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ABSTRACT
Background Rates of hospital admission are
increasing, particularly among older people. Poor health
behaviours cluster but their combined impact on risk of
hospital admission among older people in the UK is
unknown.
Methods 2997 community-dwelling men and women
(aged 59–73) participated in the Hertfordshire Cohort
Study (HCS). We scored (from 0 to 4) number of poor
health behaviours engaged in at baseline (1998–2004)
out of: current smoking, high weekly alcohol, low
customary physical activity and poor diet. We linked HCS
with Hospital Episode Statistics and mortality data to 31/
03/2010 and analysed associations between the score
and risk of different types of hospital admission: any;
elective; emergency; long stay (>7 days); 30-day
readmission (any, or emergency).
Results 32%, 40%, 20% and 7% of men engaged in
0, 1, 2 and 3/4 poor health behaviours; corresponding
percentages for women 51%, 38%, 9%, 2%. 75% of
men (69% women) experienced at least one hospital
admission. Among men and women, increased number
of poor health behaviours was strongly associated
( p<0.01) with greater risk of long stay and emergency
admissions, and 30-day emergency readmissions. Hazard
ratios (HRs) for emergency admission for 3/4 poor health
behaviours in comparison with none were: men, 1.37
(95% CI 1.11 to 1.69); women, 1.84 (95% CI 1.22 to
2.77). Associations were unaltered by adjustment for
age, body mass index and comorbidity.
Conclusions Clustered poor health behaviours are
associated with increased risk of hospital admission
among older people in the UK. Lifecourse interventions
to reduce number of poor health behaviours could have
substantial beneﬁcial impact on health and use of
healthcare in later life.
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The National Health Service (NHS) is under pressure in the face of an ageing population.1 People
aged 65 years and older constituted 17% of the UK
population in 20132 but account for 66% of
people admitted to hospital3 and admissions have
increased rapidly in this age group.1 Moreover,
older people experience longer hospital stays and
higher rates of readmission than younger people.3
It is projected that people aged 65 years and over
will comprise 23% of the UK population by 2035;4
this increase will place even greater demand on the
NHS. Set against this backdrop, improved understanding of the patterns and risk factors of hospitalisation among older people is required; this would

inform understanding of current demand on the
NHS by identifying subgroups of older people who
are at risk of ill health, and could contribute to the
development of interventions designed to reduce
the need for hospitalisation in future generations of
older people.
Smoking, excessive alcohol use, low levels of
physical activity and poor diet are risk factors for
ill health and premature mortality. Almost half of
the burden of disease in developed countries is
attributable to these behavioural risk factors,5 and
they have a major impact on ill health in the UK
population.6 Even in old age, poor health behaviours are associated with reduced longevity, independent of chronic conditions.7 Public Health
England recognises that reducing smoking and
harmful drinking, and increasing levels of physical
activity and improving diet are important public
health priorities.8 In recent years, health promotion
strategies have started to incorporate a whole
person approach to behaviour change; exemplar
initiatives include Every Contact Counts9 and
Change4Life.10 However, this shift of emphasis
follows on from years in which UK health policy
was compartmentalised and took insufﬁcient
account of clustering between health behaviours.11
In 2012, a King’s Fund report described clustering of unhealthy behaviours (smoking, heavy
alcohol use, poor diet and low levels of physical
activity) in the English population and noted that
these behaviours do not arise independently of
each other or of social circumstances.11 The report
estimated that 25% of the English adult population
engaged in three or four poor health behaviours
and that this pattern of behaviour was less prevalent among women, people of higher socioeconomic position and older people; nonetheless,
the report estimated that 20% of men and 15% of
women aged 65 years and older engaged in three
or more poor health behaviours. Given that health
behaviours are potentially modiﬁable, and that hospitalisation is common among older people, this
raises the possibility that interventions aimed at
reducing the number of poor health behaviours
that people engage in throughout the lifecourse
could have a substantial impact on not only individual health outcomes in later life but also the
burden placed on the NHS by an ageing
population.
The King’s Fund report identiﬁed a lack of
research evidence on the impact of combined
health behaviours on morbidity and mortality; the
report detailed only one UK study based on 20 244
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men and women aged 45–79 years who participated in the
European Prospective Investigation of Cancer (EPIC)-Norfolk
study and among whom the presence of four poor health behaviours was associated with a fourfold increase in total mortality
over an 11-year follow-up.12 The King’s Fund report noted that
longitudinal surveys linked with NHS administrative data have a
valuable opportunity to investigate whether the presence of
multiple poor health behaviours is related to morbidity.
In response to the King’s Fund report, we have taken the
opportunity to explore the association between number of poor
health behaviours (smoking, heavy alcohol use, poor diet and
low levels of physical activity) and risk of hospitalisation among
the cohort of 2997 community-dwelling men and women who
participated in the Hertfordshire Cohort Study (HCS) between
1998 and 2004, when they were 59–73 years of age, and who
have subsequently been followed up for hospital admissions
over a 10-year period by linkage with routine Hospital Episode
Statistics (HES) data.13

METHODS
Literature review
We used OVID to search the databases MEDLINE (including
in-process citations) and EMBASE for English language publications (from 1980 to April 2015) which described studies that
had used linkage with routinely collected NHS data to explore
the longitudinal association between poor health behaviours and
risk of hospital admission among community-dwelling older
people in the UK. We used a combination of MeSH subject
headings and free-text terms to specify our search criteria.
MeSH headings comprised: ‘health behaviour’, ‘life style’, ‘hospitalization’, ‘aged’, ‘cohort studies’, ‘follow-up studies’, ‘prospective studies’, ‘registries’ and ‘Great Britain’. Free-text search
terms included: ‘smoking’, ‘smoker’, ‘alcohol’, ‘heavy drinking’,
‘physical activity’, ‘sedentary’, ‘diet’, ‘NHS’, ‘hospital episode
statistics’, ‘inpatient’, ‘older adults’, and ‘record linkage’. We
screened the titles of 2002 articles for relevance, excluding
studies which focused only on groups of older people with speciﬁc morbidities such as diabetes or renal failure, or which
examined risk factors for readmission to hospital. We subsequently reviewed 63 abstracts and retrieved the full text of 19
relevant publications.

The Hertfordshire Cohort Study
The HCS comprises 1579 men and 1418 women born in the
English county of Hertfordshire between 1931 and 1939 and
who still lived there in 1998–2004 when they completed a
home interview and research clinic for detailed characterisation
of their health behaviours and sociodemographic and clinical
characteristics; the study has been described in detail previously.14 Smoking status (never/ex/current), weekly consumption
of alcohol (in units) and customary level of physical activity
(Dallosso
questionnaire15)
were
ascertained
by
a
nurse-administered questionnaire. Participants completed a food
frequency questionnaire from which a ‘prudent diet’ score was
derived using principal components analysis; high scores reﬂect
healthier diets: high in consumption of fruit, vegetables, wholegrain cereals and oily ﬁsh but low in consumption of white
bread, chips, sugar and full-fat dairy products.16 Details of all
prescription and over-the-counter medications taken were coded
according to the British National Formulary; the number of
systems medicated was used as a marker of comorbidity. The
study had ethical approval, and participants gave signed consent
to participate in the study and for their health records to be
accessed in the future. Investigations on participants were

conducted in accordance with the principles expressed in the
Declaration of Helsinki. The cohort is ﬂagged on the NHS
Central Register for continuous notiﬁcation of deaths.
As described previously, an extract of routinely collected HES
data17 detailing hospital admissions between 1 April 1998 and
31 March 2010 was obtained for linkage with HCS;13 records
relating to the same individual were brought together to create a
personal admissions history alongside details of death where
appropriate. Admissions occurring before the baseline HCS
clinic were excluded; thus, histories comprised information on
all hospital admissions between the date of attendance at HCS
baseline clinic and 31 March 2010.

Statistical methods
In keeping with previous HCS analyses,18 we coded four binary
variables representing poor health behaviours: current smoking;
weekly consumption of alcohol in excess of recommended
‘lower risk guidelines’ (>21 units for men, >14 for women);10
low customary physical activity (Dallosso physical activity score
≤50); and poor diet (prudent diet score in the bottom quarter
of the HCS distribution). These variables were summed to yield
a score ranging from 0 to 4 which reﬂects an increasing number
of poor health behaviours.
Binary variables were coded to classify each hospital admission as: elective (day case), elective (overnight or longer), emergency, long-stay (exceeding 7 days). We also coded whether
participants ever experienced a 30-day, or emergency 30-day,
readmission during the follow-up period. As deﬁned, these
hospital-related outcomes approximate an increasing burden to
the NHS by cost, complexity and unpredictability.19
Data were described using means and SDs, medians and IQRs
and frequency and percentage distributions. Inter-relationships
between the four health behaviours were identiﬁed by a Poisson
regression analysis of the underlying 4×4 contingency table.
Associations between the health behaviour score and risk of
each type of hospital outcome were analysed using the Prentice,
Williams and Peterson Total Time (PWP-TT) multiple failure
survival analysis model with death considered as an alternative
failure event in all instances. The PWP-TT model allows the
association between the health behaviour score and the risk of
hospital outcomes to be examined while taking into account
admissions that occur after an individual’s ﬁrst and incorporating the fact that times to events are likely to be correlated in the
same individual. In addition, the PWP-TT model allows an individual’s risk of admission to increase with the number of admissions previously accrued, an appropriate assumption for a study
of risk factors for hospitalisation among older people.
Associations between number of poor health behaviours and
30-day readmission (any, or emergency) were analysed using
Poisson regression with a robust variance estimator. Analyses
were carried out as follows: unadjusted; adjusted for age; and
adjusted for age, body mass index (BMI) and number of systems
medicated at HCS baseline.
Men and women were analysed separately throughout using
the Stata statistical software package, release V.13.

RESULTS
Literature review
We identiﬁed 19 articles that described the longitudinal association between poor health behaviours and risk of hospital admission (identiﬁed by linkage with routinely collected NHS data)
among community-dwelling older people in the UK. Eleven utilised the Scottish Paisley-Renfrew20–24 or Scottish Health Survey
studies25–30 which ascertain hospital admissions by linkage with
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health records. Seven articles were based on English studies
linked with HES data (ie, the Million Women,31–34
EPIC-Oxford,35 QAdmissions36 and UK Women’s Cohort37
studies). One small study extracted admissions information directly from medical records.38 All these studies collected information on several health behaviours but focused on only one as the
principal risk factor for hospitalisation: smoking, alcohol use,
poor diet and low physical activity were of principal interest in
seven,20–23 25 34 36 three,24 26 28 two35 37 and three29 31 38 of the
articles, respectively, and were generally shown to be associated
with greater risk of hospitalisation. Four articles were principally
focused on BMI as a risk factor for hospital admission and only
considered
poor
health
behaviours
as
adjustment
factors.27 30 32 33 None of the articles described the longitudinal
association between number of poor health behaviours and risk
of hospital admission.

Analysis of the HCS database
HCS participants are described in table 1; their average age was
66 years at baseline. In total, 75% of men and 69% of women
were admitted to hospital at least once during the follow-up
period; the median number of admissions among those ever
admitted was 3 (IQR 1–6) for men and 2 (IQR 1–5) for
women. One hundred and eighty-nine men and 86 women died
during follow-up; all but 12 men and 9 women had also experienced a hospital admission.
Men were more likely than women to: be current smokers,
report high weekly alcohol consumption and have a less healthy
diet (as indicated by lower prudent diet scores). Self-reported
levels of customary physical activity were similar for men and
women. Thirty-two per cent of men and 51% of women did
not engage in any poor health behaviours; 7% of men and 2%
of women engaged in three or four. The distribution of combinations of poor health behaviours according to the health
behaviour score is shown in table 2. A contingency table analysis
identiﬁed the following dominant inter-relationships between
the health behaviours: current smoking was associated with high
alcohol consumption, independent of diet quality; current
smoking was associated with having a poor diet, independent of
level of alcohol consumption; and having a poor diet was associated with high alcohol consumption, independent of smoking
status.
The associations between number of poor health behaviours
and risk of each type of hospital admission among HCS men and
women are shown in table 3. Increased number of poor health
behaviours was signiﬁcantly ( p<0.01) associated with greater
risk of all types of admissions among women. Results were
similar for men although number of poor health behaviours was
not associated ( p>0.05) with risk of overnight or longer elective
admission, or with ‘any 30-day readmission’. These results were
little altered by adjustment for age, BMI and number of systems
medicated as a marker of comorbidity (table 3).
Figure 1 presents relative risks for hospital admission according to number of poor health behaviours in comparison with a
reference category of ‘no poor health behaviours’. Progressively
increased relative risks for various types of hospital admission
are apparent in relation to a higher number of poor health behaviours, particularly for more complex types of admission such
as long stays (>7 days), emergency admissions and 30-day emergency readmissions. For example, unadjusted HRs for emergency admission among women were: one poor health
behaviour versus none 1.33 (95% CI 1.14 to 1.57), two versus
none 1.52 (95% CI 1.16 to 1.99), three or four versus none
1.84 (95% CI 1.22 to 2.77). Corresponding estimates for men
294

Table 1

Participant characteristics

n (%)
Age (years)*
Height (cm)*
Weight (kg)*
BMI (kg/m2)*
High BMI (≥30 kg/m2)
Number of systems medicated†
Ever any admission
Ever any admission/died
Ever day-elective admission
Ever day-elective admission/died
Ever overnight-elective admission
Ever overnight-elective admission/died
Ever emergency admission
Ever emergency admission/died
Ever long stay (>7 day) admission
Ever long stay (>7 day) admission/died
Ever readmission (<30 days)
Ever readmission (<30 days)/died
Ever emergency readmission (<30 days)
Ever emergency readmission (<30 days)/
died
Deaths
Physical activity score*
Low physical activity score
Prudent diet score*
Low prudent diet score
High alcohol consumption
Current smoker
Number of poor health behaviours
0
1
2
3
4

Men
(n=1579)

Women
(n=1418)

65.7 (2.9)
174.2 (6.5)
82.4 (12.7)
27.2 (3.8)
316 (20.1)
1 (0,2)
1185 (75.0)
1197 (75.8)
912 (57.8)
983 (62.3)
573 (36.3)
676 (42.8)
608 (38.5)
638 (40.4)
429 (27.2)
486 (30.8)
371 (23.5)
458 (29.0)
201 (12.7)
313 (19.8)

66.6
160.8
71.4
27.6
395
1
976
985
750
788
461
511
433
450
316
340
244
288
126
180

(2.7)
(5.9)
(13.4)
(4.9)
(27.9)
(1,2)
(68.8)
(69.5)
(52.9)
(55.6)
(32.5)
(36.0)
(30.5)
(31.7)
(22.3)
(24.0)
(17.2)
(20.3)
(8.9)
(12.7)

189
60.9
467
−0.6
580
340
238

(12.0)
(15.3)
(29.6)
(2.1)
(36.8)
(21.5)
(15.1)

86
59.0
487
0.7
169
68
139

(6.1)
(15.7)
(34.3)
(1.7)
(11.9)
(4.8)
(9.8)

512
634
319
97
15

(32.5)
(40.2)
(20.2)
(6.2)
(1.0)

724
545
125
20
2

(51.1)
(38.5)
(8.8)
(1.4)
(0.1)

*Mean(SD).
†Median (lower quartile, upper quartile).
Low physical activity was defined as a Dallosso score ≤50. Poor diet was defined as
a low prudent diet score in the bottom quarter of the distribution.
High alcohol consumption defined as >21 units per week for men and >14 units per
week for women.
BMI, body mass index.

were: 1.04 (95% CI 0.90 to 1.20), 1.31 (95% CI 1.11 to 1.56)
and 1.37 (95% CI 1.11 to 1.69).
Using relative risks from this study, and population prevalence
estimates for number of poor health behaviours from the King’s
Fund,11 the data suggest that if people aged 65 and older who
engage in two or more poor health behaviours were to engage
in fewer than two, this would be associated with 18% and 21%
reductions in number of emergency admissions among men and
women, respectively.

DISCUSSION
We have shown that clustered poor health behaviours are associated with increased risk of hospital admission among
community-dwelling older people, independently of age, BMI
and comorbidity. Among men and women, greater number of
poor health behaviours was associated with increased risk of
complex types of admission such as long stays (>7 days), emergency admissions and 30-day emergency readmissions.
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Table 2 Distribution of poor health behaviours according to health behaviour score
Health behaviour score
1

2

Distribution of poor health behaviours

Men

Women

Activity
Diet
Alcohol
Smoking
Total
Activity-diet
Activity-alcohol
Activity-smoking
Diet-alcohol
Diet-smoking
Alcohol-smoking
Total
Activity-diet-alcohol
Activity-diet-smoking
Diet-alcohol-smoking
Activity-alcohol-smoking
Activity-alcohol-diet-smoking
Total

208
248
127
51
634

373 (68.4%)
73 (13.4%)
36 (6.6%)
63 (11.6%)
545

(32.8%)
(39.1%)
(20.0%)
(8.0%)

3 or 4

Men

Women

97 (30.4%)
62 (19.4%)
17 (5.3%)
59 (18.5%)
68 (21.3%)
16 (5.0%)
319

51 (40.8%)
13 (10.4%)
31 (24.8%)
3 (2.4%)
23 (18.4%)
4 (3.2%)
125

Men

Women

27
36
29
5
15
112

4 (18.2%)
10 (45.5%)
3 (13.6%)
3 (13.6%)
2 (9.1%)
22

(24.1%)
(32.1%)
(25.9%)
(4.5%)
(13.4%)

Percentages are relative to the total number of men or women with the health behaviour score indicated.

Table 3 Associations between number of poor health behaviours and risk of admission outcomes among Hertfordshire Cohort Study
participants
Association between number of poor health behaviours and
the risk of each outcome*
Any admission/death
Unadj
Adj
Day elective admission/death
Unadj
Adj
Overnight elective admission/death
Unadj
Adj
Any emergency admission/death
Unadj
Adj
Any admission lasting longer than 7 days/death
Unadj
Adj
Any readmission within 30 days/death†
Unadj
Adj
Emergency readmission within 30 days/death†
Unadj
Adj

Men
HR (95% CI)

Women
p Value

HR (95% CI)

p Value

1.05 (1.01 to 1.09)
1.05 (1.01 to 1.09)

0.013
0.010

1.11 (1.05 to 1.16)
1.10 (1.05 to 1.16)

<0.001
<0.001

1.05 (1.00 to 1.09)
1.05 (1.00 to 1.09)

0.043
0.029

1.11 (1.04 to 1.18)
1.10 (1.04 to 1.18)

0.002
0.002

1.06 (0.99 to 1.13)
1.06 (1.00 to 1.13)

0.074
0.056

1.17 (1.07 to 1.29)
1.17 (1.07 to 1.28)

0.001
0.001

1.13 (1.06 to 1.20)
1.13 (1.06 to 1.20)

<0.001
<0.001

1.25 (1.14 to 1.37)
1.25 (1.14 to 1.37)

<0.001
<0.001

1.13 (1.05 to 1.22)
1.14 (1.05 to 1.22)

0.001
0.001

1.31 (1.18 to 1.46)
1.32 (1.18 to 1.46)

<0.001
<0.001

1.07 (0.99 to 1.16)
1.08 (0.99 to 1.17)

0.094
0.074

1.30 (1.14 to 1.47)
1.30 (1.14 to 1.47)

<0.001
<0.001

1.16 (1.05 to 1.28)
1.17 (1.05 to 1.29)

0.004
0.003

1.40 (1.20 to 1.63)
1.40 (1.20 to 1.64)

<0.001
<0.001

Poor health behaviours: low physical activity (activity score ≤50), poor diet (prudent diet score in bottom quarter of distribution), high alcohol consumption (men: >21 units per week,
women: >14 units per week), current smoker.
*Estimates of association are HRs (95% CI) from Prentice, Williams and Peterson Total Time (PWP-TT) models, corresponding to the risk of each hospital-related outcome per unit
increase in the number of poor health behaviours.
†Estimates of association are relative risks (95% CI) from Poisson regression models, corresponding to the risk of each hospital-related outcome per unit increase in the number of poor
health behaviours.
Adj, adjusted for age; Unadj, unadjusted model.
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Figure 1 Unadjusted associations
between number of poor health
behaviours and risk of admission
outcomes among men and women.
▸ Poor health behaviours: low
physical activity (activity score ≤50),
poor diet ( prudent diet score in
bottom quarter of distribution), high
alcohol consumption (men: >21 units
per week, women: >14 units per
week), current smoker.
▸ Number of poor health behaviours
was coded as 0, 1, 2 and 3 or more.
▸ The horizontal axis of all sub-plots
shows the number of poor health
behaviours.
▸ P-values were calculated for men
(M) and women (W) using an ordinal
variable to represent number of poor
health behaviours (0-4).
▸ Death was included as an
alternative failure event in all
instances.

Our ﬁndings have several important implications. First, they
identify the role of clustered poor health behaviours as a risk
factor for hospital admission among older people; this knowledge could provide focus for strategies to promote health
among older people and to reduce the risk of hospitalisation in
later life. Second, our results support recent calls for the
Department of Health to adopt a fully integrated and holistic
approach to behaviour change with the aim of improving population health and reducing social inequalities in health.11 Finally,
our results suggest that the development of lifecourse interventions to reduce the number of poor health behaviours that
people engage in could have a substantial beneﬁcial impact on
individual health outcomes and use of healthcare in later life.
Our literature review did not identify any previous studies
with which we may directly compare our results. However, our
work builds on a 2012 King’s Fund report which analysed data
from the Health Survey for England and showed that poor
health behaviours cluster and arise with greater frequency
among disadvantaged subgroups of the population; the report
did not relate number of poor health behaviours to health and
healthcare outcomes.11 Our results are broadly consistent with
work by Khaw et al12 and Kvaavik et al39 who have
296

demonstrated increased risk of mortality in relation to a greater
number of poor health behaviours using data from the
EPIC-Norfolk study and the UK Health and Lifestyle Survey,
respectively.
For consistency with the King’s Fund, Khaw et al, and
Kvaavik et al, we deﬁned a ‘poor health behaviour score’ on the
basis of smoking, heavy alcohol consumption, low physical
activity and poor diet. We did not include BMI in our score,
preferring to regard BMI as an attribute that arises at least in
part as a consequence of these poor health behaviours.40 High
BMI is of course a risk factor for ill health5 6 and is likely to
mediate some of the impact of poor health behaviours on
increased risk of hospitalisation. However, our results were
robust to adjustment for BMI which suggests that poor health
behaviours exert an inﬂuence on risk of hospitalisation through
pathways other than elevated BMI. For example, poor health
behaviours co-occur most frequently among people of low
socioeconomic position;11 indeed, the prevalence of two or
more poor health behaviours among HCS men of manual social
class was 31% in contrast with 22% among men of non-manual
social class (corresponding prevalences for women: 12% vs
8%). The increased risks of hospitalisation identiﬁed in this
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study in relation to a high number of poor health behaviours,
even after adjustment for BMI, may be a reﬂection of accumulated lifecourse socioeconomic disadvantage, for example, low
education, low income, poor housing and psychosocial stressors.
Further work that explores the combined pathways through
which socioeconomic position, health behaviours and BMI
exert their inﬂuence on risk of hospitalisation is required.

In conclusion, we have shown that clustered poor health
behaviours are strongly associated with increased risk of emergency and long stay hospital admissions as well as 30-day emergency readmissions among community-dwelling older people in
England, independently of BMI and comorbidity. Lifecourse
interventions designed to reduce the number of poor health
behaviours that people engage in could have substantial beneﬁcial impact on health and use of healthcare in later life.

Limitations
Our study has some limitations. First, a healthy responder bias
has unsurprisingly been identiﬁed in HCS,14 and the study is
located in the relatively afﬂuent area of South East England.
However, the characteristics of HCS participants have been
shown to be broadly comparable with those of participants in
the nationally representative Health Survey for England14 and
our analyses were internal; unless the association between poor
health behaviours and risk of hospitalisation is systematically different among subgroups of the population, no major bias
should have been introduced. Second, doubts have been
expressed over the validity of HES; however, case ascertainment
through HES has been compared with that of a number of
disease-speciﬁc registries, and in general, HES has been found
to be the more complete.13 Third, we were only able to characterise customary physical activity using the Dallosso questionnaire; a more comprehensive assessment of physical activity
would have been desirable but such data are not available in
HCS. Finally, we created binary variables representing poor
health behaviours, a pragmatic approach which admittedly discards the full breadth of information contained in ordinal and
continuous variables. However, our approach was consistent
with previous work in this ﬁeld,11 12 18 39 and our choice of
categorisations may be justiﬁed as follows. We focused on
current rather than ever smoking because current smoking
remains amenable to modiﬁcation; moreover, ex-smokers in
HCS are a heterogeneous group ranging from people who only
smoked brieﬂy when young, to those who smoked heavily for
years. Our dichotomisation of weekly alcohol consumption was
based on ‘lower risk guidelines’ for England.10 In the absence of
reference data for the Dallosso physical activity and prudent
diet scores, we categorised these variables in the same way as
Robinson et al.18

Strengths
Our study also has many strengths. First, our analyses are based
on prospective, routinely collected hospital admissions data; the
HCS is one of only a few English cohort studies that have
enriched their detailed research databases by data linkage with
HES. Linkage with HES has provided almost attrition-proof
follow-up for the whole HCS cohort. Second, the HCS database
provides a detailed characterisation of community-dwelling
older men and women in England; measurements were carried
out according to strict protocols by trained ﬁeldworkers. The
database is managed by an experienced multidisciplinary team
with meticulous levels of data entry, record keeping and statistical analysis. The recently added HES data have been scrutinised and prepared to the same standards.13 Finally, we
conducted a thorough review of the most appropriate statistical
analysis techniques for the linked HCS/HES data set. After comparison of a number of survival analysis modelling techniques
(time-to-ﬁrst event Cox modelling; Andersen and Gill and
PWP-TT multiple failure models) which differed in their ability
to include repeated hospitalisations and account for an individual’s previous number of admissions when assessing risk of
admission, the PWP-TT model was chosen for this analysis.41

What is already known on this subject
▸ Rates of hospital admission are increasing, particularly
among older people. Improved understanding of the
patterns and risk factors for hospitalisation is required.
▸ Smoking, excessive alcohol use, low levels of physical
activity and poor diet are risk factors for ill health and
premature mortality; these poor health behaviours typically
cluster.
▸ No UK studies have examined number of poor health
behaviours as a risk factor for hospital admission among
older people; we addressed this using the Hertfordshire
Cohort Study linked with Hospital Episode Statistics data.

What this study adds
▸ Among community-dwelling older men and women,
increased number of poor health behaviours is strongly
associated with greater risk of long stay and emergency
hospital admission, and 30-day emergency readmission,
independently of age, body mass index and comorbidity.
▸ Interventions to reduce the number of poor health
behaviours that people engage in could have a substantial
impact on individual health outcomes in later life and also
on the burden placed on the National Health Service (NHS)
by an ageing population.
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