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Abstract

Background: Adult obesity is linked to a greater need for social care because of its association with the
development of long term conditions and because obese adults can have physical and social difficulties which
inhibit daily living. Obesity thus has considerable social care cost implications but the magnitude of these costs is
currently unknown. This paper outlines an approach to estimating obesity-related social care costs in adults aged

over 65 in England.

Methods: We used univariable and multivariable logistic regression models to investigate the relation between the
self-reported need for social care and potential determinants, including body mass index (BMI), using data from Health
Survey for England. We combined these modelled estimates of need for social care with the mean hours of help
received, conditional on receiving any help, to calculate the expected hours of social care received per adult by BMI.

Results: BMI is positively associated with self-reported need for social care. A one unit (ie 1 kg/m?) increase in BMI is
on average associated with a 5% increase in the odds of need for help with social care (odds ratio 1.05, 95% Cl 1.04 to
1.07) in an unadjusted model. Adjusting for long term illness and sociodemographic characteristics we estimate the
annual cost of local authority funded care for those who receive it is £599 at a BMI of 23 but £1086 at a BMI of 40.

Conclusion: BMI is positively associated with self-reported need for social care after adjustment for
sociodemographic factors and limiting long term illness. The increase in need for care with BMI gives rise to
additional costs in social care provision which should be borne in mind when calculating the cost-effectiveness

of interventions aimed at reducing obesity.
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Background

The adverse health consequences associated with obesity
in adults are well documented. They include type 2 dia-
betes, cardiovascular disease, liver disease, respiratory
disease, musculoskeletal disorders and certain cancers
[1]. The association of obesity with the development of
long term conditions means that obesity is linked to a
greater need for social care. In addition obese adults
may have physical and social difficulties which inhibit
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daily living and can also require social care [2]. Obesity
thus has considerable health and social care cost impli-
cations [3-8]. These costs, coupled with the current
high prevalence of obesity in the general population
(25% of adults in England [9]) highlight a requirement
for effective interventions targeted at obesity prevention
and reduction [10]. Combining estimates of the clinical
effectiveness of such interventions with an assessment of
their economic impact should help to maximise the effi-
cient allocation of public health resources.

Local authorities in England have had responsibility
for public health service commissioning since April 2013
[11]. Public Health England (PHE) is a national body
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which supports local authorities in delivery of their public
health objectives and as part of this remit has developed a
cost-effectiveness tool for weight loss interventions that is
targeted at local authorities [12]. The first phase of the
tool included the costs to the health service of selected co-
morbidities associated with obesity but did not reflect the
wider social costs of obesity because of a lack of available
evidence with which to calculate them robustly. The po-
tential economic benefits to a local authority of obesity-
reducing interventions were thus underestimated. Local
authorities are responsible for social care provision and
are perceived to face a considerable cost burden from
obesity-related social care costs but there are few pub-
lished estimates of social care resource use or cost related
to BMI levels. Previous studies have been conducted in
the older adult populations of Ireland [8] and Europe [13].
There is also a lack of published data that directly link
obesity with social care need [2] or enable a calculation of
obesity-related social care costs.

The aims of this study were to estimate the impact of
BMI on the need for social care in a sample of the Eng-
lish population; and to estimate the expected hours of
care, and thereby costs, associated with this level of
need. Our findings will inform estimates of the cost-
effectiveness of interventions aimed at reducing obesity
in local authority settings and elsewhere.

Methods

Data

We used data from the Health Survey for England
(HSE), an annual survey designed to be representative of
the population living in private households in England
[14]. The survey uses a multi-stage stratified random
probability sample of households; people living in insti-
tutions are outside its scope. Since 2011 the survey has
included questions for people aged 65 and over about
their need for social care, and receipt of such care.
Around 63% of people who receive community-based
social care in England are aged 65 and over [15]. The
surveys do not include information about use of social
care in adults aged less than 65.

Social care involves provision of help with personal
care and domestic tasks to help people live as independ-
ently as possible. The need for and receipt of social care
is measured in HSE using self-assessment of a number
of Activities of Daily Living (ADLs) and Instrumental
Activities of Daily Living (IADLs) (Table 1). ADLs relate
to personal care and mobility about the home, while
IADLs are additional activities which are important for
living independently [15]. For each ADL and IADL par-
ticipants are asked whether they can carry out the activ-
ity on their own; manage on their own with difficulty;
only do the activity with help; or not at all.
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Table 1 Tasks included in HSE Activities of Daily Living (ADLs)
and Instrumental Activities of Daily Living (IADLs)

ADLs IADLs
Getting up and down stairs Shopping for food

Having a bath or a shower Doing routine housework or laundry

Dressing or undressing Getting out of the house
Getting in and out of bed Doing paperwork or paying bills
Getting around indoors

Taking medicine

Using the toilet

Eating, including cutting up food

Washing face and hands

HSE also contains questions on help received in the
last month by ADL and IADL, and hours of help re-
ceived by source in the last week [14]. Sources of help
may be formal or informal. We adopt the HSE defini-
tions of informal care but use a more restricted defin-
ition of formal care in order better to highlight care
which is funded by a local authority. Informal sources of
care include partners, family members and friends. Our
definition of formal social care includes care provided
by: home care workers/home helps/personal assistants;
members of the reablement/intermediate care staff team;
wardens/sheltered housing managers; and council main-
tenance workers. It excludes help provided by occupa-
tional therapists/physiotherapists; voluntary helpers; and
cleaners.

Measured height and weight are obtained during the
HSE interviewer visit. Measurements are not taken from
participants who are unable to stand or are unsteady on
their feet and weight measurements are not taken from
participants who are pregnant. BMI (weight in kg/height
in metres?) is based on estimated weight when measured
weight exceeds a threshold of 130 kg.

In addition to BMI we also considered sociodemo-
graphic characteristics which may have an independent
association with need for help with social care (sex, age,
ethnicity, index of multiple deprivation (IMD) quintile,
equivalised household income tertile (the tertile of
household income after adjustment for household size),
marital status, number of adults in the household, num-
ber of children in the household); and a binary variable
indicating the presence of any limiting long term illness
including mental illness.

The causal link between raised BMI and some long
term illnesses leads to statistical difficulties in separating
their effects on need for social care [6, 8]. In order to re-
fine our estimates of the need that is ultimately attribut-
able to BMI we constructed two additional measures of
limiting long term illness and consider these separately
in statistical analysis. One of the additional measures
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does not count individuals with only diabetes in its def-
inition of long term illness, while the other does not
count individuals with either diabetes or stroke, heart at-
tack or angina. Both of these conditions are linked to
raised BMI and the additional variables will allow the ef-
fect of other long term illnesses on need for social care
to be more precisely identified. HSE does not distinguish
between types of diabetes but over 90% of diabetes cases
are type 2 [16], and of these approximately 79% to 83%
are attributable to obesity and overweight [17, 18]. Ap-
proximately 34%—58% of cases of heart disease or stroke
are attributable to overweight or obesity [17]. Other dis-
eases are also linked to raised BMI but to a lesser extent,
and as they also tend to occur less frequently in our
sample we did not attempt to adjust for them.

We pooled data from the 2011, 2012 and 2013 HSE
[19-21] in order to maximise sample size.

Statistical analysis

The number reporting a need for help with social care
in the HSE is higher than the number reporting that
they received help with care [15]. This suggests an un-
met need for support, with the determinants of need for
care differing from the determinants of amount of help
actually received. Consequently we adopted a two-step
approach. In the first step we model the probability of
need for care. In the second step we combine the
model-predicted marginal probability of need for care by
BMI with the overall mean hours of help received, con-
ditional on receiving any help, to calculate the expected
hours of help received per adult per week by unit of
BMI. Thus our base case estimates of expected hours of
social care received assume that there is no unmet need
for care, that is care is being provided if there is a need,
and that the reported hours provided are adequate to
meet that need. We considered a respondent to have a
self-reported need for care if they expressed at least diffi-
culty with carrying out at least one ADL or IADL. This
is consistent with the definition of need used in other
HSE analyses [15].

The variables for hours of help received in the previ-
ous week are categorical for all sources of care in HSE
2011 and 2012, and for informal sources of care in HSE
2013. The categories used are: less than 1 h; 1-4 h; 5-
9 h; 10-19 h; 20-34 h; 50-99 h; and (in HSE 2013 only)
100 h or more. We recoded these to numeric values
using the midpoints of the categories. A value of 100 h
was used for the category 100 h or more.

We estimated univariable and three multivariable lo-
gistic regression models to assess the association be-
tween the self-reported need for social care and its
potential determinants. Multivariable model 1 controls
for all covariates except those related to limiting long
term illness; model 2 controls for all model 1 covariates
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plus any limiting long term illness; model 3 controls for
all model 1 covariates plus the long term illness defin-
ition which excludes diabetes. A fourth multivariable
model was used in sensitivity analysis and controls for
all model 1 convariates plus the long term illness defin-
ition which excludes heart attack and stroke. The four
models aim to provide progressively more refined esti-
mation of the effect of BMI and its associated long term
illnesses on the need for social care. Wald tests adjusted
for use with survey data were used to assess statistical
significance of the covariates.

The univariable models consider BMI as both a con-
tinuous and a categorical variable. In order fully to cap-
ture its association with need for social care, BMI enters
the multivariable models as a continuous variable. To
accommodate nonlinearities in this relation we included
covariates for BMI, BMI squared (BMI%) and BMI cubed
(BMI®). We recoded limiting long term illness to a di-
chotomous variable indicating the presence of limiting
long term illness only. (Non-limiting long term illness
was recoded as no limiting long term illness.) Missing
values were coded as a separate category for categorical
covariates.

Missing BMI was calculated after imputation of missing
height and weight. We considered that imputation was
necessary because the reasons for missing height and
weight (individuals unable to stand or unsteady on their
feet) are likely to be related to the need for social care. In
these circumstances a complete case analysis would be
biased [22]. Multiple imputation also permits a statistically
more powerful analysis compared with analysis based on
complete cases, as a greater number of observations may
be included in modelling. A complete case analysis of
model 3 was carried out as a sensitivity check.

Missing height and weight were imputed from all of the
covariates considered in the regression models (except
BMI) using multivariate normal multiple imputation with
50 imputations. Multivariate normal imputation was used
as missing height and weight were assumed to be missing
at random. Work elsewhere has indicated that this is a
reasonable assumption with HSE data [23, 24]. As a valid-
ity check summary BMI statistics were calculated for a re-
duced dataset which excluded observations with missing
BML

Analyses were undertaken in Stata 13.1 [25] and ac-
count for the HSE complex survey design and sample
weights.

Results

A sample of 6462 adults aged 65 or over was available for
analysis after coding of missing values and imputation of
missing height and weight. Excluding unreliable measure-
ments 16% of the sample was missing both height and
weight and 2% was missing either height or weight. For
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limiting long term illness there were missing data for 6
participants and these participants were excluded from
analysis. Only one participant in HSE 2013 reported re-
ceipt of more than 100 h of formal help in the previous
week from a single source. This observation is retained in
the main analysis but its influence is considered in sensi-
tivity analysis (Additional file 1: Table S1). It is worth not-
ing that receipt of more than 100 h of care per week from
informal sources is not unusual.

Characteristics of the study population are presented
in Table 2. Those with a healthy non-missing BMI com-
prise 20.8% of the sample but represent only 15.0% of
those with a self-reported need for social care while par-
ticipants with any limiting long-term illness comprise
44.3% of the sample but make up 81.4% of those with a
need for care. The effect of long term illness on need for
care is proportionately and progressively slightly reduced
if diabetes and then heart-related conditions are ex-
cluded from its definition, but remains pronounced. Fe-
males, older age groups, more deprived IMD quintiles,
those who are not married or cohabiting and households
with only one adult also have a need for care that is
higher than their proportionate sample size.

Table 2 shows that the mean BMI after imputation is
within one tenth of a unit of the mean BMI calculated
excluding missing or unreliable measurements. This is
likely to reflect the relatively small proportion of the
group for whom imputations were made but indicates
that imputation is satisfactory under the missing at ran-
dom assumption. Those with a missing or unreliable
BMI measurement are more likely to require social care
than healthy or overweight BMI categories, as indicated
by the categorical BMI variable in Table 2.

Table 3 gives the odds ratios estimated by the logistic
regression models. All variables are significant at the
95% level in the unadjusted models. However the num-
ber of children in a household is not a significant pre-
dictor of self-reported need for social care in
multivariable models 1 or 3 while the number of adults
in a household is not significant at the 95% level in
models 2 or 3. A cubic functional form was found to
provide the best fit between BMI and the observed data
in all three multivariable models.

In model 1 a self-reported need for social care is posi-
tively associated with female sex; age; Asian ethnic ori-
gin; more deprived IMD quintiles; lower equivalised
income tertiles; and unmarried status. In model 2 these
positive relations remain but are generally less pro-
nounced. For example the average odds of need for so-
cial care in the 80—84 age group are 5.03 times those in
the reference age group 65-69 in model 1 (95% CI 4.15
to 6.09) but are 3.99 times those of age 65-69 in model
2 (95% CI 3.16 to 5.03). Model 2 shows that an individ-
ual with a limiting long-term illness has odds of a self-
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reported need for social care which are 12.70 times those
of people without a limiting long term illness (95% CI
10.99 to 14.68). This compares with the odds ratio of
14.18 seen in the univariable model (95% CI 12.40 to
16.21). The limiting illness odds ratios estimated in
model 3, which excludes diabetes from its definition, are
midway between these two estimates.

Regression models estimated without imputed BMI
observations do not show any substantive deviation in
significance or direction of the relation between BMI
and social care need but do show a reduced magnitude
of the relation (Additional file 1: Fig. S1). This indicates
that missing height and weight is as anticipated related
to the need for social care (also confirmed by Table 2)
and that a complete case analysis is consequently biased.

Figure 1 compares the marginal probabilities of self-
reported need for social care by BMI obtained from
models 1 to 3. These probabilities were calculated as the
average probability of need for social care of the sample
at various values of BMI. The best-fit relation between
BMI and need for social care is J-shaped in all models
over the range of BMI considered, but the need for so-
cial care increases more rapidly with BMI under model
1 than models 2 or 3 as model 1 reflects the association
of BMI and long term illness as well as the physical and
social difficulties it can entail. For example an increase
in BMI from 29 to 30 is associated with a marginal in-
crease in probability of need for care of 1.91% in model
1 but 0.93% in model 2.

The predicted probabilities of self-reported need for
care shown in Fig. 1 may be combined with the average
hours of care received from Table 2 to calculate ex-
pected hours of help received by BMI if needs were to
be met with the current average provision per week.
Table 2 shows that, conditional on receiving at least
some help and expressing a need for help, the mean
hours of care received per week is 21.2 h from informal
sources and 1.6 from formal local authority sources.
Table 4 gives the expected hours of care received by
BMI for both formal and informal sources calculated by
combining these estimates and the model marginal
probabilities of need for help from Fig. 1. An alternative
version of Table 4 excluding one individual in receipt of
more than 100 h of formal care per week is provided in
Additional file 1 (Table S1).

Discussion

Our findings show that BMI is positively associated with
self-reported need for social care after adjustment for
sociodemographic characteristics and limiting long term
illness. This agrees with previous studies which have
found that the association between overweight and obesity
and health or allied health service use is only partially ex-
plained by chronic health conditions [8, 13]. The adjusted
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Table 2 Sample characteristics and self-reported need for social care by sample characteristics

Unweighted count % or mean® % of those with self-reported
need for social care (95% Cl)*
BMI (excludes missing and unreliable) 5045 28.06
BMI (including unreliable and imputed) 6462 2815
BMI category
<185 52 0.8 1.1(07t015)
185 to <25 1328 20.8 150 (134 to 16.6)
25 to <30 2152 332 230 (21.2 to 24.8)
30 to <40 1405 217 229 (21.1 to 24.7)
40+ 108 1.7 25 (1810 3.1)
Missing and unreliable 1417 218 35.6 (33.3 t0 37.8)
Limiting long term illness
No 3632 55.7 186 (169 t0 20.2)
Yes 2830 443 814 (79.8 to 83.1)

Limiting illness (definition excludes any diabetes)
No 4098 63.0 333 (31310 35.3)
Yes 2364 370 66.7 (64.7 to 68.7)

Limiting illness (definition excludes any
diabetes or heart-related/stroke)

No 4398 67.7 432 (41.0to 453)

Yes 2064 323 56.8 (54.7 to 59.0)
Sex

Female 3500 453 62.6 (60.8 to 64.3)

Male 2962 54.7 374 (357 10 39.2)

Age (years)

65-69 2004 304 2 (15510 189)
70-74 1609 243 6 (179 to0 21.3)
75-79 1262 200 9 (18.1 t0 21.7)
80-84 904 144 9 (20.2 t0 23.7)
85+ 683 1.0 214 (196 t0 23.2)
Ethnic Origin
White 6202 95.6 94.5 (934 10 95.7)
Asian 126 2.2 1(22t040)
Black 77 13 3(08to0 19
Other 31 05 0.5 (0.2 t0 0.8)
Missing 26 04 5(0.2to 0.8)
IMD quintile
1 least deprived 1474 226 9 (14.9 to 19.0)
2 1592 249 22.3 (20.1 to 24.4)
3 1405 219 3 (19210 233)
4 1105 17.1 9 (17.8 t0 21.9)
5 most deprived 886 134 6 (175 t0 21.8)

Equivalised income tertile
Lowest 1994 309 36.1 (340 to 383)
Middle 1867 28.7 26.0 (24.0 to 28.0)
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Table 2 Sample characteristics and self-reported need for social care by sample characteristics (Continued)

Highest 860 133 72 (6.0 to0 83)

Missing 1741 27.1 30.7 (286 to 32.9)
Marital status

Not married or cohabiting 2566 40.3 53.0 (50.7 to 554)

Married or cohabiting 3896 59.7 470 (44.6 10 49.3)
Adults in household

1 2291 354 456 (433 10 47.8)

2 3746 56.6 456 (433 t0 479)

3 352 6.5 7 (54 t0 80)

4 55 1.1 5(08to2.1)

5 10 0.2 2 (-0.1 to 0.6)

6 6 0.1 3(00t0 06)

8 2 0.1 2(02t00.2)
Children in household

0 6401 98.9 983 (97.7 t0 98.9)

1 38 0.7 2(07t01.7)

2 18 03 4(0.1t0 0.7)

3 3 0.1 0 (0.0 to 0.0)

4 1 0.0 1(-0.1100.2)

5 1 0.0 0(0.0to00.1)
Any help required with ADL or IADL

No 4194 64.3

Yes 2268 357
Any help received with ADL or IADL in the previous week

No 5024 773

Yes 1438 22.7
Type of care received in the previous week®

None 5024 773

Informal only 1222 19.2

Formal (LA) only 78 13

Both informal and formal 138 22
Mean hours of help received by source in previous week”

Informal 1330 21.2

Formal (LA) 214 16

Total informal and formal 1406 228

? Weighted and adjusted for survey design
PConditioned on receiving at least some help and expressing a need for help

BMI odds ratio estimates from model 2 can be interpreted
as reflecting the physical and social difficulties of obesity
[2]. The adjusted BMI estimates from model 1 reflect im-
plicitly, in addition, the association of BMI with all limit-
ing long term conditions while the adjusted estimates
from model 3 reflect the association of BMI with limiting
long term diabetes only.

Comparison of the BMI and social care need rela-
tion of model 1 with the relation found for model 2

(Fig. 1) indicates that BMIs under 30 are associated
with a lower than average prevalence of long term ill-
ness since the marginal predicted need for social care
is smaller in this BMI range under model 1 than
model 2. Conversely BMIs above 30 are associated
with a higher than average prevalence of long term
illness because the marginal need for care is smaller
in this BMI range when long-term illness is adjusted
for, that is under model 2. These relations thus reflect
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Table 3 Results of logistic regressions exploring the association between self-reported need for social care and sociodemographic
characteristics. n = 6462 in all models®

Unadjusted Odds
Ratio (95% Cl)

Adjusted Odds Ratios

Model 1 (95% Cl)

Adjusted Odds Ratios

Model 2 (95% Cl)

Adjusted Odds Ratios
Model 3 (95% Cl)

BMI (excludes missing)

BMI

BMI?

BMIP?

BMI category
<185
185 to <25
25 to <30
30 to <40
40+
Missing

Limiting long term illness

No

Yes

1.05 (1.04 to 1.07)**
1.05 (1.04 to 1.07)**

261 (0.22 to 0.67)**
Ref
0.95 (0.80 to 1.12)

5 (147 to 2.08)**
3.19 213 to 4.77)**
4.03 (3.38 to 4.81)**

Ref

14.18 (1240 to 16.21)**

Limiting long term illness excluding any diabetes

No

Yes

Limiting illness excluding any diabetes or heart-related/stroke

No
Yes
Sex
Female
Male
Age (years)
65-69
70-74
75-79
80-84
85+
Ethnic Origin
White
Asian
Black
Other
Missing
IMD quintile
1 least deprived
2
3
4

5 most deprived

Equivalised income tertile

Lowest

Ref
7.81 (6.93 to 8.79)**

Ref
5.73 (5.10 to 6.45)**

Ref
061 (0.55 to 0.67)**

Ref
0 (1.37 to 1.88)**
2.18 (1.83 to 2.59)**
4.71 (3.94 to 5.64)**
(

9.08 (742 to 11.11)**

Ref
1.81

(1.18 to 2.76)**
1.05 (065 to 1.72)
1.09 (0.54 to 2.17)
1.91 (0.92 to 3.96)

Ref
1.29 (
145 (
(
(

K%

1.09 to 1.51)
1.22 t0 1.72)**
>**

1.94 (162 to 2.31
3.00 (247 to 3.63)**

Ref

0.36 (0.21 to 0.62)**
1.03 (1.02 to 1.05)**
1.00 (1.00 to 1.00)**

Ref
0.70 (0.63 to 0.79)**

Ref
0 (1.35 to 1.88)
2.10 (1.75 to 2.51)**
5.03 (4.15 to 6.09)**
(

9.89 (792 to 12.36)**

Ref
6 (1.23 to 3.12)**
0.66 (0.39 to 1.10)
6 (0.62 to 2.57)
9 (0.50 to 2.83)

Ref
1.1
1.28
1.55
242

(093 to0 1.33)

(1.07 to 1.53)**
(1.27 to 1.88)**
(1.94 to 3.03)**

Ref

048 (0.27 to 0.85)*
1.02 (1.00 to 1.04)*
1.00 (1.00 to 1.00)*

Ref

12.70 (10.99 to 14.68)**

Ref
0.70 (0.61 to 0.80)**

Ref

0 (1.25 to 1.81)**
9 (1.54 to 2.31)**
3.99 (3.16 to 5.03)**
9.29 (7.21 to 11.98)**

Ref
1(1.04 to 3.15)*

0.70 (042 to 1.16)
8 (049 to 3.92)
0 (0.50 to 2.86)

Ref
1.08 (0.87 to 1.32
1.10 (090 to 1.35
135 (

2.02 (

)
)
1.09 to 1.67)**
)

1.58 to 2.58)**

Ref

044 (0.25 to 0.78)**
1.03 (1.01 to 1.05)**
1.00 (1.00 to 1.00)*

Ref
7.21 (634 to 8.21)**

Ref
0.74 (0.65 to 0.84)**

Ref

1.56 (1.31 to 1.86)**
1.99 (1.64 to 241)**
4.30 (347 to 534)**
9.17 (724 t0 11.63)**

Ref
270

0.80 (049 to 1

(156 to 4.67)*
(
41 (
8 (

)
31)
051 to 3.93)
)

061 to 3.17

Ref
1.11 (091 to 1.35)
7 (0.96 to 1.43)

46 (1.18 to 1.79)**

222 (1.76 to 2.81)**

Ref
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Table 3 Results of logistic regressions exploring the association between self-reported need for social care and sociodemographic

characteristics. n = 6462 in all models® (Continued)

Middle 067 (0.58 to 0.77)**
Highest 0.33 (0.27 to 0.41)**
Missing 0.95 (0.82 to 1.09)

Marital status

Not married or cohabiting Ref Ref
044 (039 to 0.49**
0.75 (0.68 to 0.84)**
1.56 (1.12 to 2.19)**

Married or cohabiting
Adults in household
Children in household

0.81 (0.69 to 0.95)*
049 (0.39 to 0.61)**
0.86 (0.74 to 1.01)

0.67 (0.55 to 0.82)**
1.19 (1.02 to 1.38)*
1.24 (0.86 to 1.78)

0.88 (0.73 to 1.05)
0.62 (048 to 0.81)**
0.97 (0.81 to 1.16)

0.83 (0.70 to 0.99)*
0.56 (044 to 0.71)**
094 (0.79 to 1.11)

Ref Ref

0.69 (0.56 to 0.86)** 0.68 (0.55 to 0.83)**
1.06 (0.90 to 1.24) 1.09 (0.94 to0 1.27)
1.58 (1.09 to 2.27)* 1.35 (0.96 to 1.89)

@ Model 2 is adjusted for limiting long term illness, in addition to the sociodemographic characteristics also considered in model 1; model 3 is the same as model

2 but uses a definition of long term illness which does not include diabetes
*p <001, *p <005

the well documented adverse health consequences of
obesity [1, 26].

J-shaped relations between BMI and risk of all cause
mortality have been reported elsewhere [27-32] and
have also been found for other risk exposures including
alcohol consumption [33]. The lowest modelled prob-
abilities of need of care are found at BMIs between ap-
proximately 21 and 25 (Fig. 1) and this range broadly
corresponds to the optimum BMI range from a mortality
perspective [32]. The left lip of the J-shaped curve for
BMI and mortality reflects calorie malnutrition [33] and
this is a plausible explanation of the upturn in need for
social care at BMIs less than 21. However further work
is required to confirm the causal mechanisms.

60 — —— Model 1
- - Model 2
-=-- Model 3

Marginal probability of need for help (%)

18 20 22 24 26 28 30 32 34 36 38 40
BMI (kg/m?)

Fig. 1 Marginal predicted probabilities of self-reported need for help
with Activities of Daily Living (ADL) and Instrumental Activities of
Daily Living (IADL), by BMI. Dotted lines represent 95% confidence
intervals. Model 2 is adjusted for limiting long term illness, in
addition to the sociodemographic characteristics also considered in
model 1. Model 3 is the same as model 2 but uses a definition of
long term illness which does not include diabetes

Only a proportion of the long term conditions consid-
ered here are related to obesity, and of these only a frac-
tion is attributable to obesity [18]. Model 1 captures the
association of BMI with long term conditions but does
not distinguish which long term conditions are caused
by high BMI, or conversely whether high BMI was
caused by a long term illness. On the other hand model
2 removes any long term illness effect of BMI, and is
thus overly conservative in associating social care need
with BMIL. Model 3 considers that diabetes is largely ex-
plained by BMI and indicates that the effect of BMI on
need for social care lies somewhere between the esti-
mates given by model 1 and model 2. Results for sensi-
tivity analysis model 4, which considers that both
diabetes and heart-related conditions are largely ex-
plained by BMI, lie between the estimates given by
model 1 and model 3, though closer to those of model 3.
The estimates of model 3 are thus more pragmatic than
the estimates given by models 1 and 2 but a prudent ap-
proach in economic modelling would be to examine the
effect of all predicted sets of probability of care need on
cost-effectiveness of interventions.

The expected hours of help received (Table 4) can
be combined with the average hourly cost of a care
worker to provide base case estimates of the cost of
social care by BMI for use in economic models. The
total cost of providing a home care worker in
England is approximately £24 per hour [34] and on
this basis, using model 3, the annual cost of local au-
thority funded community-based social care for an in-
dividual with a BMI of 40 would be £1086
(£24*52 weeks * 0.87 h per week (Table 4)). The same
cost for an individual with a BMI of 23 (ie, within
the healthy range for BMI) is £599. For a typical Eng-
lish lower tier local authority with a population of
30,000 adults aged over 65 [35] and a morbid obesity
prevalence of 2.9% [36] this equates to an annual ex-
cess social care cost of £423,000. These estimates as-
sume that provision of social care will continue at
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Table 4 Expected hours of community-based social care per person per week by source of care and BMI in population aged 65 and
over. Assumes that current mean hours of help received is spread uniformly across the BMI distribution

BMI Model 1 Model 2 Model 3
Formal local authority Informal Formal local authority Informal Formal local authority Informal

18 0.54 722 0.58 763 0.54 7.16
19 0.51 6.78 0.55 7.35 0.52 6.86
20 049 6.45 0.54 7.14 0.50 6.65
21 047 6.24 053 6.99 049 6.50
22 0.46 6.12 0.52 6.89 049 6.43
23 046 6.09 0.52 6.84 048 6.42
24 046 6.14 0.52 6.84 049 646
25 047 6.25 0.52 6.88 049 6.55
26 049 6.44 053 6.96 0.51 6.70
27 050 6.68 053 7.07 052 6.89
28 053 6.99 0.54 722 0.54 712
29 0.55 7.34 0.56 7.39 0.56 7.39
30 0.58 774 057 759 0.58 769
31 0.62 8.19 0.59 7.81 061 8.02
32 0.65 867 0.61 8.04 0.63 838
33 0.69 9.17 063 829 0.66 8.76
34 0.73 9.69 0.65 855 0.69 9.16
35 0.77 10.21 0.66 8381 0.72 9.57
36 0.81 10.73 068 9.07 0.75 9.98
37 0.85 11.23 0.70 933 0.78 10.39
38 0.88 11.70 0.72 9.57 0.81 10.79
39 0.92 12.14 0.74 9.81 0.84 1117
40 095 12.53 0.76 10.02 0.87 1153

current costs in the short term as obesity is only one
of many factors driving social care utilisation.

These base case estimates for formal care costs are
non-conservative because they assume that all those
who indicate a need for care are in receipt of at least
some care. However Table 2 demonstrates that there
is a large unmet need for care as only 1438 respon-
dents reported receiving help in the last week, while
2268 expressed a need for help. This equates to 62%
of the weighted sample, ie. 38% of those who
expressed a need for help with at least one ADL or
IADL did not receive any help. The base case cost es-
timates could be reduced to reflect the unmet need
for care, and provide more conservative estimates for
scenario analysis. Alternatively a less conservative sce-
nario might consider that current formal social care
provision is not sufficient and increase the assumed
hours received per person per week, thereby increas-
ing the cost. The wider societal cost of informal so-
cial care provision from friends and family members
might also be included if an economic model is to re-
flect a societal cost perspective.

We opted to produce a model of the self-reported need
for social care rather than directly model the hours of for-
mal local authority help received because there were only
214 individuals in our sample of 6462 who both needed
and received formal local authority care and we did not
feel that this was sufficient robustly to model the hours of
care received by BMI while also adjusting for other fac-
tors. Previous studies have not found a significant associ-
ation between BMI category and use of home help
services which may be due to a limited sample as typically
only a small proportion of adults receives state-provided
home help [8, 13]. Given that help needed and help re-
ceived are governed by two separate processes a two-part
model is also likely to be required [3]. For these reasons
we used the unadjusted mean hours of help received to
calculate expected hours of help received (Table 4). This is
likely to be conservative as the mean hours of local au-
thority help received may increase with BMI.

Strengths and limitations of the study
Our analyses use a large probabilistic sample from HSE
and are therefore reasonably robust and nationally
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representative. Height and weight are objectively measured
at interview in HSE and not subject to self-report bias. We
have made conservative assumptions and used a transpar-
ent method which provides a basis for further work.

Our study is cross-sectional in design and as such we
are not able to infer causation. The findings indicate that
BMI is positively associated with social care need but it
is possible that social care need precedes raised BMI in
time, rather than the other way around. Further work
might include analysis of longitudinal data which would
help to inform this question. As a cross-sectional study
the estimates presented here measure the association of
BMI with social care need. This may be an overestimate
of causal effect if receipt of social care gives rise to
higher BMIs, or an underestimate if receipt of social care
gives rise to lower BMIs. However this potential endo-
geneity is mitigated as we have modelled need for care
rather than receipt of care: given that a proportion of
those needing care do not receive it (Table 2) any impact
of social care receipt on BMI status is reduced.

HSE does not cover people living in care homes. The
care home population is likely to be on average older
and less healthy, and thus have a higher level of social
care need, than the population in private households
[15]. If the care home population is on average more
obese than the population in private households then
our estimates of the effect of BMI on need for social care
are biased downwards.

Questions about social care are only put to HSE par-
ticipants aged 65 and older. Although adults of this age
represent 63% of those in receipt of community-based
social care [15] this is nonetheless a limitation from an
economic model point of view where estimates of social
care use by BMI are required for all age groups. As-
sumed or extrapolated age adjustments will need to be
applied to the marginal probability estimates in order to
reflect the need for social care in younger age groups.

We have used BMI as a measure of obesity. Consider-
ation of alternative measures of obesity such as waist-to-
height ratio may provide a more thorough understand-
ing of the association between social care need and
weight status [7, 37].

Conclusions
BMI is positively associated with self-reported need for
social care after adjustment for sociodemographic fac-
tors and limiting long-term illness. The increase in need
for care with BMI gives rise to additional costs in social
care provision which should be borne in mind when cal-
culating the cost-effectiveness of interventions aimed at
reducing obesity.

We have incorporated our estimates into subsequent ver-
sions of the PHE weight management cost-effectiveness
tool in order to improve the usefulness of this tool for
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estimating the potential benefits of interventions and
broader activities to reduce the prevalence of obesity. It will
be important to obtain better data and research evidence in
future in order both to refine our estimates of the social
care costs associated with obesity and to provide a fuller
picture of the relation between weight status and social care
costs in the care home population and at younger ages.
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