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Objectives: To describe the use of social and medical care services in a community-dwelling older population from Stockholm, Sweden, using an integrated clinical and functional assessment tool.
Design: Study based on data from the longitudinal community-based Swedish National Study on Aging
and Care in Kungsholmen.
Setting and Participants: Random sample of people >65 years of age living in the community in central
Stockholm between March 2001 and June 2004 (N ¼ 2368).
Measures: Health status was measured with a health assessment tool (HAT), which combines 5 indicators
(gait speed, cognitive function, chronic multimorbidity, mild disability, severe disability) collected during
Swedish National Study on Aging and Care in Kungsholmen clinical examinations. The amount of formal
and informal social care was self-reported in hours per month and recorded by trained nurses at baseline
and the 3-year follow-up for those 78 years of age at baseline. Data on hospital admissions, 30-day
readmissions, days spent in the hospital, primary care visits, and specialist visits were obtained from
Stockholm County Council registers (2001e2007).
Results: At baseline, 10% of the sample received formal social care and 11% received informal care.
Annually between baseline and the 3-year follow-up, 15% were admitted to the hospital, 5% were
readmitted, 78% visited a specialist, and 89% visited primary care. Those with the best HAT scores
received 0.02 hours/month of formal care; those with the worst, 34 h/mo. The corresponding numbers
for other variables were 0.02 vs 73 h/mo of informal care, 2 vs 11 hospital admissions per 10 persons/
year, 44 vs 226 hospital days per 10 persons/y, 0.4 vs 2 30-day readmissions per 10 persons/y, 37 vs 78
specialist visits per 10 persons/y, and 50 vs 327 primary care visits per 10 persons/y.
Conclusions/Implications: Because of its high discriminative power, the easy-to-use HAT index could help
decision makers to plan medical and social care services.
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The older the age group, the greater the diversity found in whatever indicator of health or living condition is analyzed. Accordingly, a
thorough measure of people’s health and functional ability has proven
to be a better predictor of medical and social care needs and use than
chronological age.1
Health is a multidimensional concept and different health domains
are related to the need for different types of care. Increasing age is
related to an increasing number of diseases and a progressive decrease
in mobility and strength, but the late appearance of mental and
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physical impairment.2 Disease-based clinical measures such as the
presence of chronic conditions, and particularly the coexistence of
such conditions in one person (ie, multimorbidity), are important
determinants of medical care use.3,4 However, such measures capture
both individuals who, with treatment, are able to function well and
live independently, and those who face extensive functional loss. On
the other hand, health problems that imply a need for long-term care
are not necessarily attributable to a speciﬁc disease and are not always
treatable (eg, fatigue, dizziness, walking difﬁculties). Thus, to reﬂect a
broader range of needs for medical and social care in older populations, there is a need for composite health measures that take into
account several health dimensions, including diseases, physical,
functional, and cognitive limitations as well as disabilities.5e9
These different dimensions of health, along with their varying
distributions and potential cut-offs, were recently integrated into a
comprehensive health assessment tool (HAT).10 The HAT index combines 5 health indicators routinely collected as part of a comprehensive geriatric assessment (gait speed, cognitive function, chronic
multimorbidity, mild disability, and severe disability). It can be used
not only to assess and follow health and functioning in older adults,
but also to estimate their present and future care needs. HAT has
proven to consistently predict medical and social care service use
better than any of its individual components.11
Sweden has a comprehensive, largely tax-ﬁnanced system of social
care for older people comprising home-based eldercare and nursing
homes. Home-help aims to support older people in their daily life and
enable them to stay in their own home as long as possible, which is in
line with a general ambition of supporting people to “age in place”.12 It
covers both personal care and practical help around the clock and can
be complemented by primary care providing nursing care in the homes.
A needs-assessor delegated by the municipal social welfare committee
performs a needs-assessment of each person’s social care needs.
Despite unchanged legislation and ofﬁcial aspirations since the
1980s, resources in the Swedish eldercare system have not kept pace
with the growth of the number of the oldest old in the population.13
The reduction in social care has been particularly pronounced
regarding nursing homes, while the decrease in the provision of
home-help has been more limited.14 In addition, the number of hospital beds as well as the average length of stay has decreased drastically.15,16 As an increasing number and proportion of older people with
extensive care needs are living in the community, a more personalized
characterization of their medical and social care needs is crucial, not
only to guide future health and social policy, but also to provide decision- and policy-makers with tools to adapt care to the changing
needs of older patients.
This study investigates medical and social formal and informal care
use in relation to a multidimensional health assessment tool (ie, HAT)
in a community-dwelling older population in the context of the
Swedish welfare-regime, with its guiding principle of providing
comprehensive, publicly subsidized, and needs-based services.
Methods
Study Population
The study is based on data from the Swedish National study on
Aging and Care, Kungsholmen (SNAC-K),17 a longitudinal study of the
population 60 years of age living in an inner-city district of Stockholm.
Baseline data were randomly collected from 11 age strata (60, 66, 72, 78,
81, 85, 87, 90, 93, 96, and 99þ years) between March 2001 and June
2004. The youngest and oldest age cohorts were oversampled. Of the
4590 people eligible and alive at time of examination, 3363 participated
in the study (participation rate, 73%). Baseline differences between
participants and nonparticipants have been reported elsewhere.10
Brieﬂy, nonparticipants were more likely than participants to die
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within 2 years of the start of the study than after 6 years in all age
cohorts except the nonagenarian cohort. After baseline data collection,
participants have been followed regularly every 6 years if they were
<78 years of age and every 3 years if they were 78 years of age.
Because nursing homes also provide some medical care, which hampers the comparability of medical care use between communitydwelling and institutionalized individuals, the analyses in this study
were restricted to people aged >65 years living in the community both
at baseline and at the 3-year follow-up (N ¼ 2368). After excluding
those missing HAT scores, 2179 participants (2179/2368 ¼ 92%) were
still available for the analyses. At the 3-year follow-up, out of the 1178
participants 78 years of age, 935 were still alive and 811 participated
(811/935 ¼ 86.7%). Figure 1 provides a detailed description of the study
population and the sample used in each analysis.
The study was approved by the Regional Ethics Review Board in
Stockholm. Participants in the study completed a written informed
consent form as stipulated in the ethical approval. For participants
with prevalent or incident cognitive impairment, consent was obtained from the next of kin.
HAT Scores
As described previously,10 HAT combines 5 health indicators using
nominal response models: (1) severe disability measured as the
number of activities of daily living (ADL) (bathing, dressing, toileting,
transferring, and eating) a person was not able to perform independently; (2) mild disability measured as the number of instrumental
ADL (IADL) (grocery shopping, managing money, using the telephone,
and using public transportation) a person was not able to perform
independently; (3) cognitive functioning measured with the MiniMental State Examination scale, which ranges from 30 (good cognitive functioning) to 0 (poor cognitive functioning); (4) physical
functioning measured as the time it takes to walk 6 meters (m) or
2.44 m if participants rated their walking speed as slow; and
(5) morbidity status measured as the number of chronic diseases
(diseases that were prolonged; that left residual disability; that
worsened quality of life; or that required a long period of care,
treatment, or rehabilitation). HAT scores range from 0 (bad health) to
10 (good health) and were divided into 5 categories: severe functional
dependence (HAT ¼ 0e2.9), mild functional dependence
(HAT ¼ 3e4.9), compromised physical functioning with morbidity or
multimorbidity or medium cognitive functioning (HAT ¼ 5e6.9), light
decreased physical or cognitive functioning with some morbidities
(HAT ¼ 7e8.9), and good physical functioning with no or few diseases
(HAT ¼ 9e10). A more detailed description of the statistical methods
applied to calculate HAT scores is provided in Supplementary
Appendix.
Use of social care services
At baseline and the 3-year follow-up, participants reported whether
they received formal or/and informal social care. Formal social care
includes help with household chores and personal care. It is ﬁnanced by
the municipality and may be delivered either by the municipality or a
private company that has a contract with the municipality. Informal
social care is service or care assistance from relatives, friends, neighbors, or volunteer/nonproﬁt organizations. The amount of formal and
informal care a person received was recorded as hours per month using
the Resource Utilization in Dementia instrument, which has been
extensively validated for analyzing time used for care.18
Use of Medical Care Services
The Stockholm County Council provided data on medical care use
for the period 2001 to 2007. Three outcome variables were based on
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Fig. 1. Flowchart of the study population.

the inpatient register: (1) the number of hospital admissions during
3 years after baseline (data available for 2153 people), (2) the number
of days spent in the hospital during the 3 years after baseline for those
people admitted to the hospital at least once (data available for 983
people), and (3) the number of unplanned readmissions within
30 days of hospital discharge of people who were admitted to the
hospital at least once (data available for 983 people). Two outcome
measures were derived from the outpatient register: (1) the number
of specialist visits during the 3 years after baseline (including physicians from all specialties except family medicine) and (2) the number
of primary care visits during the 3 years after baseline (including visits
to general practitioners, nurses, physiotherapists, occupational therapists, and other paramedical professionals).

Statistical Analyses
We used logistic regression to explore differences in demographic
and educational characteristics of people missing information on any
HAT indicator and people with complete data. Missing status was the
dependent variable in this analysis; and age, sex, and education (ie,
elementary school vs high-school or above) were the independent
variables. Negative binomial regressions were used to estimate
whether there was a difference in medical or baseline social formal/
informal care use between participants with missing HAT and participants with complete HAT data. The analyses were adjusted data by
age, sex, their interaction terms if signiﬁcant, and exposure time.
Differences in personal characteristics and use of social and medical services by HAT score were analyzed with logistic regression for

categorical variables and with linear regression for continuous variables. The HAT score was the independent variable, included as a 5group categorical variable. To make the results representative of the
original sampling population, the analyses were weighted with
respect to the age and sex distribution of the community-dwelling
population of Stockholm between 2001 and 2004.
The average hours/month of social formal and informal care at
baseline and at the 3-year assessment was estimated with linear
regression with robust standard error estimations. The baseline
assessment was further analyzed to derive the average change in care
use by the 5 HAT categories, stratiﬁed by age (dichotomized as people
aged 66e72 and  78 years).
Likewise, the weighted annual average number of hospital admissions, hospital days, 30-day unplanned readmissions, specialist
visits, and primary care visits per 10 people were estimated using
negative binomial regression models including the 5 HAT categories as
the independent variable. Exposure time was 3 years or the time between baseline and the date of death if shorter than 3 years. In further
analyses, all models were stratiﬁed by age and sex to obtain the
incidence rate ratios of medical care service use by HAT category.

Results
Analysis of Missing Data
Fifty-nine percent of the 189 participants missing a HAT score were
missing data only on gait speed; 15% missed data only on IADL.
Analyses of the differences between the participants missing a HAT
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Table 1
Participants Living in the Community: Sociodemographic Characteristics, Clinical Characteristics, and Use of Social and Medical Services by the HAT Score

Number of Participants
Characteristics at baseline
Age, mean  SD
Women, n (%)
Education: high school or above, n (%)
Number of chronic diseases, mean  SD
MMSE score, mean  SD
Gait speed (m/s), mean  SD
IADL, mean  SD
ADL, mean  SD
Use of social services at baseline
1 h/mo of formal care, n (%)
1 h/mo of informal care, n (%)
Hospital admissions between baseline and 3-y follow-up
1 admission/y, n (%)
1 30-d readmission*/y, n (%)
Outpatient care visits between baseline and 3-y follow-up
1 specialist care visit/y, n (%)
1 primary care visit/y, n (%)

Total

HAT Score
Better Health 10e9

8.9e7

6.9e5

4.9e3

Worse Health 2.9e0

2179

661

840

364

239

75

77.4  3.4
1351 (62.0)
1536 (70.5)
1.99  1.6
28.4  2.4
0.96  0.4
0.22  0.6
0.03  0.3

73.1  5.2
383 (57.9)
553 (83.6)
0.98  1.2
29.6  0.8
1.31  0.2
none
none

77.2  4.7
489 (58.2)
590 (70.2)
2.04  1.4
28.7  1.4
1.02  0.3
none
none

80.5  5.2
231 (63.4)
226 (62.2)
2.85  1.6
27.5  2.8
0.65  0.3
0.10  0.4
none

83.2  5.8
194 (81.0)
142 (59.4)
2.85  1.9
26.8  3.3
0.43  0.3
1.52  0.7
0.01  0.1

84.8  8.3
55 (73.9)
25 (33.9)
2.82  2.0
22.5  8.7
0.21  0.3
2.52  0.9
1.47  1.5

219 (10.2)
241 (11.2)

2 (0.3)
3 (0.4)

21 (2.5)
41 (4.9)

43 (11.9)
58 (16.5)

130 (58.9)
119 (53.8)

47 (77.6)
41 (63.7)

321 (14.9)
48 (4.9)

36 (5.5)
2 (0.8)

103 (12.5)
9 (2.7)

64 (17.8)
15 (7.3)

77 (32.5)
18 (10.6)

40 (55.5)
4 (6.6)

1684 (78.2)
1923 (89.3)

452 (69.1)
542 (82.7)

642 (77.7)
747 (90.5)

322 (88.9)
343 (94.7)

201 (84.8)
221 (93.2)

67 (92.2)
71 (96.8)

MMSE, Mini-Mental State Examination; SD, standard deviation.
Results are weighted with respect to the age and sex distribution of the population in Stockholm (excluding those living in nursing homes or other care settings) between 2001
and 2004.
All differences were statistically signiﬁcant (P value < .001).
*Readmissions within 30 days of discharge. Calculated for people admitted to the hospital at least 1 time in the 3 years after baseline assessment (n ¼ 983).

score and those with complete information showed that older participants had higher odds (odds ratio ¼ 1.09, 95% conﬁdence interval
1.07e1.11) of missing a HAT score than younger participants, but there
was no signiﬁcant difference by sex or education after adjusting for
age. Participants missing a HAT score used more medical and social
formal/informal care than other participants, although these differences decreased with age (not shown).
Characteristics of the Participants
Thirty percent of all 2179 participants had a HAT score between 9
and 10, which corresponds to good physical functioning and
morbidity status (Table 1). Decreasing HAT scores were associated
with an increasing proportion of women (from 58% to 74% women),
decreasing proportion of highly educated people (from 84% to 34%),
increasing mean number of chronic diseases (from 1 to 3 chronic
diseases), a decreasing mean Mini-Mental State Examination score
(from 30 to 23), decreasing gait speed (from 1.3 m/s to 0.2 m/s), and an
increasing mean number of IADL (from 0 to 2.5) and ADL (from 0 to
1.5) limitations.

in informal care use according to participant HAT score category were
more accentuated in men than in women.
Medical Care Use
The use of medical care services also increased with worsening
health status (ie, lower HAT scores), following a clear dose-response
trend: hospital admissions increased from 2 per 10 persons/y in
those with a HAT score of 9e10 to 11 per 10 persons/y in those with a
HAT score of 0e2.9, hospital days from 44 to 226 per 10 persons/y, 30day readmissions from 0.4 to 2 per 10 persons/y, specialist visits from
37 to 78 per 10 persons/year, and primary care visits from 50 to 327
per 10 persons/year (Figure 3). The increase in the use of medical
services associated with worse HAT scores was similar in older men
and older women (Table 3), although comparisons were at times
hampered by the small sample size of certain groups of participants.

Formal and Informal Care Use
At the baseline assessment, 10% of the sample reported that they
received formal social care (ie, home-help), and 11% reported that they
received informal care (Table 1). Between baseline and the 3-year
follow-up, 15% were admitted to the hospital at least once per year,
5% were readmitted to the hospital within 30 days of discharge at least
once per year, 78% visited a specialist at least once per year, and 89%
visited primary care at least once per year.
The use of social care services increased with worse health status
both at baseline and the 3-year follow-up assessment. During the
3 years between baseline and follow-up, the most vulnerable older
adults in the sample died. Thus, fewer total hours of care (and especially of informal care) were provided to participants in all HAT score
categories at the 3-year follow-up than at baseline (Figure 2). In participants 78 years of age, the average difference in hours per month
of formal care used between those with the worst and those with the
best HAT scores was similar for men and women (Table 2). Differences

Fig. 2. Participants 78 years of age living in the community: hours per month of
social formal and informal care at baseline assessment and at the 3-year follow-up
assessment. Linear regression models were used to weigh results with respect to the
age and sex distribution of the population of Stockholm (excluding those living in
nursing homes or other care settings) between 2001 and 2004. The comparative
analysis was limited to people 78 years of age at baseline because the 3-year followup outcome was available only for this group.
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Table 2
Participants Living in the Community: Baseline Differences (with 95% CI) in Hours per Month of Social Formal and Informal Care by the HAT Score, Stratiﬁed by Sex and Age
HAT Score

Men

66e72 y

78þ y

Women

66‒72 y

78þ y

0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10

Formal Care

Informal Care

Number of
Participants

Estimated Differences
in h/mo (95% CI)

Number of
Participants

Estimated Differences
in h/mo (95% CI)

2
5
33
165
207
9
31
87
157
53
3
16
39
219
309
46
169
201
295
92

4.00
3.20
0.24
0.05
Ref.
29.78
4.87
0.87
0.79
Ref.
14.67
8.00
0.03
0.03
Ref.
34.11
6.58
0.59
‒0.02
Ref.

1
6
32
165
205
11
29
87
159
53
3
16
36
217
308
50
171
198
294
92

7.98
10.65
23.23
0.20
Ref.
200.9
14.92
0.69
1.40
Ref.
160.0
12.56
0.99
0.20
Ref.
40.60
10.64
2.26
0.66
Ref.

(1.59; 9.59)
(0.55; 5.85)
(0.23; 0.71)
(0.04; 0.15)
(6.97; 52.58)
(2.21; 7.53)
(0.26; 1.49)
(0.61; 2.19)
(0.37; 29.70)
(0.75; 15.25)
(0.02; 0.08)
(0.00; 0.06)
(22.80; 45.41)
(5.03; 8.13)
(0.12; 1.07)
(0.22; 0.17)

(7.94; 8.02)
(5.89, 27.19)
(17.66, 64.12)
(0.17; 0.57)
(45.6, 447)
(1.04, 28.579)
(0.11, 1.48)
(0.73, 3.53)
(62.71; 257)
(1.17; 26.28)
(0.33; 2.32)
(0.07; 0.48)
(11.76, 92.96)
(7.29, 13.99)
(1.01, 3.50)
(0.11, 1.42)

CI, conﬁdence interval.

Discussion
In this Swedish urban community-dwelling population of older
adults, we observed a clear gradient in the use of social and medical
care services by health status as measured by HAT, an integrated
clinical and functional assessment tool. People at the negative end of
the health continuum used the most social formal and informal care
and primary care, but also hospital and specialist care.
For decades, Sweden has had one of the world’s fastest-growing
older populations. Since the 1970s, the number of people above the
age of 80 years has increased 3-fold and the rise in the oldest segment
of the population will be particularly noteworthy from 2020, when the
large cohorts born in the 1940s will enter ages of >80 years. Between
2000 and 2040, the proportion of people >80 years is projected to
increase from 5.1% to 7.7%.19 Providing high-quality care for older
adults has been a priority on Sweden’s health and social policy agenda
since the 1960s and 1970s, when public services for older people,
especially home-help, rapidly increased. Transferring public funding
from hospital-based to outpatient and home-based care has become a
hallmark of Swedish healthcare, topping European Union rankings for
investment in long-term care for older adults and people with disabilities.20 However, although Swedish eldercare is still extensive
compared with other countries, since the late 1980s, despite unchanged ofﬁcial policy, budgetary restrictions have implied major
changes, with reductions in formal social care and trends of deinstitutionalization and marketization of personal care and practical
support.14 Between 2000 and 2016, nursing home beds decreased by
one-third and the coverage rate of those 65 (80) years of age
decreased from 8% (21%) to 4% (13%). During the same period, there
was a shift in home-help recipients toward older ages. Regarding
hospital care, since the 2000s, Sweden has had one of the lowest
number of hospital beds per 1000 among countries belonging to the
Organisation for Economic Co-operation and Development (OECD):
2.4 compared with the OECD mean of 4.7. The ongoing trend of
downsizing of institutional care and decrease in hospital-beds implies
that very frail old people are increasingly cared for at home, and there
is no sign of change of this trend.
Our results showed that more than 10% of older adults >65 years of
age received home-help between 2001 and 2004. This is well in line
with ofﬁcial ﬁgures for the whole city of Stockholm, slightly higher

than the national average of 8% in 2003,21 and well above the percentages observed in the few OECD countries for which data were
available that same year, such as Australia (5.1%), France (3.1%), or Italy
(2.5%).22 Moreover, as shown previously with municipal register data
from the same area as in this study,23 our results conﬁrm that HAT
captures the allocation of self-reported formal social care according to
need indicators; the ratio of the number of h/mo in those with severe
functional dependence (ie, HAT 0e2.9) vs mild functional dependence
(ie, HAT 3e4.9) was over 5. Still, Sweden faces considerable variation
in how municipalities assess people’s needs for home care, and
measurements are still not based on standardized guidelines or
tools.24
Informal care by family members, friends, and neighbors was
another source of long-term social support for people in our study;
11% reported that they received this type of care. Although formal care
for older people is extensive in Sweden, about two-thirds of the
support to community-dwelling older people has been estimated to
come from informal sources.25e27 There is evidence that this proportion is increasing,13 and that it is considerably higher among those
with substantial care needs, such as people with dementia.26 Our
study also showed that informal care played a relatively greater role
than formal care in older adults 78 years of age with worse health
status, especially at baseline (ie, informal care 64.4 h/mo vs formal
care 37.6 h/mo), but this was no longer the case after 3 years (ie,
informal care, 10.9 h/mo vs formal care, 18.3 h/mo). Informal care may
be predominant when older adults’ functional capacity starts to
decline, whereas the demand for formal care could increase as functional decline becomes more pronounced. This has important implications because informal carers are increasingly older adults
themselves, as many older couples provide care for each other.
Despite efforts to reduce hospitalizations in older adults, Sweden
has still high rates of avoidable admissions, which has led to poor
technical efﬁciency in the public health sector.28 In our study, people
with HAT scores <3 (ie, severe functional dependence) were admitted
to the hospital a mean of 11 times per year during the study period and
spent a mean of 226 days per 10 persons/y in the hospital. In addition,
throughout the follow-up, 31% of people with HAT scores <3 were
readmitted to the hospital within 30 days of discharge, a ﬁnding in line
with those of other population-based29 and clinical30 studies from the
United States, one of the countries with highest readmission rates.31
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Fig. 3. Participants living in the community: number of annual hospital admissions, specialist visits, primary care visits, number of annual days in the hospital, and unplanned
readmissions within 30 days of hospital discharge per 10 people in the 3 years after baseline assessment. Negative binomial regressions were used to weigh results with respect to
the age and sex distribution of the population in Stockholm (excluding those living in nursing homes or other care settings) between 2001 and 2004. Hospital days and 30-day
readmissions calculated only for people admitted to the hospital at least 1 time in the 3 years after baseline assessment (n ¼ 983).

Early discharges as a result of few hospital beds could possibly increase readmissions within 1 month. Indeed, Swedish older adults
often feel lack of conﬁdence and support on discharge from hospital.32
More than 80% of our study population made at least 1 annual
primary care visit, and the number of visits increased as health
declined; the ratio of the number of visits in those with best vs worst
health was almost 7. Care continuity, a well-known challenge in primary care, is an essential means to help patients and their families to
navigate multiple services.33
Strengths and Limitations
The HAT index has the main advantage of assembling several health
indicators into 1 single score, reducing data dimensionality and
providing a comprehensive picture of the health continuum in old age.
Moreover, unlike other self-reported multidimensional tools such as
the Vulnerable Elders Survey (VES-13),34 HAT is constructed based on
almost only objective information that is usually available in different

care settings, which enhances its applicability and reliability for care
needs assessment and provision. With the exception of IADL, all the
health indicators integrated in HAT were measured based on validated
tests and professional appraisal. Still, the population used to derive the
HAT index consists of a well-educated urban group of older adults with
high levels of cognitive and physical function and a low prevalence of
ADL disability compared with people of the same age in Sweden and
other countries. Thus, the external validity of HAT should be tested in
other populations. The size of certain age- and sex-stratiﬁed study
groups was small, which calls for caution in interpreting the ﬁndings.
Information on social formal and informal care use was based on selfreport that could limit the reliability of the estimates.
Conclusions/Relevance
The HAT index adequately discriminates older adults use of medical and social care, both between and among people over time. It
therefore has the potential to help increase the transparency of and
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Table 3
Participants Living in the Community: IRRs (with 95% CI) of Hospital Admissions, Specialist Visits, and Primary Care Visits by the HAT Score, Stratiﬁed by Sex and Age

Men

66e72 y

78þ y

Women

66e72 y

78þ y

HAT

Number of Participants

Hospital Admissions IRR (95% CI)

Specialist Visits IRR (95% CI)

Primary Care Visits IRR (95% CI)

0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10
0e2.9
3e4.9
5e6.9
7e8.9
9e10

2
7
33
163
204
10
30
90
157
53
3
16
39
215
307
58
184
200
291
91

4.01
9.17
1.67
1.68
Ref.
5.83
4.56
4.23
2.78
Ref.
2.72
6.66
4.66
1.97
Ref.
5.43
3.29
2.35
1.14
Ref.

4.63
3.10
1.43
1.32
Ref.
1.02
1.23
2.09
1.72
Ref.
1.57
3.08
3.21
1.36
Ref.
1.85
1.54
1.35
1.19
Ref.

0.55
13.98
1.94
1.66
Ref.
3.57
4.93
3.90
2.03
Ref.
3.84
4.36
4.97
1.66
Ref.
4.64
4.43
2.17
1.45
Ref.

(0.39;
(2.40;
(0.84;
(1.12;

41.59)
34.99)
3.33)
2.50)

(2.40, 14.17)
(2.31, 8.98)
(2.47 7.23)
(1.67, 4.63)
(0.29;
(2.94;
(2.61;
(1.39;

25.48)
15.13)
8.34)
2.79)

(3.30,
(2.21,
(1.58,
(0.77,

8.95)
4.91)
3.50)
1.69)

(0.72,
(1.12,
(0.87,
(1.00,

29.65)
8.55)
2.35)
1.74)

(0.52,
(0.78,
(1.50,
(1.27,

2.00)
1.94)
2.91)
2.33)

(0.42;
(1.72;
(2.19;
(1.11;

5.96)
5.49)
4.72)
1.67)

(1.28,
(1.17,
(1.03,
(0.92,

2.67)
2.04)
1.77)
1.55)

(0.10,
(5.81,
(1.26,
(1.30,

3.03)
33.62)
3.00)
2.12)

(1.66,
(2.95,
(2.65,
(1.42,

7.68)
8.23)
5.75)
2.90)

(1.12,
(2.53,
(3.46,
(1.37,

13.22)
7.53)
7.14)
2.01)

(3.21,
(3.35,
(1.65,
(1.11,

6.70)
5.86)
2.86)
1.89)

CI, conﬁdence interval; IRR, incident rate ratio.

consistency in long-term care needs assessment. Moreover, the HAT
index may be easily used to screen vulnerable frail patients in primary
care to better adapt home-based care provision.
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Supplementary Table 2
A priori Criteria and Actions Performed to Select the Final Model

Appendix. Statistical Analyses Used to Derive the HAT
A. Selection of the Best Nominal Response Model
To derive the HAT, multiple nominal response models (NRms)
were run with health indicator categories deﬁned in different ways in
each model (Supplementary Table 1). Most of the cut-offs chosen for
the categories were derived from the literature. Each model’s internal
consistency was veriﬁed by running the model on 10 samples
(N ¼ 3363) drawn randomly with replacement from the study population. Three hundred models were tested; the ﬁnal model was
chosen on the basis of a priori criteria reported in Supplementary
Table 2.

A Priori Criteria

Actions Performed

1. Difﬁculty values for variable with
2 or more cut-offs in the
expected order.
2. Difﬁculty levels evenly spread
across the latent variable trait as
much as possible.
3. High discrimination among people of similar levels of health.

Removed models with unordered
difﬁculty levels in at least 1 of the
samples.
a) Calculate the distances among
the different difﬁculty levels in
a model.
b) Keep models for which, in all
samples, the mean distance,
the minimum distance, and
the standard deviation of the
distances are greater than the
respective mean considering
all models.
c) Keep models with at least 30%
of the difﬁculty values below
zero (mean level of latent
trait).
Keep models with the largest total
area of the TIF, largest area per
unit height of the TIF, or largest
health range for TIF above or
equal to one.

4. High precision over a large range
of the latent trait.

TIF, test information function.

B. Calculation of the HAT scores
The discrimination and difﬁculty levels from the selected NRm
are reported in Supplementary Table 3. The total characteristic
curve (TCC, expected score) ranged from 0 to 10. The TCC was more
precise for people whose health status was above average (positive
values of the latent trait), and the relationship between score and
health status was not linear. To obtain a continuous score, the
weights for each category were derived by regressing the NRm TCC
against the health indicators (Supplementary Table 4). The HAT
score values were reversed so that they ranged from 0 (poor health)
to 10 (good health). Because of the high discrimination power of
the ADL variables, the regression was stratiﬁed by limitation status
(no limitation, only IADL limitations, any ADL limitation). We tested
for interactions between the variables and included those with the
largest effects in the model.
Supplementary Table 1
Different Categorizations of the Health Indicators Tested in the NRm
Variables

Categories

PADL
IADL
PADL þ IADL
MMSE

0
0
0
30‒27
30‒27
30‒29
30
30
1.0
1.2
1.2
1.5
1.5
0
0
0
0‒1
0‒1
0‒2

Gait speed

Chronic diseases

1þ
1þ
1
26‒24
26‒20
28‒20
29‒28
29
1.0 ‒ 0.4
1.2 ‒ 0.8
1.2 ‒ 0.4
1.5 ‒ 1.0
1.5 ‒ 1.0
1
1‒2
1þ
2
2þ
3þ

Supplementary Table 3
Discrimination and Difﬁculty Parameters (95% CI) Derived from the NRm for
Different Categories of the 5 Health Indicators
N (%)*

2
23‒0
19‒0
19‒0
27‒20
28‒20
<0.4
<0.8
<0.4
1.0 ‒ 0.4
1.0 ‒ 0.6
2þ
3þ

3þ

19‒0
19‒0

<0.4
<0.6

3þ

PADL, personal activities of daily living; MMSE, Mini-Mental State Examination.

Discrimination

Difﬁculty

PADL
None vs 1þ
250 (7.5) 11.0 (5.57; 16.5) 1.43 (1.36; 1.49)
IADL
None vs 1þ
618 (19.0) 6.79 (5.10; 8.49) 0.85 (0.80; 0.90)
Gait speed
1.5 vs 1.49 to 1.0
1258 (39.5) 1.13 (0.74; 1.51) ‒1.20 (‒1.40; 1.01)
1.49 to 1.0 vs 0.99 to 0.4 861 (27.0) 3.97 (2.67; 5.28) 0.23 (0.18; 0.28)
0.99 to 0.4 vs <0.4
374 (11.8) 4.59 (3.33; 5.85) 1.19 (1.13; 1.26)
MMSE
30 vs 29
975 (29.1) 0.45 (0.30; 0.59) ‒0.08 (‒0.30; 0.14)
29 vs 28‒20
1018 (30.4) 1.16 (0.58; 1.73) 0.08 (‒0.02; 0.17)
28‒20 vs 0‒19
231 (6.9) 3.91 (2.74; 5.08) 1.54 (1.46; 1.63)
Morbidities
None vs 1‒2 morbidities 1713 (51.9) 0.75 (0.62; 0.89) ‒1.49 (‒1.72; 1.26)
1‒2 vs 3þ morbidities
928 (27.7) 0.59 (0.13; 1.05) 1.28 (1.05; 1.51)
CI, conﬁdence interval; MMSE, Mini-Mental State Examination; PADL, personal
activities of daily living.
*Number of people and percentage (%) with the worse outcome. The R-square
values for the regressions were all above 0.99.
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Supplementary Table 4
Regression Coefﬁcients Relating the Single Health Indicators to the HAT in 3
Different Subgroups
No PADL
or IADL
Impairment
IADL
None
Any
Gait speed
1.5
1.49 to 1.0
0.99 to 0.4
<0.4
MMSE
30
29
28‒20
19‒0
Morbidity
None
1‒2
3þ
MMSE  gait speed
29  1.49 to 1.0
 0.99 to 0.4
 <0.4
28‒20  1.49 to 1.0
 0.99 to 0.4
 <0.4
19‒0  1.49 to 1.0
 0.99 to 0.4
 <0.4
Constant

Any IADL
Impairment

Any PADL
Impairment

Ref.
‒1.7*
Ref.
‒0.6*
‒2.4*
‒3.9*

Ref.
‒0.3*
‒1.5*
‒2.5*

Ref.
0
‒0.9*
‒2.0*

Ref.
‒0.2*
‒0.8*
‒1.5*

Ref.
‒0.1*
‒0.4*
‒1.3*

Ref.
‒0.1*
‒0.4*
‒1.3*

Ref.
‒0.4*
‒0.6*

Ref.
‒0.2*
‒0.3*

Ref.
‒0.2*
‒0.3*

6.7*

5.3*

0.0*
0.0*
0.1*
0.0*
0.2*
0.3*
‒0.8*
‒0.3*
10.0*

MMSE, Mini-Mental State Examination; PADL, personal activities of daily living.
*P value < .01.
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