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Abstract:

We investigate the relationship between obesity and life expectancy, and whether or not this
relationship varies by socioeconomic status (SES). The underlying model is based on the “Pathways
to health” framework in which SES affects health by modifying the relationship between lifestyles and
health. We use data from the British Health and Lifestyle Survey (1984-1985) and the longitudinal
follow-up in June 2009, and run parametric Gompertz survival models to investigate the association
between obesity and life expectancy, also accounting for interactions between obesity and both age
and SES. Generally we find that obesity is negatively associated with survival, and that SES is
positively associated with survival, in both men and women. There is no evidence of interactions
between obesity and SES in predicting survival in men, but these interactions are present in women.
Obesity is associated with lower survival in women except for older women in higher SES groups,
who have a longer predicted survival than women of normal weight in this group.
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Sammendrag

Vi undersgker forholdet mellom fedme og levealder, og hvorvidt dette forholdet varierer med
sosiogkonomisk status (SES). Den underliggende modellen er basert pa et "Pathways to health"
rammeverk der SES pavirker helsen ved & endre forholdet mellom livsstil og helse. Vi bruker data fra
British Health and Lifestyle Survey (1984-1985) i tillegg til oppfelgings data fra juni 2009. Vi bruker
parametriske Gompertz survival modeller for & underseke sammenhengen mellom fedme og forventet
levealder og interaksjoner mellom fedme, alder og SES. Vi finner at fedme er negativt assosiert med
forventet levealder, og at SES er positivt assosiert med forventet levealder, for bade menn og kvinner.
Det er ingen bevis pa at interaksjoner mellom fedme og SES pavirker forventet levealder hos menn,
men disse interaksjonene er tilstede hos kvinner. Fedme er assosiert med lavere levealder hos kvinner
med unntak for eldre kvinner i hayere SES grupper, som har en lengre forventet levealder enn kvinner

med normal vekt i denne gruppen.



1. Introduction

Rising obesity levels are a major problem in many countries. In England in 1993 15% of adults aged
16 years and over were obese (13% of men, 16% of women); by 2010 this figure had risen to 26% (of
both sexes) (National Centre for Social Research & Department of Epidemiology and Public Health
(UCL), 2010). There is evidence that obesity is an important risk factor for a number of diseases
including coronary heart disease, type Il diabetes, hypertension and stroke (NHLBI, 1998), and that it
is associated with a loss of health-related quality of life (Kinge and Morris, 2010).

There is also evidence that obesity is associated with increased risk of death and reduced life
expectancy. In England 7% of all deaths are attributable to obesity (House of Commons Health
Committee, 2004). A number of studies have investigated the association between obesity and
mortality in the general population (see, e.g., Abell et al., 2008; Allison et al., 1999; Batty et al., 2006;
Bender et al., 1998; Calle et al., 1999; Czernichow et al., 2011; Fontaine et al., 2003; Kvamme et al.,
2012; Lawlor et al., 2006; Mayhew et al., 2009; Seidell et al., 1996; Tsai et al., 2006; Yan et al., 2006;
Adams et al., 2006; Flegal et al., 2005; Freedman et al., 2006; Stevens et al., 1998; Al Snih et al.,
2007; Vapattanawong et al., 2010). These have generally found a negative association between obesity
and life expectancy, though there is some evidence that the association between obesity and life
expectancy may be diminished among people at older ages (see, e.g., Al Snih et al., 2007; Bender et

al., 1998; Diehr et al., 1998; Grabowski & Ellis, 2001; Stevens et al., 1998).

While the association between obesity and life expectancy has been investigated, little attention has
been given to variations in this association between socioeconomic groups. Some studies have
controlled for socioeconomic status (SES) (e.g., Adams et al., 2006; Al Snih et al., 2007; Batty et al.,
2006; Calle et al., 1999; Czernichow et al., 2011; Freedman et al., 2006; Stevens et al., 1998;
Vapattanawong et al., 2010; Yan et al., 2006), usually measured in terms of education, but we have
not found any studies that analysed whether or not the impact of obesity varies by SES. This is

important, however, given the interest in social inequalities in health (Marmot, 2010; CSDH, 2008).

Concerns with the interface between the determinants of health have lead to the development of a
“Pathways to health” framework (Birch et al., 2000), in which health is determined by a range of
factors that interact with one another but are not easily separable. This approach is based in part on
Grossman’s (1972) human capital model. Medical care, lifestyle, SES and other social determinants of
health are inputs into the production of health that interact with one another in complex ways. SES and

other social determinants of health affect health directly, but they also modify the association between



medical care and lifestyles and health (Birch et al., 2000). According to this approach the health (/) of
individual i depends on their medical care (M), genetic endowments (F), lifestyles (L) and SES (Y),
plus an error term u:

[1] H =a,+al,+aM,+a,E +aY +a, L *Y, +u,

Lifestyles also are affected by genetic endowments and SES plus an error term e:

[2] L =b,+bE.+bY +e

Health in Eq.[1] also depends on the interaction between L and Y, denoted by the asterisk, illustrating
that SES modifies the impact of the other factors. In this framework SES impacts health in three ways
(Figure 1): it affects health directly (arrow 1); it affects healthy via its impact on lifestyles (arrow 2),
which in turn affect health; and, it affects health by modifying the relationship between lifestyles and
health (arrow 3).

Figure 1. Impact of SES on health using the “Pathways to health” framework
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SES affects health directly as it makes individuals more efficient producers of health (Grossman,
1972). For example, education affects the ability to process information regarding health, and income
affects the ability to live in less unhealthy areas. An example of how SES affects health via its impact
on lifestyles is that obesity affects health and the prevalence of obesity varies by SES (McLaren,
2007). One reason for the ‘modifying’ role of SES is that the underlying cause of unhealthy lifestyles
may affect the impact that lifestyles have on health, and these may vary by SES (Birch et al., 2000).
For example, the underlying causes of obesity among those earning low incomes may be due to the
consumption of cheaper less nutritional food, whereas among those earning high incomes it may be
due to limited non-work leisure time making it difficult to undertake time-intensive physical activity
(Butland et al., 2007). Another reason is that the strength of the association between unhealthy
lifestyles and health might vary by SES (Birch et al., 2000). For example, the production relationship
between obesity as an input and health as an output may vary between population groups. Hauck et al.,

(2002) suggest that variations in health arise inter alia from systematic variations in health production



functions between population (e.g., socioeconomic) groups, implying that individuals with more

favourable social determinants of health are likely to be more efficient in producing health.

Using this framework we are not aware of any studies that have investigated whether or not there is
socioeconomic variation in the relationship between obesity and life expectancy. Hence, the aims of
this study are to investigate the relationship between obesity and life expectancy, and to investigate
whether or not this relationship varies by SES. We analyse data from an individual level health survey
and its longitudinal follow up, which includes height and weight collected at nurse visit, plus a set of
individual and household characteristics that allows us to control for confounding factors that affect
the relationship between obesity and life expectancy. We use models to account for unobservable

heterogeneity and test for interactions between obesity and both age and SES.

2. Methods

2.1 Data

The analysis is based on data from the first wave of the Health and Lifestyle Survey (HALS1)
(1984/1985; n=9003) and the longitudinal follow up in June 2009. HALS1 surveys a representative
sample of the population of Great Britain aged 18 years and over. Data for HALS1 were collected
between Autumn 1984 and Summer 1985, in two home visits. At the second of these a research nurse
took a range of physiological measurements including height and weight. In the longitudinal follow up
in June 2009 the original participants in HALS1 were flagged on the NHS Central Register (NHSCR),
a computerised record of NHS patients, routinely notified about deaths. The linkage between HALS1
and NHSCR meant that it was possible to assess whether or not participants in HALS1 had died by
June 2009 and if so, their date of death. Ninety eight percent of participants in HALS1 were identified
in the NHSCR.

In our analysis we excluded pregnant women at the date when body mass index (BMI) was measured
and individuals with missing BMI data; this reduced the sample to 7,289 observations. We also
excluded individuals under the age of 40 years at the time of HALS]1, for two reasons. First, by 2009
low mortality rates were observed among those below 40 years of age, which meant that a high
proportion of the survival data were censored in this group. Second, there is some uncertainty about
the SES of those under 40 years of age; our SES measures are based on educational, occupation and
social class, which may change over time, especially among younger groups. We are unable to account

for such changes in our analysis, which means that the observed impact of SES on survival could be



biased. A similar approach was used in previous analyses of HALS data (Balia & Jones, 2008). This
reduced the sample to 4,062 individuals.

2.2 Variables

The dependent variable is survival time, which is measured as the time to death or censoring in months
from the date at which height and weight were measured in HALS1. Thus, survival is measured from
date of BMI measurement in HALSI1 to either date of death or date last recorded alive (June 2009) if
the respondent did not die during the follow-up period.

Our obesity measure is based on BMI, measured as weight in kilogrammes divided by height in metres
squared (kg/m®). BMI is computed from the height and weight measures obtained during the nurse
visit; it is not based on self-reported height and weight, which means that the likelihood of systematic
measurement error is reduced. Obesity is measured as a categorical variable based on three BMI
categories: normal weight, BMI 18.5-25 kg/rnz; overweight, BMI 25-29.9 kg/mz; and, obese, BMI >30
kg/m’. There are a small number of respondents in the underweight category (BMI <18.5 kg/m’; 41
men, 83 women). We do not combine underweight and normal weight because there is some evidence
that the underweight have lower life expectancy than the normal weight (See, e.g., Flegal et al., 2005).

We therefore include underweight as a separate category.

We use a composite measure of SES. To construct this measure we use interval regression to regress
total weekly household income reported in 12 income bands (including an open-ended top category)
against a set of socioeconomic variables. In the regression we include all individuals over the age of
18. The socioeconomic variables included as covariates in the regression are: education qualifications
(measured in six categories); social class of household reference person (seven categories); individual
economic activity status (seven categories); owning a house (yes/no); and, bedrooms in household
(four categories). We calculate predicted values from this model and use these predictions as our
measure of SES. We use a composite measure rather than a single SES indicator in order to capture
multiple dimensions of SES. To maximise the sample size, we included individuals in the survival
models with missing income data for whom we could compute a predicted value, and included an
indicator for missing income (yes/no), to control for the possibility that income may not be missing at
random. Using this approach we compute SES values for 1,313 individuals over the age of 40 with
missing income values. We use the predicted measure to create four indicators describing SES

quartiles and use these in the survival models.



In the survival models we also control for a number of individual and household characteristics. Age
was included as a quadratic function (based on likelihood ratio tests for functional form). We also
control for smoking status (three categories) as it has been shown to modify the association between
BMI and mortality (Stevens et al., 2000), marital status (five categories), geographical area (ten

categories) and ethnicity (three categories). We run separate models for men and women.

2.3 Statistical methods
Data were analysed using parametric Gompertz survival models. The model was parameterised

assuming an exponential increase in mortality over time :
[3] h(t) = exp(xf3 + )
where /(t) is the mortality rate at time ¢, A = exp(x/) and y are the scale and shape parameters of

the mortality curve, and the baseline hazard /,(f) = exp(}) . We estimate four models:

[4] h(t)=exp(B, + W + B.Y + B, A+ B, X +x)

[5] h(t) =exp(B, + BW + B.Y + oA+ B, X + BV *Y + x)

[6] h(t) =exp(B, + BW + B,Y + B, A+ B, X + BV * A+ y)

[7] h(t)=exp(B,+ BW + BY + B A+ B X + IV *Y + BV * A+ n)

where W is obesity, Y is SES, A4 is age, X are other covariates, described above, which are likely to
affect mortality, and the asterisks denote interactions between variables. In Eq.[4] the association

between obesity and survival is constant between SES groups. In Eq.[5] it varies between SES groups,

captured by the coefficient /3 . In Eq.[6] the association between obesity and survival is constant

across SES groups, but varies by age, captured by [, and in Eq.[7] it varies by both SES and age. We

use likelihood ratio tests and Akaike’s Information Criterion (AIC) to compare the fit of models with

and without interaction terms.

We experimented with using Weibull, generalised gamma, Gompertz, exponential, lognormal and log-
logistic paramateric survival functions, selecting the Gompertz distribution because it best fitted our
data, based on plots of cumulative Cox-Snell residuals and AIC. We accounted for unobservable
heterogeneity in every model using a gamma frailty distribution. To determine whether the results are
sensitive to the parametric assumptions, as suggested by Newey et al. (1990), we reanalysed the data

using the semi-parametric Cox proportional hazards model.



Using the results of the regression models we plotted survival curves for obesity and SES groups, and
we predicted median survival for obesity groups (normal, overweight, obese), SES groups (four

quartiles) and baseline ages (40, 50, and 60 years), at the mean values of the other covariates.

In all analyses P values below the 5% level (z scores higher than =1.9) are regarded as statistically
significant. Values between 5% and 10% (z scores between ~1.6 and =1.9) are regarded as weakly

significant.

3. Results

Our estimation sample comprised 1,832 men and 2,230 women of whom 1,052 (57%) and 1,023
(46%), respectively, were deceased at the censoring point (Table 1). Comparable figures by obesity
category for men were 463 of 817 (57%) in the normal weight group, 445 of 807 (55%) in the
overweight group, and 107 of 167 (64%) in the obese group. For women these figures were 471 of
1,150 (41%) in the normal weight group, 335 of 687 (49%) in the overweight group, and 172 of 311
(55%) in the obese group. A higher percentage was reported deceased in lower SES quartiles
compared with higher SES quartiles across every BMI group for both men and women. The mean
times to censoring among those who did not die were 291.5 months 291.3 months for all men and all
women, respectively. The mean unadjusted times to death among those all men and all women died
were 145.1 months and 155.6 months, respectively. Values in each obesity group were similar. The
mean age of all men and women in the sample was 58 years (both sexes), respectively (Appendix A).
32% of men and 28% of women were regular smokers. 97% and 98% of men and women,
respectively, were in the White European ethnic group; 82% and 70%, respectively, were married,
13% and 11%, respectively, were educated to degree level, 54% and 19%, respectively, were working
full time; and, 5% and 6%, respectively, were living in a household where the household reference

person was in the professional social class. There was some variation in these values between obesity

groups.
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Education, social class of household reference person, working full time, bedrooms in household and
home ownership are all positively correlated with weekly total household income (Table 2). We used
these coefficients to predict income for each respondent, who were then categorised into quartiles
based on the predicted income values. The range of values for predicted total weekly income was 30 to

295; the cut-points used to set the quartiles were 91, 133 and 179.

Table 2. Interval regression of weekly total household income against SES indicators

Coef. z
Educational qualifications
Degree or equivalent Base category
Higher education below degree -14.76 -3.3
NVQ3/GCE A Level or equivalent 0.24 0.1
NVQ2/GCE O Level or equivalent -13.00 -3.1
Other -31.23 -8.1
No qualification -20.37 -3.5
Social class of household reference person
Professional Base category
Managerial technical -24.52 -4.8
Skilled non-manual -44.59 -7.9
Skilled manual -47.02 -8.9
Semi-skilled manual -56.09 -9.9
Unskilled manual -55.63 -8.1
Other -32.91 -3.2
Economic activity status for last week
Working full time Base category
Working part time -17.40 -5.2
Unemployed -67.74 -13.3
Permanently sick or disabled -58.84 -8.1
Retired -66.74 -22.3
Keeping house -37.58 -11.4
Full time student -62.17 -4.1
Bedrooms in household
One Base category
Two 10.71 2.3
Three 25.23 5.6
Four or more 74.03 13.9
Housing tenure
Own accommodation 35.62 14.5
Rent Base category
Constant 184.78 28.0
Observations 5787
Adjusted R? 0.08
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The results of Gompertz survival models with gamma-distributed frailty are in Table 3. The models
without interaction terms show a statistically significant association between obesity and mortality:
obesity is associated with a higher hazard rate in each time period compared with those in the normal
weight category, conditional on the other covariates. This association is more pronounced in women
than in men. These models also show a statistically significant and positive relationship between SES
and mortality: higher SES groups have lower mortality in each time period compared with lower SES

groups, conditional on the other covariates.

Likelihood ratio tests comparing the fit of the three models with interaction terms to the model with no
interaction terms were non-significant in each case in men (all P >0.35). None of the interaction terms
is individually statistically significant. The AIC supports the model with no interaction terms in men.
In women, the likelihood ratio test was statistically significant in the model with interactions between
obesity and SES and obesity and age compared with the other three models (all P <0.03), and
individual interaction terms are statistically significant. The AIC also supports this model. Hence, the
interactions between obesity and SES and obesity and age do not explain variation in the survival in

men, but they do in women.
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Analogous regression results obtained using semi-parametric Cox proportional hazards model are in
Appendix B. The hazard ratios are similar in terms of their statistically significance, sign and order of

magnitude.

Figure 2 shows selected predicted survival curves for men based on the model with no interaction
terms in Table 3. Curves are shown for SES group 1 (least deprived) and SES group 4 (most deprived)
in each obesity category. Within SES groups, survival declines with obesity. Within obesity groups
survival improves with SES. Survival curves for women based on the model with interactions between
obesity and SES and obesity and age are in Figure 3. The trends are similar to those for men, except
that in the highest SES group overweight and obese women have better survival compared with those

who are normal weight.

Figure 2. Predicted survival curves for men based on Gompertz survival model with gamma-
distributed frailty
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Note:
The figure is derived using the regression results for the model with no interactions based on Eq.[4], shown in Table 3.
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Figure 3. Predicted survival curves for women based on Gompertz survival model with gamma-
distributed frailty

Probability of survival
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—— Obese - SES quartile 1 (most deprived) ememememe Obese - SES quartile 4 (least deprived)

Note:
The figure is derived using the regression results for the model with interactions between obesity and SES and obesity and age
based on Eq.[7], shown in Table 3.

Table 4 shows predicted survival in men and women stratified by age and gender. In men, predicted
life expectancy declines with age, increases with SES, and declines with obesity in each SES quartile
and at each age. Trends were less consistent for women, as a result of basing the predictions on the
preferred regression results, including the statistically significant interaction terms between obesity
and SES and obesity and age. Predicted life expectancy declines with age. It also generally increases
with SES: in each age and obesity group the least deprived group has the best predicted life
expectancy, and either SES quartile 1 or 2 have the worst predicted life expectancy. At younger ages,
predicted life expectancy declines with obesity in each SES quartile and at each age. At older ages
predicted life expectancy is higher among those in the least deprived group who are overweight and
obese, compared with those who are normal weight. (Note that overall, these figures are comparable to
those reported in life tables for 2008-2010 for the general population of Great Britain (Office for
National Statistics (ONS), 2011); they predict residual life expectancy at age 40, 50 and 60 of 40

years, 30 years and 22 years in men and 43 years, 34 years and 25 years in women).
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Table 4. Predicted median survival in years based on Gompertz survival models with gamma-

distributed frailty

Age 40 Age 50 Age 60
Normal Normal Normal
weight Overweight Obese weight Overweight Obese weight Overweight Obese
Men
All 42.5 421 39.4 30.4 30.0 27.4 20.2 19.8 17.5
SES
1 (most deprived) 39.6 39.1 36.5 27.6 27.2 247 17.7 17.3 15.2
2 41.1 40.7 38.0 29.0 28.6 26.1 18.9 18.6 16.4
3 43.1 42.7 40.0 31.0 30.6 28.0 20.7 20.3 18.0
4 (least deprived) 45.6 45.2 42.5 33.4 33.0 30.4 22.9 22.5 201
Women
All 50.6 49.0 40.8 37.2 36.6 30.9 25.2 25.7 22.3
SES
1 (most deprived) 49.8 45.2 35.4 36.4 33.0 257 24.5 22.3 17.6
49.2 48.8 37.9 35.8 36.5 28.1 23.9 25.5 19.7
3 50.7 47.6 43.2 37.3 35.3 33.2 25.3 24.4 245
4 (least deprived) 53.1 55.2 48.0 39.6 42.8 37.9 27.5 31.5 29.0

Note:

The predicted medians are in years based on the survival models setting the individual and household characteristics to their
whole sample mean values. The individual and household characteristics are smoking status, marital status, geographical area
and ethnicity. In men the predictions are derived using the regression results for the model with no interactions based on Eq.[4],
shown in Table 3. In women the predictions are derived using the regression results for the model with interactions between
obesity and SES and obesity and age based on Eq.[7], shown in Table 3.

4. Discussion

The aims of this study were to investigate the relationship between obesity and life expectancy, and
whether or not this relationship varied by SES. We provide evidence to show that obese men have a
lower predicted life expectancy than normal weight men after controlling for a range of individual
characteristics. In women we find that this relationship depends on SES and age. Obesity is associated
with lower survival in women except for older women in higher SES groups, who have a longer

predicted survival than women of normal weight in this group.

Mayhew et al. (2009), also using British data, calculated expected life years lost from obesity by
applying hazard ratios based on Cox models for obese individuals to life tables for the general
population. They found that for non-smoking men, the expected years of life lost across all ages would
be 4 to 16 years for individuals with BMI in excess of 35 compared to those with a BMI of 24. For
non-smoking women this was 2 to 10 years compared to having a BMI of 26. Hence, they have found
a more negative effect of obesity in men. In contrast, we find a more negative effect in females, which
varies by age and SES. The main differences between our studies are that we control for a wider range
of covariates in our analysis, we account for unobservable heterogeneity (frailty), and we have a

longer follow up period.
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We also investigate the impact of overweight as well as obesity on survival; in all our models the
hazard ratio for overweight is not significantly different to unity. Some studies have found evidence a
negative effect of overweight on survival (see, e.g., Peeters et al., 2003; Adams et al., 2006), but others
have not (see, e.g., Flegal et al., 2005). Batty et al. (2006) found an increased risk of all cause
mortality in the overweight using UK data.

We find some evidence of “Pathways to health” in our results, especially for women, suggesting that
the role of SES in modifying the relationship between obesity and survival. There are other examples
of this finding in the case of obesity. For example, there is evidence to suggest that the impact of
obesity on health status varies by SES. Laaksonen et al. (2005) show that the association between BMI
and health status (measured using the physical and mental health component summaries of the SF-36,
www.rand.org) is modified by occupational class and working conditions. The association between
BMI and health status did not significantly change when occupational class and working conditions
were controlled for; there was some evidence that the association between BMI and physical health
depended on working conditions. Kinge & Morris (2010) showed that the association between obesity
and health-related quality of life (measured by the EQ-5D, www.euroqol.org) varied by SES. They
found significant interactions between obesity status and SES, and the association between obesity and

health status was more negative in the lower SES groups than in the higher SES groups.

Outside of obesity, there is some evidence of a modifying role of social determinants of health in the
context of the association between lifestyles and health. For example, Davey Smith and Shipley (1991)
show that the association between smoking status and 10-year mortality risk depends on occupational
grade and car ownership. Birch et al. (2000) show that the association between smoking status and
self-assessed health status depends on household income, employment status and education. Pampel &
Rogers (2004) show that the association between smoking and health (measured using both self-

assessed health and functional limitations) was more pronounced in lower SES groups.

Our findings have implications for studies analysing the impact of obesity on health and interventions
to reduce obesity, especially cost-effectiveness analyses that investigate whether or not interventions
to manage obesity represent good value for money where the preference in many countries is to use
quality-adjusted life expectancy when measuring outcomes (NICE, 2008). Our findings suggest that
attention needs to be paid to the role of SES when undertaking such analyses, e.g., because the cost-
effectiveness of programmes to reduce obesity may vary by SES group, and that sub-group analyses

by SES may be warranted.
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We also find some evidence that the association between obesity and life expectancy varies by age,
and that it is reduced or eliminated in older women. Similar findings have been reported in other
studies (for example, Al Snih et al., 2007; Bender et al., 1998; Stevens et al., 1998; Diehr et al., 1998;
Grabowski & Ellis, 2001). Al Snih et al (2007) suggest a number of possible explanations: (1) that
factors other than obesity obscure the association between obesity and mortality; (2) that BMI is a
poor marker for adiposity in older persons; (3) that the relationship is attenuated by selective survival;
and, (4) that obesity might have a protective effect at older ages that is less important at younger ages.
Given the covariates in our models, and allowing for interactions between them, as well as the use of
frailty models to adjust for unobservable heterogeneity we suggest that (1) and (3) are unlikely to

explain our findings but further research would be beneficial.

Our study has a number of limitations that should be borne in mind. First, as with other studies, our
obesity data are measured once for each individual at baseline; it would be preferable to have repeated
measures over time as we do not capture obesity onset timing which might have an impact on survival.
Second, the relatively small sample size at higher BMI levels does not allow us to divide our sample
into additional obesity categories. For example, in the obese group, BMI >40 kg/m® may have a
different impact on life expectancy to 30 kg/m*< BMI <35 kg/m”. Third, our measure of obesity is
BMLI, which has been criticised, e.g., because it does not incorporate body fat, with body fat content
being what is actually the independent predictor of ill health (Burkhauser & Cawley, 2008). Related to
this, as noted, BMI might also be less appropriate when analysing the impact on survival among

persons of different ages.

To summarise, we find that obesity is negatively associated with survival, and that SES is positively
associated with survival, in both men and women. There is no evidence of interactions between
obesity and SES in predicting survival in men, but these interactions are present in women. Obesity is
associated with lower survival in women except for older women in higher SES groups, who have a

longer predicted survival than women of normal weight in this group.
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Appendix A

Table A.1. Summary statistics of covariates used

Men Women
Al Normal weight ~ Overweight Obese Al Normal weight  Overweight Obese
Age (mean) 58 58 58 58 58 57 60 58
SES groups
1 (most deprived) 23 24 21 26 26 23 29 32
2 24 24 23 23 26 25 27 30
3 24 21 27 31 26 27 25 24
4 (least deprived) 29 31 29 19 22 26 18 15
Missing income
Yes 12 10 14 14 22 22 22 18
No 88 90 86 86 78 78 78 82
Ethnicity
White European 97 97 97 98 98 98 97 97
Other 2 2 2 2 2 1 2 3
Not answered 1 1 1 0 1 1 1 1
Regular smoker
Yes 32 39 25 21 28 31 23 23
No 68 61 75 79 72 69 77 77
Ex-smoker
Yes 44 37 48 58 22 22 25 22
No 56 63 52 42 78 78 75 78
Marital status
Married 82 80 84 77 70 72 69 67
Single 6 7 5 9 5 6 4 4
Separated 2 2 1 2 2 2 2 1
Divorced 3 4 2 4 4 5 3 5
Widowed 7 8 7 8 19 16 22 23
Area
London 11 12 10 7 9 19 17 14
Wales 5 5 6 8 5 5 5 8
North 6 5 6 5 7 7 7 7
North West 12 11 13 13 13 13 14 12
Yorks/Humber 8 7 9 7 10 10 9 11
West Midlands 8 9 7 5 8 8 9 9
East Midlands 8 9 7 5 8 8 7 7
East Anglia 4 3 5 5 4 4 4 4
South West 10 10 9 12 8 8 9 8
South East 19 21 19 14 18 19 17 14
Scotland 11 8 10 15 10 9 10 12
Educational qualifications
Degree or equivalent 13 16 12 7 11 13 9 7
Higher education below degree 9 8 9 7 8 9 7 8
NVQ3/GCE A Level or equivalent 3 4 3 2 4 5 3 3
NVQ2/GCE O Level or equivalent 9 9 9 9 9 10 8 8
Other 7 7 7 8 3 4 3 2
No qualification 59 56 60 68 65 60 71 72
Social class of household reference person
Professional 5 7 5 2 6 7 5 2
Managerial technical 24 22 27 22 26 28 23 19
Skilled non-manual 1" 11 10 10 12 13 12 10
Skilled manual 38 37 39 41 34 30 35 43
Semi-skilled manual 17 17 15 18 17 16 18 18
Unskilled manual 6 6 5 7 5 5 5 7
Other 0 0 0 0 1 1 2 1
Economic activity status for last week
Working full time 54 54 56 54 19 21 19 14
Working part time 3 3 2 3 21 23 19 18
Unemployed 6 6 5 8 1 1 2 1
Permanently sick or disabled 5 5 5 5 2 2 1 3
Retired 32 32 31 31 39 34 45 41
Keeping house 0 0 0 0 18 18 14 23
Full time student 0 0 0 0 0 0 0 0
Bedrooms in household
One 7 8 5 5 8 8 9 9
Two 26 25 27 26 27 25 30 25
Three 54 52 55 57 49 50 45 55
Four or more 14 15 13 12 16 16 16 11
Housing tenure
Own accommodation 65 64 67 59 64 69 60 56
Rent 35 36 31 41 36 31 40 44
Notes:

All values are % unless otherwise indicated.
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