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Abstract 

Background
Studies have confirmed the co-occurrence of geriatric syndromes and chronic 
conditions in older people. However, little is known about their longitudinal 
relationship or whether geriatric syndromes are associated with specific chronic 
health conditions. Therefore, the aim of this study was to determine the association 
between geriatric syndromes and any as well as specific incident chronic health 
conditions among older community-dwellers.

Methods 
This study was designed as a population-based cohort study with a median 
follow-up period of 43 months. Participants from the Lifelines Cohort Study 
aged 60 years and older who did not present the chronic health conditions 
under investigation at baseline were included in the study (n = 9,094). Baseline 
assessments were conducted between November 2006 and December 2013. 
During these assessments, information on participants’ socioeconomic status 
(age, sex, education level, and income), social contacts, health-related factors 
(self-rated health [SHI], BMI, and chronic health conditions), and health-related 
behaviors (e.g., alcohol consumption and smoking) was collected. Participants 
also reported the presence of geriatric syndromes, namely falls, incontinence, 
vision and hearing impairments, depressive symptoms, and frailty at baseline. 
Three follow-up questionnaires were used to examine the incidence of any as well 
as specific chronic health conditions (i.e., pulmonary and cardiovascular diseases, 
diabetes, cancer, and neurological diseases). Cox regression was used to analyze 
longitudinal associations between geriatric syndromes and incident chronic health 
conditions. 

Results
Older community-dwellers with at least one geriatric syndrome (44.7%, n = 4,038) 
had an increased risk of developing any new chronic health condition (hazard 
ratio, HR: 1.35, 95% CI: 1.21–1.51). The association was attenuated but remained 
significant after adjusting for socioeconomic factors, social contact, health status, 
and health behavior (HR: 1.27, 95% CI: 1.12–1.43). The analyses revealed that 
compared with older community-dwellers without geriatric syndromes, those 
with geriatric syndromes had an increased risk of developing the following specific 
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chronic health conditions: a cardiovascular health condition (HR: 1.42, 95% CI: 
1.13–1.79) and diabetes (HR: 1.53, 95% CI: 1.11–2.11). They had no increased risk 
of developing pulmonary conditions, cancer, or neurological conditions.

Conclusion 
The presence of geriatric syndromes is associated with incident chronic health 
conditions, specifically cardiovascular conditions and diabetes. Therefore, 
increased awareness of this association among older people with geriatric 
syndromes and their physicians is needed. Comprehensive assessments of geriatric 
syndromes may help to prevent or at least delay the development of chronic health 
conditions. 
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Introduction

The number of people aged 60 years and older is increasing globally [1]. This 
demographic change is posing challenges to healthcare systems and providers, as 
older people present with complex multicausal health conditions, ranging from 
physical problems, such as gait instability and falls, to mental health problems, 
notably depressive symptoms [2, 3]. Complex health conditions among older 
people are often defined as geriatric syndromes, understood as conditions linked 
to accumulated aging-related impairments in multiple organ systems [4].

Geriatric syndromes are defined as phenotypical presentations of accumulated 
and underlying aging-related dysfunctions spanning over different organ 
systems [4]. Geriatric syndromes include urinary incontinence, falls, depressive 
symptoms, and vision and hearing impairments [4–6]. The presence of geriatric 
syndromes indicates declining health and is associated with subsequent disability, 
institutionalization, hospitalization, and mortality [7–12]. Furthermore, the 
findings of cross-sectional studies indicate the co-occurrence of geriatric 
syndromes with other chronic health conditions, notably cardiovascular diseases 
and diabetes [13–15]. 

Processes related to pathological aging, such as increased inflammation or cellular 
senescence contribute to dysfunctions that lead to geriatric syndromes, while also 
contributing to chronic health conditions [3, 7, 16–18]. A better understanding 
of the association between geriatric syndromes and subsequent chronic health 
conditions may help physicians and healthcare professionals to identify older 
people at increased risk for the development of chronic health conditions and 
further health decline. While geriatric syndromes have been shown to occur 
concurrently with chronic health conditions, there is insufficient knowledge on 
their temporal associations, that is, it is unknown whether older community-
dwellers with geriatric syndromes are at increased risk to develop new chronic 
health conditions [18, 19]. 

Therefore, this study sought to determine the associations between geriatric 
syndromes and any as well as specific incident chronic health conditions among 
older community-dwellers over a 43-month period. 
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Methods

Design and sample
The study was conducted applying the sampling frame of the Lifelines Cohort 
Study [20]. Lifelines was a multidisciplinary prospective population-based 
cohort study with a unique three-generational design that examined the health 
and health-related behaviors of 167,729 persons living in the northern part 
of the Netherlands. A broad range of investigative procedures were applied to 
assess biomedical, sociodemographic, behavioral, physical, and psychological 
factors contributing to the occurrence of disease and the health of the general 
population, with a particular focus on multi-morbidity and complex genetics. The 
study population was broadly representative of the populations of the northern 
provinces of the Netherlands [21]. More details on the design and recruitment 
of the participants have been provided elsewhere [20]. Briefly, individuals were 
recruited via their general practitioners, family members, or self-registration on 
the Lifelines website. They were subsequently invited for an initial comprehensive 
baseline assessment, which included physical examinations and completion of a 
questionnaire, conducted at a Lifelines research location between November 2006 
and December 2013. The Lifelines Cohort Study followed participants up to five 
years after the baseline assessment. Participants received follow-up questionnaires 
digitally and via postal mail for recording second and third sets of measurements. 
A second comprehensive assessment entailing a fourth set of measurements 
obtained through physical examinations and questionnaires was conducted at a 
Lifelines research location. 

Data obtained from participants aged 60 years and older at baseline (n = 22,541) 
were used in the current study. Participants, who self-reported cardiovascular 
diseases, cancer, diabetes, and pulmonary, or neurological conditions or reported 
the use of medications prescribed for these conditions at baseline (n = 10,432) were 
excluded [22]. Participants for whom there was missing information on chronic 
health conditions (n = 1,614) and geriatric syndromes (n = 1,401) at baseline were 
also excluded from the analysis. The final study population sample comprised 
9,094 older community-dwellers. The median follow-up times from the baseline 
assessment were 13 months (interquartile range [IQR]: 12–15 months) to the 
second measurement, 24 months (IQR: 23–27 months) to the third measurement, 
and 43 months (IQR: 35–51 months) to fourth measurement (and examination).
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The Lifelines study was conducted according to the guidelines laid out in the 
Declaration of Helsinki, and all procedures involving human subjects were 
approved by the Medical Ethics Committee of the University Medical Center 
Groningen (ethics approval number: 2007/152). Written informed consent was 
obtained from all participants during their visits to the research center [20, 23].

Measures
Geriatric syndromes
Self-reported geriatric syndromes were measured at baseline and included falls, 
incontinence, vision impairments, hearing impairments, depressive symptoms, 
and frailty. Falls were assessed on the basis of affirmative responses to one of the 
following two items: dizziness with falling in the last 12 months or hip fracture, 
considered as a proxy for falls, in the last 12 months (yes/no). Incontinence was 
assessed through an item querying whether incontinence was a current physical 
problem in the Lifelines questionnaire (have or had incontinence: yes). Vision 
impairment was assessed on the basis of an affirmative response to one of the 
following two questions: need glasses or limited by poor eyesight (yes/no). Hearing 
impairment was assessed based on an affirmative response to one of the following 
two questions: need a hearing aid or constrained by hearing problems (yes/no). 
Depressive symptoms were assessed on the basis of a 9-item Mini-International 
Neuropsychiatric Interview (MINI) focusing on depression [24], with two items 
indicating depressive symptoms (the presence of at least one primary depression 
item and one other item: yes/no). Frailty was assessed using a modified version 
of the frailty index (Fried et al. [25]) and included the presence of weight loss, 
decreased endurance, slowness, weakness, and physical activity. Participants were 
considered frail when they reported at least three of the following five frailty 
measures: (1) weight loss (unexpected weight loss of 3 or 6 kg within the last 
three or six months, respectively: yes/no), (2) decreased endurance (have or had 
difficulty performing work or other activities; e.g. it took extra physical effort: 
yes/no), (3) slowness (limitations in walking 100 m or climbing a flight of stairs: 
yes/no), (4) weakness (limitations in lifting or carrying groceries: yes/no), and 
(5) physical activity (number of days of being physically active doing gardening, 
cycling, or other activities; less than two days of physical activity within a week). 
Geriatric syndromes were categorized as (1) none, i.e. no geriatric syndrome or (2) 
at least one geriatric syndrome. 
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Incident chronic health conditions
The incidence of chronic health conditions was identified from self-reports on 
the most common and burdensome chronic health conditions existing among 
older people [26]. Chronic health conditions were assessed at an aggregate level 
(the presence of any chronic health condition) and at a specific level relating to 
an organ system or disease level (see supplementary file 1 for the questions)[27]. 
The chronic health conditions that were assessed were cardiovascular conditions 
(stroke, heart attack, or heart failure), cancer, neurological conditions (dementia 
or Parkinson’s disease), pulmonary conditions (asthma, COPD, chronic bronchitis, 
or emphysema) and diabetes. Information from three follow-up measurements 
was used for the assessment. The incidences of chronic health conditions were not 
mutually exclusive, as participants could have had more than one chronic health 
condition over the follow-up period. 

Covariates
Age, sex, education level, individual equalized income, social contact, SRH, BMI, 
alcohol intake, and smoking at baseline were the covariates in the study [6, 28]. 
Age was measured as calendar age. Education level was considered the highest 
level of education achieved (tertiary, secondary, or primary education) [29]. 
Individual equalized income (in €/month) was categorized in line with previous 
Lifelines studies (< 750, 750–1000, 1,000–1,500, 1,500–2,000, 2,000–2,500, 2,500–
3,000, 3,000–3,500, and  >3,500) [30, 31]. Social contact was measured according 
to whether participants had social contact with less than five people over a two-
week period (yes, no) [34]. SRH was assessed using the RAND-1, subdivided into 
the following categories: excellent/very good/good health and fair/poor health 
[35]. BMI was calculated according to the following formula: BMI = weight (kg)/
height (m),2 and four BMI categories were identified: (1) underweight: BMI <18.5 
kg/m2; (2) normal weight: BMI ≥18.5 kg/m2−≤24.9 kg/m2; (3) overweight: BMI ≥ 
25.0 kg/m2 − ≤ 29.9 kg/m2; and (4) obese: BMI ≥ 30.0 kg/m2) [32]. Four groups 
were categorized based on alcohol intake measured as the average number of 
alcoholic drinks consumed in one day (non-drinker or light drinker: <1 drink a 
day, moderate drinker: 1–2 drinks a day, and heavy drinker: >2 drinks a day) [37]. 
Three categories were identified for smoking status: current, past, or non-smoker 
[37]. Some covariates had partially missing information on some individuals 
(n=number of individuals with missing information) ranging from n = 4 for weight 
status to n = 255 for limited social contact Missing information was categorized as 
a dummy variable and included in the analysis. 
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Statistical analysis
Compared with the study population, the excluded participants, namely those 
with missing information on geriatric syndromes and chronic health conditions 
(n = 3,015) were on average older (67.1 years), more likely to be women (61.7%), 
with a primary education (59.1 %), and obese (15.4%).

Baseline characteristics of the total study population stratified by the presence 
of geriatric syndromes were presented as means and standard deviations for 
continuous variables and as frequencies and percentages for categorical variables. 
T-tests and chi-squared tests were performed to compare the baseline characteristics 
of individuals with and without a geriatric syndrome at baseline. The incidences 
of self-reported chronic health conditions—aggregated and specific—obtained 
over the course of three measurements were presented in percentages with 95% 
confidence intervals for participants with and without geriatric syndromes at 
baseline. Associations of geriatric syndromes at baseline and incident chronic 
health conditions over time were estimated using Cox regression. The follow-up 
time for any chronic health condition was calculated as the time interval between 
baseline assessment and the time when any of the above conditions was self-
reported. The follow-up time for specific chronic health conditions was calculated 
as the time interval between baseline assessment and the time of self-reporting of 
the conditions. The analyses were adjusted for confounders in three steps. The first 
model was adjusted for baseline age and sex. The second model was also adjusted 
for social and socioeconomic factors. The third model was adjusted for age, sex, 
and health-related factors (i.e., SRH, BMI, alcohol consumption, and smoking 
behavior). The fourth model was adjusted for age, sex, health status, health 
behavior, and social and socioeconomic factors. 

Results

Sample characteristics
Data obtained for a total of 9,094 older community-dwellers were included in the 
analysis. The average age of the participants was 65.2 years (Table 1). More than 
half of the older community-dwellers were women (55.3%). Of this group, 4,038 
(44.7%) reported at least one geriatric syndrome at baseline. Individuals with 
geriatric syndromes tended to be older than those without geriatric syndromes 
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in the group of older community-dwellers (mean ages: 65.6 years vs. 64.8 years), 
were more likely to have an individual equalized income of less than 1,000 euro 
(10.4% vs. 8.5%), reported poor to fair health more often (9.4% vs. 2.8%), were 
more often obese (12.9% vs. 11.7%), and were less likely to have never smoked 
(35.6% vs. 38.4%).

Table 1. Baseline characteristics of respondents and geriatric syndromes at baseline (n = 9,094).
Characteristics Total (n = 9,094) Geriatric syndromes at baseline p-value1

None 
(n = 5,056)

At least one
(n = 4,038) 

Mean age in years (SD) 65.2 (4.5) 64.8 (4.2) 65.6 (4.9) <0.001
Sex, n (%) 

Male 4,062 (44.7) 2,144 (42.4) 1,918 (47.5)
Female 5,032 (55.3) 2,912 (57.6) 2,120 (52.5) <0.001

Education, n (%)
Tertiary education 2,217 (24.4) 1,275 (25.2) 942 (23.3)
Secondary education 1,923 (21.2) 1,085 (21.5) 847 (21.0)
Primary education 4,509 (49.6) 2,474 (48.9) 2,035 (50.4)
Other 352 (3.9) 178 (3.5) 174 (4.3)
Missing 84 (0.9) 44 (0.9) 40 (1.0) 0.076

Individual equalized income 
(in € per month), n (%) 

>1899 3,275 (36.0) 1,893 (37.4) 1,382 (34.2)
1600–1899 377 (4.1) 196 (3.9) 181 (4.5)
1300–1599 1,274 (14.0) 704 (13.9) 570 (14.1)
1000–1299 1,571 (17.3) 822 (16.3) 749 (18.5)
<1000 848 (9.3) 430 (8.5) 418 (10.4)
Did not know 407 (4.5) 237 (4.7) 170 (4.2)
Did not want to say 1,162 (12.8) 662 (13.1) 500 (12.4)
Missing 180 (2.0) 112 (2.2) 68 (1.7) <0.001

Social contact, n (%)
<5 people 7,914 (87.0) 4,455 (88.1) 3,459 (85.7)
≥5 people 952 (10.5) 515 (10.2) 437 (10.8)
Missing 288 (2.5) 86 (1.7) 142 (3.5) <0.001

Self-rated health, n (%) 
Excellent to good 8,571 (94.3) 4,918 (97.3) 3,655 (90.5)
Fair to poor 516 (5.7) 138 (2.7) 378 (9.4)
Missing 5 (0.1) 0 (0.0) 5 (0.1) <0.001

Weight status, n (%)
Underweight 31 (0.3) 12 (0.2) 19 (0.5)
Normal 3,546 (39.0) 2,030 (40.2) 1,516 (37.5)
Overweight 4,402 (48.2) 2,423 (47.9) 1,979 (49.0)
Obese 1,111 (12.2) 591 (11.7) 520 (12.9)
Missing 4 (0.0) 0 (0.0) 4 (0.1) <0.01
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Table 1. Baseline characteristics of respondents and geriatric syndromes at baseline (n = 9,094).
Characteristics Total (n = 9,094) Geriatric syndromes at baseline p-value1

None 
(n = 5,056)

At least one
(n = 4,038) 

Alcohol consumption, n (%)
Non-drinker 1,494 (16.4) 799 (15.8) 695 (17.2)
Light 4,428 (48.7) 2,507 (49.6) 1,921 (47.6)
Moderate 2,237 (24.6) 1,263 (25.0) 974 (24.1)
Heavy 746 (8.2) 407 (8.0) 339 (8.4)
Missing 189 (2.1) 80 (1.6) 109 (2.7) <0.01

Smoking, n (%) 
Never 3,379 (37.2) 1,940 (38.4) 1,439 (35.6)
Former smoker 4,517 (49.7) 2,477 (49.0) 2,040 (50.5)
Current smoker 979 (10.8) 545 (10.8) 434 (10.7)
Missing 219 (2.4) 94 (1.9) 125 (3.1) <0.001

1 T-test and chi-squared test performed to examine associations

Incidence of chronic health conditions
Fig. 1 shows the incidence of chronic health conditions among older community-
dwellers with none or at least one geriatric syndrome at baseline. Of the total sample 
of older community-dwellers included in the analysis, 1,223 (13.4%) developed 
a chronic health condition during the follow-up period. Compared with older 
community-dwellers without geriatric syndromes, those with geriatric syndromes 
were more likely to develop a chronic health condition (15.9% vs. 11.5%), more 
specifically, a pulmonary health condition (6.3% vs. 4.9%) and cardiovascular 
health conditions (4.5 % vs. 2.7%). 

 

 

 

Figure 1. Case incidence of any and specific chronic health conditions by presence of geriatric syndromes at baseline 
(n=9,094) in percent and 95% confidence intervals. 
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Fig. 1. Case incidence of any and specific chronic health conditions by the presence of geriatric syndromes 
at baseline (n = 9,094) in percentages with 95% confidence intervals
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Older community-dwellers with at least one geriatric syndrome had an 
increased risk for any incident chronic health condition (HR: 1.35, 95% CI: 
1.21–1.51), particularly for pulmonary conditions (HR: 1.30, 95% CI: 1.09–1.55), 
cardiovascular conditions (HR: 1.51, 95% CI: 1.21–1.89) and diabetes (HR: 
1.66, 95% CI: 1.21–2.28) (see model 1 in Table 2). After adjusting for social and 
socioeconomic factors, health status, and health behaviors (model 4 in Table 2), 
the associations of geriatric syndromes with any incident chronic health condition 
(HR: 1.27, 95% CI: 1.12–1.43), cardiovascular health conditions (HR: 1.42, 95% 
CI: 1.13–1.79), and diabetes (HR: 1.53, 95% CI: 1.1 –2.11) though attenuated 
remained significant (model 4). However, the association with pulmonary diseases 
was no longer significant.

Table 2. Association between geriatric syndromes and any and specific incident chronic health conditions 
over the follow-up period, with adjusted hazard ratios and 95% confidence intervals (95% CI), (n = 9,094).
Geriatric 
syndromes at 
baseline

Incident 
chronic 
health 
condition 
(n = 1,223)

Specific incident chronic health conditions
Pulmonary 
(n = 504)

Cardiovas-
cular 
(n = 319)

Cancer 
(n = 303)

Diabetes 
(n = 160)

Neurological
 (n = 36)

Model 1
None 1.00 1.00 1.00 1.00 1.00 1.00
At least one 1.35 

(1.21–1.51)
1.30  
(1.09–1.55)

1.51
(1.21–1.89)

1.13
(0.90–1.42)

1.66
(1.21–2.28)

1.91
(0.96–3.79)

Model 2
 None 1.00 1.00 1.00 1.00 1.00 1.00

At least one 1.36
(1.21–1.52)

1.27
(1.07–1.52)

1.4
(1.19–1.87)

1.19
(0.94–1.49)

1.65
(1.20–2.26)

1.96
(0.99–3.90)

Model 3
 None 1.00 1.00 1.00 1.00 1.00 1.00

At least one 1.27
(1.13–1.43)

1.17
(0.97–1.40)

1.42
(1.13–1.79)

1.15
(0.91–1.44)

1.54
(1.11–2.12)

1.87
(0.93–3.73)

Model 4
None 1.00 1.00 1.00 1.00 1.00 1.00
At least one 1.27

(1.12–1.43)
1.15
(0.96–1.38)

1.42
(1.13–1.79)

1.13
(0.90–1.42)

1.53
(1.11–2.11)

1.93
(0.96–3.87)

Model 1 adjusted for age and sex.
Model 2 like model 1 but additionally adjusted for socioeconomic and social factors.
Model 3 like model 1 but additionally adjusted for health status and health behavior.
Model 4 like model 1 but additionally adjusted for health status, health behaviors, and socioeconomic and 
social factors.
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Discussion

This population-based study examined the association between geriatric syndromes 
and incident chronic health conditions among older community-dwellers. Older 
community-dwellers with at least one geriatric syndrome at baseline were found 
to be more likely to develop a chronic health condition, especially cardiovascular 
conditions and diabetes, compared with older community-dwellers without any 
geriatric syndrome. These associations remained significant even after adjusting 
for socioeconomic factors, social contact, health behaviors, and health-related 
factors. 

Previous studies have examined the association between geriatric syndromes and 
severe health outcomes, notably institutionalization, hospitalization, and mortality 
[8, 9, 33, 34] and found that cross-sectional associations exist with chronic health 
conditions [14, 18, 35]. Huang et al. showed that the presence of just one geriatric 
syndrome increased the mortality risk and that this association was independent 
of the presence or occurrence of chronic health conditions [9]. Other studies have 
revealed cross-sectional associations between geriatric syndromes and a variety 
of chronic health conditions, including cardiovascular conditions and diabetes 
[14, 18]. The results of this study add to these findings and provide evidence 
that the presence of geriatric syndromes is also associated with the development 
of any new chronic health condition. One explanation for this finding may be 
that geriatric syndromes contribute directly to increased susceptibility for other 
health conditions, as they may cause stress relating to physiological reserves [3, 
36, 37]. A more specific explanation may be that existing geriatric syndromes 
reveal underlying pathophysiological processes associated with ongoing 
pathological aging processes and other health conditions [4, 35]. Studies have 
shown that aging-related mechanisms, such as cellular senescence or increased 
inflammation in specific organs, are similar to the pathogenetic mechanisms of 
specific diseases, for example, diabetes [2, 3, 15]. Geriatric syndromes may be a 
sign of accumulating aging-related impairments across different organs, which, 
over time, may contribute to the development of new chronic health conditions, 
for example, those involving the cardiovascular system [3, 15].

There is limited evidence regarding the longitudinal association between geriatric 
syndromes and the development of specific chronic health conditions. The findings 
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of previous studies suggest that geriatric syndromes arise when older people are 
already burdened by chronic health conditions such as cancer [38]. The findings of 
this study complement cross-sectional studies on geriatric syndromes and specific 
chronic health conditions [14, 18]. Geriatric syndromes in this longitudinal study 
were associated with incident cardiovascular conditions and diabetes. Aging-
related mechanisms, such as increased inflammatory processes, have been linked 
to the presentation of geriatric syndromes as well as cardiovascular conditions and 
diabetes [15, 39]. However, not all chronic health conditions may entail an overlap 
between aging and disease-related pathophysiological mechanisms. Studies on 
progressive aging and the development of cancer have shown that while aging can 
increase the risk for cancer, it also interferes with cancer’s progression, potentially 
inducing its stagnation [40]. Furthermore, the association between aging and 
cancer may also depend on the organ or tissue affected, which would explain why 
no association was found between geriatric syndromes and any cancer [40]. In 
addition, it is possible that older individuals with severe illnesses, such as cancer, 
would no longer participate in Lifelines. Moreover, it has been suggested that 
inflammatory processes may be a shared mechanism between geriatric syndromes 
and neurological or neurodegenerative conditions, such as Parkinson’s disease 
and dementia [3]. However, we did not find an association between geriatric 
syndromes and the development of these neurological conditions. It is possible 
that this association was not adequately captured because of a lack of power and 
the relatively short follow-up period. 

Strengths and limitations
The Lifelines Cohort Study provided a large-sized population sample for 
assessing the associations between geriatric syndromes and incident chronic 
health conditions. In addition, comprehensive information on sociodemographic 
attributes, social contacts, health-related factors, and health behaviors were 
compiled in Lifelines, enabling adjustments to be made for known confounders. 
Furthermore, Lifelines is considered to be broadly representative of the northern 
part of the Netherlands [20, 21]. However, the study had some limitations. 
Consensus on a set list of predefined geriatric syndromes is still lacking, and all 
existing geriatric syndromes may not have been included in the study. However, 
the most prevalent geriatric syndromes derived from the literature [4, 5, 41] were 
included. 
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In addition, self-reporting of geriatric syndromes and chronic health conditions 
may have entailed information bias. Social factors, namely stigma associated with 
geriatric syndromes, such as urinary incontinence or recall bias, may lead to their 
underestimation. This explanation may also apply to chronic health conditions, 
which may contribute to an underestimation of the association between geriatric 
syndromes and incident chronic health conditions. To enable an assessment of the 
association between geriatric syndromes and the incidence of any chronic health 
conditions, or specific ones, examined independently, individuals with a previous 
history of the chronic health conditions under investigation were excluded. This 
may have led to the selection of a healthy study population and underestimation 
of the magnitude of the problem of geriatric syndromes. 

Implications
Geriatric syndromes may indicate an increased risk for future chronic health 
conditions. Physicians and healthcare professionals should therefore be aware 
of this association with chronic health conditions when diagnosing older people 
with geriatric syndromes. The presentation of geriatric syndromes requires 
comprehensive assessment and monitoring to prevent or delay chronic health 
conditions. More research is needed to understand the underlying mechanisms 
between geriatric syndromes and the subsequent development of specific chronic 
health conditions.

Conclusion

Geriatric syndromes were found to be associated with incident chronic health 
conditions, specifically cardiovascular conditions and diabetes after adjusting for 
sociodemographic attributes, social contact, health-related factors, and health –
behaviors. Increased awareness among older individuals with geriatric syndromes 
and their physicians is required. Comprehensive assessments of geriatric 
syndromes may help to prevent or at least delay the development of chronic health 
conditions.
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Additional file 1. 
Questions on chronic health conditions at baseline and follow-up, and medications 
considered at baseline for validation. 

COPD or emphysema or chronic bronchitis or asthma
At baseline: Do you have COPD, emphysema or chronic bronchitis?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, COPD, emphysema or chronic bronchitis?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, asthma?

Heart attack
At baseline: Have you ever had a heart infarction, attack?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, heart infarct, attack.

Heart failure
At baseline: Do you have heart failure?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, Heart failure

Stroke
At baseline: Have you ever had a stroke?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, Stroke

Cancer
At baseline: Do you have or had cancer? Have you been cured?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, cancer

Diabetes
At baseline: Do you have diabetes?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, diabetes
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Dementia
At baseline: Which of the following diseases have you had or have, dementia ?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, dementia?

Parkinson´s disease 
At baseline: Which of the following diseases have you had or have, Parkinson’s 
Disease ?
Follow-up: Which of the following diseases have you had or have since the last 
questionnaire, Parkinson Disease?

Baseline assessment of presence of chronic health conditions validated with 
medications: 
Pulmonary disease

- Self-reported pulmonary disease (chronic obstructive pulmonary 
disease COPD, emphysema or chronic bronchitis) and asthma/
COPD medication (ATC: R03AC, R03AK, R03BA, R03BB, 
R03BC01, R03BC03, R03DA04, R03DC)

Cardio-vascular disease
- Self-reported heart failure and any use of heart failure related 

medications e.g. diuretics (ATC: C03A, C03B, C03C, C03E, 
C03X), ACE-I and angiotensin receptor blocker (ATC: C09), 
aldosteronantagonist (ATC: C03D) and betablocker (ATC: C07)

- Use of anti-hypertensives (ATC: C02,C03,C04, C07 C08, C09)
- Self-reported vascular disease (myocardial infarction, stroke,  

percutaneous coronary intervention, coronary artery bypass 
grafting) and use of vitamin k-antagonist (ATC: B01AA), or ascal 
(ATC: B01AC06), or acetylsalicylic acid (ATC: B01AC08), or 
clopidogrel (ATC: B01AC04)

Cancer
- Self-reported

Diabetes
- Self-reported based on questions
- Or use of oral anti-diabetics (Anatomical Therapeutic Chemical 

Classification System (ATC) code: A10B), insulin (ATC: A10A)
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Neurological disease
- Self-reported dementia
- Self-reported Parkinson’s disease and anti-parkinson’s medication 

(ATC: N04BC02, N04BB01, N04BC07, N04BX02, N04BA02, 
N04BC05, N04BD02, N04BC04, N04BC09, N04BD01, N04BX01)
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