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Abstract

Objectives This paper examines whether retirement dif-

ferentially affects body mass index (BMI) patterns by

occupation; occupation embodies differences in on-the-job

physical demands as well as socioeconomic characteristics

that could lead to variation in post-retirement BMI.

Methods We use 12 years of national data from the US

and hierarchical linear models to compare BMI trajectories

among four broad occupational classes.

Results We find that those in service and other blue-collar

occupations have significant increases in the slopes of their

BMI trajectories after retirement, whereas participants in

white-collar occupations exhibit no change. This may be

due to differences in the physical requirements across blue

and white collar jobs or differences in health habits post-

retirement.

Conclusions Retirement may provide an opportunity to

help prevent obesity in older individuals, especially blue

collar workers.

Keywords BMI � Retirement � Occupation �
Hierarchical models

Introduction

Approximately 60% of US elders are obese or overweight,

and nearly one in five individuals is obese (Flegal et al. 1998;

Lakdawalla et al. 2005; Li et al. 2005; Ogden et al. 2006).

This is despite the fact that obesity is a documented risk

factor for numerous chronic diseases, including osteoar-

thritis, coronary heart disease, hypertension, type 2 diabetes,

and some cancers (Patterson et al. 2004). The medical costs

of obesity and overweight are extremely burdensome, par-

ticularly for older individuals who have more extensive

comorbidity than younger people. The costs borne by gov-

ernment-sponsored insurance for obese individuals over 70

have been estimated to be over 20% greater than those for

any other weight group (Lakdawalla et al. 2005).

Retirement has been recognized as an essential point for

weight change and may thus present an opportunity for

intervention. Nevertheless, rather limited research has been

directed to assess its link to weight change. The results of

the few studies have been quite consistent. Research has

suggested increases in weight and waist circumference

among Norwegian men retiring from active jobs (Nooyens

et al. 2005), and increases in body fat and decrease in

muscle mass among UK factory workers (Patrick et al.

1982). In the US, one study found that women were 58%

more likely to have a 5% increase in body mass index

(BMI) following retirement from blue-collar jobs (Forman-

Hoffman et al. 2008), while another suggested that retire-

ment led to significant increases in BMI among individuals

with lower wealth and physically demanding jobs (Chung

et al. 2009).
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The objective of the present study is to determine

whether retirement influences BMI patterns according to

occupational affiliation, as occupation embodies differences

in physical demands, education and other socioeconomic

characteristics that could lead to variation in post-retirement

BMI. Using 12 years of national data from the US, we use

hierarchical linear models to compare BMI trajectories

among four broad occupational classes.

Methods

Data and sample

We used data from the US Health and Retirement Survey

(HRS) in this study. The primary goal of the HRS is to

gather information on older workers’ health and financial

well-being as they advance toward and enter retirement.

The initial HRS panel (N = 12,652), a stratified cluster

sample, was first interviewed in 1992, with biennial inter-

views taken since then. Panel 1’s birth years span 1931–

1941. A second panel (N = 4,849) was added in 1998.

Panel 2 includes two birth cohorts: children of the

depression whose birth years span 1924–1930 and war

babies whose birth years span 1942–1947. Spouses of

primary respondents for all birth cohorts, regardless of age,

are also surveyed. Our study used data from both the ori-

ginal HRS surveys (first 6 waves, 1992–2002) and Version

H of the data prepared by RAND, a longitudinal data set

that contains the most commonly used HRS variables. We

restrict our sample to HRS participants who reported a

transition from work to retirement during the 6-wave study

frame (N = 2,096).

Variables

Our dependent variable is BMI. BMI is a continuous var-

iable, taken from the RAND HRS, which was calculated as

weight, in kilograms, divided by the square of height, in

meters. The primary explanatory variable is current occu-

pation. Current occupation is represented by four

categories of job-related affiliation. These 4 mutually

exclusive and exhaustive categories were created by col-

lapsing data from 17 original categories in the HRS. They

are: (1) professional, managerial and technical support

(referent category), (2) sales, clerical and administrative

support, (3) service (includes: private household services,

protective services, food preparation, health service, and

personal service), (4) other blue-collar occupations,

including mechanical, construction, and precision produc-

tion, operators, fabricators, and laborers, and farming,

forestry, and fishing. Our time metric is centered on the

event of retirement, which is defined as the mid-point of

the survey waves between which the transition occurs. As

such, we created 18 pseudo-periods: one each for the

starting and ending points of all HRS waves and one for the

mid-point of the periods.

Statistical method

We fit a series of hierarchical linear models (Bryk and

Raudenbush 1987; Casella 1985; Goldstein 1987; Laird

and Ware 1982; Ware 1985) to estimate occupation dif-

ferences in BMI and its rate of change over time before and

after retirement. The dependent variable is treated as con-

tinuous, and the average BMI is related to the primary

explanatory variable (occupation) and covariates. Hierar-

chical linear models (also known as multi-level linear

models) have several advantages over traditional methods

of repeated-measures analysis: they use all available data

on each subject; they are unaffected by randomly missing

data; they can flexibly model time effects; and they allow

for estimation of both cross-sectional and longitudinal

effects.

The models are described mathematically below. The

notation is as follows: yij refers to BMI of subject i at

wave j, bi0 is a subject-specific random intercept, bi1 is a

subject-specific random slope before retirement and bi2 is

a subject-specific random slope after retirement. The

first-level equation refers to within-subject effects of time

on BMI before and after retirement. The second-level

equation refers to between-subject effects and assesses

how individuals’ intercepts (i.e., BMI at retirement) and

slopes (i.e., rate of change in BMI over time before

retirement and after retirement) depend on current

occupation and baseline covariates. The coefficients of

primary interest in this model are the a regression

parameters, which, in the first level 2 equation describe

the effect of occupation and covariates on the intercept

(or BMI at retirement), and in the second level 2 equa-

tion describe the effect of occupation and covariates on

the slopes (or linear rate of change in BMI) before and

after retirement.

Level 1 model

Before retirement

EðyijÞ ¼ bi0 þ bi1Year before retirement

After retirement

EðyijÞ ¼ bi0 þ bi2Year after retirement

Level 2 model

bi0 ¼ a00 þ
X3

d¼1
a0doccupation at retirementd

þ
X

a0hcovariate at retirementhþei0
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bi1 ¼ a10 þ
X3

d¼1
a1doccupation at baselined

þ
X

a1hcovariate at baselineh þ ei1

bi2 ¼ a20 þ
X3

d¼1
a2doccupation at retirementd

þ
X

a2dcovariate at retirementh þ ei2

The slope before retirement is modeled as a linear

function of occupation and covariates at baseline, while

the intercept and slope after retirement are modeled as

linear functions of occupation and covariates measured at

the last HRS wave before retirement. Death and dropout

are considered as covariates for slope after retirement,

but not for intercept and slope before retirement, as there

are no dropouts prior to retirement by design. Finally, for

the post-retirement slope, we also control whether

subjects report returning to work after retirement. The

models were estimated with Version 4.21 of the MPlus

software.

The hierarchical linear model is estimated with two

separate specifications. The basic model allows the coef-

ficient on occupation to capture both the direct and

indirect effects of occupation, whereas the expanded

model seeks to control for some of the indirect effects,

thus allowing occupation to capture the direct effect and

any unmeasured indirect impact. The basic model speci-

fication includes occupation and controls for year before

(i.e., time until) retirement, demographic variables (gen-

der, race, education, marital status) and dropout

status (death or dropout). Our expanded model is obtained

after backward elimination of non-significant variables

(excluding the set of variables from the basic model,

which are ‘‘forced’’ into the model) from a specification

that began with an extensive set of covariates. The start-

ing model specification added to the basic model control

variables for health behaviors (problem drinking and

tobacco use), economic status (categorized total non-

housing wealth and income), employment (part-time

employment, hours worked per week at primary job,

health insurance coverage), and other job characteristics

(physical effort, self-rated stress, opportunity for ascen-

dance, work satisfaction, social relationships). Non-

significant predictors of all three random effects were

dropped from the model one at a time, such that the

sample-adjusted Schwartz–Bayesian Information Criterion

(BIC) decreases at each step. After backward, iterative

elimination of non-significant variables, the expanded

model specification contains the following additional

variables: smoking status, non-housing wealth, health

insurance, and hours worked. Descriptive statistics for the

study variables are found in Table 1 (Column 1).

Results

Basic model

The results from the basic model are shown in two different

forms: Fig. 1 displays results graphically while regression

coefficients and standard errors are displayed in Table 1.

Intercept results (Fig. 1, Panel A; Table 1, Column 2)

indicate that participants in service and other blue-collar

occupations have slightly higher BMI than those in the two

white-collar occupation classes, although these differences

are not statistically significant. Regarding the trajectories

(Fig. 1, Panel A; Table 1, Column 3), we observe a modest

upward trend in BMI for all occupations but service in the

pre-retirement period, with no statistically significant dif-

ference in BMI slope between professional and managerial

occupation (referent category) and any of the other three

other occupation categories. [The BMI slope before

retirement for the referent occupation group was statisti-

cally different from zero, while after retirement there was

only a trend (p = .08)]. However, after retirement (Fig. 1,

Panel A; Table 1, Column 4) differences emerge. First, the

positive BMI slopes of other blue-collar occupations and

service occupations become steeper, which indicates

acceleration in the increase in BMI for these two occupa-

tion categories. Of the two groups, other blue-collar

occupation has a larger pre/post-retirement slope change

relative to the referent group. This is reflected in the sta-

tistically significant (p \ .01) difference in post-retirement

BMI slope between other blue-collar occupations and

professional and managerial occupations (Table 1). Fur-

thermore, the difference between service occupations and

the referent category was significant at alpha = 0.10 but

not at alpha = 0.05 (p = .07, Table 1). And second, the

positive slopes of sales, clerical occupations and profes-

sional and managerial occupations become negative or

flatter, respectively, after retirement, which indicates

deceleration in the increase in BMI for these groups.

Nonetheless, the post-retirement change in slope is similar

for the two groups, so that no statistically significant dif-

ference is indicated between the two.

Expanded model

The results from the expanded model (Fig. 1, Panel B;

Table 1, Column 5–7), which includes a more extensive set

of covariates, are qualitatively similar to those generated

by the basic model, in that retirement appears to induce a

consequential increase in slopes for BMI for other blue-

collar occupations and service occupations (p \ .01 for

other blue-collar occupations; p = .05 for service) relative

Differential changes in body mass index 113
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to the professional and managerial occupation category.

Nonetheless, one departure from the basic model is that,

with the additional covariates in the expanded model, the

BMI slope of the professional and managerial occupation is

not statistically different from zero either before or after

retirement.

Discussion

This study investigated whether retirement serves as a

precipitating factor for changes in BMI patterns among

four broad occupational categories. The results of our

analyses indicate that study participants who are in service

and other blue-collar occupations have significant increases

in the slopes of their BMI trajectories after retirement,

whereas participants in white-collar occupations exhibit no

change in their BMI patterns after retirement. Although

observational data do not permit unambiguous assessment

of mediation, differences in the nature of blue- and white-

collar work may be the cause. Blue-collar occupations

often involve physically demanding tasks, while white-

collar occupations characteristically have very limited

physical requirements. Thus, it may be plausibly argued

that retirement’s cessation of critical physical activity leads

to sustained BMI gains for blue-collar workers, but that the

non-significant changes among white-collar workers reflect

the absence of work-place physical demands. This argu-

ment is made more persuasive by our models’ controls for

education and other socioeconomic status factors, which

both vary across occupation categories and are important

predictors of post-retirement lifestyle choices (Henkens

et al. 2008), such as healthy eating and physical activity,

which affect BMI.

However, the increase in BMI may be due to unmea-

sured sources of differences in lifestyle choices post-

retirement. Post-retirement differences in BMI may also be

due to systematic differences by occupation in eating and

exercising post retirement. For example, the greater time

availability in retirement may result in more exercise

combined with healthier eating for white-collar workers. In

contrast, the extra time may result in more sedentary

activities combined with consuming more calories for

those who were in other occupations.

Our study, whose findings are generally consistent with

those reported in the earlier research (Chung et al. 2009;

Forman-Hoffman et al. 2008; Nooyens et al. 2005; Patrick

et al. 1982), has three advantages over previous studies on

this topic. First, the design allows for reasonably long

assessment of both pre- and post-retirement BMI trends,

with a sufficient number of data points to construct legiti-

mate trajectories. Second, our technique adjusts for

intercept differences between occupation classes in aT
a

b
le

1
co

n
ti

n
u

ed

V
ar

ia
b

le
B

as
ic

m
o

d
el

E
x

p
an

d
ed

m
o

d
el

N
(%

)/
m

ea
n

(S
D

)
(1

)

In
te

rc
ep

t
(2

)
P

re
-r

et
ir

em
en

t

sl
o

p
e

(3
)

P
o

st
-r

et
ir

em
en

t

sl
o

p
e

(4
)

In
te

rc
ep

t
(5

)
P

re
-r

et
ir

em
en

t

sl
o

p
e

(6
)

P
o

st
-r

et
ir

em
en

t

sl
o

p
e

(7
)

O
th

er
p

ri
v

at
e

2
7

2
(1

2
.9

8
)

–
–

–
R

ef
.

R
ef

.
R

ef
.

N
o

O
th

er
p

ri
v

at
e

1
,8

2
4

(8
7

.0
2

)
–

–
–

-
0

.6
0

(0
.3

1
)

-
0

.0
1

(0
.0

3
)

0
.0

2
(0

.0
3

)

W
ee

k
ly

h
o

u
rs

p
re

-r
et

ir
em

en
t

4
0

.9
9

(1
0

.1
5

)
–

–
–

-
0

.0
0

3
(0

.0
0

8
)

0
.0

0
0

(0
.0

0
1

)
0

.0
0

1
(0

.0
0

1
)

D
ro

p
o

u
t

st
at

u
s

C
o

m
p

le
te

r
1

,7
6

5
(8

4
.2

1
)

R
ef

.
–

–
R

ef
.

D
ec

ea
se

d
d

u
ri

n
g

st
u

d
y

1
4

2
(6

.7
7

)
–

–
-

0
.2

7
(0

.0
6
)*

*
*

–
–

-
0

.2
6

(0
.0

6
)*

*
*

D
ro

p
p

ed
o

u
t

d
u

ri
n

g
st

u
d

y
1

8
9

(9
.0

2
)

–
–

-
0

.0
5

(0
.0

4
)

–
–

-
0

.0
5

(0
.0

4
)

C
o

lu
m

n
s

2
–

7
:

re
g

re
ss

io
n

co
ef

fi
ci

en
ts

(s
ta

n
d

ar
d

er
ro

rs
);

*
p
\

.0
5

,
*

*
p
\

.0
1

,
*

*
*

p
\

.0
0

1

N
o

te
th

at
th

es
e

ar
e

o
ri

g
in

al
ca

lc
u

la
ti

o
n

s
co

n
d

u
ct

ed
in

N
ew

H
av

en
,

C
T

,
2

0
1

0

Differential changes in body mass index 115

123



manner that traditional statistical analysis cannot, an

advance that strengthens our inferential capabilities. Third,

we examine both a basic and expanded set of explanatory

variables. And fourth, we control for attrition/dropout;

failure to do so could result in biased findings.

Employment-based medical professionals and family

physicians should be aware that retirement represents a

critical event that alters the path of BMI for workers in

blue-collar occupations. Information regarding the health

risks of weight gain may then be conveyed to such indi-

viduals, and interventions to help blue-collar retirees

maintain or lose weight may be made available. The result

of intervening prior to retirement may be to delay or reduce

the onset of obesity-related chronic diseases, which are

costly and burdensome to public health programs for

retired persons.

Acknowledgments This work was supported by Grant Number

RL1AA017542 from the National Institute on Alcohol Abuse and

Alcoholism to Yale University and Grant Number R01AG027045

from the National Institute on Aging to Yale University. We would

like to acknowledge the research support of Maureen E. Canavan of

Yale University and Ekaterina Foerster.

References

Bryk AS, Raudenbush SW (1987) Application of hierarchical linear

models to assess change. Psychol Bull 101:147–158

Casella G (1985) An introduction to Empirical Bayes data analysis.

Am Stat 39:83–87

Chung S, Domino ME, Stearns SC (2009) The effect of retirement on

weight. J Gerontol B Psychol Sci Soc Sci 64B(5):656–665

Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL (1998)

Overweight and obesity in the United States: prevalence and

trends, 1960–1994. Int J Obes Relat Metab Disord 22(1):39–47

Forman-Hoffman VL, Richardson KK, Yankey JW, Hillis SL,

Wallace RB, Wolinsky FD (2008) Retirement and weight

changes among men and women in the Health and Retirement

Study. J Gerontol B Psychol Sci Soc Sci 63B:S146–S153

Goldstein H (1987) Multilevel models in education and social

research. Oxford University Press, London

Henkens K, van Solinge H, Gallo WT (2008) Effects of retirement

voluntariness on changes in smoking, drinking, and physical

activity among Dutch older workers. Eur J Public Health

18:644–649

Laird NM, Ware JH (1982) Random-effects models for longitudinal

data. Biometrics 38:963–974

Lakdawalla DN, Goldman DP, Shang B (2005) The health conse-

quences and cost consequences of obesity among the future

elderly. Health Aff 24(Supplement 2):W5 R30–W35 R41

Li F, Fisher KJ, Harmer P (2005) Prevalence of overweight, obesity in

older U.S. adults: estimates from the Behavioral Risk Factor

Surveillance System survey. J Am Geriatr Soc 53:737–739

Nooyens ACJ, Visscher TLS, Schuit AJ, van Rossum CTM,

Verschuren WMM, van Mechelen W et al (2005) Effects of

retirement on lifestyle in relation to changes in weight and waist

circumference in Dutch men: a prospective study. Public Health

Nutr 8:1266–1274

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal

KM (2006) Prevalence of overweight and obesity in the United

States, 1999–2004. JAMA 295:1549–1555

Patrick JM, Bassey EJ, Fentem PH (1982) Changes in body fat and

muscle in manual workers at and after retirement. Eur J Appl

Physiol 49:187–196

Patterson RE, Frank LL, Kristal AR, White E (2004) A comprehen-

sive examination of health conditions associated with obesity in

older adults. Am J Prev Med 27:385–390

Ware JH (1985) Linear models for the analysis of longitudinal

studies. Am Stat 39:95–101

A B Pre-post Retirement BMI
in Basic Model

23.5

24

24.5

25

25.5

26

26.5

27

27.5

28

28.5

Time

Manag/Prof
Sales/clerical
Service
Other blue collar

Pre-post Retirement BMI
in Expanded Model

25.5

26

26.5

27

27.5

28

28.5

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9

Time

Manag/Prof
Sales/clerical
Service
Other blue collar
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retirement). Note that these are original calculations conducted in
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