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Abstract

Background:  To investigate trends over age by comorbidity status for the risk of limitations in individual activities of daily living for 
community-living older persons.
Methods:  A longitudinal population-based study was conducted in 9,319 community-living Dutch persons aged 60 years and older. Self-
reported multiple chronic conditions (MCC) and nine instrumental activities of daily livings (IADLs) were assessed in 15 studies of the Dutch 
National Care for the Elderly Program (TOPICS-MDS). Risks of limitations in IADLs, odds ratios (per 5 years), and rate ratios (per 5 years) 
were calculated with mixed logistic and negative binomial regression models with age as the underlying timescale, stratified by number of 
MCC (no, 1–2, ≥ 3 MCC), and corrected for confounders.
Results:  At inclusion, the number of IADL limitations was highest for the “≥3 MCC” group (2.00 interquartile range [1.00–4.00]) and equal 
for “no MCC” or “1–2 MCC” (1.00 interquartile range [0.00–2.00]). Trends of individual IADLs depicted a higher risk in IADL limitation 
with increasing age over 2 years of follow-up, except for handling finances for the “no MCC” group. The longitudinal age effect on IADL 
limitations varied subject to MCC, being strongest for the “no MCC” group for most IADLs; grooming and telephone use were almost 
unaltered by age and MCC.
Conclusion:  We observed a decline in IADL functioning with increasing age over 2 years of follow-up in persons with and without MCC. The 
impact of MCC on IADL decline varied per IADL activity.
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In an aging population and because of advances in health care, more 
individuals will live longer in the presence of chronic conditions. The 
prevalence of multiple chronic conditions (MCC) varies between 
55% and 98% dependent on the definition and study population (1–
6). The consequences and impact of MCC on individuals are signifi-
cant as it has been associated with adverse health outcomes, lower 
quality of life, functional decline, increased health care utilization, 
and mortality (3,4,6). The co-occurrence of two or more chronic 
medical conditions, that is multimorbidity, is common among  

seniors, and is expected to rise because of the increase in life expec-
tancy (1–3,7).

Living independently in the community and being engaged in 
daily life activities has been rated the most important priority among 
older adults (8). Instrumental activities of daily living (IADL) such as 
traveling, grocery shopping, financial handling, medication manage-
ment, and walking are complex integrative measures of functioning 
and essential for a good quality of life and independency (9,10). 
Recent studies suggest a deterioration in IADL activities with age 
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in the presence of MCC (5,11,12). Functional trajectories have been 
studied to describe this complex process of decline by measuring 
changes in functional status at different time points (13,14). By stud-
ying trajectories of decline, the best time to prevent long-term dis-
ability among community-living seniors may be identified. However, 
in most studies IADL functioning was either scored as present or 
absent, or the number of activities unable to perform was considered 
(5,11,12). Despite the importance of the individual domains of IADL 
functioning very little is known on the effects of MCC on difficulty 
with individual IADL activities. So far, limitations dependent on age 
in the individual IADLs in senior adults with MCC are unknown. 
Insight at activity level will help to generate insight in individual 
and societal impact of these losses and subsequent development and 
implementation of preventive strategies. Therefore, the aim of this 
study is to investigate trends over age by comorbidity status for the 
risk of individual IADL limitations for community-living older per-
sons. In addition, summarized scores of IADL limitations will be 
presented.

Methods

Design and Setting
Data of the Dutch “The Older Persons and Informal Caregivers 
Survey–Minimum Dataset” (TOPICS-MDS), a dynamic public 
access database of 42 research studies conducted in the Netherlands, 
was used (15). These studies made use of the same self-report ques-
tionnaire, the TOPICS-MDS. Detailed information on the TOPIC-
MDS has been described elsewhere (16).

For this study, studies targeted at noninstitutionalized persons 
living independently (ie, independently or independently living with 
others) in the community with data of participants with at least 
one follow-up assessment at either 6, 12, 18, or 24  months were 
included. These studies (data collection between December 2009 
and May 2014)  included persons of different birth cohorts with 
and without frailty based on individual study inclusion criteria (see 
Supplementary Table 1). Frailty was based on the accumulation of 
deficits in health (ie, symptoms, morbidities, and/or functional limi-
tations) according to TOPICS-MDS protocol (15). Participants were 
eligible if they were 60 years of age or older and had complete data 
at inclusion on all relevant variables. This resulted in a final data set 
(derived January 2016) consisting of 15 studies and data of 9,319 
older persons (Figure 1 and Supplementary Table 1).

Ethical Considerations
Ethical approval for the fully anonymized data set was integrated 
in the individual studies within the data set. Studies using TOPICS-
MDS data were exempted from ethical review (Radboud University 
Medical Center Ethical Committee review reference number CMO: 
2012/120).

Measurements
Demographics and determinants
Demographic information on age, gender, marital status, education, 
and socioeconomic status was obtained with self-report question-
naires at inclusion. For details, see Supplementary Material.

Chronic conditions were also assessed with self-report question-
naires. At inclusion, participants were asked: “Place a tick next to the 
illnesses and conditions that you have at the moment or have had in 
the past 12 months. You can select more than one answer”: diabetes, 
stroke (brain hemorrhage, cerebral infarction, or transient ischemic 

attack), heart failure, cancer, pulmonary disease (asthma, chronic 
bronchitis, pulmonary emphysema, chronic obstructive pulmonary 
disease), involuntary urinary loss, joint damage of hips or knees, 
osteoporosis (females only), hip fracture, fractures other than hip, 
dizziness with falling, prostatism (males only), depression, anxiety 
or panic disorder, dementia, hearing problems, and vision problems 
(16). All items were scored with two answer categories “absent” (0) 
and “present” (1). Subsequently, the number of self-reported chronic 
conditions was calculated for each participant (range 0–15), and cat-
egorized into three MCC-groups: “no MCC” (0), “1–2 MCC” (1), 
and “≥3 MCC” (2).

Outcome
Ability to perform IADL: At inclusion and follow-up, self-reported 
activities of daily living (ADL) and IADL was assessed with the mod-
ified KATZ-15 ADL and IADL questionnaire (17). Nine IADL activ-
ities were assessed: grooming, handling finances, household tasks, 
preparation of a meal, taking medications as prescribed, grocery 
shopping, using the telephone, traveling, and walking. Participants 
were asked “Do you need help with [activity]?” Each activity had 
two answer categories: “no” (0) and “yes” (1) (17).

Statistical Analysis
Characteristics of the participants were reported as frequencies and 
percentages for categorical variables and means and standard devia-
tions (SDs) or medians and interquartile ranges (IQRs) for continu-
ous variables where applicable.

TOPICS-MDS is a pooled data set of individual-level informa-
tion incorporating data of studies with different study designs and 

Figure 1.  Flow of persons and study inclusion. N = number; TOPICS-MDS = 
The Older Persons and Informal Caregivers Survey–Minimum Dataset.
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sampling frameworks. For our analysis, a one-stage analysis ap-
proach for the analysis of individual patient data was used (18,19). 
Mixed logistic regression models for dichotomous outcomes and 
mixed negative binomial models for the total IADL score were used 
to estimate the association between age and each MCC group sep-
arately and each of the IADL activities. To account for differences 
between studies, a random intercept was included, and a residual 
(ie, GEE type) covariance matrix to account for dependencies be-
cause of the repeated measurements (20,21). The models were 
fitted on an age scale (per 5 years), corrected for determinants re-
ported to be associated with disability, such as gender, education, 
socioeconomic status, marital status at inclusion, and living situ-
ation at inclusion (22). Furthermore, predicted probabilities for the 
individual IADLs were estimated for ages 60, 65, 70, 75, 80, 85, 90, 
95, and 100 years and each MCC group separately. Results of these 
analyses were reported as odds ratios (ORs; with 95% confidence 
intervals [CIs]) for binary outcomes and rate ratios (RRs; with 
95% CIs) for score outcomes. The ORs are from the coefficients 
of the interaction between time-varying age variable and a dummy 
variable generated from the chronic condition variable. For details, 
see Supplementary Material. To produce the graphical presentation 
of the trends, predicted probabilities of the mixed logistic regres-
sion models and the number of IADLs from the mixed negative 
binomial regression were calculated and plotted against age. We 
restricted ourselves to the graphical presentation per MCC group 
and refrained from calculating p values comparing the trends of 
the different MCC groups because of constraints of the statistical 
models used (see Supplementary Material, Interpretation of Results 
section).

Statistical significance levels were set at .05 for all analyses. All 
analyses were performed using the statistical program IBM SPSS 
Statistics for Windows (version 24.0; IBM Corp.) and SAS, version 
9.4 (SAS Institute, Inc., Cary, NC).

Results

Most of the 9,319 participants reported three or more MCC 
(n = 4,690, 49.5%) whereas 1,044 (11.2%) participants reported no 
MCC. With increasing age, a higher number of chronic conditions 
was reported (see Table 1). The number of reported limitations in 
IADL functioning was the highest for participants with “≥3 MCC” 
(2.00 IQR [1.00–4.00]) and equal for those with “no MCC” or “1–2 
MCC” (1.00 IQR [0.00–2.00]).

Trends of Risk of IADL Limitations
Supplementary Table 2 provides an overview of the number of 
participants in the analysis per IADL across MCC groups per 
time of measurement. The duration of follow-up varied between 
studies with a minimum of 6 months to a maximum of 2 years. 
The number of measurements varied between two and five follow-
up measurements, see Supplementary Table 1 for details. Figure 
2A–J show the trends in risk of IADL limitations by the number 
of chronic conditions over ages 60–100 years as observed over a 
2-year timeframe.

Trends of the individual IADLs depict a higher risk in IADL 
limitation with age with the exception of handling finances; par-
ticipants with “no MCC” did not have a higher risk of decline in 
handling finances over the entire age range (Figure 2B) and those 
with “≥3 MCC” showed a higher pace of decline after age 75 years. 
Furthermore, difficulties with grooming (Figure 2A) and using the 

telephone (Figure 2G) appear to be almost unaltered in all MCC 
groups up to age 85 years, with more than 80% capable of perform-
ing these activities at age 100 years.

IADLs with the highest risk of decline over the entire age range 
and all for MCC groups were limitations in household tasks (Figure 
2C) and traveling (Figure 2H), followed by limitations in shopping 
(Figure 2F) and preparing a meal (Figure 2D).

A higher risk of decline was observed for those with increased 
number of chronic conditions for six IADL activities; limitations in 
grooming (Figure 2A) and handling medications (Figure 2E) appear 
to have a relatively small decline for all MCC groups up to the age 
of 85 years. Thereafter, a higher risk of decline was observed for “no 
MCC” compared to “1–2 MCC” or “≥3 MCC.” Concerning limita-
tions in walking (Figure 2I), participants with “1–2 MCC” appear to 
have a higher risk of decline after age 75 years compared to those 
with “no MCC” or “≥3 MCC.”

Trends in the total number of IADL limitations (Figure 2J) show 
a higher risk in the number of IADL limitations at younger-old age 
for those of with “≥3 MCC.” The change in risk for acquiring more 
IADL limitations is higher for those with “1–2 MCC” or “no MCC” 
compared to those with “≥3 MCC” indicating an accelerated transi-
tion into disability for the “1–2 MCC” or “no MCC” groups.

Age Effect on Individual IADL Limitations Across 
Groups of MCC
Table 2 shows the effect of the interaction between age (per 5 year) 
and chronic conditions for each group of chronic conditions. The 
presented ORs and RRs represent the estimated effect of age on the 
odds of limitations per 5 years increase in age (centered at 60 years) 
as observed over a 2-year timeframe.

The age effect on difficulties handling finances was higher for 
groups with MCC compared to the group without MCC: “≥3 MCC” 
(OR = 1.49 [95% CI 1.42; 1.55]), “1–2 MCC” (OR = 1.19 [95% CI 
1.12; 1.27]) versus “no MCC” (OR = 1.04 [95% CI 0.92; 1.17]).

Concerning difficulties in handling medication, the age effect was 
present for all MCC groups, however the effect was strongest for 
those with “no MCC”: “no MCC” (OR = 2.41 [1.92; 3.04]) versus 
“1–2 MCC” (OR = 1.70 [1.56; 1.86]) versus “≥3 MCC” (OR = 1.36 
[1.30; 1.44]).

The age effect on difficulties with household tasks, traveling, 
shopping, preparing a meal, grooming, and telephone use was high-
est for “no MCC” and lowest for “≥3 MCC” (see Table 2). Point 
estimates of “1–2 MCC” lay between these groups.

The age effect on difficulties walking was highest for “1–2 
MCC” (OR = 1.71 [95% CI 1.62; 1.81]) and lowest for “≥3 MCC” 
(OR = 1.29 [1.24; 1.34]). Point estimates of “no MCC” lay between 
these groups. Concerning the limitations in the total number of 
IADLs, the age effect for “no MCC,” “1–2 MCC,” and “≥3 MCC” 
were RR = 1.56 [1.37; 1.77], RR = 1.42 [1.35; 1.51], and RR = 1.25 
[1.19; 1.30], respectively.

Discussion

The aim of this study was to investigate trends of age by comorbidity 
status for the risk of activity-specific IADL decline for community-
living older persons.

We observed that older persons with more self-reported chronic 
conditions at inclusion had higher levels of self-reported functional 
limitations at inclusion. The age effect on limitations in IADL func-
tioning was highest for those with “no MCC” at inclusion and 
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lowest for those with “≥3 MCC” at inclusion, except for difficulties 
in handling finances and walking. Using the telephone and groom-
ing appear to be least effected by MCC and age; whereas difficulties 
with household tasks showed the highest risk of decline throughout 
the entire age range with or without MCC. The latter may be the 
effect of the Dutch Health Care System and Social Support Act that 
offers financial support for housekeeping service to persons if needed 
(23), whereas telephone use may be facilitated by recent techno-
logical advances.

The higher age effect of decline in functioning in almost all IADL 
activities in those with “no MCC” compared to those with “≥3 
MCC” was unexpected. We hypothesize that older adults with MCC 
at younger-old age were perhaps more able to adapt to the situation 
by various coping strategies and acceptance, which has been de-
scribed in the literature (24–26). Whereas persons with new onset of 
IADL difficulty at older age may be troubled by the new situation. 
This hypothesis is supported by other studies suggesting that older 
persons with multimorbidity apply different coping strategies (24–
26) depending on available resources, like anticipating more chronic 
conditions or disability and prepare for it, or acceptance of the situ-
ation to manage daily functioning (24–26). Furthermore, adaptation 

of their daily routine to levels in accordance with their potentials in 
light of multimorbidity may play a role (25,26).

In line with other studies, age was identified as a major risk factor 
for a decline in IADL functioning (27–29). Even though we noticed 
a more prominent age effect on the decline in several IADL activities 
for persons with “no MCC” at inclusion, we were able to confirm 
the findings of other studies that multimorbidity imposes a risk for 
decline in IADL functioning (5,7,28,29). The trends illustrated that 
persons with “≥3 MCC” and “1–2 MCC” had higher levels of dis-
ability at inclusion that progressed over time with higher risks of 
disability in late life for the majority of activities.

In our study, the observed risks of difficulties in handling finances 
and medication were lower over the entire age range than the age-
related risks reported in other studies (14). Moreover, the ability 
to handle finances was unaltered over age in those that reported 
no MCC.

Some methodological aspects need to be considered to inter-
pret our results. First, we used self-reported measures to assess the 
number of chronic conditions and IADL functioning. However, 
a recent study on the comparison of patient reported comorbidi-
ties and those retrieved from medical records provided similar 

Table 1.  Characteristics of Participants at Inclusion Stratified by Chronic Conditions

All Participants 
(N = 9,319)

No Chronic 
Conditions 
(n = 1,044)

1 or 2 Chronic 
Conditions 
(n = 3,666)

≥3 Chronic 
Conditions 
(n = 4,609)

Age (mean ± SD) 78.58 ± 6.57 76,48 ± 5.64 77,85 ± 6.37 79,64 ± 6.73
Gender, N (%)
  Male 3,802 (40.8) 440 (42.1) 1,669 (45.5) 1,693 (36.7)
  Female 5,517 (59.2) 606 (57.9) 1,997 (54.5) 2,916 (63.3)
Education, N (%)
  Low* 2,993 (32.1) 289 (25.8) 1,103 (30.0) 1,621 (35.2)
  Medium† 5,301 (56.9) 643 (61.6) 2,088 (57.0) 2,570 (55.8)
  High‡ 1,025 (11.0) 132 (12.6) 475 (13.0) 418 (9.1)
Marital status, N (%)
  Married 4,675 (50.2) 597 (57.2) 2,012 (54.9) 2,066 (44.8)
  Divorced 609 (6.5) 62 (5.9) 186 (5.1) 361 (7.8)
  Widow/widower/partner deceased 3,403 (36.5) 319 (30.6) 1,206 (32.9) 1,878 (40.7)
  Single 475 (5.1) 47 (4.5) 195 (5.3) 233 (5.1)
  Sustainable living/unmarried 157 (1.7) 19 (1.8) 67 (1.8) 71 (1.5)
Living situation, N (%)
  Independent alone 4,405 (47.3) 411 (39.4) 1,560 (42.6) 2,434 (52.8)
  Independent with others 4,914 (52.7) 633 (60.6) 2,106 (57.4) 2,175 (47.2)
Socioeconomic status 2010 (mean ± SD) 0.07 ± 1.01 0.11 ± 1.01 0.10 ± 1.03 0.02 ± 1.00
Chronic conditions (median ± IQR) 2.00 [1.00–3.00] 0.00 [0.00–0.00] 2.00 [1.00–2.00] 2.00 [2.00–4.00]
Frailty§ [0.00–35.6] (median [IQR]) 8.15 [4.95–12.6] 3.00 [1.80–4.90] 5.75 [4.00–8.40] 11.75 [8.50–15.40]
Number of IADL limitations [total 0–9] 

(median [IQR])
1.00 [0.00–3.00] 1.00 [0.00–2.00] 1.00 [0.00–2.00] 2.00 [1.00–4.00]

  Difficulties grooming YES, N (%) 215 (2.3) 10 (1.0) 53 (1.4) 152 (3.3)
  Difficulties handling finances YES, N (%) 2,120 (22.7) 360 (34.5) 866 (23.6) 894 (19.4)
  Difficulties with household tasks YES, N (%) 5,022 (53.9) 291 (27.9) 1,568 (42.8) 3,163 (68.6)
  Difficulties preparing a meal YES, N (%) 1,724 (18.5) 103 (9.9) 547 (14.9) 1,074 (23.3)
  Difficulties handling medication YES, N (%) 764 (8.2) 40 (3.8) 223 (6.1) 501 (10.9)
  Difficulties with shopping YES, N (%) 2,490 (26.7) 103 (9.9) 697 (19.0) 1,690 (36.7)
  Difficulties using phone YES, N (%) 379 (4.1) 23 (2.2) 108 (2.9) 248 (5.4)
  Difficulties with traveling YES, N (%) 2,830 (30.4) 146 (14.0) 780 (21.3) 1,904 (41.3)
  Difficulties with walking YES, N (%) 2,614 (28.1) 121 (11.6) 735 (20.0) 1,758 (38.1)

Notes: IADL = instrumental activities of daily living; IQR = interquartile range; N = number.
*Less than six classes of primary school, six primary school classes, more than primary school/primary school with uncompleted further education.
†Practical training, Secondary vocational education.
‡Preuniversity education, university/higher professional education.
§Operational definitions for frailty differed across studies: doi:10.1371/journal.pone.0081673
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information in patients between 50 and 80  years of age (30). 
Second, we had no information on the severity of or changes in 
health status or MCC. Furthermore, nuances in daily functioning 
and health status could not be accounted for by limiting answer 
categories to yes and no, lacking discriminative ability (31). This 
may have led to an underestimation of trends for persons with 
severe disease status or change in MCC status. Third, the selec-
tion of chronic conditions and categorization may have influenced 
our results as a selection of 16 conditions were assessed. These 
conditions, including physical and mental health status, were con-
sidered as having equal impact on functioning whereas other stud-
ies considered between 9 and 40 different conditions or examined 
particular patterns of diseases (1–7,11). Fourth, the heterogeneity 
within TOPICS-MDS as a pooled data set of different studies vary-
ing in population size and reporting level may be of concern. To 
address this issue, statistical strategies frequently used for the ana-
lysis of individual patient data from various data sources were ap-
plied and random effects by research project were used to account 
for differences between studies (18–21). Yet, differences in results 
due to choice of statistical models and modeling approaches have 
been described (18,19). Fifth, survival and selection bias may have 
let to biased estimates. Participants with, for example, dementia 
or language barriers may have refrained from study participation. 
Follow-up data may have been unavailable due to study dropout 
after death or change in living situation due to health problems. 
Even though we used statistical models robust for missing-at-
random and included age and comorbidity as prognostic factors 
for deteriorating health, future comparison with other studies are 
needed to provide insight in any bias (20). Sixth, restriction of 
data collection to 2 years did not allow a distinction of effects be-
tween birth cohorts. Seventh, we restricted our results to graphical 
presentations of the MCC groups as constraints of the statistical 
models, that is, unavailability of likelihood ratio tests for mixed 
models, prohibited statistical comparison between MCC groups. 
The strengths of our study are the investigation of the longitu-
dinal impact of MCC combined with the long-term impact of age 
on individual IADL activities. Moreover, the broad age range of 
60–100  years and the large number of community-living older 
adults with and without frailty included in the study enable an 
in-depth understanding of the aging process in this population. 
The evaluation of IADL functioning at activity-level is the most 
important contribution to current research as it provides new in-
sight into the activity-specific decline. It clearly displayed the ne-
cessity for a closer look at the individual activity to successfully 
develop and implement patient-tailored interventions.

Our findings suggest that functional ability assessment should 
be an integral part of a geriatric assessment and a subsequent 
management plan instead of focusing on the single disease. Our 
findings are useful for clinical practitioners in counseling patients, 
family members, and social workers in the planning of late life 
needs. In line with other studies, the aging trends confine the age 
of 75 years as a boundary of IADL functioning (27). In light of 
our results, multidisciplinary teams of physicians, nurses, and so-
cial workers may be needed to provide practical advice to older 
persons and family members, especially to those persons aged 
75 years or older. Special attention should be paid to those who 
may be diagnosed with their first chronic disease at older age. 

Figure 2.  (A–I) Limitations in individual instrumental activities of daily living 
(IADL) by the number of chronic conditions over ages 60–100 years as 

observed over a 2-year timeframe. (J) Limitations in the number of IADL by 
the number of chronic conditions over ages 60–100 years as observed over 
a 2-year timeframe.
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Reablement by regaining skills, building a social network, and 
education may lower the risk of decline or postpone age of pro-
gression (32,33).

Our results may be valuable to health policy makers and guide-
line developers. With older persons living in the community longer, 
budgeting financial resources for health care and support of older 
persons needing assistance is a challenge especially in light of 
demographic developments (33,34). The results of our study may 
contribute to tailored recommendations for the development and 
implementation of preventatives strategies for individuals as well as 
societal support planning.

Conclusion

We observed a decline in IADL functioning with increasing age in 
older persons with and without MCC. The impact of MCC on func-
tional decline varied per individual IADL activity. With the excep-
tion of handling finances and walking, the age effect on the decline in 
IADL functioning was highest in the group with “no MCC” at inclu-
sion. Furthermore, using the telephone and grooming were almost 
unaltered by age and MCC. Future longitudinal research should 
include severity of disease, as well as context and coping strategies 
and IADL functioning.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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