consumption per person
in Germany decreased from about 2500 cal in 1944 to
1050-1250 cal in 1946, and after June 1948, it increased
to 1800 cal again due to the currency reform [12]. Since
aged adults in our sample born in Germany from 1937
to 1950 were exposed to this crucial period in their early
phases of life, it offers the opportunity to study how the
adversity of Word War II affected the prevalence of MM
and chronic diseases later in life.

Therefore, we aimed to determine the effect of adverse
developmental age situations on MM development
and single chronic diseases in older individuals aged
65-71 years. In addition, we explored the pattern of
chronic diseases to specify the clusters of these chronic
diseases for this age group.

Methods

Data collection and study sample

Data originated from two population-based cross-sec-
tional KORA-Age study arms: KORA-Age 1 conducted
from 01.12.2008 to 06.11.2009 and KORA-Age 3 con-
ducted from 01.02.2016 to 07.10.2016, which are fol-
low-ups of four independent cross-sectional studies (S1
1984/5, S2 1989/90, S3 1994/5, and S4 1999- 2001). Both
studies focused on the health of participants aged 65 and
older in Augsburg and the two adjacent regions in South-
ern Germany based on questionnaires and telephone
interviews. The KORA-Age study is described in detail
elsewhere [13]. In short, 4,565 out of 5991 eligible indi-
viduals (response rate: 76.2%) participated in the KORA-
Age 1 survey, and 1920 were between 65 and 71 years old
on 31.12.2008 (born between 1937-1943). The KORA-
Age 3 survey consisted of 4,083 out of 6051 eligible indi-
viduals (response rate: 67.5%), of whom 1444 participants
were in the same age range on 31.12.2015 (born between
1944-1950). The present analysis combines these two
similar KORA-Age study arms, which were completely
independent because of the different birth years of the
participants (Fig. 1).

Exposure: birth phases

Since malnutrition during pregnancy and early child-
hood can have a negative impact on metabolism, growth
and development of chronic diseases later in life [9], the
exposure variable was defined based on the participants’
crucial developmental age during prenatal gestation
or the first two years of life. Based on the World War II
situation and the famine period which occurred after-
wards roughly until June 1948 in Germany, individuals
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Fig. 1 Participants of the KORA-Age 1 and KORA-Age 3. Combined study population (N=3,377) and birth phases. 2008 and 2015 referred to the
years for the age calculation in two studies. Phases were defined based on participants critical developmental age (prenatal gestation or the first

were divided into five independent birth phases: pre-
war (January 1937-August 1939), early war (Septem-
ber 1939-December 1943), late war (January 1944-April
1945), famine period after the war (May 1945- Jun 1948)
and after famine period and reconstruction (July 1948-
Dec 1950) [12].

Outcome: multimorbidity

The primary outcome was MM, defined as the presence
of two or more concomitant chronic diseases in individu-
als [5]. We considered fourteen major chronic diseases,
including hypertension, eye disease, heart diseases, dia-
betes, joint disease, lung disease, gastrointestinal disease,
stroke, cancer, kidney diseases, liver diseases, neurologi-
cal diseases, depression, and anxiety. All disease variables
were defined as life-time diagnoses except for cancer
diagnosed within the last three years. Hypertension, dia-
betes, cancer, stroke, heart diseases (myocardial infarc-
tion and coronary artery disease) were assessed based
on the questionnaire. All other diseases were identified
in a telephone interview based on the Charlson Comor-
bidity Index [14]. Participants were asked whether they
suffer from kidney, liver, lung diseases (e.g., asthma,
chronic bronchitis, and emphysema), inflammatory joint
problems (e.g., 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 problem (e.g., cataract, retinitis

pigmentosa, glaucoma, macular degeneration, diabetic
retinopathy). Neurological diseases were evaluated based
on diseases like epilepsy, Parkinson’s, or sclerosis using
telephone interviews. The Geriatric Depression Scale
[15] and Generalized Anxiety Disorder Scale-7 [16] were
used to diagnose depression and anxiety. Individuals with
scores > 10 were defined as suffering from depression or
anxiety.

Explanatory variables

We considered age, sex, education level, alcohol con-
sumption, physical activity, body mass index (BMI),
smoking behavior, and cognitive status as covariates.
Education levels were based on the duration of educa-
tion and vocational training and categorized into three
groups: low (9 years or less), middle (10 or 11 years),
and high (12 years or more). Body mass index (BMI),
defined by the World Health Organization (WHO),
was used. Participants were categorized as underweight
or normal weight (BMI<24.99 kg/m?), overweight
(25 <BMI<29.99), obese class I (30 <BMI<34.99), and
obese class I or III (35 <BMI) [17].

Leisure time physical activity was measured from
two separate questions about leisure time sports activ-
ity in winter and summer, including cycling. Possible
answers were (1)>2 h, (2) 1-2 h, (3)<1 h and (4) none.
Participants, who had a total score less than 5, obtained
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by summing the numbers (1)—(4) relating to activities
in winter and summer, were classified to be “physically
active” [18].

Alcohol consumption was based on self-reported alco-
hol intake with the following five groups: “almost every
day’, “several times a week’, “about once a week’, “less
than once a week’, and “never or seldom” [19]. For our
analysis, we categorized the first two groups as “daily
use” and the last two as “never or rare use” Based on
self-reported information, there are three categories
for smoking status: never smokers, former smokers,
and active smokers. The cognitive status is identified as
dementia, mildly impaired cognitive status, and normal
status based on TICS-M (Telephone Interview for Cog-
nitive Status) score, a standard instrument for assessing
cognitive impairment [20].

Statistical analysis

The frequency and prevalence of baseline character-
istics were stratified by sex and birth phases, and the
Chi-squared test was computed to check the differ-
ences. Overall, the stratified prevalence of MM and
single diseases was calculated and tested by the Chi-
squared test. Then Post-hoc tests with Bonferroni
adjustment were performed for multiple comparisons.
Covariates multi-collinearity was assessed using the
variance inflation factors (VIF). Associations between
the birth phases and MM were estimated by odds ratios
(OR) in logistic regression models with different adjust-
ment steps for risk factors. We used a standardized age
variable (calculated as age minus mean age divided by
the standard deviation of age) in our models because of
different age distributions in the different birth phases.
The modeling process started with the standardized age
variable as covariate only (model 1), then birth period
only (model 2), standardized age (rescaled with mean
and standard deviation) and birth period together
(model 3), then sex, education, alcohol use, physical
activity, BMI, smoking behavior and cognitive status
were added to the final model (models 4). The inter-
action effect of sex and birth phase variable was also
checked in the final model. Agglomerative hierarchi-
cal clustering approach as an unsupervised machine
learning technique was carried out to identify disease
clusters so that diseases in one cluster are more similar
than diseases in other clusters. This bottom-up algo-
rithm begins with each disease as an individual cluster
and merges the similar clusters until remaining only
one cluster based on the proximity distance matrix. The
average linkage method as proximity distance and Yule
Q coeflicient as similarity measurement for the binary
disease variables were considered. The final cluster
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selection was created based on the threshold (cut-
off height), corresponding to subject information, prior
research, and clinical significance.

Since there is a big difference between the prevalence
of hypertension and other chronic diseases, regres-
sion models and cluster analysis were performed with-
out hypertension as a sensitivity analysis. Furthermore,
the Ward and Single linkage methods, as other possible
determinants for the pairwise distance between the set
of observations were used to determine the robustness of
agglomerative hierarchical clustering [8]. As our analysis
was based on the combination of two very similar KORA-
Age studies conducted in 2008/9 and 2016, we examined
the effect of study period in another sensitivity analysis:.
To see if the differences across phases are indeed due to
differences in phases rather than a study effect, we used
the generalized linear mixed models (GLMM) and cre-
ated two GLMMs, one with a phase variable as a random
effect only and one with a phase variable as a random
effect nested in the study variable.

Results

Study population characteristics

The final sample consisted of 3377 participants aged 65
to 71 years (Fig. 1). From this population, 684 persons
(52.2% female) were born during the pre-war, 1236 per-
sons (50.8% female) in the early war, 283 persons (51.9%
female) in the late war, 574 persons (53.5% female) in the
famine period, and 600 persons (53.7% female) after the
famine phase.

The overall baseline characteristics of the participants
and their stratification by each phase are displayed in
Table 1. Men were more likely to have a high educa-
tional level (45.0% versus 19.7%, p <0.001), drink alcohol
daily (65.1% versus 29.8%, p<0.001), have pre-obesity
(52.1% versus 38.9%, p<0.001) or obesity class I (20.4%
versus 17.0%, p <0.001), be a former smoker (57.5% ver-
sus 32.2%, p<0.001) and have a slightly impaired cogni-
tive status (8.7% versus 4.8%, p<0.001) compared with
women.

Educational levels increased over time with the low-
est level of high education for people born before the
war (26% high education) and higher levels later (37%
high education in after famine). Individuals born dur-
ing and after the famine had a lower percentage (41.0%
and 41.5%, p<0.001) of pre-obesity compared to the
other phases. Participants born after the famine were
more likely (15.0%) to be active smokers than people
born before. Individuals born during the late war phase
had a higher percentage of mildly impaired (8.1%) and
impaired cognitive (2.8%) status compared with other
phases (Table 1).
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Prevalence of MM and single chronic diseases

MM prevalence was 49.4% in the total sample. There
were no considerable differences in the prevalence of
MM among men (48.8%) and women (49.9%) over-
all. MM prevalence was highest (62.2%) for individu-
als born during late war phase compared with the other
phases (Table 2). In post hoc multiple comparisons, sig-
nificant differences in MM prevalence were observed
between late war and early war phase and between late
war and after famine phase. There was no difference in
MM between men and women (Fig. S1). Likewise, there
were the same pattern in males and females and multiple
comorbidities (Table S1). The prevalence of the chronic
diseases stratified by sex and phases was presented in
Table 2. Overall, hypertension (56.7%), eye diseases
(25.6%), and heart diseases (18.9%) were the most preva-
lent diseases in both men and women. Although, women
had significantly higher prevalence of joint (13.1% vs.
7.4%, p<0.001), gastrointestinal (9.1% vs. 6.7%, p=0.01),
eye diseases (28.5% vs. 22.5%, p <0.001) and anxiety (7.8%
vs. 3.4%, p<0.001), men had more heart diseases (23.0%
vs. 15.1%, p<0.001), stroke (6.8% vs. 3.1%, p<0.001) and
diabetes (17.1% vs. 12.9%, p<0.001). Furthermore, there
was a significant difference in the prevalence of some sin-
gle diseases according to the birth phases. For most dis-
eases, the prevalence was highest among individuals born
in late war (Table 2).

Association between birth phase and MM

In the age-adjusted logistic regression model, the odds
ratio of MM in late war phase (OR=1.69, 95% CI: 1.08—
2.64) and famine phase (OR=1.39, 95% CI: 1.04-1.87)
were significantly higher compared to the reference after
famine phase. After adjusting for other covariates (model
4), participants born in late war had a higher odds of MM
compared with the individuals born in after famine phase
(OR=1.83, 95% CI: 1.15-2.91) (Table 3). We did not
observe any significant interaction between sex and birth
phase on the odds of MM (Fig. S1).

The pattern of comorbidity
Three main clusters of diseases were specified based
on the agglomerative hierarchical clustering. The first
cluster composed of joint and psychosomatic disorders
consisted of anxiety, depression, joint and neurological
diseases. The second cluster of cardio-metabolic diseases
comprised of diabetes, hypertension, stroke, and heart
diseases. The last one was the other internal organ dis-
eases cluster, including the lung, gastrointestinal, kidney,
and liver diseases (Fig. 2).

The number and percent of multimorbid individuals
for each cluster were calculated by dividing the number
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of individuals who had at least two of these diseases in
the cluster by the total number of multimorbid patients.
In total, 1002 of the 1667 participants with MM could be
assigned to at least one cluster. A high percentage (49.1%)
of multimorbid participants were assigned to the cardio-
metabolic cluster. The other internal organ cluster had a
similar prevalence in terms of sex and different phases
of the birth period; however, the joint and psychoso-
matic diseases cluster had a more significant prevalence
in women (6.4%) and pre-war phase (7.0%) and early war
phase (6.1%) of birth years. Moreover, men (57.9%) and
participants born in pre-war (52.7%) and late war (52.8%)
had a significantly higher prevalence in the cardiometa-
bolic disease cluster (Table 4).

Sensitivity analysis

We repeated the analysis without hypertension for MM
and the findings were close to the previous model anal-
ysis including hypertension overall. Late war Phase still
had the highest MM odds ratio (OR=2.14, 95% CIL:
1.29-3.52). Moreover, pre-war phase (OR=1.64, 95% CL:
1.07-2.49) and famine phase (OR=1.52, 95% CIL: 1.08—
2.14) had a bit higher odds than hypertension considera-
tion, and they were significant (Table S2). When results
from GLMM with a phase variable as random effect were
compared to results from a logistic regression model with
a phase variable as fixed effect, there was no significant
difference in the covariates effect estimate. Moreover,
considering a phase variable nested in the study did not
significantly improve the model compared to considering
phase as random effect only (Table S3).

Hierarchical clustering was also performed without
hypertension, and the three major clusters remained
as before (Fig. S5). The dendrograms of chronic dis-
eases association based on the Single and Ward linkage
approaches were also very close to the average method.
The number of main clusters and included diseases also
remained stable (Fig. S6, S7).

Discussion

Multimorbidity

In our study, the overall prevalence of MM was 49.4%
for adults aged 65-71 years-old. The comparison of the
prevalence of MM between studies is hampered by differ-
ences in the examined age groups, including diseases and
study areas, even in Germany [3]. While there was no dif-
ference between men and women in the MM prevalence
in the present study like in other studies [4, 7], others
observed a higher prevalence in women [21]. Although
men had a higher prevalence of diabetes, heart disease,
and stroke relative to women, the prevalence of joint,
gastrointestinal, and eye diseases and anxiety was more
remarkable for women in the present study.
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Table 3 Odds ratios and 95% confidence intervals for multimorbidity based on hierarchical logistic regression for the whole
participants (n=3,377) from KORA-Age 1 and KORA-Age 3

Characteristics model 1 model 2 model 3 model 5
Standardized age 1.12(1.08-1.16) 1.12 (0.98-1.29) 1(0.96-1.27)
Birth phases (ref: After famine) Pre-war 1.64 (1.32-2.05) 1.26 (0.88-1.82) 1.35(0.92-1.98)
Early war 1.16 (0.95-1.41) 1.09 (0.88-1.34) 1.08 (0.87-1.34)
Late war 2.3(1.72-3.07) 1.69 (1.08-2.64) 1.83(1.15-2.91)
Famine 1.64 (1.30-2.07) 1.39(1.04-1.87) 1.35(0.99-1.84)
Female (ref: male) 0.98 (0.83-1.16)
Education (ref: low) Middle 0.82 (0.63-1.05)
High 072 (055 095)
Alcohol consumption (ref: never or rare use) Once a week 0.99 (0.81-1.20)
Daily use 0.76 (064 0.91)
Physical Activity (active) Inactive 147 (1.26-1.72)
BMI (ref: underweight or normal) Overweight 132 (1.11-1.57)
Obesity class | 1.92 (1.55-2.38)
Obesity class Il or llI 3.09 (2.21-4.33)
Smoking behavior (ref: never smoker) Active smoker 1.34(1.05-1.72)
Ex-smoker 1.36 (1.16-1.59)
Cognitive status (ref: good) Mildly impaired 1.43 (1.07-1 92)
Impaired 1.32(0.8 18)
AIC 46384 4639.0 4637.8 4373.6

Phases were defined based on participant’s critical developmental age (prenatal gestation or the first two years of life) and the World War Il situation in Germany
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Multimorbidity according to birth phases
The prevalence of MM and every single chronic disease

was higher in late war phase. Since it

is well known that

MM and chronic diseases increase with increasing age
[2], differences in the unadjusted prevalence could be
biased by differences in the age distribution between birth



Page 9 of 12

(2022) 22:115

Arshadipour et al. BMC Geriatrics

Auew.Ia9 ul UoleNIs || 4B\ PIIOM DY) PUe (3)1] JO S1eaA OM] 151 3Y1 Jo uolielsab |eyeuaid) abe jeyuswdoanap |ednud siuedidinied uo paseq pauyap a19m saseyd 'sa|gelien [ed1106a1ed 10y 1591 a1enbs-1yD) woly anje-d

1500 (%92)61 %19 61 (%£6) L1 (%S9 LE (%¥'S) 0C 8170 %12) 29 (%9°G) v (%+¥9) 901 JoAT Asupry "onses bun’
1000> (%¥'9%) 9L L (%€09) 95 L (%8'TS) €6 (9%9%) 85¢C (%/'2S) 61 1000> (%T 1Y) 79€  (%6£5)9SY  (%1'6k) 818  UOISUSLISAAH 'se18gRI] "940NS "1eaH
2000 (%87) £ %67) 6 (CANYES (%19) v¢ (%) 9C  1000> (%¥'9) 95 (%877) ¢ %LY) 8L uolssaida A1aixuy 0INaN ulof

anjea-4  (0SZ)dulweyiayy  (0LE) dulwey (9/L)Jem e  (L9g)JemApe  (0Lg) lem-aid  dnjea-d  (6/8) djewad  (88L) AW

saseyd ying X85 (£99°1) [e10L =snpd

121SN|D Y283 Ul (S95R3SIP OM1 1583] 1€ "3'1) ARIGIOWIINW LM S[enplAIpUl JO 1uadiad pue jaquinN t aqel



Arshadipour et al. BMC Geriatrics (2022) 22:115

phases. Therefore, we also assessed the impact of the birth
phase on MM in logistic regression models adjusted for
age and other sociodemographic and lifestyle factors.
We found that the OR of MM was significantly higher in
late war compared with after famine, even after adjust-
ing for these potential confounders. This effect could be
explained by the unfavorable living conditions which were
observed in the late war phase in South Germany. Large
parts of the city of Augsburg were devastated during the
most extensive bombing raid at the end of February 1944
[22]. Participants born during the last years of war were
thus exposed to food crises and famine in Germany in
1945 during early life stages [12]. In this context, it has
previously been shown that maternal and early-life mal-
nutrition can negatively affect adults mental and physical
health [23]. Individuals with low birthweight could have
negative outcomes later in life. They might have poorer
cognitive performance, higher blood pressure, decreased
glucose tolerance, poorer functionality in lung, kidney
and immune system, more diseases like coronary heart
disease, chronic lung and kidney disease, diabetes and
higher cardiovascular and all-cause mortality [9].

Moreover, an increased chronic health disease inci-
dence was identified for aged individuals (born 1922—
1960 in former West Germany) exposed to war during
their utero and childhood [24]. These findings are impor-
tant as they indicate that besides well-established risk
factors in adult life, the birth phases and the living condi-
tions during the World War II still are of concern today.
Therefore, health service measures as well as individual
treatment efforts may specifically need to pay attention
to both men and women born between 1944 to 1945.

Clusters of chronic diseases
We identified three major clusters with the cluster-
ing approach to recognize individuals with similar MM
diseases. The other internal organ cluster included ill-
nesses involving main body organs, such as the stomach
and intestines, kidneys, liver, and lung, which indicated
the same co-occurrence in men and women and indi-
viduals born in different phases. Association among the
lung, liver, and gastrointestinal diseases is consistent with
Rodriguez-Roisin et al. [25] in adult patients based on
the possible shared mechanisms. This coexistence might
increase vascular diseases, such as portopulmonary
hypertension and hepatopulmonary syndrome, and other
chronic respiratory diseases coexisting with chronic
hepatic diseases. Still, more research is warranted to cor-
roborate our understanding of the underlying mecha-
nisms for this cluster.

We verified the association between joint diseases
and psychosomatic disorders within the second cluster,
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more prevalent in women. Previous studies have estab-
lished links between rheumatoid arthritis, mood distur-
bances, and neurological diseases [26, 27]. Lee et al. [26]
observed the coexistence of Parkinson’s disease and rheu-
matics. Lwin et al. [27] also observed that depression was
twice as prevalent in patients with rheumatoid arthritis
as in the general population.

The cardiometabolic cluster had the highest propor-
tion of co-occurrence of cardiovascular and metabolic
diseases, typically found in aged people, and it was more
prevalent in men. This relationship also has been widely
illustrated in prior populations [5, 28]. Sowers et al. [28]
showed that hypertension prevalence was twice as high
in people with diabetes than those without diabetes.
Also, individuals with hypertension experienced dia-
betes more frequently than persons with normal blood
pressure. They also reported that hypertension could be
responsible for up to 75% of CVD in diabetes.

Strengths and weaknesses

One of our analysis strengths is that it was based on two
large data sets from the KORA cohort study [13] with
individuals born around World War II. This enabled us
to analyze comorbidity and MM in different birth phases.
The information also came from the specific age range of
individuals from two KORA-Age studies that provided
uniformity in data, which is essential for exploring dis-
ease patterns. This huge database also contained infor-
mation about demographic, sociodemographic, physical,
and mental health factors, which helped adjust a wide
range of factors associated with MM. Another strength
is that both cross-sectional KORA-Age studies used the
same instruments in the interview; thus the data is less
likely to be biased [29]. The clustering method helped
discover disease comorbidity clusters that define specific
risk domains and assign individuals to subgroups with
common characteristics and risks. Furthermore, using of
Yule Q coefficient enabled us to measure the correlation
among the binary chronic disease data.

Our study does not come without its limitations.
Although using the self-reported weight and measured
height in the baseline information was economical and
straightforward, it might underestimate the real value
for BMIL Individuals mostly tend to report less weight,
then the real value for BMI goes far from the reported
one which might be subject to recall bias [30]. Moreover,
since chronic disease prevalence was mainly based on
self-reported data, disease severity was not considered.
Furthermore, we only used the birth year of individuals.
We did not have any information about childhood diet,
mother’s health or exposure to adversity, birth weight,
separation of the child from the parent, and others, which
may determine MM later in life. Since we examined the
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longitudinal association of birth phases with MM, we
identified the temporal sequence between exposure and
outcome, which might support a potential causal link. To
preclude any cause and effect interpretation, other covar-
iates were simultaneously used in model adjustment.

Moreover, although we used the standardized age
variable in our models, we need to interpret our results
cautiously since the prevalence and patterns of MM are
influenced by age.

Conclusion

This research offers insight into differences in the MM
prevalence for individuals aged 65-71 years born in
different periods before, during, and after World War
II. Adverse circumstances experienced during the late
war period may have contributed to the higher MM
prevalence in adult life. Moreover, our findings sug-
gest three main disease clusters: i. Joint and psychoso-
matic diseases (joint, neurological, anxiety, depression);
ii. Cardiometabolic diseases (heart, stroke, diabetes,
hypertension); iii. Other internal organ diseases (lung,
gastrointestinal, kidney, and liver). Although the
adverse situation of World War II and famine may
increase MM risk at retirement age, more compre-
hensive childhood and life course circumstances are
required to explain long-term health consequences.
Future research shall investigate potential interac-
tions between risk factor profiles during adult life and
adverse early life exposures on MM. Furthermore, our
results on the diseases clustering focusing on three sig-
nificant clusters of MM call for further investigation,
specifically their association with genetic effects, envi-
ronmental factors, and polypharmacy.
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