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Abstract

Objective

To examine time-dependent predictors of functional impairment in older adults in Europe
longitudinally.

Methods

Data were derived from the Survey of Health Ageing, and Retirement in Europe (2004—
2013). Functional impairment was assessed by using activities of daily living (ADL) and
instrumental activities of daily living (IADL) indices. Fixed effects regressions were used to
estimate the effects of sociodemographic factors (age, marital status, living situation, and
income deciles (median split)), lifestyle factors (smoking status and alcohol consumption
per week), depression, cognitive function and chronic diseases on the outcome variables.

Results

Longitudinal regressions revealed that functional impairment increased significantly with
age, the occurrence of depression, cognitive impairment, the number of chronic conditions,
and less than daily alcohol consumption in the total sample and in both sexes. Moreover,
the onset of smoking and living without a spouse/partner in household increased functional
impairment in the total sample. The effect of depression on functional impairment was sig-
nificantly more pronounced in men.

Conclusion

Our findings highlight the relevance of changes in age, depression, cognitive function,
smoking and chronic diseases for functional impairment. Since particularly depression and
smoking may be avoidable, developing strategies to prevent depression or stop smoking
might be useful approaches to postpone functional impairment in older adults.
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Introduction

Functional impairments (FI) refer to deteriorations in managing basal (e.g. bathing, dressing
or using the toilet) as well as instrumental activities of daily living (e.g. using a telephone or tak-
ing medication). Functional decline is associated with numerous adverse health outcomes,
such as institutionalization [1, 2] or mortality [3, 4].

It is projected that the proportion of older adults will markedly increase in Europe in the
next decades. Due to these demographic changes, it is most likely that the number of individu-
als with FI will increase considerably in the same period. Consequently, interventional strate-
gies are urgently needed.

Most of the previous studies examining predictors of FI were based on cross-sectional data
[5-7]. Only a few longitudinal studies were conducted thus far [8-11]. However, most of these
longitudinal studies used a static set of baseline characteristics as predictors. Therefore, it is
almost unknown how changes [12-14] in independent variables affect functional decline.

Thus, we aimed at determining how various factors affect FI in older adults in Europe. To
this end, we analyzed time-dependent variables which are supposed to be important for func-
tional decline, including sociodemographic factors [15, 16], lifestyle factors [17-19], cognitive
[11,20] as well as mental factors [9] and comorbidity [6].

Based on these studies, we hypothesize that increasing chronic conditions (e.g. osteoarthri-
tis, hip fracture, Parkinson disease) increase functional decline. The onset of these chronic con-
ditions might lead to the inability to perform activities of daily living.

Moreover, we hypothesize that the onset of cognitive decline and the occurrence of depres-
sion increase functional decline. For example, the occurrence of cognitive decline might lead to
the inability to use the telephone. Furthermore, the hypothesis that the onset of depression lead
to functional decline can be explained by decreased physical activity and social interaction [21,
22]. As for lifestyle factors, we hypothesize that a bad lifestyle in terms of alcohol consumption
and smoking lead to functional decline. Moreover, we hypothesize that age has an independent
effect on functional decline [23].

By using fixed effects (FE) regressions (a panel data method), the potential of longitudinal
data can be exploited and thus insights into the causal relationship can be derived. Further-
more, unobserved time-constant factors can be taken into account (in order to avoid omitted
variable bias), providing consistent estimates (under the assumption of strict exogeneity). In a
second step, this might open up possibilities for prevention or postponement of the onset of
functional decline.

Methods
Sample

Data were derived from wave 1 (2004-2005), 2 (2006-2007), 4 (mainly in 2011) and 5 (2013)
of the Survey of Health Ageing, and Retirement in Europe (SHARE) [24]. The third wave
(2008-2009), also known as SHARELIFE, was excluded from analysis as it concentrated on the
life histories of the participants (retrospective).

Based on probability samples, non-institutionalized individuals aged 50 years and above as
well as their spouses (regardless of age) were interviewed in 12 (wave 1), 15 (wave 2 and wave
5) or 16 (wave 4) European countries, in total: Austria, Germany, Sweden, Netherlands, Spain,
Italy, France, Denmark, Greece, Switzerland, Belgium, Israel, Czechia, Poland, Ireland, Luxem-
bourg, Hungary, Portugal, Slovenia and Estonia. The sample is representative of community-
dwelling individuals in old age. Data were collected by computer-assisted personal interviews,
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except for drop off and vignettes questionnaires, which were conducted via paper and pencil.
Please see Borsch-Supan et al. for further details [25].

During waves 1 to 4, SHARE has been reviewed and approved by the Ethics Committee of
the University of Mannheim several times and most recently in 2010. Wave 4 of SHARE and
the continuation of the project in wave 5 have been reviewed and approved by the Ethics Coun-
cil of the Max-Planck-Society for the Advancement of Science (most recently in 2012). Prior to
the CAPI interview consent was given verbal and then documented by the interviewers. This
consent procedure was approved by the ethics committees. The ethical commission agreed that
a verbal consent is sufficient and that written consent statements are not necessary for the con-
duction of SHARE interviews. Please note that in some of the SHARE countries (depending on
country-specific legislation) respondents had to sign a written consent statement for re-con-
tact. Additionally, the respondents’ written consent was necessary for the collection of Dried
Blood Spots and for the linkage of the SHARE survey data to administrative data.

Functional impairment

Two self-reported measures of impairments in basic activities and two measures of impair-
ments in instrumental activities of daily living were used (each with “any difficulty”: 0 = no,
1 = yes). The first score (“Activities of Daily Living Wallace and Herzog Index” [26], ADLI) is
the sum of the tasks “dressing”, “bathing/showering” and “eating, cutting up food”, ranging
from 0 to 3. The second score (“Activities of Daily Living Index®, ADL II) is the sum of the
tasks “dressing", “bathing/showering”, “eating, cutting up food”, “walking across a room” and
“getting in or out of bed” with values from 0 to 5. The scales were adapted from Katz et al. [27].

The third score (“Instrumental Activities of Daily Living Index”, IADL I is the sum of “tele-
phone calls”, “taking medications” and “managing money”. Moreover, the fourth score
(“Instrumental Activities of Daily Living Index 2”, IADL II) is the sum of “telephone calls”,
“taking medications”, “managing money”, “shopping for groceries” and “preparing a hot meal”
with values from 0 to 5. The scales were adapted from Lawton and Brody [28].

The scores were the sum of activities individuals reported difficulties in performing. This
means, the higher the score, the higher the impairments. It is worth noting that the scales were
validated [26, 29]. Moreover, they were used to increase comparability with US-measures and

the RAND Health and Retirement Study (HRS) [30].

Independent variables

Sex, age, marital status (married and living together with spouse; registered partnership; married,
living separated from spouse; never married; divorced; widowed), living situation (Ref.: living
with a spouse/partner in household; living without spouse/partner in household) and income
(household income percentiles; dichotomized by median split) were used as independent vari-
ables. Marital status was dichotomized in regression analysis (0 = married and living together
with spouse / registered partnership; 1 = married, living separated from spouse; never married;
divorced; widowed). Furthermore, lifestyle factors (current smoking status (yes; no) and alcohol
consumption) were included. Alcohol consumption was quantified as alcohol days a week in the
last three months (“not at all” to “almost every day”). It was dichotomized (daily alcohol con-
sumption (“almost every day”) vs. less than daily alcohol consumption (otherwise)).

In addition, cognitive function was quantified by using the item: “Now please tell me all the
words you can recall (up to one minute for recall with ten words list: 1. Butter, 2. Arm, 3. Letter,
4. Queen, 5. Ticket, 6. Grass, 7. Corner, 8. Stone, 9. Book, 10. Stick)” (adapted from the Ten-
Word Delay Recall Test [31]), with a possible range from 0 (worst) to 10 (best). Depression
was quantified by using the European Depression (EURO-D) 12-item scale (e.g. “In the last
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month, have you cried at all?”, with no = 0, yes = 1), ranging from 0 to 12 with a higher score
indicating more depressive symptoms. The scale was developed and validated to compare
depressive symptoms across different European centers in order to account for differences
between regions. The EURO-D scale was dichotomized (1 if EURO-D > 4; 0 otherwise [32]).
Thereby, we focus on transitions to depression. Moreover, comorbidity was quantified by the
number of chronic diseases (heart attack; high blood pressure or hypertension; high blood cho-
lesterol; stroke or cerebral vascular disease; diabetes or high blood sugar; chronic lung disease;
arthritis, including osteoarthritis, or rheumatism; cancer or malignant tumor; stomach or duo-
denal ulcer, peptic ulcer; Parkinson’s disease; cataracts; hip fracture or femoral fracture).

Additionally, for descriptive purposes, the level of education (a time-constant variable) was
assessed by using the International Standard Classification of Education [33] (ISCED-97, with
six levels from “primary education or first stage of basic education” to “second stage of tertiary
education”). It is worth noting that time-constant variables cannot be included as independent
variables in FE regression models. Moreover, we did not control for country of origin since it is
also a time-constant variable.

Statistical analysis

By using panel econometric regressions, time-constant unobserved heterogeneity (e.g. person-
ality) can be taken into account. This is a major advantage over cross-sectional regressions. As
indicated by Sargan-Hansen test (a Hausman test with cluster-robust standard errors), random
effects regressions are inconsistent [34]. This can be explained by unobserved time-constant
factors which are correlated with the predictors [35]. Consequently, (linear) fixed effects (FE)
regression are the model of choice because they provide consistent estimates if this correlation
is present [34]. FE regressions (also called “Within”-regressions) solely use intraindividual
changes over time (for technical details: [36]). It is worth mentioning that solely time-varying
variables can be included in FE regression analysis (with one exception: time-constant factors
can be included as moderating variables, e.g. depression x sex).

Robust standard errors that cluster errors at the individual level were computed to take serial
correlation and heteroscedasticity into consideration. In order to check the robustness of our find-
ings, all analyses were repeated with FE poisson models with cluster-robust standard errors. The P
threshold for determination of statistical significance was .05. All statistical analyses were con-
ducted using Stata 13.1 (Stata Corp., College Station, Texas). Moreover, please note that the Stata
command for FE regressions included individuals with only one observation in calculating the
number of observation since they provide information among others about the constant and the
variance components. However, it does not affect the beta-coefficients and the standard errors.
Additionally, it is worth mentioning that we did not use weights (calibrated longitudinal weights
for the fifth wave were not available to this date) which might affect the estimates, e.g. in terms of
efficiency [37]. For further details please see Stuck et al. [38] and Solon et al. [37]. In addition to the
regression analysis in older adults (total sample; men and women), we exploratory examined the
predictors of FI in very old age (aged 80 and above) as well as in individuals younger than 80 years.

To test the robustness of our findings, sensitivity analysis was conducted. To this end, living
situation was removed from the model specification since it might be correlated with family
status. Moreover, FE poisson models was used (instead of linear FE regression models).

Results
Descriptive results

Our descriptive statistics across waves are depicted in Table 1. We reported descriptive statistics
for individuals who reported at least two valid values for ADL 1, ADL 2,IADL 1 and IADL 2.
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Table 1. Descriptive statistics over time.

Variables Wave 1 (n = 22,439) Wave 2 (n = 28,963) Wave 4 (n = 43,463) Wave 5 (nh = 41,858)
Age®: Mean (SD) 63.7 (10.1) 65.2 (10.2) 66.3 (10.1) 67.9 (10.0)
Female: N (%) 12,577 (56.1) 16,218 (56.0) 24,794 (57.1) 23,961 (57.2)
Education (ISCED-97 Coding): N (%)

Primary education or first stage of basic education 5,980 (28.6) 7,377 (27.2) 8,063 (19.5) 7,220 (18.2)
Lower secondary or second stage of basic education 3,919 (18.8) 4,901 (18.0) 7,994 (19.3) 7,848 (19.7)
(Upper) secondary education 6,052 (29.0) 8,333 (30.7) 14,478 (35.1) 13,768 (34.6)
Post-secondary non-tertiary education 593 (2.8) 936 (3.4) 1,986 (4.8) 2,007 (5.1)
First stage of tertiary education 4,251 (20.3) 5,480 (20.2) 8,409 (20.4) 8,557 (21.5)
Second stage of tertiary education 104 (0.5) 121 (0.5) 357 (0.9) 346 (0.9)
Marital status: N (%)

Married and living together with spouse 16,220 (72.3) 20,760 (71.9) 29,274 (68.1) 27,432 (66.2)
Registered partnership 345 (1.5) 387 (1.3) 648 (1.5) 620 (1.5)
Married, living separated from spouse 219 (1.0) 313 (1.1) 511 (1.2) 483 (1.2)
Never married 1,129 (5.0) 1,362 (4.7) 2,437 (5.6) 2,341 (5.7)
Divorced 1,392 (6.2) 1,840 (6.4) 3,855 (9.0) 3,825 (9.2)
Widowed 3,131 (14.0) 4,211 (14.6) 6,278 (14.6) 6,706 (16.2)
Living with a spouse/partner in household: N (%) 16,973 (75.8) 21,831 (75.4) 31,275 (72.0) 29,285 (70.0)
Alcohol consumption per week' N (%)

Daily alcohol consumption 4,819 (21.5) 5,627 (19.6) 7,961 (18.4) 7,273 (17.4)
Less than daily alcohol consumption 17,615 (78.5) 23,128 (80.4) 35,183 (81.6) 34,563 (82.6)
Current smoker: N (%) 4,227 (18.8) 5,370 (18.6) 8,044 (18.6) 7,463 (17.8)
Absence of depression: N (%) 16,949 (75.5) 22,079 (76.2) 31,623 (72.8) 30,853 (73.7)
Cognitive function®: Mean (SD) 4.9 (1.8) 5.0 (1.8) 5.2 (1.8) 5.3(1.9)
Chronic diseases (Count score)®: Mean (SD) 3.6 (2.3) 3.4 (2.2) 4(2.2) 3.3(2.2)
ADL 1: Mean (SD) 0.1 (0.4) 0.1 (0.5) 2(0.5) 0.2 (0.6)
ADL 2: Mean (SD) 0.2 (0.6) 0.2 (0.7) 2(0.7) 0.3 (0.8)
IADL 1: Mean (SD) 0.1 (0.3) .1(0.4) 1(0.4) 0.1 (0.5)
IADL 2: Mean (SD) 0.1 (0.6) 0.2 (0.7) 2(0.7) 0.2 (0.8)

Missing values for metric variables (if occurred)

& 195 missing values in the first wave and 195 missing values in the second wave

b 238 missing values in the first wave, 478 missing values in the second wave, 859 missing values in the fourth wave and 1,225 missing values in the fifth
wave

¢ 5 missing value in the first wave, 208 missing values in the second wave, 319 missing values in the fourth wave and 22 missing values in the fifth wave
SD: Standard deviation

doi:10.1371/journal.pone.0146967.t001

Regression analysis

Linear FE regressions (Table 2: total sample; Table 3: total sample by gender) showed that FI
(all outcome measures) significantly increased with age, less than daily alcohol consumption,
cognitive impairment, the onset of depression and increasing chronic conditions in the total
sample and in both sexes. Moreover, the transition to ‘not living with a spouse/partner in
household’ increased FI in the total sample and in men (all outcome measures) as well as in
women (IADL 1, IADL 2). Furthermore, the onset of smoking increased FI in the total sample
(all outcome measures), in men (IADL 1, IADL 2) and in women (ADL 1, ADL 2). There was
no robust effect of marital status and income on FI.
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Since the effect of depression on FI was very high in men (Table 3), we tested whether there
are significant differences between men and women (interaction term: gender x depression).
Indeed, the interaction term was significant with all outcome measures (in each case with
p <.001).

In terms of significance, the findings for individuals aged 80 and above (S1 and S2 Tables)
are comparable to the findings for individuals aged <80 years (S3 and S4 Tables). However,
while FI did not increase with the onset of smoking in individuals aged 80 and above, FI
increased with the onset of smoking in individuals aged <80 years.

Sensitivity analysis

Since living situation might be correlated with marital status, we removed living situation from
our main model in sensitivity analysis (results of alternate models are not shown, but are avail-
able upon request from the authors). In this model specification, the effect of marital status was
statistically significant in the total sample and in both sexes. In terms of significance, the other
predictors remained almost the same. Furthermore, we redid everything with FE poisson

Table 2. Factors affecting functional impairment: Results of linear fixed effects regression analysis (total sample).

M £ 3) 4
Variables ADL 1 ADL 2 IADL 1 IADL 2
Age 0.0118***  0.0164***  0.00786***  0.0183***
(0.000457)  (0.000639)  (0.000337)  (0.000605)
Without a partner/spouse?® (Ref.: Married and living together with spouse/registered partnership) 0.00618 0.0127 0.00677 0.00972
(0.0163) (0.0228) (0.0128) (0.0229)
Not living with a spouse/partner in household (Ref.: Living with a spouse/partner in household) 0.0214*** 0.0287** 0.0199%**  0.0446***
(0.00640) (0.00906) (0.00482) (0.00881)
Household income: above median (Ref.: below median) 0.00820* 0.0121* 0.00155 0.00780+
(0.00339) (0.00475) (0.00251) (0.00432)
Daily alcohol consumption (Ref.: less than daily alcohol consumption) -0.0221***  -0.0357***  -0.0174***  -0.0389***
(0.00475) (0.00656) (0.00350) (0.00609)
Smoking (Ref.: Currently not smoking) 0.00483**  0.00713** 0.00288* 0.00504*
(0.00170) (0.00238) (0.00115) (0.00210)
Cognitive function -0.0151***  .0.0246***  -0.0185***  -0.0341***
(0.00116) (0.00166) (0.000997) (0.00170)
Occurrence of depression (Ref: Absence of depression) 0.0753*** 0.105*** 0.0356*** 0.0870***
(0.00455) (0.00646) (0.00346) (0.00605)
Chronic diseases (Count score) 0.0296***  0.0398*** 0.0121%** 0.0288***
(0.00237) (0.00344) (0.00188) (0.00327)
Constant -0.667*** -0.902*** -0.416%** -1.005%**
(0.0306) (0.0428) (0.0218) (0.0395)
Observations 179,806 179,806 179,806 179,806
R? 0.029 0.030 0.025 0.039
Number of Individuals 103,384 103,384 103,384 103,384

& ‘Without a partner/spouse”: Married, living separated from spouse; never married; divorced; widowed; Cluster-robust standard errors in parentheses

**¥ p<0.001

** p<0.01

* p<0.05

+ p<0.10

Observations with missing values were dropped (listwise deletion).

doi:10.1371/journal.pone.0146967.1002
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models. Findings from these models were very similar in terms of significance levels to those
derived from linear FE models.

Discussion

Main findings

Longitudinal regressions revealed that FI in older adults increased significantly with age, less
than daily alcohol consumption, the occurrence of depression, cognitive impairment, and the

Table 3. Factors affecting functional impairment: Results of linear fixed effects regression analysis (total sample, by gender).

Variables
Age

Without a partner/spouse? (Ref.:
Married and living together with
spouse/registered partnership)

Not living with a spouse/partner
in household (Ref.: Living with a
spouse/partner in household)

Household income: above
median (Ref.: below median)

Daily alcohol consumption (Ref.:

less than daily alcohol
consumption)

Smoking (Ref.: Currently not
smoking)

Cognitive function

Occurrence of depression (Ref:
Absence of depression)

Chronic diseases (Count score)
Constant
Observations

R2
Number of Individuals

(1)
ADL 1—
Men
0.0110%**
(0.000656)
-0.0185

(0.0233)
0.0283%*

(0.00947)
0.00949+

(0.00504)
-0.0246%**

(0.00626)
0.00404+

(0.00238)
-0.0172%**
(0.00167)
0.117%**

(0.00848)
0.0334%**
(0.00343)
-0.623%**
(0.0447)
78,744
0.039
45,789

(2)
ADL 2—
Men
0.0150%**
(0.000913)
-0.0239

(0.0326)
0.0418%*

(0.0137)
0.00908

(0.00702)
-0.0425%**

(0.00869)
0.00597+

(0.00329)
-0.0269%**
(0.00239)
0.163%**

(0.0121)
0.0427%**
(0.00496)
-0.827%**
(0.0619)
78,744
0.040
45,789

@)

IADL 1—
Men
0.00733***
(0.000496)
-0.0132

(0.0191)
0.0251%*

(0.00782)
0.000110

(0.00377)
-0.0193%**

(0.00460)
0.00349*

(0.00173)
-0.0179%**
(0.00150)
0.0550% **

(0.00647)
0.0159%**
(0.00288)
-0.399% **
(0.0330)
78,744
0.028
45,789

4)
IADL 2—
Men
0.0169%**
(0.000887)
-0.00733

(0.0350)
0.0604%**

(0.0144)
0.00540

(0.00662)
-0.0435***

(0.00805)
0.00639*

(0.00308)
-0.0331%**
(0.00256)
0.134%%x

(0.0113)
0.0313%**
(0.00498)
-0.963% **
(0.0596)
78,744
0.044
45,789

(5)
ADL 1—
Women

0.0123***
(0.000631)
0.0215

(0.0220)
0.0161+

(0.00864)
0.00676

(0.00457)
-0.0190%*

(0.00725)
0.00547*

(0.00242)
-0.0135***
(0.00160)
0.0535%**

(0.00530)
0.0265%**
(0.00326)
-0.693%**
(0.0417)
101,060
0.024
57,593

(6)
ADL 2—
Women

0.0173***
(0.000885)
0.0364

(0.0309)
0.0189

(0.0121)
0.0139*

(0.00644)
-0.0268**

(0.00992)
0.00817*

(0.00342)
-0.0227%**
(0.00229)
0.0753%**

(0.00751)
0.0375%**
(0.00474)
-0.951%**
(0.0587)
101,060
0.025
57,593

(7)
IADL 1—
Women

0.00822***
(0.000457)
0.0190

(0.0168)
0.0161**

(0.00612)
0.00246

(0.00336)
-0.0151%*

(0.00540)
0.00204

(0.00148)
-0.0189%**
(0.00133)
0.0254%**

(0.00404)
0.00917%**
(0.00248)
-0.424% %
(0.0289)
101,060
0.024
57,593

(8)
IADL 2—
Women
0.0193***
(0.000824)
0.0236

(0.0298)
0.0332%*

(0.0111)
0.00910

(0.00568)
-0.0331%**

(0.00927)
0.00328

(0.00278)
-0.0347%**
(0.00228)
0.0625%**

(0.00705)
0.0269% **
(0.00431)
-1.027%%*
(0.0525)
101,060
0.037
57,593

& ‘Without a partner/spouse”: Married, living separated from spouse; never married; divorced; widowed; Cluster-robust standard errors in parentheses

#%% n<0.001
** p<0.01
* p<0.05
+ p<0.10

Observations with missing values were dropped (listwise deletion).

doi:10.1371/journal.pone.0146967.1003
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number of chronic conditions in the total sample and in both sexes. Moreover, the onset of
smoking and living without a spouse/partner in household increased FI in the total sample.
The effect of depression on FI was significantly more pronounced in men.

Previous research

Our findings confirm the hypothesis that the occurrence of depression, cognitive impairment
and the number of chronic conditions are causal factors for FI. Therefore, it extends previous
knowledge about an association of these variables [6]. The effect of depression on FI may be
explained by the fact that the occurrence of depression is associated with less social ties and less
physical activities [21, 22]. Moreover, it is reasonable that with increasing cognitive deficits
dealing with activities of daily life such as using the telephone becomes increasingly difficult
[39, 40]. As for chronic conditions, our findings are difficult to compare with previous studies
which found an association between chronic conditions at baseline and subsequent FI [41, 42]
due to differences in statistical methods, model specification and the large variety in chronic
condition used to estimate comorbidity scores.

Concerning age, our findings correspond to existing literature 8, 9, 15]. The age-effect
found in our study is worth underlining because we controlled for sociodemographic factors,
depression, cognitive impairment as well as chronic diseases in regression analysis. With regard
to living situation, the literature is heterogeneous. Due to the aforementioned tremendous vari-
ety in statistical models used, findings are difficult to compare. For instance, our findings and
studies that identified the baseline variable ‘living alone’ as a risk factor for subsequent func-
tional decline [43] might be explicated by the fact that living alone reflect other factors increas-
ing the subsequent risk of FI such as multiple falls or decreased physical activity [43].

With less than daily alcohol consumption, FI increased slightly in our study. At first glance,
this seems counterintuitive since it is well known that alcohol has numerous negative effects on
health. Nevertheless, the effect can be explained by individuals abstaining because of poor
health [44]. This is supported by an additional model (not reported in sensitivity analyses)
where we did not control for cognitive function and, consequently, the slight alcohol effect con-
siderably increased. Thus, alcohol consumption is positively correlated (r = .12) with cognitive
function (the more alcohol consumption the more cognitive function). Moreover, the effect of
smoking in older adults is in accordance with previous studies [45, 46]. The non-significant
effect of smoking in individuals in very old age might be explained by the limited statistical
power (since most individuals in very old age did not quit or start smoking).

Strengths and limitations

This is the first study investigating the longitudinal predictors of FI in older adults in Europe in
the long run (2004-2013). Moreover, it should be highlighted that by using FE regressions
unobserved heterogeneity can be taken into account, providing consistent estimates under the
assumption of strict exogeneity. Another strength is that our outcome variable, FI, was assessed
using validated instruments to quantify impairments in basic as well as instrumental activities
of daily living.

However, the assessment of FI was self-reported and thus might be slightly overestimated
[47]. Moreover, even though validated measures was used in all countries, we cannot rule out
the possibility that cross-national differences exist in understanding the items. Additionally,
reverse causality between depression and functional decline might exist [48]. Theoretically, this
can be solved by using panel instrumental variable regressions [34]. Empirically, the problem
of weak instruments was present in our case. Furthermore, our estimates might be biased
downwards due to attrition. Attrition bias was already shown in SHARE data set by Palgi et al.
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[49], nevertheless the size of the differences between individuals who only participated in wave
1 and individuals who participated at least twice was negligible. Generally, the loss of observa-
tions due to the standard approach in microeconometrics (listwise deletion) leads to less infer-
ence and precise estimation. Moreover, it might lead to sample-selection bias [50].

Conclusions

In sum, our findings emphasize the importance of age, the occurrence of depression, cognitive
impairments, smoking and chronic conditions for impairments in basic and instrumental
activities of daily living. While some of these factors in older adults are inevitable, some may be
not, especially depression and smoking. Consequently, in order to prevent or postpone FI in
older adults, generating interventions to prevent depression or stop smoking might be produc-
tive strategies.

Supporting Information

S1 Table. Factors affecting functional impairment: Results of linear fixed effects regression
analysis (age >80 years) * “‘Without a partner/spouse”: Married, living separated from
spouse; never married; divorced; widowed; Cluster-robust standard errors in parentheses;
¥ p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were
dropped (listwise deletion).

(DOCX)

S2 Table. Factors affecting functional impairment: Results of linear fixed effects regression
analysis (age >80 years, by gender) * ‘Without a partner/spouse”: Married, living separated
from spouse; never married; divorced; widowed; Cluster-robust standard errors in paren-
theses; *** p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were
dropped (listwise deletion).

(DOCX)

$3 Table. Factors affecting functional impairment: Results of linear fixed effects regression
analysis (age <80 years) * ‘Without a partner/spouse”: Married, living separated from
spouse; never married; divorced; widowed; Cluster-robust standard errors in parentheses;
¥ p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were
dropped (listwise deletion).

(DOCX)

$4 Table. Factors affecting functional impairment: Results of linear fixed effects regression
analysis (age <80 years, by gender) * ‘Without a partner/spouse”: Married, living separated
from spouse; never married; divorced; widowed; Cluster-robust standard errors in paren-
theses; *** p<0.001, ** p<0.01, * p<0.05, + p<0.10; Observations with missing values were
dropped (listwise deletion).

(DOCX)

Acknowledgments

This paper uses data from SHARE Wave 5 release 1.0.0, as of March 31st 2015 (DOI: 10.6103/
SHARE.w5.100) or SHARE Wave 4 release 1.1.1, as of March 28th 2013 (DOI: 10.6103/
SHARE.w4.111) or SHARE Waves 1 and 2 release 2.6.0, as of November 29th 2013 (DOI:
10.6103/SHARE.w1.260 and 10.6103/SHARE.w2.260) or SHARELIFE release 1.0.0, as of
November 24th 2010 (DOI: 10.6103/SHARE.w3.100). The SHARE data collection has been
primarily funded by the European Commission through the 5th Framework Programme

PLOS ONE | DOI:10.1371/journal.pone.0146967 January 19, 2016 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146967.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146967.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146967.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146967.s004

@’PLOS ‘ ONE

Longitudinal Predictors of Functional Impairment

(project QLK6-CT-2001-00360 in the thematic programme Quality of Life), through the 6th
Framework Programme (projects SHARE-I3, RII-CT-2006-062193, COMPARE, CIT5- CT-
2005-028857, and SHARELIFE, CIT4-CT-2006-028812) and through the 7th Framework Pro-
gramme (SHARE-PREP, N° 211909, SHARE-LEAP, N° 227822 and SHARE M4, N° 261982).
Additional funding from the U.S. National Institute on Aging (U01 AG09740-13S2, P01
AGO005842, P01 AG08291, P30 AG12815, R21 AG025169, Y1-AG-4553-01, IAG BSR06-11
and OGHA 04-064) and the German Ministry of Education and Research as well as from vari-
ous national sources is gratefully acknowledged (see www.share-project.org for a full list of
funding institutions). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Author Contributions

Conceived and designed the experiments: AH HHK. Performed the experiments: AH HHK.
Analyzed the data: AH HHK. Contributed reagents/materials/analysis tools: AH HHK. Wrote
the paper: AH HHK.

References

1. Hajek A, Brettschneider C, Lange C, Posselt T, Wiese B, Steinmann S, et al. Longitudinal predictors of
institutionalization in old age. PLoS ONE. 2015; 10(12):e0144203. doi: 10.1371/journal.pone.0144203
PMID: 26658776

2. LuppaM, Luck T, Weyerer S, Kénig H-H, Bréhler E, Riedel-Heller SG. Prediction of institutionalization
in the elderly. A systematic review. Age Ageing. 2010; 39(1):31-8. doi: 10.1093/ageing/afp202 PMID:
19934075

3. Inouye SK, Peduzzi PN, Robison JT, Hughes JS, Horwitz RI, Concato J. Importance of functional mea-
sures in predicting mortality among older hospitalized patients. JAMA. 1998; 279(15):1187-93. PMID:
9555758

4. Reuben DB, Rubenstein LV, Hirsch SH, Hays RD. Value of functional status as a predictor of mortality:
Results of a prospective study. Am J Med. 1992; 93(6):663-9. doi: 10.1016/0002-9343(92)90200-u
PMID: 1466363

5. Burdick DJ, Rosenblatt A, Samus QM, Steele C, Baker A, Harper M, et al. Predictors of functional
impairment in residents of assisted-living facilities: The Maryland Assisted Living Study. J Gerontol A
Biol Sci Med Sci. 2005; 60(2):258-64. PMID: 15814872

6. ChiuHC, Chen CM, Huang CJ, Mau LW. Depressive symptoms, chronic medical conditions and func-
tional status: a comparison of urban and rural elders in Taiwan. Int J Geriatr Psychiatry. 2005; 20
(7):635—44. PMID: 16021655

7. Friedman B, Heisel MJ, Delavan RL. Psychometric properties of the 15-item geriatric depression scale
in functionally impaired, cognitively intact, community-dwelling elderly primary care patients. J Am Ger-
iatr Soc. 2005; 53(9):1570-6. PMID: 16137289

8. Fujiwara, Yoshida H, Amano H, Fukaya T, Liang J, Uchida H, et al. Predictors of improvement or
decline in instrumental activities of daily living among community-dwelling older Japanese. Gerontol-
ogy. 2008; 54(6):373-80. doi: 10.1159/000151221 PMID: 18679020

9. IwasaH, Yoshida Y, Kumagai S, Ihara K, Yoshida H, Suzuki T. Depression status as a reliable predictor
of functional decline among Japanese community-dwelling older adults: a 12-year population-based
prospective cohort study. Int J Geriatr Psychiatry. 2009; 24(11):1192—200. doi: 10.1002/gps.2245
PMID: 19280681

10. Shinkai S, Kumagai S, Fujiwara Y, Amano H, Yoshida Y, Watanabe S, et al. Predictors for the onset of
functional decline among initially non-disabled older people living in a community during a 6-year fol-
low-up. Geriatr Gerontol Int. 2003; 3(s1):S31-S9.

11. WangL, Van Belle G, Kukull WB, Larson EB. Predictors of functional change: a longitudinal study of
nondemented people aged 65 and older. J Am Geriatr Soc. 2002; 50(9):1525-34. PMID: 12383150

12. Chen C-M, Mullan J, Su Y-Y, Griffiths D, Kreis |IA, Chiu H-C. The longitudinal relationship between
depressive symptoms and disability for older adults: a population-based study. J Gerontol A Biol Sci
Med Sci. 2012; 67(10):1059-67. doi: 10.1093/gerona/gls074 PMID: 22454375

13. Rodriguez Lépez S, Montero P, Carmenate M, Avendano M. Functional decline over 2 years in older
Spanish adults: evidence from the Survey of Health, Ageing and Retirement in Europe. Geriatr Gerontol

PLOS ONE | DOI:10.1371/journal.pone.0146967 January 19, 2016 10/12


http://www.share-project.org/
http://dx.doi.org/10.1371/journal.pone.0144203
http://www.ncbi.nlm.nih.gov/pubmed/26658776
http://dx.doi.org/10.1093/ageing/afp202
http://www.ncbi.nlm.nih.gov/pubmed/19934075
http://www.ncbi.nlm.nih.gov/pubmed/9555758
http://dx.doi.org/10.1016/0002-9343(92)90200-u
http://www.ncbi.nlm.nih.gov/pubmed/1466363
http://www.ncbi.nlm.nih.gov/pubmed/15814872
http://www.ncbi.nlm.nih.gov/pubmed/16021655
http://www.ncbi.nlm.nih.gov/pubmed/16137289
http://dx.doi.org/10.1159/000151221
http://www.ncbi.nlm.nih.gov/pubmed/18679020
http://dx.doi.org/10.1002/gps.2245
http://www.ncbi.nlm.nih.gov/pubmed/19280681
http://www.ncbi.nlm.nih.gov/pubmed/12383150
http://dx.doi.org/10.1093/gerona/gls074
http://www.ncbi.nlm.nih.gov/pubmed/22454375

@’PLOS ‘ ONE

Longitudinal Predictors of Functional Impairment

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

Int. 2014; 14(2):403—-12. doi: 10.1111/ggi. 12115 PMID: 23844926; PubMed Central PMCID:
PMC3843990.

Yang Y, George LK. Functional disability, disability transitions, and depressive symptoms in late life. J
Aging Health. 2005; 17(3):263-92. doi: 10.1177/0898264305276295 PMID: 15857959

Boult C, Kane RL, Louis TA, Boult L, McCaffrey D. Chronic conditions that lead to functional limitation in
the elderly. J Gerontol. 1994; 49(1):M28-M36. PMID: 8282978

Dunlop DD, Semanik P, Song J, Manheim LM, Shih V, Chang RW. Risk factors for functional decline in
older adults with arthritis. Arthritis Rheum. 2005; 52(4):1274-82. PMID: 15818691

Jenkins KR. Obesity's effects on the onset of functional impairment among older adults. Gerontologist.
2004; 44(2):206-16. PMID: 15075417

Moore AA, Endo JO, Carter MK. Is there a relationship between excessive drinking and functional
impairment in older persons? J Am Geriatr Soc. 2003; 51(1):44-9. PMID: 12534844

Perreira KM, Sloan FA. Excess alcohol consumption and health outcomes: A 6-year follow-up of men
over age 50 from the health and retirement study. Addiction. 2002; 97(3):301-10. PMID: 11964106

McGuire LC, Ford ES, Ajani UA. Cognitive functioning as a predictor of functional disability in later life.
Am J Geriatr Psychiatry. 2006; 14(1):36—-42. PMID: 16407580

Penninx BW, Leveille S, Ferrucci L, van Eijk JT, Guralnik JM. Exploring the effect of depression on
physical disability: longitudinal evidence from the established populations for epidemiologic studies of
the elderly. Am J Public Health. 1999; 89(9):1346-52. PMID: 10474551

Xue Q-L, Fried LP, Glass TA, Laffan A, Chaves PHM. Life-space constriction, development of frailty,
and the competing risk of mortality: the Women's Health And Aging Study I. Am J Epidemiol. 2008; 167
(2):240-8. doi: 10.1093/aje/kwm270 PMID: 17906296

Hajek A, Brettschneider C, Posselt T, Lange C, Mamone S, Wiese B, et al. Predictors of frailty in old
age—results of a longitudinal study. J Nutr Health Aging. 2015:1-6. doi: 10.1007/s12603-015-0634-5

Boérsch-Supan A, Brugiavini A, Jirges H, Kapteyn A, Mackenbach J, Siegrist J, et al. First results from
the Survey of Health, Ageing and Retirement in Europe (2004—2007). Starting the longitudinal dimen-
sion. Mannheim: Mannheim Research Institute for the Economics of Aging; 2008.

Boérsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, et al. Data resource profile:
the Survey of Health, Ageing and Retirement in Europe (SHARE). Int J Epidemiol. 2013; 42(4):992—
1001. doi: 10.1093/ije/dyt088 PMID: 23778574

Wallace RB, Herzog AR. Overview of the health measures in the Health and Retirement Study. J Hum
Resour. 1995; 30:S84-S107.

Katz S, Downs TD, Cash HR, Grotz RC. Progress in development of the index of ADL. Gerontologist.
1970; 10(1 Part 1):20-30. PMID: 5420677

Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily
living. Gerontologist. 1969; 9(3):179-86. PMID: 5349366

Rodgers W, Miller B. A Comparative Analysis of ADL Questions in Surveys of Older People. J Gerontol
B Psychol Sci Soc Sci. 1997; 52B(Special Issue):21-36. doi: 10.1093/geronb/52B.Special_lssue.21

Chan KS, Kasper JD, Brandt J, Pezzin LE. Measurement equivalence in ADL and IADL difficulty across
international surveys of aging: findings from the HRS, SHARE, and ELSA. J Gerontol B Psychol Sci
Soc Sci. 2012; 67(1):121-32. doi: 10.1093/geronb/gbr133 PMID: 22156662

Prince M, Acosta D, Chiu H, Scazufca M, Varghese M, Group DR. Dementia diagnosis in developing
countries: a cross-cultural validation study. Lancet. 2003; 361(9361):909—17. PMID: 12648969

Castro-Costa E, Dewey M, Stewart R, Banerjee S, Huppert F, Mendonca-Lima C, et al. Prevalence of
depressive symptoms and syndromes in later life in ten European countries. Br J Psychiatry. 2007; 191
(5):393—-401.

UNESCO, editor. International Standard Classification of Education. ISCED 1997. Paris: UNESCO;
2006.

Cameron AC, Trivedi PK. Microeconometrics: methods and applications. New York: Cambridge Uni-
versity Press; 2005.

Greene WH. Econometric analysis. 7 ed. Boston: Prentice Hall; 2012.

Wooldridge JM. Econometric analysis of cross section and panel data. 2 ed. Cambridge: MIT Press;
2010.

Solon G, Haider SJ, Wooldridge JM. What Are We Weighting For? J Hum Resour. 2015; 50(2):301-16.
doi: 10.3368/jhr.50.2.301

Stuck S, Zuber S, Schuth M, Kotte M, Hunkler C, Kneip T, et al. Release Guide 1.1.1 to SHARE Wave
4.2013.

PLOS ONE | DOI:10.1371/journal.pone.0146967 January 19, 2016 11/12


http://dx.doi.org/10.1111/ggi.12115
http://www.ncbi.nlm.nih.gov/pubmed/23844926
http://dx.doi.org/10.1177/0898264305276295
http://www.ncbi.nlm.nih.gov/pubmed/15857959
http://www.ncbi.nlm.nih.gov/pubmed/8282978
http://www.ncbi.nlm.nih.gov/pubmed/15818691
http://www.ncbi.nlm.nih.gov/pubmed/15075417
http://www.ncbi.nlm.nih.gov/pubmed/12534844
http://www.ncbi.nlm.nih.gov/pubmed/11964106
http://www.ncbi.nlm.nih.gov/pubmed/16407580
http://www.ncbi.nlm.nih.gov/pubmed/10474551
http://dx.doi.org/10.1093/aje/kwm270
http://www.ncbi.nlm.nih.gov/pubmed/17906296
http://dx.doi.org/10.1007/s12603-015-0634-5
http://dx.doi.org/10.1093/ije/dyt088
http://www.ncbi.nlm.nih.gov/pubmed/23778574
http://www.ncbi.nlm.nih.gov/pubmed/5420677
http://www.ncbi.nlm.nih.gov/pubmed/5349366
http://dx.doi.org/10.1093/geronb/52B.Special_Issue.21
http://dx.doi.org/10.1093/geronb/gbr133
http://www.ncbi.nlm.nih.gov/pubmed/22156662
http://www.ncbi.nlm.nih.gov/pubmed/12648969
http://dx.doi.org/10.3368/jhr.50.2.301

@’PLOS ‘ ONE

Longitudinal Predictors of Functional Impairment

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Gill TM, Williams CS, Richardson ED, Berkman LF, Tinetti ME. A predictive model for ADL dependence
in community-living older adults based on a reduced set of cognitive status items. J Am Geriatr Soc.
1997; 45(4):441-5. PMID: 9100712

Jefferson AL, Paul RH, Ozonoff A, Cohen RA. Evaluating elements of executive functioning as predic-
tors of instrumental activities of daily living (IADLs). Arch Clin Neuropsychol. 2006; 21(4):311-20.
PMID: 16814980

Geerlings SW, Beekman ATF, Deeg DJH, Twisk JWR, van Tilburg W. The longitudinal effect of depres-
sion on functional limitations and disability in older adults: an eight-wave prospective community-based
study. Psychol Med. 2001; 31(8):1361-71. PMID: 11722151

Hybels CF, Pieper CF, Blazer DG. The complex relationship between depressive symptoms and func-
tional limitations in community-dwelling older adults: the impact of subthreshold depression. Psychol
Med. 2009; 39(10):1677-88. doi: 10.1017/S0033291709005650 PMID: 19356260

Kharicha K, lliffe S, Harari D, Swift C, Gillmann G, Stuck AE. Health risk appraisal in older people 1: are
older people living alone an ‘at-risk’group? Br J Gen Pract. 2007; 57(537):271-6. PMID: 17394729

Hendrie HC, Gao S, Hall KS, Hui SL, Unverzagt FW. The relationship between alcohol consumption,
cognitive performance, and daily functioning in an urban sample of older black Americans. J Am Geriatr
Soc. 1996; 44(10):1158-65. PMID: 8855993

Liu X, Liang J, Muramatsu N, Sugisawa H. Transitions in functional status and active life expectancy
among older people in Japan. J Gerontol B Psychol Sci Soc Sci. 1995; 50(6):S383-S94. PMID:
7583817

Stuck AE, Walthert JM, Nikolaus T, Bula CJ, Hohmann C, Beck JC. Risk factors for functional status
decline in community-living elderly people: a systematic literature review. Soc Sci Med. 1999; 48
(4):445—-69. PMID: 10075171

Graf C. The Lawton instrumental activities of daily living scale. Am J Nurs. 2008; 108(4):52—62. doi: 10.
1097/01.NAJ.0000314810.46029.74 PMID: 18367931

Hajek A BC, Ernst A, Lange C, Wiese B, Prokein J, Weyerer S, Werle J, Pentzek M, Fuchs A, Stein J,
Bickel H, Mésch E, Heser K, Jessen F, Maier W, Scherer M, Riedel-Heller SG, Kénig HH. Complex
coevolution of depression and health-related quality of life in old age. Qual Life Res. 2015; 24
(11):2713-22. doi: 10.1007/s11136-015-1005-8 PMID: 25986907

Palgi Y, Shrira A, Zaslavsky O. Quality of life attenuates age-related decline in functional status of older
adults. Qual Life Res. 2015; 24(8):1835—43. doi: 10.1007/s11136-015-0918-6 PMID: 25586070.

Cameron AC, Trivedi PK. Microeconometrics Using Stata. Texas: Stata Press; 2009.

PLOS ONE | DOI:10.1371/journal.pone.0146967 January 19, 2016 12/12


http://www.ncbi.nlm.nih.gov/pubmed/9100712
http://www.ncbi.nlm.nih.gov/pubmed/16814980
http://www.ncbi.nlm.nih.gov/pubmed/11722151
http://dx.doi.org/10.1017/S0033291709005650
http://www.ncbi.nlm.nih.gov/pubmed/19356260
http://www.ncbi.nlm.nih.gov/pubmed/17394729
http://www.ncbi.nlm.nih.gov/pubmed/8855993
http://www.ncbi.nlm.nih.gov/pubmed/7583817
http://www.ncbi.nlm.nih.gov/pubmed/10075171
http://dx.doi.org/10.1097/01.NAJ.0000314810.46029.74
http://dx.doi.org/10.1097/01.NAJ.0000314810.46029.74
http://www.ncbi.nlm.nih.gov/pubmed/18367931
http://dx.doi.org/10.1007/s11136-015-1005-8
http://www.ncbi.nlm.nih.gov/pubmed/25986907
http://dx.doi.org/10.1007/s11136-015-0918-6
http://www.ncbi.nlm.nih.gov/pubmed/25586070

