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Abstract

Background: This study examines predictors of nursing home admission (NHA) in Belgium in order to contribute to
a better planning of the future demand for nursing home (NH) services and health care resources.

Methods: Data derived from the Belgian 2013 health interview survey were linked at individual level with health
insurance data (2012 tot 2018). Only community dwelling participants, aged >65 years at the time of the survey were
included in this study (n = 1930). Participants were followed until NHA, death or end of study period, i.e., December
31,2018.The risk of NHA was calculated using a competing risk analysis.

Results: Over the follow-up period (median 5.29years), 226 individuals were admitted to a NH and 268 died without
admission to a NH. The overall cumulative risk of NHA was 1.4, 5.7 and 13.1% at respectively 1year, 3years and end

of follow-up period. After multivariable adjustment, higher age, low educational attainment, living alone and use of
home care services were significantly associated with a higher risk of NHA. A number of need factors (e.g., history of
falls, suffering from urinary incontinence, depression or Alzheimer’s disease) were also significantly associated with

a higher risk of NHA. On the contrary, being female, having multimorbidity and increased contacts with health care
providers were significantly associated with a decreased risk of NHA. Perceived health and limitations were both sig-
nificant determinants of NHA, but perceived health was an effect modifier on limitations and vice versa.

Conclusions: Our findings pinpoint important predictors of NHA in older adults, and offer possibilities of prevention
to avoid or delay NHA for this population. Practical implications include prevention of falls, management of urinary
incontinence at home and appropriate and timely management of limitations, depression and Alzheimer’s disease.
Focus should also be on people living alone to provide more timely contacts with health care providers. Further inves-
tigation of predictors of NHA should include contextual factors such as the availability of nursing-home beds, hospital
beds, physicians and waiting lists for NHA.
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of long-term care (LTC) services for older people [1]. In
most industrialized countries, the demand for nursing
homes (NH) is expected to rise sharply during the com-
ing years [1-4]. According to the demographic projec-
tions of the Belgian Federal Planning Bureau in 2019,
the share of the population aged 67 and over, which was
16% in 2018, will rise to 20% in 2030 and 23% in 2070 [5].
Therefore, the number of people requiring care either at
home or at a NH will increase. Data from the Intermu-
tualistic Agency (IMA) show that in 2020, 5,3% of the
population aged 65years and older resided in a NH [6].
If health policies focus on healthy ageing and the organi-
zation of well-functioning and integrated home care, the
need for more NH could be reduced.

According to a study conducted by the King Baudouin
Foundation, 80% of Belgian older people wish to live at
home as long as possible [7]. However, this can only be
achieved in case of a suitable family or financial situ-
ation, or in the absence of serious medical problems.
Otherwise, older people can rely upon a whole chain
of care services, from home care through intermediate
forms to permanent care. An intermediate form of ser-
vices consists of day care centers and short-stay cent-
ers, while permanent care and support in a residential
center is found at the end of the care services chain [8].
Day-care centers are a solution for people who are able
to live at home but who do not have someone coming
in daily to provide the necessary help and care. A short-
stay center offers much of the same care as a permanent
center for residential care, but the stay is limited in time
(a maximum of 90days, of which a maximum of 60days
can be consecutive, per year). In most cases short-stay
centers are embedded in residential care centers, which
then include a number of beds specifically designated
for short-stay residents. As to the residential care cent-
ers in which older people stay permanently, a distinction
should be made between a rest home, on the one hand,
and a rest and care home, on the other hand. Only the
latter are able to accommodate people with a high level of
dependency and who require more extensive care. Most
residential homes in Belgium are recognized as being rest
and care homes, which means that they include both res-
idents with and without special care needs. To ease read-
ing, both the rest homes and the rest and care homes will
be referred to as nursing homes in this paper.

Although living independently at one’s own home
within the community is a major objective defining
healthy ageing [9], the organization of LTC must take into
consideration the balance between community and insti-
tutional care, which both have financial costs and soci-
etal impacts [9-11]. For a better planning of the future
demand for NH services and health care resources, pol-
icy makers need to be aware of the predictors of nursing
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home admission (NHA). Previous studies have identified
potential predictors of NHA on the basis of Andersen’s
behavioral model of health services use, which consid-
ers the use of health services to be a function of an indi-
vidual’s predisposing, enabling, and need characteristics
[2, 3, 12-15]. Predisposing factors include demograph-
ics, social structure, and health beliefs. Enabling factors
are those influencing an individual’s ability to gain access
to health services and include family and community
resources. Need factors refer to the functional and health
problems that generate the need for health care services
[12]. The most relevant are marital status (being single or
widowed), higher severity of cognitive impairment and
mobility impairment [1], dementia [16, 17], living situa-
tions and older age [2, 10, 12, 18—20]. The role of urinary
incontinence as predictor of NHA remains controversial.
Some studies found that urinary incontinence is a strong
predictor of NHA [21, 22], while another study found
that urinary incontinence was not an independent pre-
dictor of NHA after adjusting for confounders [23].

An important limitation of most previous studies on
this topic is the lack of generalizability of the results
because they are often conducted among specific sub-
groups such as patients with dementia or Alzheimer
[1, 16, 17, 24], myocardial infarction [19], or surgery as
a result of a hip fracture [25]. Moreover, some of these
studies lack power and precision since they are based on
small samples [10]. A major methodological shortcoming
in some studies is that they fail to take into account death
as a competing risk of NHA in the analysis, which may
bias the results [1, 12, 18, 26]. Therefore, the objective of
this study is to identify predictors of NHA in a Belgian
community dwelling population aged 65years and over
[27], considering death as a competing risk factor.

Methods

Study population and data

The data for this study were derived from a linkage at the
individual level between data from the Belgian health
interview survey (BHIS) of 2013 and data from the Bel-
gian compulsory health insurance (BCHI) between
2012 and 2018. This linked data is further referred to as
HISlink. The study population is limited to those aged
65years and older.

The BHIS is a national, cross-sectional household
survey conducted more or less every 5years since 1997
by Sciensano, the Belgian institute for health. Partici-
pants are selected from the national population register
through a multistage stratified sampling procedure. The
participation rate was 57% at household level for the
BHIS 2013. In the BHIS, information is collected on the
health status, health behavior, health care consumption,
use of medicines and sociodemographic characteristics.
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Post stratification weights were used to obtain repre-
sentative results at the level of the Belgian population
The detailed methodology of the survey is described else-
where [27].

The BCHI data contain exhaustive and detailed infor-
mation on the reimbursed health care of over 99%
of the total population. These data were provided by
IMA, a joint venture of the seven national health insur-
ance organisations that collects and manages all data on
healthcare expenditures. The BCHI contains three kinds
of data: population data (a limited amount of demo-
graphic and socio-economic information), health care
expenditure data (information on reimbursed health
care) and pharmanet data (detailed information on all
prescriptions for reimbursed drugs dispensed in public
pharmacies) [6]. Although healthcare consumption is
registered in detail, diagnostic information is not avail-
able. A proxy for diagnostic information over a number
of chronic health conditions (e.g. cardiovascular disor-
der, diabetes, asthma, epilepsy, chronic obstructive pul-
monary disease, Alzheimer’s disease, etc.) is estimated
through the volume of the prescription of reimbursed
medication using an algorithm defined by a group of
experts from the National Institute for Health and Dis-
ability Insurance (NIHDI). The algorithm is based on the
anatomical, therapeutic, chemical (ATC) codes of specific
drugs prescribed and dispensed in public pharmacies. A
minimum threshold of 90 DDD (Defined Daily Dose) per
year is used. For some chronic conditions, the algorithm
takes into account the age of the person to assign the dis-
ease or not. For instance, the proxy diagnosis of asthma
is more likely to be attributed to people aged 50years or
younger, while those of chronic obstructive pulmonary
disease is more likely attributed to people over 50years to
determine cases [28].

Individual BHIS 2013 data were linked with BCHI data
using the unique national register number. The linkage
rate was 96% for individuals aged 65years and over. The
BHIS sample includes both community dwelling and
institutionalized people but for this study we only consid-
ered people aged 65years and more residing at home at
the moment of the interview (n =1930).

Measures

Dependent variable

The main outcome was defined as a NHA after partici-
pating to the BHIS 2013 at any time during the follow-up
period. The BHIS 2013 participants were followed until
the date of NHA, the date of death or the end of study
period, i.e., December 31, 2018. The information on the
date of death was retrieved from the BCHI data. NHA
was ascertained if at least one specific nomenclature code
defined by the NIHDI for reimbursement purpose and
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corresponding to care delivery into home for older peo-
ple or nursing home was found. The date of the first care
delivery into NH was considered to be the date of admis-
sion into the NH. Only the first admission into NH was
considered in this study. Short-stay care episodes, i.e. a
maximum stay of 90days, of which 60days may be con-
secutive (defined by specific nomenclature codes) were
excluded from the analyses. Therefore, this study focuses
on NHA as a permanent resident. NHA for a short stay is
not considered.

Independent variables
Independent variables were classified according to
Andersen’s behavioral model of health care use, as

1) predisposing variables: age, gender, educational
attainment, living situation;

2) enabling factors: household income, appreciation of
social contacts, home care services use, urbanization
level and region of residence;

3) need factors: perceived health, Global Activity Limi-
tations Indicator (GALI), multimorbidity, falls, uri-
nary incontinence or problems in controlling the
bladder in the past 12months (either reimburse-
ment for incontinence protections in BCHI data or
self-reported), depression (self-reported depression
in the past 12months or self-reported use of anti-
depressants in the past 2weeks), Alzheimer’s’ disease,
number of contacts with health care providers in the
past 12months (general practitioners, specialists,
dentists, physiotherapists) and hospitalization in the
past 12months .

Home care services use is based on a single question:
“In the last 12 months, have you received help at home or
made use of home care services for yourself? (Yes / No)”
This question is preceded by the following intro: “The
next question is about home care services that cover a
wide range of health and social services provided to peo-
ple with health problems at their homes. These services
comprise for example home care provided by a nurse
or midwife, domestic help for older people, “meals on
wheels” or transport service” Perceived health is based on
the single question: “How is your health in general?”. This
question is part of the Minimum European Health Mod-
ule (MEHM), which is internationally used. Five response
categories are possible: Very good / Good / Fair / Poor /
Very poor. The response categories Very good / Good are
recorded as “Good to very Good” and those Fair / Poor /
Very poor as “Very bad to fair”.

As multimorbidity indicator we used the number of
self-reported chronic conditions per person (out of a total
of 25 chronic conditions), in the past 12months. The list
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of these 25 chronic conditions is found in Table A1 (sup-
plementary data). The GALI is an indicator of limitations
due to health problems taking into account the person’s
environment and support. It is based on a single question
asking the respondent to estimate the possible restric-
tions due to their health: “Have you been limited for at
least 6 months because of a health problem in the activi-
ties that people usually do” (Yes, severely limited / Yes,
limited / No, not limited at all) [29]. Information on con-
tact with health care providers and hospitalization were
obtained from the BCHI source. Urinary incontinence
and Alzheimer’s disease are combined indicators from
BCHI and BHIS sources, while the other predictors were
based on self-reported information. Alzheimer’s disease
cases were ascertained using the aforementioned experts’
algorithm or the use of proxy interview because of a
memory problem. The algorithm is based on ATC codes
of specific drugs (N06DX01, NO6DA) prescribed and dis-
pensed in public pharmacies. The minimum threshold of
90 DDD per year is used to determine cases [28]. Thus,
Alzheimer’s disease cases were identified as follows: “use
of a minimum of 90 DDD per year of prescribed specific
drugs (ATC codes = N06DX01, NO6DA)” OR “having
had a proxy interview because of a memory problem (e.g.
amnesia, senile dementia). Detailed information about
the variables description or operationalization are found
in Table A1 (supplementary data).

Table 1 provides an overview of the independent vari-
ables (levels of variables, data sources and proportion of
missing values, if any, before the multiple imputation).

Statistical analyses

Descriptive statistics

Baseline characteristics described above were compared
by NHA status (admitted to NH or not admitted to NH)
with x2 test for categorical variables, t-test for normally
distributed continuous variables and Wilcoxon-Mann-
Whitney test for non-normally distributed continuous
variables.

Time to NHA was measured in years from the baseline
survey to either the date of admission to a NH, date of
death (without prior NHA) or end of study period, i.e.,
December 31, 2018 [20]. Participants who ended their
follow-up period were censored [30]. The median follow-
up time and median time to NHA and their interquartile
range (IQR) were calculated.

Competing risk analysis

Competing risks occur frequently in the analysis of sur-
vival data [31]. A competing risk is an event whose occur-
rence precludes the occurrence of the primary event of
interest [31-34]. For example, in a study examining time
to death attributable to cardiovascular causes, death
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attributable to non-cardiovascular causes is a competing
risk, because subjects who die from another cause are no
longer at risk of death due to cardiovascular causes [31,
32, 35]. In the same way, a study of time-to-NHA, death
that occurs before NHA is a competing risk as it pre-
cludes NHA [36].

In studies involving older people, competing risk of
death is especially high due to the higher mortality in this
group. Therefore, there is a concern to account for partic-
ipants who die without experiencing the study outcome
of interest. Traditional approaches in survival analysis
such as Kaplan-Meier survival analysis and Cox propor-
tional hazards regression are not designed to take into
account the competing risk of death [37] and will result
in an overestimation of the effect [31, 37]. The higher the
death rate among the study population, the more sub-
stantial the overestimation.

To account for the presence of competing risks, Fine
and Gray [38] proposed to apply the proportional sub-
distribution hazards model. In this model, estimates are
based on modified hazards sets, where subjects experi-
encing the competing event are retained even after their
competing event [33], unlike the Cox model. Whereas
the cause-specific hazard function of the Cox model for
an event of interest is the instantaneous rate of occur-
rence of that event in subjects who are currently event-
free, the Fine and Gray subdistribution hazard function
for a given event is the instantaneous rate of occurrence
of that event in subjects who are either currently event-
free or who have already experienced a concurrent event
[31, 35].

Studies of older individuals in which a substantial
number of participants die during follow-up should use
the competing risk analysis to accurately determine inci-
dence and effect estimates [36, 37].

Hence, in the current study, a competing risk regres-
sion model was used to estimate the association between
predictors and NHA, treating death during follow-up as a
competing risk.

The cumulative incidence function was used to esti-
mate the risk of NHA over time (using Gray’s method
with death as a competing risk [36, 39-41]) for the whole
group. Furthermore, as GALI is one of the key indicators
in this study due to the impact of limitations on NHA, we
also stratified the cumulative incidence function by GALI
with the Cuminc R-function [42]. Gray’s test was used to
examine for differences between the GALI strata [36, 43].

In addition, we calculated sub-hazard ratios (sHR) of
participants’ characteristics for the risk of NHA, with
death as a competing risk, also using the Fine and Gray’s
proportional sub-hazard model [30, 33, 36, 38, 39, 43].

We imputed missing variables using the fully condi-
tional specification method. The proportion of missing
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Table 1 Overview of the covariates, according to the risk factor groups and data sources, HISlink 2013, Belgium

Covariates Level of covariates Data sources Missing values?
n (%)
BHIS BCHI
Predisposing
Age X -
Gender Male X -
Female
Education Low X 19 (0.98)
Middle
High
Living situations Live alone X -
Not live alone
Enabling
Household income Low X 280 (14.5)
High
Level of urbanization Urban X -
Sub-urban
Rural
Region of residence Flanders X -
Brussels
Wallonia
Appreciation of social contacts Rather unsatisfied X 440 (22.8)
Rather satisfied
Home care service use in the past 12 months preceding the survey Yes X 3(0.16)
No
Need
Perceived health Good to very good X 426 (22.1)
Very bad to fair
Multimorbidity X 18(0.88)
Long term limitation (GALI) Yes, severely X 452 (234)
Yes
No
Falls Yes X 114 (5.97)
No
Urinary incontinence Yes X X 5(0.26)
No
Depression Yes X 8(041)
No
Alzheimer's disease Yes X X -
No
Number of contact with care providers in the past 12 months X -
Hospitalization in the past 12 months preceding the survey Yes X -
No

HiSlink =linkage between BHIS 2013 data and BCHI data from 2012 to 2018
GALI Global Activity Limitation Indicator
@ Missing values before the multiple imputation

values ranged from 0.16 to 23% (Table 1). As all the var-
iables with missing values are either binary or ordinary,
a logistic regression method was used to impute miss-
ing values [30, 44]. We created 20 imputed data sets.
This number was large enough to achieve a very good
efficiency (the relative efficiency was close to 1.0 for all
effects). Covariates which were significantly (P < 0.05)
associated in the univariate analysis (Table A2 in

Supplementary data) were retained in the final multi-
variable model [36]. Several interactions were tested
between GALI and the other predictors (age, gender,
perceived health and multimorbidity) to account for
the possibility that the effect of limitations on the risk
of NHA may depend on the level of other predictors.
The HAZARDRATIO statement was used in the pro-
portional hazards regression procedure in SAS (PROC
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PHREG) to produce custom hazard ratios for interac-
tions [45].

For the sensitivity analyses, we used the Cox propor-
tional model on both the imputed and non-imputed data
(complete case analysis, # =1209). In the Cox propor-
tional model, participants who died before ever being
admitted into a NH and those who ended the study
were censored. The results of the sensitivity analyses are
reported in the supplementary data.

The assumption of proportional subdistribution haz-
ards was evaluated by including interaction terms
between the covariates and time [33, 39]. The assumption
was found to be met for all the covariates.

All statistical tests were 2-tailed and we used p < 0.05
to determine statistical significance. Analyses were per-
formed using SAS® 9.4 taking into account the complex
BHIS design. For the calculation of cumulative incidence
function curves we used the package cmprsk by Gray [46]
of the R project (R version 3.5.2 (2018-12-20).

Results

Sample characteristics

The median follow-up time was 5.29 years (95% CI, 5.24—
5.32), interquartile range (IQR), 5.12-5.59years. At the
end of follow-up, 226 individuals (13.3%) were admitted
to NH with a median time to NHA of 3.0years, (IQR:
1.5-4.6) and 268 individuals (13.2%) had died before
potential NHA. Further information about the sam-
ple description (absolute incidences of NHA and death
at 1-year follow-up, 3-year follow-up and at the end of
study period) can be found in Fig. Al (supplementary
data). Compared to those not admitted to a NH, partici-
pants who had been admitted to a NH were at baseline
older, female, lower educated, and belonged more often
to a lower income household. They also lived more often
alone, were rather unsatisfied with their social contacts,
had more often experienced falls in the year prior to the
survey, and had more often health problems (bad per-
ceived health, limitations, urinary incontinence, cogni-
tive disorders (depression or Alzheimer’s disease), but
had less often multimorbidity. Further information on
participants’ characteristics can be found in Table 2.

Cumulative risk of nursing home admission

The overall crude cumulative risk of NHA was 1.4% (95%
CI, 0.9-2.1) at lyear follow-up, 5.7% (95% CI, 4.7-6.8)
at 3years follow-up and 13.1% (95% CI, 11.3-15.0) at
the end of follow-up (5.9years). Figure 1 provides the
unadjusted cumulative incidence curves for NHA, strati-
fied by GALIL with death as a competing risk. The crude
risk of NHA was significantly different in function of the
severity of limitations (GALI) at least in one category as
compared to the other categories (Gray’s test: X2 =22.28,
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p < 0.0001). Individuals who were severely limited had a
higher risk of NHA at any time point of follow-up than
those who were not. For instance, at the end of the study,
the risk of NHA was significantly higher among individu-
als with severe limitations (20.0% (95% CI, 12.7-28.5))
than those without limitations (8.0% (95% CI, 6.2—10.1)).
Whereas the risk of NHA was not statistically different
between individuals with severe limitations (20.0% (95%
CI, 12.7-28.5) as compared to those with moderate limi-
tations (16.2% (95% CI, 11.6-21.5)), (Fig. 1).

Results of the subdistribution hazard model for nursing
home admission

The results of the multivariable competing risk analysis
are displayed in Table 3.

Among the predisposing factors, a 1 year increase in
age is associated with a 9% increase risk of NHA. Indi-
viduals with lower educational attainment also showed
a higher risk of NHA (sHR=1.44, 95% CI, 1.26-1.65) as
compared to those with higher educational attainment,
as well as living alone (sHR=1.68, 95% CI, 1.57-1.80).
Being female, having an intermediate educational attain-
ment were associated with a 25% and 14% reduction in
the risk of NHA respectively.

Regarding the enabling factors, use of home care ser-
vices in the past 12months (sHR=1.57, 95% CI, 1.48—
1.68) were associated with a higher risk of NHA.

With respect to the need factors, the interaction
between limitations and perceived health was found to be
statistically significant and interaction terms were there-
fore added in the final model. Because of this interac-
tion, the interpretation of the sHRs of perceived health
must take into account the levels of limitations and vice
versa. Our results show for the impact of limitations, that
1) if people are in good perceived health, severe limita-
tions (sHR=2.42, 95% ClI, 2.35-2.49) increase the risk on
NHA; and 2) if people are in bad perceived health, severe
limitations (SHR =0.41, 95% CI, 0.40-0.42) decrease the
risk of NHA. For the impact of perceived health, 1) if peo-
ple have no limitations, bad perceived health increases
the risk of NHA substantially (sHR=1.89, 95% CI, 1.85—
1.92); and 2) if people have severe limitations, bad per-
ceived health decreases the risk of NHA (sHR=0.30, 95%
CI, 0.29-0.31). Further information about the results on
interactions can be found in Table 3.

Individuals experiencing falls in the past 12months
(sHR=1.76, 95% CI, 1.64-1.89), those suffering from
urinary incontinence (sHR=1.48, 95% CI, 1.22-1.79),
and those suffering from depression (sHR =1.45, 95% CI,
1.25-1.70) had a higher risk of NHA than their counter-
parts. A one unit increase in the mean number of chronic
conditions (multimorbidity) resulted in a 6% smaller risk
of NHA (sHR=0.94, 95% CI, 0.90-0.97). An increased
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Table 2 Baseline characteristics of the study population (n=1930), HISlink 2013, Belgium (weighted)

Admitted to nursing  Not admitted to P-value
home nursing home
N =226 (13.3%) N =1704 (86.7%)
Age, mean (SD) 80.1 (0.59) 73.9(0.26) <.0001
Gender, n (%) 0.0192
Male 106 (45.8) 992 (57.6)
Female 120 (54.2) 712 (42.4)
Education, n (%) < 0.0001
Low 144 (68.7) 713 (43.4)
Middle 46 (17.0) 464 (28.8)
High 36 (14.3) 527 (27.8)
Household income, n(%) <0.0001
Low 180 (82.5) 1106 (66.6)
High 46 (17.5) 598 (33.4)
Level of urbanization, n (%) 0.5857
Urban 96 (36.9) 823 (42.4)
Sub-urban 60 (34.2) 405 (30.6)
Rural 70 (29.0) 476 (27.0)
Region of residence, n (%) 0.3470
Flanders 83 (62.8) 630 (60.7)
Brussels 37 (5.0) 363 (8.1)
Wallonia 106 (32.1) 711(31.2)
Living situations, n (%) <.0001
Live alone 130 (51.9) 496 (29.0)
Not live alone 96 (48.1) 1208 (71.0)
Appreciation of social contacts, n (%) 0.0175
Rather unsatisfied 32(14.7) 132 (8.7)
Rather satisfied 194 (85.3) 1572(91.3)
Home care service use in the past 12 months preceding the survey, n (%) <.0001
Yes 102 (45.3) 346 (19.6)
No 124 (54.7) 1358 (80.4)
Perceived health, n (%) 0.0049
Good to very good 111 (50.4) 1113 (66.8)
Very bad to fair 115 (49.6) 591 (33.2)
Multimorbidity, median (Q1-Q3)? 1.64 (0.5-3.5) 1.79 (0.6-2.9) 0.0067
Long term limitation (GALI), n (%) 0.0088
Yes, severely 30(16.1) 160 (10.2)
Yes 87(32.9) 477 (25.5)
No 99 (51.0) 1067 (64.3)
Falls, n (%) <.0001
Yes 79 (36.2) 286 (16.9)
No 147 (63.8) 1418 (83.1)
Urinary incontinence, n (%) <.0001
Yes 49 (22.8) 176 (10.7)
No 177 (77.2) 1528 (89.3)
Depression, n (%) <.0001
Yes 50 (24.7) 195 (12.1)
No 176 (75.3) 1509 (87.9)
Alzheimer’s disease, n (%) <.0001
Yes 13(12.6) 35(1.7)

No 213 (874) 1669 (98.3)
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Table 2 (continued)
Admitted to nursing  Not admitted to P-value
home nursing home
N =226 (13.3%) N =1704 (86.7%)
Number of contact with care providers in the past 12 months, median (Q1-Q3)* 12.66 (7.9-18.7) 11.2(6.3-17.7) 0.0002
Hospitalization in the past 12 months preceding the survey, n (%) 0.0380
Yes 59 (28.2) 323(194)
No 167 (71.8) 1381 (80.6)
HiSlinkk =linkage between BHIS 2013 data and BCHI data from 2012 to 2018
Q7 lower quartile, Q3 upper quartile, GALI Global Activity Limitation Indicator
2 Non-parametric test (Wilcoxon Two-Sample Test)
7o)
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Fig. 1 Crude cumulative risk of nursing home admission, stratified by limitations (GALI), accounting death as a competing risk, HISlink 2013,
Belgium

number of contacts with health care providers was asso-
ciated with a decreased risk of NHA. Suffering from Alz-
heimer is the strongest predictor of NHA, with a sHR of
3.47 (95% CI, 3.05-3.96).

Discussion
Summary of the results
To our knowledge this is the first study that investigated
predictors of NHA among the Belgian community dwell-
ing population aged 65 years and older.

The overall unadjusted cumulative incidence (risk) of
NHA, accounting for death as competing risk, was of
5.7% at 3years of follow-up and of 13.1% at the end of

the study. After adjusting for baseline characteristics of
participants, important predictors of NHA were found.
These were, among others, being older, living alone, hav-
ing used of home care services, having a history of falls,
depression or Alzheimer’s disease, all of which were sig-
nificantly associated with a higher risk of NHA. Predic-
tors such as being female, having multimorbidity and
increased contacts with health care providers were sig-
nificantly associated with a decreased risk of NHA.

Incidence of NHA
The incidence of NHA may be influenced by organiza-
tional aspects and cultural aspects [47], but also by the
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Table 3 Predictors for nursing home admission: results from the competing risk regression (N=1930), HISlink 2013, Belgium

Potential predictors sHR
(95% CI)

Predisposing

Age 1.09 (1.08-1.10)**

Female 0.75 (0.70-0.79)**
Educational attainment (Ref. = High)

Low 1.44 (1.26-1.65)**

Middle 0.86 (0.75-0.98)*

Living alone 1.68 (1.57-1.80)**
Enabling

Low household income

Unsatisfied with the social contacts

Home care service use in the past 12 months preceding the survey (Ref.

Need

Long term limitation (GALI) and perceived health interaction®
Bad perceived health vs. good perceived health at severe limitations
Bad perceived health vs. good perceived health at moderate limitations
Bad perceived health vs. good perceived health at no limitations
Severe limitations vs. no limitations at good perceived health
Severe limitations vs. no limitations at bad perceived health
Severe limitations vs. moderate limitations at good perceived health
Severe limitations vs. moderate limitations at bad perceived health
Moderate limitations vs. no limitations at good perceived health
Moderate limitations vs. no limitations at bad perceived health

Multimorbidity

Falls (Ref. = No)

Urinary incontinence (Ref. = No)

Depression (Ref. = No)

Alzheimer disease (Ref. = No)

Number of contact with health care providers in the past 12 months preceding the survey

Hospitalization in the past 12 months preceding the survey (Ref. = No)

1.22 (1.00-1.50)
1.31(0.73-237)

=No) 1.57 (1.48-1.68)**

*

0.30(0.29-0.31)
0.97 (0.95-0.98)*
1.89 (1.85-1.92)*
242 (2.35-2.49)*
41 (0.40-0.42)*
2,09 (2.03-2.16)*
0.65 (0.64-0.66)*
1.22 (1.20-1.24)*
0.64 (0.63-0.66)*
0.94 (0.90-0.97)*
( )
( )
( )
( )
( )
( 1)

1.76 (1.64-1.89)**
148 (1.22-1.79)*
145 (1.25-1.70)**

347 (3.05-3.96)**
0.98 (0.97-0.99)**
1.07 (0.95-1.21

HiSlink = linkage between BHIS 2013 data and BCHI data from 2012 to 2018

@The HAZARDRATIO statement was used in PROC PHREG to produce custom hazard ratios for interactions

NHA nursing home admission, sHR sub Hazard Ratios, GALI Global Activity Limitation Indicator

To facilitate reading, the GALI categories were reported as severe limitations, moderate limitations and no limitations, which referred to the categories yes, severely

limited, yes limited and no, not limitation at all respectively; * p <0.05; ** p <0.0001

availability, accessibility and affordability of home care
facilities. The characteristics of the study population also
play a role since the cumulative incidence of NHA could
be affected by the higher risk of death in the population
under study. Previous studies have investigated predic-
tors of NHA among sub-groups of the population. For
instance, Bergkamp et al. [36] investigated predictors of
NHA in Cerebral Small Vessel Disease (CSVD) patients
and have found that after 5-years follow-up, the cumula-
tive incidence was 3.6% (95% CI, 2.2-5.5) and 6% (95%
CI, 4.2-8.3) after 8years of follow-up. This cumulative
incidence is lower than those found in our study. A pos-
sible explanation could be that the risk of the competing

event, i.e., death, is likely to be higher in patients suffer-
ing from CSVD than in the general population, which
may affect the risk of NHA. In contrast, our cumulative
incidence is lower than the cumulative incidence found
by Wolff et al. in community living older adults in the
USA (16.1% in a 2-years follow-up) [48]. This difference
could be explained by differences in the characteristics of
the study population. Indeed, the Wolff et al. study par-
ticipants were much older (sample mean age of 79years
compared to 74.7 years in our study), received assistance
with personal care or mobility from a family member or
unpaid caregiver (help with 2 of 6 self-care activities) and
nearly 1 in 3 had dementia.
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Factors associated with NHA

Important predictors of NHA were identified in our
study. This will be discussed in the following paragraphs
in relation to findings from previous studies and accord-
ing to the Andersen behavioural model.

In earlier studies, advanced age emerged as a strong
predictor of NHA among the predisposing factors [12,
25, 26]. In accordance with these studies, higher age was
also found to be a significant predictor of NHA, even
after taking into account the competing risk of death.
With regard to gender, women were found to be less
likely to enter NH than men. This result is consistent
with the study by Gaugler et al. [26] (female: HR of risk:
0.87 (95% CI, 0.81-0.93)). Although this is an unexpected
result compared to the results presented in Table 2 and
the univariate analysis (Table A2, supplementary data), it
could be explained by a protective effect of the female sex
against NHA compared to men. Previous studies have
also found a protective effect of female gender against
NHA [25, 26, 49]. Casanova et al. (2021) argue that the
protective effect of female gender against NHA may be
explained by a stronger negative preference for NH care
among women or by the fact that children provide more
informal care for women than for men [49]. Living situa-
tions appeared as the strongest predictor of NHA among
the predisposing factors. Individuals who lived alone had
nearly twice the sHR to enter a NH. Our findings are in
line with those in previous studies [20, 50]. Although
older people prefer living in their own home as long as
possible [7, 11, 51] this may be more difficult for people
living alone because of lack of social support and lack of
informal care.

Among the enabling factors, the use of home care ser-
vices in the previous year was associated with a greater
risk of NHA. This result is not surprising since the use of
home care services is generally an expression of a need
for support and therefore a first step towards possible
NHA. Our result is similar to those in a study on predic-
tors of NHA after hip fracture. The authors found that
receiving home care before injury was associated with
an increase in HR of 2.00 (95% CI 1.54-2.61), HR 1.64
(95% CI, 1.43-1.87), and HR 1.22 [95% CI, 1.13-1.32)
for patients aged 60 to 69years, 70 to 79years, and 80 to
89years respectively [25].

Within the need factors, if either poor perceived health
or severe limitations are present there is an increased risk
of NHA, but when they occur together the risk of NHA
decreases, most likely because for those people the risk
of dying is larger than the risk of being admitted to a NH
(competing risk). For instance, the risk of dying in case
of bad perceived health and severe limitations at 1, 3 and
5-years follow-up is 8.5, 23.9 and 35% respectively. The
risk of NHA in case of bad perceived health and severe
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limitations at the same time points is 2.6, 9.4 and 16.5%
respectively (Table A5, supplementary data). The para-
doxical finding of a decreasing risk of NHA when both
poor perceived health and severe limitations are pre-
sent is in line with the fact that an increasing number
of chronic diseases was associated with a reduced risk
of NHA, probably because of competing risk of death
among this group. Indeed, the higher the number of
chronic conditions the higher the risk of poor perceived
health and more severe limitations.

In line with earlier studies [26, 52], we found that a his-
tory of falls in the past 12months was associated with
an increased risk of NHA. In fact, in some cases, falls
among the older people can lead to more serious events
(fractures, injuries, loss of autonomy) with adverse con-
sequences on their health status and therefore precipitate
their admission to a NH.

The presence of Alzheimer’s disease is by far the
strongest predictor of NHA. In the literature, beside age,
cognitive comorbidities (depression, Parkinson, demen-
tia or Alzheimer’s disease) and functional impairment
were among the strongest predictors and are associated
with an increased risk of NHA [12, 15, 25, 26, 53]. For
example, in a study among a general older population,
the authors found that Alzheimer’s or dementia increases
the hazard of NHA by 20.2 times for men and 10.0 times
for women [12]. In another study of 137,000 commu-
nity dwelling patients aged 65years or more, Harris et al.
found that depression was associated with a higher risk
of NHA in the general population [53]. Another interest-
ing but surprising result is that with an increasing num-
ber of contacts with health care providers, the risk of
NHA decreased. This finding could be explained on the
one hand by the fact that people with a higher number
of contacts are likely to be in poorer health and therefore
less likely to enter a nursing home due to a higher risk of
death. On the other hand, an increased number of con-
tacts with health care providers will allow appropriate
treatment and therefore prevent or delay NHA. Luppa
et al. (2010) [18] also found a decreased risk of NHA with
an increased number of specialist visits and explained
this finding as a positive effect of appropriate treatment
of medical conditions by specialists. Other need factors
are of lesser importance.

Strengths and limitations

From a public health perspective, the major strengths
of this study include the use of a large sample and the
use of a large number of individual-level predictors,
a relatively long follow-up period, and the linkage to
administrative data to identify NHA and/or death. The
use of the competing risk analysis is another strength
of this study. Indeed, we performed competing risk
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regression to study the association between several
covariates and the risk of NHA. This approach is pre-
ferred over a standard survival model because in older
population, death may compete with NHA, and ignor-
ing such competing risk may lead to biased results [37].
In competing risk situations, the cumulative incidence
function was more appropriate as it took competing
events into account when estimating the incidence. We
further chose the Fine and Gray model over the cause-
specific hazard model as our primary interest was in
predictive modelling.

The current study has some limitations that deserves
to be pointed out. First, the exact dates of NHA were
not available. We used the dates of the first registered
care in a NH based on specific nomenclature code as a
proxy of dates of NHA. However, these dates are quite
accurate and deviations from the exact dates are small.
Second, almost all covariates included in the analy-
sis were measured at baseline and most of them are
self-reported. Therefore, possible changes (e.g., in liv-
ing situations or social support) over the course of the
study are not taken into account and the risk of report-
ing bias remains. Third, although in recent years efforts
have been made to avoid NHA by taking measures to
facilitate home health care, our data did not allow dem-
onstrating this. To investigate this thoroughly, longi-
tudinal data are required on both the evolution of the
health situation and the use of home health care, but
unfortunately such information was not available in our
study. Fourth, data on local variations in supply of care
and/or home care services (supply of NH beds, hos-
pital beds, and physicians in the region of residence,
waiting lists, etc.) as potential important confounders
at the enabling level were unavailable and therefore
not included in our analyses. Fifth, due to the lack of
diagnostic information, Alzheimer’s disease indicator
was estimated based on prescribed specific medications
and self-reported information on memory problem
(e.g. amnesia, senile dementia), making it less sensi-
tive. Indeed, many people with Alzheimer do not take
specific medications. So individuals suffering from this
disease might be underestimated. Sixth, although this
study was conducted in a large dataset, a selection bias
is unavoidable and the representativeness of the sam-
ple is not guaranteed. However, through the calculation
of post stratification weights, with the Belgian national
registry as auxiliary data source, results are as repre-
sentative as possible of the Belgian community dwelling
population. Finally, the finding of this study may not be
generalized to other areas or settings with lower health
system standards, for example because the organization
of the Belgian health care system can be very different
from other countries.
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Implications and challenges for the future

This study has implications for practitioners and policy
makers. As a result of the ageing population the pres-
sure on NH will only increase. Efforts and measures
that enable older people to remain longer at home will
not only be beneficial from a budgetary point of view
but will also increase the wellbeing of older people.
This study identified some domains in which health
care professionals and policy makers should further
invest to delay NHA. Prevention of falls is a first impor-
tant point. Home care givers should also be trained to
deal with mental health problems. Attention should
also be paid to the problems of urinary incontinence
of older people. Adaptation of the home environment
in a way that despite their limitations, older people can
still continue their daily activities is of utmost impor-
tance. Finally, the strong association found between
Alzheimer’s disease and NHA is of course not surpris-
ing. Alzheimer’s disease, dementia and severe cognitive
problems are important reasons why people have to be
admitted in a NH. Therefore, at population level, fur-
ther efforts are needed to prevent important risk fac-
tors for dementia. Focus should also be on people living
alone to provide the appropriate social support and
more timely contacts with health care providers. Fur-
ther investigation of predictors of NHA should include
contextual enabling actors such as the supply of nurs-
ing-home beds, hospital beds, physicians and waiting
lists for NHA. Analysis taking into account other com-
peting events such as home health care services should
also be considered.

Conclusions

Our findings underline important predictors of NHA of
older adults, and therefore offer possibilities of preven-
tion to avoid or delay NHA for this population. Practical
implications include prevention of falls, management of
people with urinary incontinence at home, and appro-
priate and timely management of limitations, depression
and Alzheimer’s disease. Focus should also be on people
living alone to provide more timely contacts with health
care providers. Further investigation of predictors of
NHA should include contextual enabling factors such as
the supply of nursing-home beds, hospital beds, physi-
cians and waiting lists for NHA.

Abbreviations

ATC: Anatomical Therapeutic Chemical; BCHI: Belgian compulsory health
insurance; BHIS: Belgian health interview survey; CSVD: Cerebral Small Vessel
Disease; DDD: Daily defined dose; GALI: Global Activity Limitations Indica-
tor; HR: Hazard Ratio; HISlink: linkage between BHIS data and BCHI data; [EA:
International Epidemiological Association; IMA: Inter Mutualistic Agency; LTC:
Long-term care; MEHM: Minimum European Health Module; NH: Nursing



Berete et al. BMC Geriatrics (2022) 22:807

home; NHA: Nursing Home Admission; NIHDI: National Institute for Health and
Disability Insurance; SHR: Sub Hazard Ratio; WHO: World Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-022-03496-4.

[ Additional file 1. }

Acknowledgements

We would like to thank Statbel, the Belgian statistical office, which was respon-
sible for BHIS sample selection and fieldwork management. Thanks to Youri
Baeyens and the Inter Mutualistic Agency (IMA) for their involvement in the
process of data linkage. We would also like to thank Lydia Gisle for her contri-
bution to the identification of potential predictors of nursing home admission
related to the mental health of older people and for the careful reading of the
manuscript.

Authors’ contributions

FB and JVdH were responsible for designing the objectives and approach of
the study. FB conducted the literature searches and summaries of previ-

ous related work, undertook the statistical analyses in collaboration with
JVdH, interpreted the results, wrote the initial version of the manuscript and
conducted the revisions. FB was a main contributor in writing the manuscript.
JVdH, SD, RC, JV, KDR, HVO and OB critically revised the manuscript. All authors
read and approved the final manuscript.

Funding

This work did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. The Belgian Health Interview
Survey (BHIS) is financed by the Federal and Inter-Federated Belgian Public
Health authorities. The linkage between BHIS data and the Belgian Compul-
sory Health Insurance data is financed by the National Institute for Health and
Disability Insurance.

Availability of data and materials

The survey datasets and linked health administrative data analyzed in the cur-
rent study are not publicly available due to restrictions based in the General
Data Protection Regulation (GDPR) on sensitive data such as personal health
data. BHIS data contains sensitive and identifying information and therefore
must only be made available upon request. Requests for data access may be
made to the Social Security and Health Chamber of the Information Security
Committee (hereinafter referred to as the “Social Security and Health Cham-
ber"). Further information regarding the survey and the data access procedure
can be found here: https://www.sciensano.be/en/node/55737/health-inter
view-survey-microdata-request-procedure.

Declarations

Ethics approval and consent to participate

This study was carried out through an individual linkage between the BHIS
2013 data and the BCHI data. The BHIS 2013 was carried out in line with the
Belgian privacy legislation. The BHIS 2013 has been approved by the ethics
committee of the University hospital of Ghent on October 1st, 2012 (advice EC
UZG 2012/658). The participation to the BHIS is voluntary. There was no formal
written and signed consent foreseen. Participation was equivalent to giving
consent. This is in compliance with the Good epidemiological practice - [EA
(International Epidemiological Association) Guidelines for proper conduct

of epidemiological research: “Formal written consent is unnecessary if the
research is carried out in settings that pose no threat to the potential partici-
pants, when it is stated that taking part is voluntary and it is obvious that no
benefits are at risk of being lost if potential participants refuse to take part”
https://www.yumpu.com/en/document/view/19409945/iea-guidelines-for-
proper-conduct-of-epidemiological-research-hrsa. Such situations often arise
in studies based on self-administered questionnaires or telephone interviews
where providing the data involves giving de facto consent, such as BHIS. This
consent approach was approved by the aforementioned ethics committee

of the University hospital of Ghent. The selected households where notified

Page 12 of 13

about the survey, its practical organization, the institution in charge, the
commissioners of the survey and its content via a letter and an information
leaflet personally addressed to them. It was also clearly stipulated in the letter
and the leaflet that participation is voluntary. All data were fully anonymized
before their access. Data linkage was authorized by the Information Security
Committee (local reference: Deliberation No. 17/119 of December 19, 2017,
amended on September 3, 2019). All methods were performed in accordance
with the Declarations of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Epidemiology and public health, Sciensano, Juliette
Wytsmanstraat 14, 1050 Brussels, Belgium. 2Department of Public Health,
Epidemiology and Health Economics, University of Liege, Liége, Belgium.
3Intermutualistic Agency (IMA-AIM), Brussels, Belgium. “Department of Public
Health and Primary Care, Ghent University, Ghent, Belgium. °WHO Collaborat-
ing Centre for Public Health aspects of musculoskeletal health and ageing,
Division of Public Health, Epidemiology and Health Economics, University

of Liége, Liége, Belgium.

Received: 14 December 2021 Accepted: 27 September 2022
Published online: 20 October 2022

References

1. Luppa M, Riedel-Heller SG, Stein J, Leicht H, Kénig H-H, van den Bussche
H, et al. Predictors of institutionalisation in incident dementia - results of
the German study on ageing, cognition and dementia in primary care
patients (AgeCoDe study). Dement Geriatr Cogn Disord. 2012;33:282-8.

2. Stolz E, Mayerl H, Rasky E, Freidl W. Individual and country-level deter-
minants of nursing home admission in the last year of life in Europe.
Vellakkal S, editor. PLoS One. 2019;14:¢0213787.

3. Friedman SM, Steinwachs DM, Rathouz PJ, Burton LC, Mukamel DB.
Characteristics predicting nursing home admission in the program of
all-inclusive Care for Elderly People. The Gerontologist. 2005;45:157-66.

4. Van den Bosch K, Willemé P, Geerts J, Breda J, Peeters S, Van De Sande S,
et al. Soin résidentiels pour les personnes dgées en Belgique : projections
2011-2025. In: Health Services Research (HSR). Bruxelles: Centre fédéral
d'expertise des soins de santé (KCE); 2011. Report No.: KCE Reports 1678B.
D/2011/10.273/64.

5. Bureau fédéral du Plan et Statbel. Perspectives démographiques
2018_2070. Population et ménages. 2019 Jan. Report No.:
D/2019/7433/1. Available from: https://www.plan.be/uploaded/docum
ents/201901240958590.FOR_POP1870_11813_F.pdf.

6. Agence InterMutualiste -InterMutualistisch Agentschap (AIM-IMA).
Agence InterMutualiste -InterMutualistisch Agentschap. [cited 2021 Jul
26]. Available from: https://www.ima-aim.be/-Donnees-de-sante-.

7. Fondation Roi Baudouin. Choix de Vie Durant Les Vieux Jours : Enquéte
Aupres de plus de 2000 Personnes de 60 Ans et +. Brussels: Belgian;
2017. Available from: http://lampspw.wallonie.be/dgo4/site_colloques/
ConceptionAdaptable/assets/documents/presentation/fondation-roi-
baudouin-choix-vie-60-ans-et-plus.pdf.

8. Structures d’hébergement et de soins. Belgium.be Informations et
services officiels. 2022. Available from: https://www.belgium.be/fr/sante/
soins_de_sante/services_medicaux/maisons_de_repos.

9. Nuutinen M, Leskeld R-L, Suojalehto E, Tirronen A, Komssi V. Development
and validation of classifiers and variable subsets for predicting nursing
home admission. BMC Med Inform Decis Mak. 2017;17:39.

10. Hajek A, Brettschneider C, Lange C, Posselt T, Wiese B, Steinmann S, et al.
Longitudinal Predictors of Institutionalization in Old Age. Federici S, edi-
tor. PLoS One. 2015;10:e0144203.

11. Grenade L, Boldy D. Social isolation and loneliness among older people:
issues and future challenges in community and residential settings. Aust
Health Review. 2008;32:468.


https://doi.org/10.1186/s12877-022-03496-4
https://doi.org/10.1186/s12877-022-03496-4
https://www.sciensano.be/en/node/55737/health-interview-survey-microdata-request-procedure
https://www.sciensano.be/en/node/55737/health-interview-survey-microdata-request-procedure
https://www.yumpu.com/en/document/view/19409945/iea-guidelines-for-proper-conduct-of-epidemiological-research-hrsa
https://www.yumpu.com/en/document/view/19409945/iea-guidelines-for-proper-conduct-of-epidemiological-research-hrsa
https://www.plan.be/uploaded/documents/201901240958590.FOR_POP1870_11813_F.pdf
https://www.plan.be/uploaded/documents/201901240958590.FOR_POP1870_11813_F.pdf
https://www.ima-aim.be/-Donnees-de-sante
http://lampspw.wallonie.be/dgo4/site_colloques/ConceptionAdaptable/assets/documents/presentation/fondation-roi-baudouin-choix-vie-60-ans-et-plus.pdf
http://lampspw.wallonie.be/dgo4/site_colloques/ConceptionAdaptable/assets/documents/presentation/fondation-roi-baudouin-choix-vie-60-ans-et-plus.pdf
http://lampspw.wallonie.be/dgo4/site_colloques/ConceptionAdaptable/assets/documents/presentation/fondation-roi-baudouin-choix-vie-60-ans-et-plus.pdf
https://www.belgium.be/fr/sante/soins_de_sante/services_medicaux/maisons_de_repos
https://www.belgium.be/fr/sante/soins_de_sante/services_medicaux/maisons_de_repos

Berete et al. BMC Geriatrics (2022) 22:807

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

Tomiak M, Berthelot J-M, Guimond E, Mustard CA. Factors associated with
nursing-home entry for elders in Manitoba, Canada. J Gerontol Ser A Biol
Med Sci. 2000;55:M279-87.

Andersen RM. National Health Surveys and the behavioral model of
health services use. Med Care. 2008;46:647-53.

Bell CL, LaCroix AZ, Desai M, Hedlin H, Rapp SR, Cene C, et al. Factors
associated with nursing home admission after stroke in older women. J
Stroke Cerebrovasc Dis. 2015;24:2329-37.

Luppa M, Luck T, Weyerer S, Konig H-H, Brahler E, Riedel-Heller SG. Predic-
tion of institutionalization in the elderly. A systematic review. Age Ageing.
2010;39:31-8.

Gaugler JE, Yu F, Krichbaum K, Wyman JF. Predictors of nursing home
admission for persons with dementia. Med Care. 2009;47:191-8.

Luppa M, Luck T, Braumlhler E, K&oumlnig H-H, Riedel-Heller SG. Predic-
tion of institutionalisation in dementia. Dement Geriatr Cogn Disord.
2008;26:65-78.

Luppa M, Luck T, Matschinger H, Kénig H-H, Riedel-Heller SG. Predictors
of nursing home admission of individuals without a dementia diagnosis
before admission - results from the Leipzig longitudinal study of the aged
(LEILA 75+4). BMC Health Serv Res. 2010;10:186.

Smedegaard L, Kragholm K, Numé A-K, Charlot MG, Gislason GH, Hansen
PR. Nursing home admission after myocardial infarction in the elderly: A
nationwide cohort study. Van Bogaert P, editor. PLoS One. 2018;13:0202177.
Pimouguet C, Rizzuto D, Schon P, Shakersain B, Angleman S, Lagergren

M, et al. Impact of living alone on institutionalization and mortality: a
population-based longitudinal study. Eur J Pub Health. 2016,26:182-7.
Ouslander JG, Kane RL, Abrass IB. Urinary incontinence in elderly nursing
home patients. JAMA. 1982,248:1194-8.

Thom DH, Haan MN, Van Den Eeden SK. Medically recognized urinary
incontinence and risks of hospitalization, nursing home admission and
mortality. Age Ageing. 1997,26:367-74.

Holroyd-Leduc JM, Mehta KM, Covinsky KE. Urinary incontinence and its
association with death, nursing home admission, and functional decline:
URINARY INCONTINENCE AND ADVERSE OUTCOMES. J Am Geriatr Soc.
2004;52:712-8.

Eska K, Graessel E, Donath C, Schwarzkopf L, Lauterberg J, Holle R. Predictors of
institutionalization of dementia patients in mild and moderate stages: a 4-year
prospective analysis. Dement Geriatr Cogn Disord Extra. 2013,3:426-45.
Wahlsten LR, Smedegaard L, Brorson S, Gislason G, Palm H. Living settings
and cognitive impairment are stronger predictors of nursing home
admission after hip fracture surgery than physical comorbidities a nation-
wide Danish cohort study. Injury. 2020;51:2289-94.

Gaugler JE, Duval S, Anderson KA, Kane RL. Predicting nursing home
admission in the U.S: a meta-analysis. BMC Geriatr. 2007;7:13.

Demarest S, Van der Heyden J, Charafeddine R, Drieskens S, Gisle L,
Tafforeau J. Methodological basics and evolution of the Belgian health
interview survey 1997-2008. Arch Public Health. 2013;71:24.

Echantillon Permanente Steekproef EPS R13 — FLAGS Release 20190201
FR. 2019 [cited 2021 Jul 26]. Available from: https://aim-ima.be/IMG/pdf/
eps_r13_-_flags_release_20190201_fr_-_vs2.pdf.

Van Oyen H, Bogaert P, Yokota RTC, Berger N. Measuring disability: a
systematic review of the validity and reliability of the global activity
limitations Indicator (GALI). Arch Public Health. 2018;76:25.

Brown RT, Diaz-Ramirez LG, Boscardin WJ, Lee SJ, Williams BA, Steinman
MA. Association of Functional Impairment in middle age with hospitaliza-
tion, nursing home admission, and death. JAMA Intern Med. 2019;179:668.
Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data in
the presence of competing risks. Circulation. 2016;133:601-9.

Austin PC, Fine JP. Practical recommendations for reporting Fine-Gray
model analyses for competing risk data. Stat Med. 2017;36:4391-400.
Kohl M, Plischke M, Leffondré K, Heinze G. PSHREG: a SAS macro for
proportional and nonproportional subdistribution hazards regression.
Comput Methods Prog Biomed. 2015;118:218-33.

Guo C, So'Y. Cause-specific analysis of competing risks using the PHREG
procedure. SAS Global Forum. 2018;2018:18.

Lau B, Cole SR, Gange SJ. Competing Risk Regression Models for Epide-
miologic Data. Am J Epidemiol. 2009;170:244-56.

Bergkamp MI, Wissink JGJ, van Leijsen EMC, Ghafoorian M, Norris DG,

van Dijk EJ, et al. Risk of nursing home admission in cerebral small vessel
disease: association with lower brain and white matter volumes. Stroke.
2018;49:2659-65.

Page 13 of 13

37. Berry SD, Ngo L, Samelson EJ, Kiel DP. Competing risk of death: an impor-
tant consideration in studies of older adults: competing risk of death in
studies of older adults. J Am Geriatr Soc. 2010;58:783-7.

38. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999;,94:496-509.

39. Reber KC, Lindlbauer |, Schulz C, Rapp K, Kénig H-H. Impact of morbidity on
care need increase and mortality in nursing homes: a retrospective longitu-
dinal study using administrative claims data. BMC Geriatr. 2020,20:439.

40. Gillam MH, Ryan P, Graves SE, Miller LN, de Steiger RN, Salter A. Competing
risks survival analysis applied to data from the Australian Orthopaedic Asso-
ciation National Joint Replacement Registry. Acta Orthop. 2010;81:548-55.

41. Gray RJ. A class of k-sample test for comparing the cumulative incidence
of a competing risk. Ann Stat. 1988;16:1141-54.

42. Brock G, Barnes C, Ramirez J, Myers J. R code for calculating the compet-
ing risks estimates, vol. 6; 2011.

43. Huyer G, Brown CRL, Spruin S, Hsu AT, Fisher S, Manuel DG, et al. Five-year
risk of admission to long-term care home and death for older adults
given a new diagnosis of dementia: a population-based retrospective
cohort study. CMAJ. 2020;192:E422-30.

44. Berglund PA. Multiple Imputation Using the Fully Conditional Specification
Method: A Comparison of SAS®, Stata, IVEware, and R, vol. 2015: Proceedings
of the SAS Global Forum 2015 Conference Cary, NC: SAS Institute Inc. p. 17.

45. Savarese PT, Patetta MJ. 253-2010: An Overview of the CLASS, CON-
TRAST, and HAZARDRATIO Statements in the SAS® 9.2 PHREG Procedure.
2010 [cited 2021 Dec 25]. Available from: resources/papers/proceed-
ings10/253-2010.pdf

46. Gray B. Package ‘cmprsk. In: Subdistribution analysis of competing risks: R
package version 2, 2-10; 2020. [cited 2021 Jul 26]. Available from: http://
cran.uvigo.es/web/packages/cmprsk/cmprsk.pdf.

47. CegriF, Orfila F, Abellana RM, Pastor-Valero M. The impact of frailty on admis-
sion to home care services and nursing homes: eight-year follow-up of a
community-dwelling, older adult, Spanish cohort. BMC Geriatr. 2020;20:281.

48. Wolff JL, Mulcahy J, Roth DL, Cenzer IS, Kasper JD, Huang J, et al. Long-
term nursing home entry: a prognostic model for older adults with a
family or unpaid caregiver. J Am Geriatr Soc. 2018;66:1887-94.

49. Casanova M. Revisiting the role of gender and marital status as risk factors
for nursing home entry. Ailshire J, editor. J Gerontol B 2021;76:586-596.

50. Pynnonen K, Tormakangas T, Heikkinen R-L, Rantanen T, Lyyra T-M. Does
social activity decrease risk for institutionalization and mortality in older
people? J Gerontol Ser B Psychol Sci Soc Sci. 2012;67:765-74.

51. Prieto-Flores M-E, Forjaz MJ, Fernandez-Mayoralas G, Rojo-Perez F,
Martinez-Martin P. Factors associated with loneliness of noninstitutional-
ized and institutionalized older adults. J Aging Health. 2011,23:177-94.

52. Serbye LW, Hamran T, Henriksen N, Nordberg A. Home care patients in
four Nordic capitals-predictors of nursing home admission during one-
year followup. J Multidisciplinary Healthc. 2010;3:11-18.

53. HarrisY, Cooper JK. Depressive symptoms in older people predict nursing
home admission: depression predicts nursing home admission. J Am
Geriatr Soc. 2006;54:593-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://aim-ima.be/IMG/pdf/eps_r13_-_flags_release_20190201_fr_-_vs2.pdf
https://aim-ima.be/IMG/pdf/eps_r13_-_flags_release_20190201_fr_-_vs2.pdf
http://cran.uvigo.es/web/packages/cmprsk/cmprsk.pdf
http://cran.uvigo.es/web/packages/cmprsk/cmprsk.pdf

	Predictors of nursing home admission in the older population in Belgium: a longitudinal follow-up of health interview survey participants
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population and data
	Measures
	Dependent variable
	Independent variables

	Statistical analyses
	Descriptive statistics
	Competing risk analysis


	Results
	Sample characteristics
	Cumulative risk of nursing home admission
	Results of the subdistribution hazard model for nursing home admission

	Discussion
	Summary of the results
	Incidence of NHA
	Factors associated with NHA
	Strengths and limitations
	Implications and challenges for the future

	Conclusions
	Acknowledgements
	References


