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FACTORS AFFECTING FUNCTIONAL IMPAIRMENT AMONG ELDERLY
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Abstract: Objective: To investigate causal factors of functional impairment in old age in a longitudinal
approach. Design: A population-based prospective cohort study. Setting: Elderly individuals were recruited via
GP offices at six study centers in Germany. They were observed every 1.5 years over six waves. Participants:
Three thousand two hundred fifty-six people aged 75 years and older at baseline. Measurements: Functional
impairment was quantified by the Lawton and Brody Instrumental Activities of Daily Living scale (IADL)
and the Barthel-Index (BI). Results: Fixed effects regressions revealed that functional impairment (IADL; BI)
increased significantly with ageing (B=-.2; p=-1.1), loss of a spouse (3= .5; f=-3.1), not living alone in private
household (B=-1.2; p=-5.5), depression (solely significant for IADL: = .6) and dementia (}=-2.3; f=-18.2).
The comorbidity score did not affect functional impairment. Conclusion: Our findings underline the relevance
of changes in sociodemographic variables as well as the occurrence of depression or dementia for functional
impairment. While several of these causal factors for functional decline in the oldest old are inevitable, some
may not be, such as depression. Therefore, developing interventional strategies to prevent depression might be a

fruitful approach in order to delay functional impairment in old age.
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Introduction

Functional impairments refer to limitations in basic activities
of daily living, such as bathing, dressing or even more
complex activities, e.g. using a telephone, taking medication
or preparing meals. These functional impairments are
associated with numerous negative outcomes, including risk of
institutionalization (1, 2) and mortality (3). Due to demographic
changes (4, 5) it is expected that the number of individuals with
functional impairments will increase, underlining the need for
interventions.

Several cross-sectional studies have investigated factors
associated with functional impairment in old age (6, 7),
including predictors such as depression or physical morbidity.
Yet, however, only a few studies (8—13) have examined factors
affecting functional impairments in old age longitudinally.
Most of these studies used static models. This means that
they used a static set of baseline indicators in their analysis
and therefore could not account for changes in baseline
characteristics. Thus, only a few studies (14—19) examined how
changes in independent variables affect functional impairments.

We analysed time-dependent variables which might be
relevant for functional impairments, such as sociodemographic
(20-22), psychological (6, 8, 15) as well as cognitive factors

(11, 23) and comorbidity (6, 11, 12). Thus, we hypothesize that
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increasing chronic conditions increase functional impairment
since the onset of chronic conditions may lead to the inability
to perform daily activities. Furthermore, we hypothesize that
the occurrence of dementia increases functional impairment.
For instance, the onset of dementia might lead to the inability
to deal with financial matters or to use the telephone. Moreover,
we hypothesize that the onset of depression increases functional
impairment. This might be explained by decreased social
ties and physical activities. Moreover, we hypothesize that
age has an independent effect on functional impairment (24).
Additionally, we hypothesize that predictors differ by gender.

We aimed at determining time-dependent factors affecting
functional impairment in old age in a longitudinal setting. This
knowledge is crucial in order to understand the factors leading
to functional decline (causality). In a further step, this might
open up possibilities for prevention or delay of functional
decline.

Methods

Sample

This longitudinal study used data from the German Study
on Ageing, Cognition and Dementia in Primary Care Patients
(AgeCoDe). It is a population based prospective cohort study.
General practitioners’ (GP) offices recruited individuals at
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six study centers in Germany (Leipzig, Hamburg, Dusseldorf,
Mannheim, Bonn and Munich) in 2003/2004 (baseline). From
this time onwards trained staff interviewed individuals and their
proxies every 1.5 years, with follow-up (FU) wave 5 taking
place in 2011/2012.

Only if they met three conditions at baseline, individuals
were included in the sample: (i) aged 75 years or older, (ii)
absence of dementia and (iii) at least one contact with the GP
during the last 12 months.

Individuals were excluded if they fulfilled at least one of the
following conditions: insufficient knowledge of the German
language, consultations solely by home visits, residence in a
nursing home, severe illness the GP would deem fatal within 3
months, deafness, blindness, lack of ability to provide informed
consent and not being a regular patient of the participating
practice. More details regarding the sampling frame have been
reported by Luck et al. (25). The study has been approved by
the local ethics boards of all participating centers and written
informed consent was obtained from all patients.

While we draw on three waves (FU wave 3: n=1,940; FU
wave 4: n=1,605; FU wave 5: n=1,310) in main analyses for
reasons of data availability, we draw on six waves (baseline:
n=3,256) in additional analyses. Main reasons for lack of
follow-up data were death (n=763) and refused participation
(n=828).

Dependent variables

Functional impairment (assessed from baseline upwards)
was quantified by means of the Instrumental Activities of Daily
Living (26) scale (IADL, 0 = worst score, 8 = best score).
The IADL scale is widely used and has good psychometric
properties (27). By using the IADL scale, we focused on rather
complex instrumental activities of daily living.

In contrast to the TADL scale, the Barthel-Index (BI) (28)
(assessed from FU wave 3 upwards) assesses impairments in
more basic activities of daily living, ranging from 0 (worst
score) to 100 (best score). All estimates were performed using
both, IADL and BI, as outcome variable.

Independent variables

Age, sex, educational level (CASMIN classification (29):
primary, secondary and tertiary education), family status
(Ref.: married; others (single, widowed, divorced)) and living
situation (Ref.: living alone in private household; others (with
spouse/partner, with other relatives, nursing home, assisted
living, retirement home, other)) were used as sociodemographic
variables. It is worth mentioning that the time-invariant
independent variables sex and education were only used to
describe our dataset and cannot be included as independent
variables in FE regressions since they are time-constant.

Depressive symptoms were quantified by means of the
15-item version of the Geriatric Depression Scale (30). We
dichotomized the Geriatric Depression Scale (1 if Geriatric
Depression Scale = 10; O otherwise). Hence, we concentrate

on the occurrence of severe depression. Moreover, dummy
variables for region were included in all regressions (for the
sake of space results for region dummies are not shown in
tables but are available upon request from the authors).

Dementia was assessed by using the Global Deterioration
Scale (1 = no impairment, 7 = severe dementia) (assessed
from baseline upwards) (31). The scale was dichotomized
into dementia (Global Deterioration Scale > 4) and absence of
dementia (otherwise).

The GP recorded (assessed from FU wave 2 upwards) the
presence of 28 chronic conditions: Diabetes, hypertension,
cardiac arrhythmia, coronary heart disease, myocardial
infarction, hyperlipidemia, hypercholesteremia, chronic
heart failure, peripheral arterial disease, Parkinson’s disease,
epilepsy, alcohol abuse, stenosis, transient ischaemic attack,
stroke, hyperthyroidism, hypothyroidism, renal insufficiency,
chronic liver disease, traumatic brain injury, back pain,
arthrosis, obesity, gout, varicose veins, chronic obstructive
pulmonary disease, asthma and gastritis. These comorbidities
were selected to reflect chronic conditions which are common
risk factors for dementia and conditions which are frequent in
old age.

If a chronic condition was present, the GP rated the severity
(1 = mild up to 4 = severe). A weighted count comorbidity
score was computed. For this purpose, the sum of severity
ratings for conditions scored as present was calculated. It was
done to account for the severity of the chronic conditions.

In all variables the proportion of missing values was below
5%.

In total, variables included from baseline upwards were:
IADL, age, sex, educational level, family status, living
situation, Geriatric Depression Scale, Global Deterioration
Scale. Variable included from FU wave 2 upwards was:
Comorbidity score. Variable included from FU wave 3 upwards
was: Barthel-Index.

Statistical Analysis

Linear fixed effects (FE) regressions were used to estimate
the effects of our time dependent variables on functional
impairment (IADL or BI). Consequently, we suppose that the
unobserved heterogeneity such as genetic predisposition is
correlated with the predictors. Random effects (RE) regressions
would be inconsistent in such a case (32). Cluster-robust
standard errors were computed (33) (please see the Appendix
(section: Statistical Analysis) for more details).

In our main models, as already stated earlier, we
concentrated on changes between FU waves 3-5 in the IADL
scale and the BI for reasons of data availability. In order
to test the robustness of our results (in terms of effect size
and significance), we estimated an additional model where
intraindividual changes from all waves (from baseline to FU
wave 5) were used (please see the Appendix (section: Alternate
models)). Consequently, solely JADL were used as outcome
variable because BI was assessed from FU wave 3 upwards.
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Moreover, comorbidity (assessed from FU wave 2 upwards)
was removed as a covariate. To further check the robustness of
these findings, we also applied FE poisson models with cluster-
robust standard errors.

The level of significance was set at a=.05. All statistical
analyses were performed using Stata 13.1 (Stata Corp., College
Station, Texas).

Results

Sample characteristics

Sociodemographic variables, depression, dementia and
comorbidity are depicted over time (FU waves 3-5) in table 1
(please see the Appendix (Tables S1 and S2) for more details).

At FU wave 3, mean age was 84 years (+3.3 years), ranging
from 79-97 years. The majority was female (66.1%), had low
education (59.4%), was either single, widowed, or divorced
(65.2%) and was living alone in private household (50.7%).

Most of these individuals had no depression (98.4%) and no
dementia (91.8%). The mean comorbidity score was 4.5 (+3.8).
Moreover, mean IADL was 6.6 (+2.0) and mean BI was 95.1
(x£13.2).

After 3 years (FU wave 5) the proportion of single, widowed,
or divorced individuals increased to 71.9% due to the death
of many spouses. Other sociodemographic variables remained
almost constant. Furthermore, the mean comorbidity score
decreased to 3.9 (+£3.8), while functional impairment increased
(IADL: 5.9+2 4; BI: 90.7+19.2).

Table 1
Descriptive Statistics over Time (Waves 3-5)

Variables Follow-Up Follow-Up Follow-Up
Wave 3 Wave 4 Wave 5
(n=1,940) (n=1,605) (n=1,310)
Age: Mean (SD) 84.0(3.3) 854 (3.2) 86.9 (3.1)
Female: N (%) 1282 (66.1) 1074 (66.9) 896 (68.4)
Education: N (%)
Low Education 1152 (59.4) 930 (57.9) 755 (57.6)
Middle Education 555 (28.6) 480 (29.9) 390 (29.8)
High Education 233 (12.0) 195 (12.2) 165 (12.6)
Unmarried: N (%) 1263 (65.2) 1075 (67.0) 941 (71.9)
Living alone in private household: N 984 (50.7) 808 (50.4) 641 (48.9)
(%)
Absence of depression: N (%) 1865 (98.4) 1510 (98.0) 1212 (97.4)
Absence of dementia: N (%) 1780 (91.8) 1449 (90.3)  1152(87.9)
Comorbidity (Weighted count score): 45(3.8) 4539 393.8)
Mean (SD)
IADL: Mean (SD) 6.6 (2.0) 6.2(23) 59(24)
BI: Mean (SD) 95.1(13.2) 932 (15.9) 90.7 (19.2)

Regression analysis
Table 2 presents the results of FE regressions for the IADL
scale. Table 3 presents the results of FE regressions for the BI

scale (FU waves 3-5). Gender-specific regressions were also
included (columns 2-3). It is worth mentioning that an increase
in functional impairment corresponds to a decrease in the IADL
scale.

In the total sample, functional impairment (IADL) increased
with each additional year. Moreover, functional impairment
significantly increased with loss of a spouse (p= 0.5) and
not living alone in private household (f=-1.2). Furthermore,
functional impairment significantly increased with the
occurrence of depression (Pp= 0.6) and the occurrence of
dementia (f=-2.3). The comorbidity score did not achieve
statistical significance.

While transitions in marital status affected the IADL scale
in women, transitions in marital status did not affect the IADL
scale in men (with a significant interaction term, p=.01).
Furthermore, the occurrence of depression affected solely
functional impairment in women. However, the interaction term
was not significant (p=.15).

Moreover, we repeated all estimates with the BI as
dependent variable, focusing on more basic activities of daily
living. In contrast to our analyses with the IADL scale as
dependent variable, the occurrence of depression did not affect
functional impairment.

In the total sample, the occurrence of dementia considerably
reduced functional impairment (f= 18.2). Additionally,
functional impairment significantly increased with loss of a
spouse (P=-3.1), not living alone in private household (=-5.5)
and increasing age (f=-1.1). Again, comorbidity score did not
achieve statistical significance.

While changes in marital status and living situation affected
the BI in women, changes in these factors did not affect the BI
in men. However, the interaction terms (marital status x sex,
p=.34; living situation x sex, p=.07) were not significant (please
see the Appendix (Table S3) for more details).

Discussion

Main findings

Longitudinal regressions revealed that functional impairment
(IADL; BI) increased significantly with ageing (p=-.2; p=-1.1),
loss of a spouse (B= .5; f=-3.1), not living alone in private
household (f=-1.2; p=-5.5), depression (solely significant for
IADL: p=-.6) and dementia (3=-2.3; $=-18.2). The comorbidity
score did not affect functional impairment.

Previous research

In sum, our data corroborate the hypothesis, that depression
and dementia are causal factors for functional impairment, and
thus extend previous knowledge (depression: (8, 16, 34, 35);
cognitive functioning: (23, 36—40) about an association of these
factors.

Nevertheless, it is surprising that the occurrence of
depression did not affect the BI which is in contrast to most
previous longitudinal studies (41-43). The effect of depression
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Table 2
Longitudinal Predictors of IADL: Results of Fixed Effects Regressions (Waves 3-5)

Independent variables a

TADL - All
Beta-Coefficients (Clus-
ter-robust standard errors in

(2) 3)
TADL - Women TADL - Men
Beta-Coefficients (Cluster- Beta-Coefficients (Cluster-
robust standard errors in robust standard errors in

parentheses) parentheses) parentheses)
Ageing -0.245%%* -0.247%%* -0.233%**
(0.0127) 0.0141) (0.0254)
Loss of spouse 0.476%%* 0.884#%** 0.0592
(0.144) (0.192) (0.201)
Transitions from living alone to other living arrangements -1.180%** -1.324%%% -0.734%%
0.131) (0.155) (0.228)
Occurrence of depression -0.574* -0.683%%* 0.0279
(0.224) (0.245) (0.499)
Occurrence of dementia -2.334%%% -2.479%%* -1.797%%*
0.212) (0.246) (0.387)
Changes in comorbidity (Weighted count score) -0.00739 -0.0149 0.00759
(0.0100) 0.0115) (0.0185)
Constant 27.14%%% 27.56%%* 25 A5k
(1.120) (1.242) (2.182)
Observations 4,674 3,119 1,555
R? 0.323 0.409 0.166
Number of Individuals 1,902 1,257 645

Comments: Regressions are controlled for region; *** p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were dropped (listwise deletion).

on functional impairment might be explained by decreased
physical activity and social interaction (42, 44). Non-significant
effects were only occasionally found in longitudinal studies (44,
45).

With regard to chronic medical conditions, our findings
based on a weighted count comorbidity score are hard to
compare to previous literature since several studies (11, 22,
39, 45) examined the predictive value of numerous specific
chronic conditions mostly separately. In contrast to our study,
studies using chronic conditions scores including Geerlings
et al. (physical chronic conditions score) (34) or Hybels et al.
(12) (chronic conditions score) found significant associations
between chronic conditions and functional impairment.
These differences might be explained by differences in model
specification, statistical methods and a large variety in chronic
conditions used to calculate comorbidity scores. Moreover, it
is assumed that the occurrence of dementia is a key driver of
functional impairment. Other emerging chronic diseases, such
as diabetes, might be irrelevant for functional decline. This
assumption should be investigated in future studies.

As for age and marital status, our findings correspond to
the previous literature (8, 20-22, 39). However, regarding
living situation, literature is inconclusive (8, 13, 46, 47). For
example, living alone was a risk factor for functional decline

among Japanese community-dwelling older adults (8). This
was confirmed by Gill et al. (older adults in the US) (47).
Another longitudinal study among older people (13) did not
reveal a significant association between living with spouse and
functional decline. In our study the changes in living situation
(transitions from living alone to other living arrangements)
most likely reflect the emerging need for help in activities in
daily living. Other findings using the baseline predictor ‘living
alone’ as risk factor for subsequent functional impairment may
be explained by the fact that this living situation reflect other
risk factors including lower physical activity or multiple falls
(48).

Strength and Limitations

This is one of few longitudinal studies aimed at determining
factors affecting functional impairment in old age. Moreover,
unlike other studies, the present study investigated the effect of
time-dependent variables. Consequently, evidence for causality
can be provided, even though with some limitations (since we
did not have a controlled stimulus).

A further strength is that the study population was an almost
representative sample of old age individuals in Germany
because individuals were recruited via GP offices and almost
every individual of this age bracket has regular GP visits.
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Table 3
Longitudinal Predictors of BI: Results of Fixed Effects Regressions (Waves 3-5)

Independent variables a1 (2) 3)
BI-All BI -Women BI - Men
Beta-Coefficients (Cluster- Beta-Coefficients (Cluster- Beta-Coefficients (Cluster-
robust standard errors in robust standard errors in robust standard errors in

parentheses) parentheses) parentheses)
Ageing -1.085%** -1.099%** -1.003%**
(0.0831) (0.103) (0.138)
Loss of spouse 3.096%* 4 471%* 1.446
(1.021) (1.551) (1.337)
Transitions from living alone to other living arrangements -5.483%* -6.536%** 2.420
(1.111) (1.364) (1.584)
Occurrence of depression -3.135 -4.400 1.988
(2.583) (2.863) (5.340)
Occurrence of dementia -18.19%** -17.92%* -17.98%%*
(2.377) (2.665) (4.890)
Changes in comorbidity (Weighted count score) -0.0494 -0.0317 -0.0545
(0.0748) (0.0935) (0.124)
Constant 189 3% 189. 7% 180.4%%%*
(7.301) (9.022) (11.72)
Observations 4,673 3,119 1,554
R? 0.233 0.263 0.170
Number of Individuals 1,902 1,257 645

Comments: Regressions are controlled for region; *** p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were dropped (listwise deletion).

Moreover, we draw on a long-running dataset (up to 6 waves)
and time intervals between waves were relatively short (1.5
years).

On the other side, we cannot rule out the possibility that
our estimates are biased downwards due to panel attrition
(endogenous selection bias). Consequently, the true effects
might be underestimated. To this end, we investigated whether
there were differences at baseline between individuals with
complete follow-up data and individuals who dropped out
sometime after baseline. Initially the latter group was more
severely functionally (IADL and BI) as well as cognitively
(Global Deterioration Scale) impaired. Furthermore, the latter
group was older, more depressed and had a higher comorbidity
score (results are not shown, but are available upon request
from the authors).

Even though model fit was acceptable, there might exist
factors that also affect functional impairment, such as income
(49), loneliness (50) or stress symptoms (51). Future studies
should clarify the impact of these predictors.

Moreover, even though the TADL scale showed
good psychometric properties, it should be noted that it is
insensitive to small changes in functional status. Furthermore,
due to the self-report method (rather than a demonstration of
functional abilities), the functional abilities might be slightly
overestimated (27) - or underestimated if the person wants

attention.

We also cannot rule out the possibility that there might be
a simultaneity bias (endogeneity) between depression and
functional impairments (52). From a theoretical perspective,
endogeneity bias can be solved by Panel-IV-estimator (32).
Nevertheless, we rejected this idea as we had a problem of
weak instruments.

Conclusion

Our findings stress the importance of changes in
sociodemographic factors as well as the occurrence of
depression or dementia for functional impairment. While
several of these causal factors for functional decline in the
oldest old are inevitable, some may not be, such as depression.
Therefore, developing interventional strategies to prevent
depression might be a fruitful approach in order to delay
functional impairment in old age.

Furthermore, with the growing old age population it is most
likely that the number of old age individuals with dementia
(53) and depression (54) will increase considerably in the
upcoming decades. Consequently, it is expected that the number
of functional impaired elderly individuals will increase.
This in turn will probably increase the need for care in the
next decades. These future challenges should be taken into
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consideration.

Moreover, it is worth emphasizing that it is important to
control for time-constant unobserved factors in functional
impairment research. Therefore, in order to receive unbiased
estimates, future studies should exploit longitudinal data and
consequently use FE regressions to estimate the longitudinal
predictors of functional decline.
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test, resulting in the need to control for unobserved time-constant factors. Thus, FE regressions are the preferred regressions.

Alternate models
We repeated estimates (IADL as criterion) without comorbidity score (assessed from FU 2 upwards) as a covariate. Thus, in-

traindividual changes from baseline up to FU wave 5 were used. Findings were almost the same (in terms of significant predictors
and effect sizes) and the interaction term between depression and sex was significant (p=.001).

Furthermore, all analyses were repeated with FE poisson models, leading to similar results (in terms of significance) (results of

alternate models are not shown, but are available upon request from the authors).

Sample characteristics

Table S1

Descriptive Statistics over Time (Baseline — Wave 2)

Variables Baseline Follow-Up Wave 1 Follow-Up Wave 2
(m=3,217) (n=2,738) (n=2,403)

Age: Mean (SD) 79.7 (3.6) 81.2(3.5) 82.5(34)

Female: N (%) 2,106 (65.5) 1,783 (65.1) 1,583 (65.9)

Education: N (%)

Low Education
Middle Education
High Education
Unmarried: N (%)
Living alone in private household: N (%)
Absence of depression: N (%)
Absence of dementia: N (%)

1,991 (61.9)
883 (27.4)
343 (10.7)
1,848 (57.4)
1,648 (51.2)
3,170 (98.7)
3,217 (100)

Comorbidity (Weighted count score): Mean (SD) -

IADL: Mean (SD)

73(12)

BI: Mean (SD) -

1,673 (61.1)
748 (27.3)
317 (11.6)

1,638 (59.8)

1,407 (51.4)

2,678 (98.2)

2,663 (97.3)

6.8 (1.7)

1,453 (60.5)
669 (27.8)
281 (11.7)

1477 (61.4)

1227 (51.1)

2,332 (98.2)

2,289 (95.3)

45(3.9)
6.7(1.7)
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Table S2

Descriptive Statistics at Baseline (Gender-specific)

Variables Baseline Baseline
(n=2,106) - Women (n=1,111) - Men

Age: Mean (SD) 79.8 (3.6) 794 (3.5)
Education: N (%)

Low Education 1,379 (65.5) 612 (55.1)

Middle Education 613 (29.1) 270 (24.3)

High Education 114 (54) 229 (20.6)
Unmarried: N (%) 1,562 (74.2) 286 (25.7)
Living alone in private household: N (%) 1,648 (51.2) 1,407 (51.4)
Absence of depression: N (%) 2,072 (98.5) 1,098 (99.0)
Absence of dementia: N (%) 2,106 (100) 1,111 (100)
Comorbidity (Weighted count score): Mean - -
(SD)
IADL: Mean (SD) 7.8 (0.7) 6.3(1.5)
BI: Mean (SD) - -

Additional models
Table S3

Longitudinal Predictors of Functional Impairment (with interaction terms): Results of Fixed Effects Regressions

Independent variables (1) IADL (2) IADL (3) Barthel-Index (4) Barthel-Index
Ageing -0.244%%%* -0.245%%%* -1.083%#%%* -1.073%%%*
(0.0127) (0.0127) (0.0829) (0.0830)
Married (Ref.: No) 0.812%#% 0.483 % 4.000%* 2.850%*
(0.184) (0.142) (1.478) (1.033)
Interaction: Sex x marital status -0.638* -1.721
(0.254) (1.806)
Living alone in private household (Ref.: No) 1.195%%* 1. 181%*%* 5.522%%* 6.321%%%
(0.131) (0.131) (1.110) (1.342)
Interaction: Sex x living situation -3.472+
Occurrence of depression -0.572% -0.733%* -3.129 -3.123
(0.222) (0.250) (2.583) (2.576)
Interaction: Sex x depression 0.785
(0.547)
Occurrence of dementia -2.343%%% -2.319%%% -18.21%%%* -18.06%%*
(0.212) 0.211) (2.378) (2.373)
Changes in comorbidity (Weighted count score) -0.00782 -0.00700 -0.0504 -0.0426
(0.0101) (0.00999) (0.0750) (0.0747)
Constant 27.12%%* 27.13%%* 189.3%%* 188.77%%*
(1.121) (1.119) (7.299) (7.286)
Observations 4,674 4,674 4,673 4,673
R-squared 0.324 0.323 0.234 0.235
Number of Individuals 1,902 1,902 1,902 1,902

Comments: Beta-Coefficients were reported; Cluster-robust standard errors in parentheses; Regressions are controlled for region; *#* p<0.001, ** p<0.01, * p<0.05, + p<0.10.
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