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Objectives: Maintenance of independence is a challenge for nursing home residents whose pain is often
substantial. The objective of this study was to explore the relationship between pain perception and care
dependency in a population of Dutch nursing home residents.
Design: Prospective cohort study.
Setting and participants: Dutch nursing home residents aged 65 or older, excluding residents with a
severe cognitive impairment.
Methods: The Numeric Rating Scale (NRS) was used to rate pain perception from 0 to 10 in half-point
increments and the Care Dependency Scale (CDS) to measure care dependency, with scores ranging
from 15 (completely care dependent) to 75 (fully independent). Both measurements were repeated after
a 2-month follow-up. Multiple linear regression analysis was used to adjust for potential confounders.
Missing data were dealt with by performing tenfold multiple imputation.
Results: A total of 1256 residents (65% women, mean age 83 years) were included. At baseline, the
median NRS pain score was 3.0 (interquartile range 0.0e6.0) and the mean CDS score was 55.9 (SD 11.5).
Cross-sectionally, for 1-point increase in pain score, care dependency increased 0.65 points [95% confi-
dence interval (CI) 0.46e0.83]. More pain at baseline was associated with slightly lower care dependency
after 2 months (beta 0.20, 95% CI 0.01e0.39). Compared with residents whose pain decreased over
2 months, residents with stable pain or increased pain had a 2.27-point (95% CI 0.83e3.70) and 2.39-
point (95% CI 0.87e3.90) greater increase in care dependency, respectively.
Conclusions and implications: Pain perception and care dependency are associated in a population of older
nursing home residents, and stable or increased pain is associated with increased care dependency
progression. The findings of this study emphasize that pain and care dependency should not be assessed
nor treated independently.

� 2020 The Authors. Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
Worldwide, the proportion of older people is rising.1 Older people should focus onmaintenance of independence, and studies in an older

most often prioritize maintenance of independence as treatment
goal.2 However, a longer life is accompanied by an increased risk of
institutionalization.3 In nursing homes, care dependency in activities
of daily living (ADL) negatively affects the residents’ quality of life,4 as
well as health costs and workload for the nursing home staff.5e7 For
these reasons, care in nursing homes and for older people in general
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population should consider care dependency as an outcome measure.
Identifying risk factors for care dependency in nursing home res-

idents is important for targeted interventions. Pain is a potential risk
factor with a large-scale impact on mood and well-being, and inter-
ference of pain with daily activities decreases the health-related
quality of life in nursing home residents.8e10 Approximately half of
the European nursing home residents suffer from pain, and their
discomfort is often insufficiently managed.11 Although theoretically
higher pain intensity could impede physical and social activities,
leading to care dependency, evidence for such a link is inconsistent.
Whereas Tabali et al.12 did not find an association between pain and
care dependency, pain and impairments in ADL have been
correlated.13e15
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A better understanding of the relationship between pain and care
dependency could improve interventions to prevent and manage care
dependency. It was hypothesized that there is an association between
more pain and higher care dependency cross-sectionally and that
more baseline pain is associated with higher care dependency at
follow-up. The primary objective of this study is to explore the
association between pain perception and care dependency
cross-sectionally in older residents in Dutch nursing homes. The
secondary objective is to examine the effect of pain at baseline on care
dependency at follow-up and to explore the association between a
change in pain and a change in care dependency over time.

Methods

Study Design, Setting, and Participants

This study is an ongoing prospective cohort study of Dutch nursing
home residents. Data are collected for both educational and research
purposes by first-year medical students from the Leiden University
Medical Center in the Netherlands.16 Beforehand, they are trained in
adequate data collection processes to ensure data quality. Annually,
the assessors are split into 2 shifts and assigned to a single ward in a
participating nursing home to do a 2-week nursing internship. Besides
care activities, each assessor is carefully instructed to include the most
recently admitted resident of this ward for baseline data collection in a
systematic manner. Assessors return to the nursing home after 2 to
3 months for follow-up data collection of the same resident. Data for
the current study were collected between 2013 and 2019 in 233
nursing homes. The STROBE guidelines for observational studies was
followed,17 and the relevant institutional ethics committee gave
permission for the study.

Inclusion and Exclusion Criteria

The study was restricted to residents aged 65 or older. Due to the
nature of data collection it is possible that residents are included
twice. Therefore, double cases were excluded after identification
based on date of birth, sex, admission date, and year of data collection.
Also, subjects with a missing baseline pain score or less than 8 of 15
items available on care dependency at baseline were excluded.
Furthermore, cognitive performance was assessed using the Cognitive
Performance Scale (CPS), which assigns nursing home residents to 7
categories ranging from intact cognitive performance to very severe
impairment. Residents with a severe or very severe cognitive
impairment were excluded, being unable to reliably self-report pain.18

Pain Perception

Residents’ current pain perception was collected by interview,
using the Numeric Rating Scale (NRS). The scale has been proven valid
in older persons.19 Pain was rated from 0 (no pain) to 10 (worst pain
imaginable) in half-point increments. The minimal clinically impor-
tant difference in pain score is 1 point.20 If the assessor thought that
the resident was not able to reliably report their pain due to cognitive
impairment, the NRS was not filled in.

Care Dependency

The Care Dependency Scale (CDS) was scored based on the asses-
sors’ observations and in consultation with the regular nursing staff.
The CDS is considered valid and reliable.21e24 Care dependency is
evaluated in 15 categories by means of a 5-point Likert scale: food
consumption, incontinence, body posture, mobility, circadian rhythm,
dressing, maintenance of body temperature, hygiene, avoidance of
danger, communication, social contact, sense of values and standards,
daily activities, recreational activities, and learning ability. The lowest
score is 15, indicating the resident is completely care dependent, and
the highest score is 75, indicating the resident is fully independent.
Thus, the lower the CDS score, the higher the care dependency.

Confounding Factors

Potential confounding factors were determined a priori using
expert knowledge and existing literature.25e28 Avariablewas included
as a confounder if it matched the following 3 criteria: (1) it is a risk
factor for care dependency; (2) it is associated with pain; and (3) it is
not an effect of pain.29 Potential confounding factors were measured
at baseline. Data on the residents’ date of birth, sex, admission date,
patient history, chronic diseases, and medication were extracted from
the electronic health records. Fall history was both verified by the
residents themselves and extracted from their records. Cognitive
performance was assessed using the CPS, which is minimally stressful
for the residents and corresponds closely with the Mini-Mental State
Examination and the Test for Severe Impairment.30 Age and time since
admission were treated as continuous variables, cognitive perfor-
mance as a categorical variable, and all other potential confounders
were collected as dichotomous variables. Confounding was adjusted
for in a stepwise fashion. The crude model 1 includes no confounders.
Model 2 adjusts for age and sex. Model 3 adds cerebrovascular acci-
dent, myocardial infarction, and malignancy in the patient history, as
well as chronic obstructive pulmonary disease, diabetes mellitus,
rheumatoid arthritis, falls in the past 3 months, time since admission
to the ward, and cognitive performance. Depression medication and
benzodiazepines were added in a separate model as a sensitivity
analysis. The diagnoses depression and anxiety were not measured,
and therefore medicationwas used as a proxy. Depression and anxiety
are potential confounders but may also be an effect of pain and thus
part of the mechanisms through which pain causes care
dependency.31

Data Analysis

Normally distributed variables are presented as mean values with
standard deviations, non-normally distributed variables as median
values with the interquartile range, and categorical variables as per-
centages. Baseline characteristics of the study population were strat-
ified by absence (NRS 0e3.5) and presence (NRS 4e10) of substantial
pain. Following the CDS guideline, the maximum of 7 missing items
were replaced by the mean value of the remaining items.32 Missing
data for confounding variables were dealt with by performing tenfold
multiple imputation to prevent selection bias.33,34 All measured resi-
dent characteristics potentially predictive for themissing confounding
variables were used in the imputation model, including pain, care
dependency, death, and other resident characteristics at follow-up.
Missing values for pain and care dependency were not imputed in
the main analysis.

To assess the association between pain perception and care de-
pendency, multiple linear regression analyses were performed. First,
the cross-sectional association between the NRS score and the CDS
score at baseline was analyzed. Next, the association between the
baseline NRS score and the CDS score at follow-up was studied,
adjusting for the baseline CDS score. Finally, the association between
the change on the NRS and on the CDS was studied, subtracting the
baseline scores from the follow-up scores. In the latter 2 analyses,
residents were excluded if the pain score or CDS score was not
available at follow-up. To visualize possible disproportionality in ef-
fect, the change in pain score was divided into 3 categories: decrease
in pain (change < 0), stable pain (change ¼ 0) or increase in pain
(change > 0). In all other analyses the NRS and CDS scores were kept
continuous. The same step-by-step method of adjusting for



Table 1
Resident Characteristics at Baseline Stratified by Pain Perception

Total Population
(n ¼ 1256)

NRS 0e3.5
(n ¼ 674)

NRS 4e10
(n ¼ 582)

Age (mean, SD) 83.2 (7.4) 83.3 (6.9) 83.0 (7.9)
Sex (% female) 65.4 61.3 70.3
No. wk since admission
(median, IQR)

5.0 (1.4e17.4) 6.0 (1.9e19.7) 4.1 (1.3e15.4)

Fallen in past 3 mo (%) 39.1 28.6 51.0
Cognitive function (%)
Intact 34.8 29.8 40.5
Borderline intact 23.1 23.3 22.9
Mild impairment 19.7 21.1 18.0
Moderate-moderate severe
impairment

22.5 25.8 18.5

Comorbidities (%)
Diabetes mellitus 20.2 19.7 20.9
Rheumatoid arthritis 8.6 5.6 12.2
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confounding factors was used in all analyses. The regression co-
efficients were pooled over the 10 imputation datasets using Rubin’s
rules.35 Assumptions of normality, linearity, homoscedasticity, and
absence of multicollinearity were checked and met in all performed
linear regression analyses.36,37

Further sensitivity analyses were performed. To assess the modi-
fication effect of cognitive function, the cross-sectional association
between pain and care dependency was stratified by 4 categories,
ranging from intact cognitive function to moderate severe cognitive
impairment. In addition, the effect of attrition and missing baseline
data were assessed by repeating the 3 main analyses while imputing
both missing pain and care dependency data, except when residents
died, were discharged, or when no follow-up visit was conducted. All
analyses were performed in IBM SPSS Statistics for Windows version
25 (IBM Corp., Armonk, NY).
COPD 14.2 14.0 14.5
Patient history (%)
Myocardial infarction 11.4 12.1 10.7
CVA 23.9 23.5 24.2
Cancer 21.9 21.9 21.9

Pain medication (%)
WHO 1 pain medication 67.1 54.7 81.2
WHO 2 pain medication 12.7 6.6 20.0
WHO 3 pain medication 14.9 6.8 24.4

COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident;
IQR, interquartile range; WHO, World Health Organization.
Results

In total, data from 1988 residents were collected. Ten percent of the
residents were excluded for being younger than 65 years, 13% for
having a severe or very severe cognitive impairment based on the CPS,
14% for missing data on pain, and 1 resident for missing data on care
dependency. A total of 1256 residents fit the study criteria for themain
cross-sectional analysis. From these residents, 28%were lost to follow-
up and for 13% no follow-up visit was conducted because the study
had ended. Another 4% moved or were discharged, and 2% died. From
the remaining 673 residents, 10% were excluded for missing data on
care dependency at follow-up and 11% for missing data on pain at
follow-up (flowchart shown in Figure 1). Baseline characteristics for
residents with and without substantial pain are shown in Table 1. The
variables in Table 1 had 10% missing values on average. The median
NRS pain score was 3.0 (interquartile range 0.0e6.0) and the mean
care dependency score was 55.9 points (SD 11.5) in the total popula-
tion. The following differences between the group with and without
substantial pain are notable. The substantial pain group was more
frequently female, had lived in the nursing home for a shorter period,
Fig. 1. Flowchart of the
and had fallen more often. Also, their cognitive function was more
often intact, they suffered from rheumatoid arthritis more frequently,
and used more pain medication. The mean follow-up time was
2.3 months (SD 0.5). Pain and care dependency increased (CDS score
decreased) by 0.2 and 1.7 points respectively for residents with a
follow-up measurement.

Table 2 shows the cross-sectional association between baseline
pain and care dependency. It also shows the association between
baseline pain and care dependency after 2 months. Cross-sectionally,
study population.



Table 2
Association of the Baseline NRS Pain Score With the CDS Score at Baseline and at a 2-month Follow-up

Regression Coefficient (95% Confidence Interval)

Adjust. model* Baseline CDS (n ¼ 1256) Follow-up CDS (n ¼ 605)y

B Lower Bound Upper Bound P Value B Lower Bound Upper Bound P Value

1 �0.42 �0.64 �0.21 <.001 0.20 0.02 0.38 .028
2 �0.47 �0.69 �0.26 <.001 0.21 0.03 0.39 .022
3 �0.65 �0.83 �0.46 <.001 0.20 0.01 0.39 .043

*Model 1: crude association. Model 2: adjustment for age and sex. Model 3: adjustment for age, sex, myocardial infarction, cerebrovascular accident, diabetes mellitus,
malignancy, chronic obstructive pulmonary disease, rheumatoid arthritis, fall history, duration of admission to ward and cognitive performance.

yThe baseline CDS score was added to adjustment models 1e3.
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for every point increase in pain, care dependency increased with 0.65
points [95% confidence interval (CI) 0.46e0.83], after adjustment for
confounding factors. However, more baseline pain was associated
with slightly lower care dependency (higher CDS score) at follow-up,
with an adjusted regression coefficient of 0.20 (95% CI 0.01e0.39). The
crude model and adjustment for solely age and sex showed compa-
rable effects in both analyses.

Figure 2 is a graphic representation of the crude relationship be-
tween the change in pain and care dependency. In residents with
decreased pain (n ¼ 147), care dependency remained stable, while in
residents with stable pain (n ¼ 208) or increased pain (n ¼ 176), care
dependency increased (CDS score decreased) with 2 points over
2 months. Table 3 shows that residents with stable or increased pain
had respectively a 2.27-point (95% CI 0.83e3.70) and 2.39-point (95%
CI 0.87e3.90) greater increase in care dependency than residents
whose pain decreased over 2 months, after adjustment for
confounders.

Sensitivity analyses showed robustness of the findings (see
Appendices 1 to 3). Adding depression medication and benzodiaze-
pines to adjustmentmodel 3 had a negligible effect on the results in all
analyses (data not shown).
Fig. 2. Change on the CDS for residents with decreased (n ¼ 147), stable (n ¼ 208), or
increased (n ¼ 176) pain score on the NRS over 2 months (mean values with 95% CIs).
Care dependency was stable in residents whose pain decreased, whereas care de-
pendency increased in residents with a stable or increased pain. DCDS ¼ baseline CDS
score subtracted from the CDS score after 2 months (a negative change score indicates
an increase in care dependency).
Discussion

The relationship between pain perception and care dependency in
older nursing home residents was explored in this study. Cross-
sectionally, more pain and higher care dependency were associated.
However, more pain at baseline was not associated with higher care
dependency after 2 months. Nevertheless, both stable pain and an
increase in pain were associated with increased care dependency
progression compared with residents who experienced a decrease in
pain.

These results support the presence of a relationship between pain
and care dependency. Although the cross-sectional increase in care
dependency of 0.65 points for every point increase in pain score may
seem small compared with the possible CDS range of 60 points, the
interquartile range of the NRS pain score is wide in this population
(0.0e6.0 points). These 6 points can be translated into a difference of
almost 4 points on the CDS. By comparison, the CDS decreases only 1
point during a urinary tract infection.38 Whereas the minimal clini-
cally important difference of the CDS sum score has not been defined
in literature, the 15 items reflect the fundamental needs in nursing
care,39 and thus a change in any of those items is meaningful. Not only
is every small win in the CDS sum score associated with decreased
mortality and improved quality of life,27,40 indirect wins like
decreasing staff distress and health costs are also relevant issues in an
ageing society.6 Longitudinally, care dependency increased with 2
points for residents with stable or increased pain, whereas care de-
pendency was stable in residents with decreased pain. Considering
single items of the CDS on an individual level, these 2 points could
make the difference between losing or maintaining self-esteem in
performing daily activities or the ability to eat, for example. Because
the residents with stable and increased pain made up as much as 70%
of the studied population, adequate pain treatment may have a wide-
scale impact on care dependency. Randomized trials investigating the
effect of pain management on care dependency are therefore
recommended.

As more pain at baseline was only associated with higher care
dependency cross-sectionally and not with higher care dependency at
follow-up, the results cannot discriminate between pain affecting care
dependency or reverse causation. For example, pain could lead to care
dependency due to impaired range of motion and decreased will-
ingness to move.41 Also, pain is strongly associated with depression in
nursing homes,42,43 which in turn is a risk factor for a deterioration in
ADL performance and thus more individual care demands.27,44 The
other way around, care dependency may lead to pain through con-
ditions like muscle contractures or pressure ulcers, which are the
result of decreased activity and mobility.45,46 For these reasons, the
potential reciprocal relationship between pain and care dependency
should be further explored in future studies.

In contrast to the hypothesis, more pain at baseline was associated
with improved independence after 2 months, although the effect size
was small. A possible explanation is that residents who are admitted
with substantial pain experience a decrease in pain during follow-up



Table 3
Relative Change on the CDS in Residents With Stable or Increased Pain Compared
With Residents Who Experienced a Decrease in Pain Over 2 Months (n ¼ 531)

Regression Coefficient (95% Confidence Interval)

Adjust. model* NRS pain B Lower Bound Upper Bound P Value

1 Decrease 0y

Stable �1.97 �3.37 �0.56 .006
Increase �1.93 �3.39 �0.47 .009

2 Decrease 0y

Stable �2.06 �3.47 �0.65 .004
Increase �2.07 �3.54 �0.60 .006

3 Decrease 0y

Stable �2.27 �3.70 �0.83 .002
Increase �2.39 �3.90 �0.87 .002

*Model 1: crude association. Model 2: adjustment for age and sex. Model 3:
adjustment for age, sex, myocardial infarction, cerebrovascular accident, diabetes
mellitus, malignancy, chronic obstructive pulmonary disease, rheumatoid arthritis,
fall history, duration of admission to ward and cognitive performance.

yThe group with a decrease in pain was set as reference.
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as a result of pain treatment and regression to the mean, especially
residents admitted to a care facility for rehabilitation purposes. The
relief of pain then leads to improved independence at follow-up.47

This explanation is supported by the statistically significant differ-
ence in care dependency progression between the residents who
experienced a decrease in pain and those with stable pain. The reason
for admission and projected length of stay were not assessed in the
current study. Therefore, the question whether observed findings are
due to naturalistic changes in pain and care dependency or to suc-
cessful treatment of pain causing conditions remains unanswered.

The results are in line with previous studies that reported a cor-
relation between pain and impairments in ADL in a population of
nursing home residents.13e15,48 However, in the cross-sectional study
by Tabali et al.12 no association was found between the CDS score and
pain perception. Several reasons may explain this difference in results.
Despite a similar study population, power was smaller in their study
with only 120 residents. Also, pain was measured with yes/no ques-
tions, and the CDS score was divided into 3 categories.

The current study has several strengths and limitations. The
sample size and thus the precision of the study is large compared to
the existing literature on care dependency in nursing homes. Potential
confounders were carefully evaluated a priori based on literature and
expert knowledge, and valid scales were used.19,21e24,30 Selection bias
should be considered as quite a few residents were lost to follow-up or
had missing pain or care dependency data. However, the sensitivity
analysis in which the missing values of pain and care dependency
were imputed did not change the conclusions. The study design could
have been improved by assessing the reason for admission to the
nursing home and with additional follow-up measurements for pain
and care dependency. Repeated measurements with a shorter interval
for longer than 2 months could provide insight in the short-term and
long-term effect of pain on care dependency. Another limitation is the
exclusion of residents with a severe or very severe cognitive impair-
ment. Pain as a risk factor may be especially important for this patient
group because their discomfort is often underdiagnosed and under-
treated.49 Nevertheless, the current study is a good representation of
large nursing home populations without severe cognitive impairment.

Conclusions and Implications

Pain perception and care dependency are associated in a popula-
tion of older nursing home residents, and stable or increased pain is
associated with increased care dependency progression. The findings
of this study support a more holistic approach and emphasize that
pain and care dependency should not be assessed nor treated
independently. A multidisciplinary geriatric assessment is crucial for
nursing home residents and may lead to improvements in both pain
perception and independence.
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