


individuals. These factors include loneliness for both genders, and high oxidative

stress for men. These findings should be confirmed in future longitudinal studies.

K E YWORD S

bio psycho social, complexity, loneliness, older adults, oxidative stress

Key points

� Prevalence of complexity was found to be 8.3% with significantly higher prevalence in

women (10.6%) compared to men (5.8%) (p < 0.001).

� Being divorced, higher total somatic morbidity, higher depression severity, and higher

loneliness scores were associated with higher odds for complexity in both genders.

� Obesity was linked to higher odds for complexity only in women, while high oxidative stress

was linked to complexity only in men.

� This study expands the holistic understanding of complexity by identifying novel variables

associated with complexity in middle aged and older adults, including loneliness for both

genders and high oxidative stress for men.

1 | INTRODUCTION

Demographic changes have led to an increase in prevalence of mul-

timorbidity and patient complexity.1 Although there is no consensus

definition on complexity most authors concur that case complexity is

not understood only by a specific number of diagnoses. Rather,

complexity constitutes a complicated interplay between biomedical

and other factors, such as sociodemographic characteristics, psy-

chosocial vulnerability, and individual patient behaviors.2,3

Complexity is associated with adverse health outcomes in

chronic conditions, as well as higher health care resource utilization

and costs.4 Older adults are a particularly vulnerable group for

complexity due to accumulation of multiple chronic conditions in

older age, frequent co occurrence of mental disorders, and various

social challenges confronting older individuals.5

Factors contributing to complexity have been elaborated in

expert interviews and several conceptional models have been pro-

posed as a result.2,6 Moreover, research on factors associated with

complexity has been conducted in clinical samples.7 Population based

studies have the advantage to be less prone to selection bias and may

provide information about individuals belonging to groups that are

underrepresented among patients. To date, to the best of our

knowledge, population based studies on factors potentially contrib-

uting to complexity in older adults only used validated tools that do

not incorporate other dimensions of complexity besides the

biomedical.8,9

Among screening tools for patient complexity, the INTERMED

interview10 is one of the best studied, valid, and reliable instruments

for this purpose.11,12 It applies a holistic, bio psycho social approach

to identify complex patients. The INTERMED for the elderly (IM E) is

an adapted version specifically for use in elderly populations5 and has

proven to be well suited in an epidemiological context.4,13

From clinical practice and research it is well known that women

and men in older age differ in prevalence of somatic and mental

health morbidities,14,15 attitudes and behavior toward health,16 as

well as social resources.17 It is therefore crucial to investigate

complexity in older age separately for women and men.

The aim of this paper was to investigate gender specific factors

associated with case complexity from bio psycho social dimensions

in a cross sectional population based sample of middle aged and

older adults. Complex patients were identified by the INTERMED for

the elderly interview.

2 | METHODS

2.1 | Study design

This cross sectional analysis is based on data derived from the 8 year

follow up (FU) (July 2008—December 2010) of the ESTHER study—

an ongoing population based cohort study in middle aged and older

adults conducted in the federal state of Saarland, Germany. Detailed

information is reported elsewhere.18 In short, at baseline (July 2000

—December 2002), 9940 participants aged 50–75 years were

recruited during a routine health checkup by their general practi-

tioner (GP). Participants and GPs completed standardized question-

naires regarding sociodemographic, lifestyle, psychosocial and

biomedical variables at baseline and during follow ups. 6071 persons

participated actively in the 8 year FU by providing a participants'

questionnaire and/or participating in home visits. At the 8 year FU,

all ESTHER participants were offered to participate in home visits,

which were conducted by trained medical doctors and comprised a

comprehensive geriatric assessment, which included the IM E.

Moreover, blood samples were collected during home visits. Out of
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the 6071 active 8 year FU participants, n = 3124 persons agreed to

be visited at home.

The study was approved by the Ethics Committees of the Med-

ical Faculty of the University of Heidelberg and of the Medical Board

of the Medical Association of the Federal State of Saarland. Written

informed consent was obtained from each participant.

2.2 | Study sample

All 3124 persons who agreed to participate in home visits during

the 8 year FU were eligible for analysis. Of these, 192 (6.2%) were

excluded due to one or more missing values on the INTERMED

interview, resulting in a final sample size of n = 2939 for analysis.

A flow chart for the sample selection process is provided in

Figure S1.

2.3 | Assessment of complexity

During the geriatric assessment, complexity was determined by

trained medical doctors using the INTERMED for the elderly inter-

view (IM E). The IM E is an adapted version of the INTERMED

interview specifically for use in elderly populations.5 The INTERMED

assesses case complexity using a holistic approach. It has been

developed by an international working group with the aim to identify

patients who require integrated care.19 Trained healthcare pro-

fessionals can conduct and rate the INTERMED within 15–20 min.

According to recent reviews,11,12 the INTERMED is one of the best

studied tools for observer rated assessment of complexity. It has

proven to be a powerful diagnostic tool and has successfully been

applied to identify complex individuals in clinical19 and epidemio-

logical settings.4,13 The INTERMED integrates information from four

domains: (1) biological; (2) psychological; (3) social; and (4) healthcare

related. The questions and ratings in each domain are related to a

time axis (history, current state, and prognosis). Five items per each

domain are scored from 0 “no vulnerability or need” to 3 “high

vulnerability or need” resulting in domain scores ranging from 0 to 15.

The respective scores of the four domains are summed up to a total

score ranging from 0 to 60. A cutoff point of ≥21 has been estab-

lished, which detects complex patients.5 The IM E and a scoring in-

struction are provided in Table S1.

2.4 | General practitioner reported data

Total somatic morbidity was measured by calculating the Somatic

Morbidity Index (SMI) with the Cumulative Illness Rating Scale for

Geriatrics (CIRS G). GPs were asked to score 14 organ systems with

1–4 points for the presence of mild to very severe disease.20 The 13

scores (excluding the score for psychiatric illness) were summed up

to the SMI with a range from 0 to 52 points.18

2.5 | Serum biomarkers for oxidative stress

Blood samples were taken during the home visits. Oxidative stress

arises when the production of reactive oxidative species (ROS)

overwhelms the biological system's anti oxidative capacity. ROS

cannot be directly measured in blood samples due to short half life.

An established proxy for ROS production, which is stable in blood

samples, are the derivatives of reactive oxygen metabolites (d

ROM).21 The D ROM levels were measured in serum samples ship-

ped to the Laboratory for Health Protection Research, Bilthoven, the

Netherlands, in which the assay used to measure d ROM (Diacron,

Grosseto, Italy) was adapted to an autoanalyzer (LX20 Pro,

Beckman Coulter, Woerden, the Netherlands). D ROM levels were

modeled as a categorical variable, with manufacturer recommended

cut offs for moderate (341–400 Carr units (U)) and high (≥401

Carr U) oxidative stress with reference to subjects exhibiting no

increased or low oxidative stress (≤340 Carr U).22

2.6 | Patient reported data

Sociodemographic data (age, gender, marital status, education) and

smoking status were assessed by self report questionnaires. Body

mass index (BMI) was calculated from weight and height, which were

measured during home visits. Age, marital status, education, smoking

status, and BMI were modeled as categorical variables with the

definitions shown in Table 1.

Depression severity was assessed during home visits using the

well established eight item depression module of the Patient Health

Questionnaire. The PHQ 8 consists of eight of the nine DSM IV

criteria for a major depressive disorder.23 The ninth criterion asks

for suicidality and was omitted, as it is common in epidemiological

settings. The total sore of the PHQ 8 ranges from 0 to 24, with

higher scores indicating more severe depressive symptoms.24

The degree of loneliness was measured by using three items

derived from the Groningen Frailty Index25: “Does the patient some-

times experience an emptiness around him/her?,” “Does the patient

sometimes miss people around him/her?,” “Does the patient sometimes

feel abandoned?.” The response categories are coded 1 (hardly ever), 2

(some of the time), and three (often). The total score is summed up

ranging from 0 to 9, with a higher sum score indicating a higher

degree of loneliness.

2.7 | Statistical analysis

Standard descriptive methods were used to describe the study

sample according to complexity status. Differences between complex

and non complex individuals were assessed by chi2 tests for cate-

gorical variables or t test for continuous variables. Differences in

INTERMED total and domain scores between complex women and

men were calculated using t tests. Logistic regression analyses were
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performed with complexity as a dichotomous dependent variable.

According to the definition provided in the introduction2,3 and based

on literature review6,18,26–28 we selected independent variables of

interest from bio psychosocial dimensions from the pool of ESTHER

data that are potentially associated with patient complexity: total

somatic morbidity according to CIRS G SMI score, BMI, smoking

TAB L E 1 Descriptive statistics for the total population by complexity status (n = 2932)a.

Total population (n = 2932) Complexb (n = 244) Non complex (n = 2688) p valuec

Age, mean (SD) 69.6 (6.3) 69.4 (6.7) 69.6 (6.3) 0.561

Age, median (IQR) 70.0 (64.0–74.0) 70.0 (63.3–74.0) 70.0 (65.0–74.0)

Age, N (%)

<65 736 (25.1) 67 (27.5) 669 (24.9) 0.795

65–69 651 (22.2) 50 (20.5) 601 (22.4)

70–79 1364 (46.5) 113 (46.3) 1251 (46.5)

≥80 181 (6.2) 14 (5.7) 167 (6.2)

Gender

Male, N (%) 1386 (47.3) 80 (32.8) 1306 (48.6) <0.001

Female, N (%) 1546 (52.7) 164 (67.2) 1382 (51.4)

Marital status, N (%)

Married 2079 (71.7) 134 (56.1) 1945 (73.1) <0.001

Single 99 (3.4) 12 (5.0) 87 (3.3)

Divorced 216 (7.5) 34 (14.2) 182 (6.8)

Widowed 505 (17.4) 59 (24.7) 446 (16.8)

Education, N (%)

≤9years 1919 (66.4) 162 (67.8) 1757 (66.3) 0.134

10–11years 512 (17.7) 49 (20.5) 463 (17.5)

≥12years 458 (15.9) 28 (11.7) 430 (16.2)

BMI (kg/m2), N (%)

<25 844 (29.4) 65 (27.5) 779 (29.6) <0.001

25–<30 1321 (46.0) 80 (33.9) 1241 (47.1)

≥30 702 (24.5) 91 (38.6) 611 (23.2)

Smoking, N (%)

Never 1559 (53.8) 128 (53.6) 1431 (53.8) 0.657

Former 1115 (38.5) 89 (37.2) 1026 (38.6)

Current 224 (7.7) 22 (9.2) 202 (7.6)

Total somatic morbidity CIRS G SMI score, mean (SD) 6.4 (5.0) 9.1 (6.1) 6.2 (4.9) <0.001

Oxidative stress biomarker d ROM (Carr U), N (%)

≤340 1110 (44.5) 64 (32.3) 1046 (45.6) <0.001

341–400 827 (33.2) 74 (37.4) 753 (32.8)

≥401 556 (22.3) 60 (30.3) 495 (21.6)

Depression PHQ 8 score, mean (SD) 2.7 (3.3) 7.4 (4.5) 2.3 (2.8) <0.001

Loneliness score, mean (SD) 1.1 (1.4) 1.9 (1.5) 1.0 (1.3) <0.001

Note: Bold values are p < 0.05.

Abbreviations: BMI, Body mass index; Carr U, Carratelli Units; CIRS G, Cumulative Illness Rating Scale for Geriatrics; d ROM, Derivatives of reactive

oxygen metabolites; PHQ 8, 8 item depression module of the patient health questionnaire; SMI, somatic morbidity index.
aData were derived from the 8 year follow up (2008–2010) of the ESTHER study.
bINTERMED for the elderly Score ≥21.
c 2 test/t Test for the difference between complex and non complex.
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status, oxidative stress biomarker d ROM, PHQ 8 depression scale,

loneliness scale. Crude odds ratios (ORs) were calculated for uni-

variate associations. Independent variables found significant at

p < 0.10 in univariate analyses for the total sample were included in

the multivariable model for the total sample, as well as gender

specific multivariable models. Analyses were adjusted for socio-

demographic variables (age, gender, marital status, education) as

potential confounders,26 even when these variables were non

significant in univariate associations. Associations between pre-

dictors and complexity were assessed for women and men combined,

as well as separately for women and men. For each predictor, po-

tential differences of associations with complexity between women

and men were tested for statistical significance by inclusion of a

pertinent interaction term in the model for both genders combined.

Multicollinearity was tested and not detected (all variance inflation

factors < 5).

The proportion of missing values for all variables was <2%

except for the CIRS G 13 somatic organ items (range: 10.1%–11.0%)

and d ROM measurements (15.0%). To the best of our knowledge,

items were missing at random. To deal with missing items, multiple

imputation was used. 20 complete datasets were imputed using the

Markov chain Monte Carlo method. Statistical analyses were per-

formed using SPSS software ver. 27.0 (IBM, Armonk, NY, USA) and R

software (version 4.2.2, The R Foundation for Statistical Computing,

Vienna, Austria).

3 | RESULTS

Characteristics of the total study population are shown in Table 1.

Median age was 70 years (range: 57–84 years). Descriptive statistics

for men and women separately are shown in Tables S2 and S3,

respectively. Overall, 244 participants (8.3%) were complex. Complex

and non complex individuals did not differ significantly in age.

Prevalence of complexity was higher in female (10.6%) compared to

male (5.8%) participants (p < 0.001). Complex participants were more

likely to be divorced and to be obese. Moreover, complex participants

had a higher SMI score, as well as higher scores on the PHQ 8

depression scale and the loneliness scale.

Except for age, education, and smoking status, all independent

variables of interest were significant in univariate logistic regression

analyses for the total sample. Adjusted ORs from multivariable lo-

gistic regression are shown in Table 2 for the total population, and in

Table 3 for women and men. Results from logistic regression with

interaction terms are included in Table 3. Crude ORs are provided in

Table S4. Variables associated with increased odds for complexity in

both genders were: being divorced; higher total somatic morbidity on

the CIRS G SMI score; higher scores on the PHQ 8 depression scale;

and higher scores on the loneliness scale. Obesity (BMI ≥30) versus

BMI <25 was linked to 1.79 (95% CI 1.11–2.89) higher odds for

complexity only in women. High oxidative stress (vs. no or low

oxidative stress) was associated with 2.02 (95% CI 1.09–3.74) higher

odds for complexity only in men. Of the interaction terms only the

interaction between gender and oxidative stress was significant.

Gender differences in the INTERMED total and the four domain

scores for complex individuals are shown in Table 4, and for non

complex in Table S5. Female participants had significantly higher

scores on the psychological domain, while no gender differences

were found for the other domains.

4 | DISCUSSION

In this population based study of 2932 middle aged and older adults

we examined cross sectional associations between independent

variables from bio psycho social dimensions and case complexity as

assessed by the INTERMED for the elderly interview.

Prevalence of case complexity was found to be 8.3%. This

prevalence rate of complexity appears to be low compared to results

from other studies.29,30 However, the ESTHER cohort is a population

based sample and cannot be compared with studies in hospital set-

tings. There are two population based cross sectional studies from

the Netherlands that also applied the INTERMED for the elderly for

identification of complex individuals. Peters et al.31 found a 20%

proportion of complex participants. However, sample composition

compared to our study differed significantly, with over one third of

the sample living in homes for the elderly/nursing homes, while the

ESTHER sample consists only of community dwelling participants.

Bleijenberg et al.32 reported a complexity prevalence of about 8% in

community dwelling older adults, which aligns with the prevalence

we found in the ESTHER sample.

In our study, prevalence of case complexity was significantly

higher in women. Additionally, women were found to have signifi-

cantly higher scores on the psychological domain of the INTERMED,

while no gender differences were found for the other domains.

Criteria for complexity are often limited to somatic morbidity.6

However, while somatic disease burden can be regarded as a sig-

nificant aspect of complexity, we advocate the hypothesis that pa-

tient complexity extends beyond, warranting a holistic approach

which incorporates non medical dimensions as well. In our approach,

case complexity refers to the characteristics which describe how

patients with similar types and stages of disease vary in their health

care needs and utilization.19 Case complexity is thus not only

determined by diagnoses, but also by a variety of other parameters

such as patient behavior, psychosocial challenges, and difficulties in

coping with the burden of disease.

In previous research the INTERMED has demonstrated to

identify patients at risk for poor health outcomes. For example,

patients admitted to a general internal medical ward identified as

being complex according to the INTERMED had an extended length

of hospital stay.30 In dialysis patients INTERMED scores correlated

with poor quality of life outcomes,29 and in diabetes patients

INTERMED scores were associated with higher HBA1c values up to

9 months after assessment.33 While these studies are based on

selected patient groups, further longitudinal population based

research is needed to confirm whether the INTERMED can iden-

tify individuals at risk for deteriorating health in non selected

samples.
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Depression severity and degree of loneliness were associated

with higher odds for complexity in both genders. Psychosocial

vulnerability is regarded as a major factor contributing to patient

complexity and typically includes mental illness and/or social

isolation.26 Mental illness may lead to poor compliance and is

known to worsen prognosis in several somatic conditions, such as

type 2 diabetes.34 Research regarding social risk factors for

complexity has been focused on poor social support or social

isolation,3,26 but, to the best of our knowledge, to date, there is a

lack of evidence for the association between loneliness and

complexity. Social isolation and loneliness are related concepts but

do differ and do not necessarily co exist. While social isolation is

defined as an objective lack of social contacts,35 loneliness refers

to the subjective negative feelings as an emotional reaction to

social isolation.36 Loneliness in older age is a growing public health

concern,37 and may aggravate complexity in older adults due to

increased risk for functional38 and cognitive decline.39 A recent

study has also shown that loneliness in older women is associated

with increased use of outpatient health care services.40 Further-

more, aggravated complexity may arise from an increased risk for

polypharmacy and pain medication use in lonely older adults.41,42

While psychosocial variables are considered to significantly

TAB L E 2 Adjusted odds ratios from

multivariable logistic regression for the

cross sectional association between

various variables and complexity in the

total population (n = 2932).

Cases (%)a OR (95% CI) p value

Age

<65 67 (27.5) Ref

65–69 50 (20.5) 1.15 (0.74–1.78) 0.541

70–79 113 (46.3) 0.85 (0.58–1.26) 0.427

≥80 14 (5.7) 0.76 (0.37–1.58) 0.466

Gender

Male 80 (32.8) Ref

Female 164 (67.2) 1.10 (0.76–1.56) 0.632

Marital status

Married 136 (55.7) Ref

Single 13 (5.3) 1.34 (0.64–2.79) 0.434

Divorced 34 (13.9) 2.06 (1.27–3.35) 0.004

Widowed 61 (25.0) 1.19 (0.78–1.81) 0.419

Education

≤9years 164 (67.2) Ref

10–11years 51 (20.9) 1.37 (0.87–2.17) 0.176

≥12years 29 (11.9) 1.09 (0.64–1.88) 0.745

BMI (kg/m2)

<25 67 (27.5) Ref

25 – <30 84 (34.4) 0.94 (0.64–1.38) 0.739

≥30 93 (38.1) 1.57 (1.06–2.33) 0.024

Total somatic morbidity CIRS G SMI score (per unit) 244 (100) 1.07 (1.04–1.11) <0.001

Oxidative stress biomarker d ROM (Carr U)

≤340 77 (31.6) Ref

341–400 88 (36.1) 1.41 (0.90–2.21) 0.138

≥401 74 (30.3) 1.45 (0.97–2.18) 0.072

Depression PHQ 8 score (per unit) 244 (100) 1.34 (1.29–1.39) <0.001

Loneliness score (per unit) 244 (100) 1.19 (1.08–1.33) <0.001

Note: Bold values are p < 0.05.

Abbreviations: BMI, Body mass index; Carr U, Carratelli Units; CIRS G, Cumulative Illness Rating

Scale for Geriatrics; d ROM, Derivatives of reactive oxygen metabolites; PHQ 8, 8 item depression

module of the patient health questionnaire; ORs, odds ratios; SMI, somatic morbidity index.
aCase numbers exemplarily taken from imputed data set no. 1.
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TAB L E 3 Adjusted odds ratios from multivariable logistic regression for the cross sectional association between various variables and

complexity in women and men.

Women (n = 1546) Men (n = 1386)
Interaction predictor x

gender

Cases

(%)a OR (95% CI) p value

Cases

(%)a Or (95% CI) p value p value

Age

<65 50 (30.5) Ref 17 (21.3) Ref

65–69 35 (21.3) 1.14

(0.65–1.90)

0.690 15 (18.8) 1.26

(0.57–2.80)

0.568 0.898

70–79 70 (42.7) 0.72

(0.45–1.16)

0.179 43 (53.8) 1.20

(0.60–2.39)

0.610 0.308

≥80 9 (5.5) 0.70

(0.28–1.72)

0.436 5 (6.3) 0.82

(0.23–2.96)

0.765 0.732

Marital status

Married 78 (47.6) Ref 58 (72.5) Ref

Single 8 (4.9) 1.53

(0.58–4.08)

0.392 5 (6.3) 1.19

(0.37–3.80)

0.770 0.779

Divorced 27 (16.5) 1.86

(1.05–3.30)

0.033 7 (8.8) 3.19

(1.25–8.12)

0.015 0.369

Widowed 51 (31.1) 1.06

(0.66–1.72)

0.800 10 (12.5) 1.80

(0.74–4.42)

0.197 0.276

Education

≤9years 118 (72.0) Ref 46 (57.5) Ref

10–11years 35 (21.3) 1.18

(0.73–1.90)

0.510 16 (20.0) 0.89

(0.50–1.60)

0.686 0.834

≥12years 11 (6.7) 0.68

(0.31–1.48)

0.327 18 (22.5) 0.80

(0.34–1.82)

0.579 0.636

BMI (kg/m2)

<25 48 (29.3) Ref 19 (23.8) Ref

25–<30 52 (31.7) 1.02

(0.63–1.65)

0.938 32 (40.0) 0.70

(0.36–1.36)

0.288 0.366

≥30 64 (39.0) 1.79

(1.11–2.89)

0.018 29 (36.3) 1.09

(0.54–2.21)

0.809 0.170

Total somatic morbidity CIRS G SMI score (per

unit)

164 (100) 1.08

(1.04–1.12)

<0.001 80 (100) 1.06

(1.02–1.11)

0.007 0.415

Oxidative stress biomarker d ROM (Carr U), N (%)

≤340 37 (22.6) Ref 40 (50.0) Ref

341–400 63 (38.4) 1.14

(0.67–1.92)

0.634 25 (31.3) 1.74

(0.76–3.96)

0.190 0.280

≥401 60 (36.6) 1.22

(0.70–2.12)

0.479 14 (17.5) 2.02

(1.09–3.74)

0.025 0.030

Depression PHQ 8 score (per unit) 164 (100) 1.34

(1.28–1.40)

<0.001 80 (100) 1.35

(1.27–1.44)

<0.001 0.752

Loneliness score (per unit) 164 (100) 1.19

(1.05–1.35)

0.008 80 (100) 1.24

(1.03–1.48)

0.021 0.772

Note: Bold values are p < 0.05.

Abbreviations: BMI, Body mass index; Carr U, Carratelli Units; CIRS G, Cumulative Illness Rating Scale for Geriatrics; d ROM, Derivatives of reactive

oxygen metabolites; PHQ 8, 8 item depression module of the patient health questionnaire; ORs, odds ratios; SMI, somatic morbidity index.
aCase numbers exemplarily taken from imputed data set no. 1.
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contribute to complexity, it is important to note that they may also

occur as consequences of complex somatic morbidity.

Prior to our study, to the best of our knowledge, no associations

between biomarkers and case complexity have been investigated.

Our study found that men with high oxidative stress had significantly

higher odds for being complex. Oxidative stress arises from an

imbalance between antioxidant defenses and ROS causing cellular

damage in, for instance, endothelial and neuronal tissue, which con-

tributes to the pathogenesis and accumulation of chronic conditions,

such as cardiovascular disease, cancer, and neurodegenerative dis-

eases.43 These effects can contribute to an overall decline in physical

health and cognitive function, thereby increasing an individual's

complexity status. In line with our findings on the association of d

ROM with complexity, a strong link between d ROM and frailty

was found in a prior study.44 Oxidative stress plays an important role

in the aging process and the pathogenesis of frailty, a construct

marked by the reduction of homeostasis reserves leading to higher

stressor vulnerability,45 which may likewise increase complexity. In a

prior analysis of the ESTHER cohort, oxidative stress measured by d

ROM has been found to be associated with multimorbidity, and

consistent with our results on complexity, stronger associations be-

tween d ROM and multimorbidity were found in men than in

women.18 There are several prior studies investigating gender dis-

parities in oxidative stress. Women appear to have lower oxidative

stress levels compared to men due to various reasons such as dif-

ferences in lifestyle behaviors, abdominal adiposity, and hor-

mones.46,47 Furthermore, oxidative stress seems to have different

health consequences in women and men, with women being less

susceptible to its damaging effects. For example, higher antioxidant

enzyme activity levels are proposed as one of multiple underlying

protective mechanisms explaining lower risk for cardiovascular dis-

ease incidence and lower cardiovascular mortality in women.47

Hence, gender differences regarding the therapeutic effectiveness of

antioxidants in cardiovascular conditions are being discussed.48 Our

finding that high oxidative stress is linked to increased odds for

complexity in men may hint at gender specific therapeutic consid-

erations involving antioxidants to ameliorate harmful effects of

oxidative stress on overall health. However, as our analysis is cross

sectional, we must emphasize that oxidative stress may also be a

consequence of underlying complexity rather than being its cause.

Women with obesity (BMI ≥30) had significantly higher odds for

being complex, while such an association was not found in men.

Obesity is known to increase complexity due to higher risk for

several somatic co morbidities.49 Furthermore, obesity may also

cause psychosocial distress through negative impact on self esteem,

as well as increased risk for social isolation and psychiatric illness,

which may further exaggerate complexity.50 There appear to be

gender specific differences in the potential negative effect of obesity

on psychosocial functioning. A meta analysis of community based

studies found a more pronounced link between obesity and depres-

sion in women compared to men.51 Similarly, a previous analysis of

the ESTHER cohort showed that women, but not men, in obesity

classes II and III at baseline had significantly higher odds for

depression 5 years later.52 Various reasons for these gender specific

differences in the psychosocial burden of obesity are discussed,

among which are higher obesity associated distress and higher

vulnerability to weight discrimination in women compared to men.53

When compared to married individuals, the odds of being complex

were significantly higher among divorced participants. A recent

population based study in older adults found that marital disruption

through divorce was strongly associated with adverse health out-

comes such as poor quality of life and high psychological distress.54

The adverse effects of divorce on health were found to be stronger in

men than women. There is supporting evidence for this finding stating

that following a divorce, men are more likely and severely to lose social

ties.55 In our study, however, we cannot conclude a gender specific

negative effect of divorce on complexity, given the overlap in confi-

dence intervals for men and women and the absence of a statistically

significant interaction between gender and marital status. In general,

marriage seems to ameliorate disease progression in several chronic

conditions, such as coronary artery disease.56 However, there are also

findings indicating that in older adults, marriage of poor quality may

have a negative impact on health and mortality, with effects being

more pronounced in women than in men.57

Unexpectedly, age as another sociodemographic variable known

to be associated with complexity showed no significant association

with case complexity as assessed by the INTERMED. Advanced age is

usually regarded as a risk factor for complexity, however, particularly

when complexity is mainly defined through and measured with tools

focusing on multimorbidity.6,26 The INTERMED for the elderly (IM E)

assesses not only case complexity but also care complexity. Higher

scores also indicate higher health care needs, and a patient is clas-

sified as complex if he/she has a total score ≥21. Thus, a complex

patient also has high bio psycho social health care needs—which

TAB L E 4 Gender differences for complex individuals regarding the INTERMED total score and the four domain scores.

Female complex (n = 164) Male complex (n = 80) p value

INTERMED_total, mean (SD) 24.14 (3.59) 23.60 (2.70) 0.235

INTERMED_biological, mean (SD) 9.51 (1.71) 9.55 (1.79) 0.853

INTERMED_psychological, mean (SD) 6.74 (2.27) 5.74 (2.72) 0.003

INTERMED_social, mean (SD) 2.21 (2.38) 2.59 (2.52) 0.260

INTERMED_healthcare related, mean (SD) 5.68 (1.74) 5.73 (1.75) 0.860

Note: Bold values are p < 0.05.
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must not necessarily be associated with age. A previous study also

found no difference in age between complex and non complex in-

dividuals as assessed by the IM E.29

The odds for complexity rose with increase on the CIRS G SMI

score for both genders. A study on general practitioners' perspec-

tives on complexity suggests that other factors besides somatic

morbidity may have a bigger impact on complexity.7 This finding is

also reflected by the results of our study, indicating that somatic

disease burden, as measured by the SMI score, has a lower impact on

complexity in the multivariable model compared to variables from

the psychosocial dimension.

Some limitations must be considered when interpreting the

findings. First, this is a cross sectional analysis which precludes

conclusions about temporal relationships and causality. Future lon-

gitudinal studies are warranted to elucidate causality. Second, addi-

tional variables potentially associated with complexity in middle aged

and older adults, such as pain, cognitive decline, and difficulties in

healthcare navigation have not been included in this analysis. Third,

the study sample may not be representative of the general German

population. During the 8 year FU of the ESTHER study, all partici-

pants were offered to participate in a home visit. It is possible that

persons who agreed to participate in the home visits were healthier

compared to those who did decline. Fourth, our data is quite old.

Nevertheless, it should be stated that sample size and comprehensive

geriatric assessment as well as thorough assessment of complexity by

trained study doctors applying a holistic, validated tool are strengths

of this study.

In conclusion, this study adds epidemiological evidence on gender

differences in prevalence and factors associated with case complexity

in middle aged and older adults. Furthermore, this study contributes

to the holistic understanding of complexity by identifying novel vari-

ables associated with complexity among middle aged and older in-

dividuals, namely loneliness for both genders, and high oxidative stress

according to serum biomarker d ROM for male older adults. These

findings should be confirmed in future longitudinal studies.
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