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Medicare is the most important publicly financed insurance programme in the US, with an
annual budget at $500 billion or higher. It covers the majority of the inpatient, outpatient
and prescription drugs expenditures of the seniors from age sixty-five until death. Using
nationally representative data of current Medicare beneficiaries, this study estimated the
dynamic relationship among gender, race, body weight, height, longevity, and lifetime
Medicare expenditure. Next, we projected the trajectories of the total financial influence of
demographic and biological changes in retirees on Medicare in the future. We found the
increasing proportion of African Americans will lead to disproportionately lower lifetime
Medicare expenditures per capita, due to racial disparities in longevity and access to
outpatient care, but expect such disparities to decrease in the future. We also found the
financial burden of obesity could be magnified by the increasing obesity rates among the
white population.
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I n t roduct ion

Medicare is the most important public financed insurance programme for the elderly
population in the United States (US). It covers the majority of the costs of hospital care
(Part A), medical care (Part B), and prescription drugs (Part D) for citizens and legal
residents of five years or more from age sixty-five to death. Medicare is the second largest
entitlement programme of the US. It has an annual budget of $500 billion or more and
accounts for 15 per cent of the federal budget (David and Moffit, 2006). The implications
of the baby boom generation’s retirement for the financial burden of Medicare have been
widely discussed in both the professional community and the popular press in attempts
to find solutions to make Medicare solvent without significant welfare loss for seniors
(Wydon and Ryan, 2011).

However, there are two crucial issues that are closely tied to the long-term outlook for
the financial stability of Medicare, but which have been ignored in current discussions,
and hence require further investigation. First, there is a lack of in-depth investigation
of how changes in the demographic characteristics of the retirement population will
influence Medicare expenditures. Specifically, there is great need to understand the
implications of gender and racial composition, and physical stature, measured by
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height, weight, and body mass index (BMI), to Medicare expenditures. Second, most
of the existing studies are cross-sectional studies that ignore the nature of Medicare
as an entitlement programme that covers each beneficiary from age sixty-five until
death, a feature that requires longitudinal analysis to understand the effect on lifetime
Medicare expenditures of the demographic and biological changes in the population
by demographic groups. The much-needed longitudinal analysis, however, poses many
modelling challenges regarding the dynamics of relationships among gender and racial
composition, weight and height, life expectancy, functional ability deterioration, demand
for health care services, and Medicare expenditures.

Demographically, we know that the proportion of black beneficiaries is expected to
increase because of the higher increase in longevity among blacks than among whites
since the 1940s. For example, average life expectancy at birth among black women
increased by around twenty-two years from 55.5 in 1940 to 77.4 in 2008, while the
increase among white women was much less, at about thirteen years, from 67.3 to 80.8
(US Census Bureau, 2012). A consequence of this higher increase in longevity among
blacks is that the proportion of black Medicare beneficiaries is expected to increase from
2.8 per cent in 2000 to about 7 per cent by 2030 (Administration on Aging, 2009).

Biologically, one major change in the human body from the twentieth century in
the US is the continuous increasing prevalence of obesity (Flegal et al., 2002). Existing
research indicates that obesity-induced chronic diseases, such as diabetes, hypertension,
and heart failure, will significantly increase both annual and lifetime Medicare spending
(Finkelstein et al., 2003; Thorpe et al., 2004; Thorpe, 2005; Cawley 2008; Yang and Hall,
2008; Lakdawalla and Philipson, 2009). However, these results were estimated at the
aggregate level without breaking down the Medicare population by gender or race. The
applicability of these results for future Medicare generations, therefore, is dependent on
an exceedingly strong assumption that the racial and gender compositions of the future
population, as well as the prevalence of obesity by race and gender, will be similar to
current retirees. Such an assumption will not be likely to hold. Currently, African American
women have the highest obesity rate at 52.9 per cent, while other gender and racial groups
have much lower rates, between 30 and 40 per cent, but projections of future obesity
rates show a greater increase among whites and males than among blacks and females
(Ogden, 2009).

When modelling the effect of BMI on Medicare costs, the dynamic relationship
between gender, race, body weight, longevity, and health care expenditures needs to be
addressed. On the one hand, the higher health care expenditures of the overweight and
obese in a single year could be offset by shorter longevity (Flegal et al., 2005). On the
other hand, body weight of older people changes in the ageing process, with decreasing
BMI by age (Newman et al., 2001). Therefore, to consider only Medicare costs associated
with cross-sectional body weight could potentially underestimate the financial burden of
obesity.

In contrast to the attention given to the discussion of BMI, height, which is another
important biomarker, has been largely ignored in the literature examining the effect of
population biological changes on Medicare spending. The average height of the adult
population in the US increased every decade in the twentieth century until the mid-
century birth cohort (1955–1974) (Komlos and Lauderdale, 2007). Height is an indicator
of childhood nutrition, and has been found to be positively associated with better health
status, including lower mortality and disability rates, and better cognitive functions (Costa,
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1993; Fogel, 1994; De Beer, 2004). But we are not aware of previous studies that
have investigated the implications of the increasing population height on health care
expenditures. Differently from the racial patterns of most bio markers, where white adults
have obvious advantages, evidence shows that surviving black adults tend to be equally
as tall as or even taller than whites (Deaton, 2007). Therefore, to understand the total
influence of changes in BMI and height by gender and race on Medicare spending is of
important policy significance.

In this study, we contribute to filling the knowledge gap by investigating how the
demographic changes in gender and race, and the disparities in physical stature by gender
and race among the baby boomers, could influence Medicare expenditure forecasting.

Data

We used two data sources in this study: the longitudinal Cost and Use files of Medicare
Current Beneficiary Survey (MCBS) from 1992 to 2001, and the longitudinal Health
and Retirement Study (HRS). The MCBS is used for the dynamic model estimation and
simulation of lifetime Medicare expenditures of the 1920s to 1930s birth cohort, and the
HRS is used for the descriptive analysis of future trends in weight and height among the
near elderly.

M C B S s u r v e y a n d c l a i m s

The MCBS is a representative sample of Medicare beneficiaries in the United States.
Collected annually by the Centers for Medicare and Medicaid Services (CMS), the Cost
and Use files provide two types of data: individual surveys and medical care claims. The
survey files provide information on demographic characteristics, including height, weight
and health status (including mortality, functional status and existing chronic diseases),
along with age, income, race, gender, and other sociodemographic characteristics. The
claims’ files contain the diagnoses, charges, and Medicare payments for all respondents’
medical care events during the survey period, for both Medicare Part A and Part B services.

Survey respondents under age sixty-five, plus those with missing height, weight,
gender, or race information, were excluded from our analysis. Due to the limited sample
size, we also excluded all minorities except non-Hispanic blacks. Because we estimated
the dynamic changes in health, body weight, and Medicare expenditures, we used only
respondents with at least two years of observations. From an initial 45,966 individuals,
this resulted in one analytical sample of 75,178 observations for 25,544 white individuals
and a second analytical sample of 7,672 observations for 2,609 black individuals.

In addition to the basic information regarding demographic characteristics (age,
gender, birth cohort, educational level, income, marital status) and smoking history,
we also included variables that varied over time. These variables are not permanent
characteristics like race or gender; they hold a dynamic relationship over the aging
process. Changes in one of these variables will likely induce changes in other variables,
making them critical to our analysis. These variables include the following:

Body Mass Index (BMI) is calculated by the self-reported height and weight from
MCBS survey data by year.

Existing chronic diseases and acute medical events are two groups of variables that
closely relate to body weight. The existing chronic disease variables are obtained from the
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survey data, including four types of diseases that are leading causes of death and functional
disability among the elderly population (Ferrucci et al., 1997): cardio/cerebral vascular
diseases, respiratory system diseases, cancer (excluding skin cancer), and diabetes (both
type I and type II). Acute medical care events refer to inpatient or emergency care
of clinical conditions related to these diseases except diabetes. These conditions are
identified by the ICD-9 code of the primary diagnoses from the claims data.

Functional disability and mortality are measures of health capital. They are measured
by a categorical variable based on the reported activities of daily life (ADL), instrumental
activities of daily life (IADL), and death. Specifically, of the four responses, 0 represents
the best health status of survivors without disabilities, 1 represents moderately disabled
with limitations in at least one IADL and up to three ADLs, 2 represents severely disabled
with limitations in three or more ADLs, and 3 represents death.

Annual Medicare Part A and Part B expenditures per person per year are obtained
from the claims data and summarised at the year level. All expenditures are inflated to
2001 dollar values, based on the Medical Care Component of the Consumer Price Index
published by the Bureau of Labor Statistics. Because Medicare Part D was not in effect
until 2006, Medicare claims data for prescription drugs were not available, and we did
not include prescription drug expenditures in our models.

H R S s u r v e y

Unlike the MCBS, the HRS is a cohort-based longitudinal survey that covers representative
samples of several birth cohorts in the US from age fifty to death. We used the self-reported
height and weight from the initial survey of three cohorts when their age was between
fifty and sixty, including the following: the original Health and Retirement Study (original
HRS) cohort born between 1931 and 1941, who are currently Medicare beneficiaries but
younger than the birth cohort from the MCBS in our simulation; the war babies (WB)
born between 1942 and 1947, the first of whom turned sixty-five in 2007; and early baby
boomers (EBB), born between 1948 and 1953, who will turn sixty-five in 2013.

Economet r ic mode l

The dynamic model estimated in this study is a simultaneous equation system that contains
four groups of equations introduced below.

M e d i c a r e e x p e n d i t u r e e q u a t i o n s

The centrepiece of the model includes two two-part models estimating annual Part A (A)
and Part B expenditures (B). Because of the highly skewed distribution of medical care
expenditures, the first part is a logit regression predicting the probability of any hospital
stay or outpatient care in a single year. The second part is a linear regression on the
natural log of the expenditures, if there are any. The independent variables include BMI,
its square term, functional status (H), existing chronic diseases (E), acute medical events
(S), demographics and smoking history (D). Let t represent the year of the observation, the
first part is depicted as follows:

Prob(qt > 0) = β
q
0 + β

q
1 BMIt + β

q
2 BMI 2

t + β
q
3 Ht + β

q
4 E t + β

q
5 St + β

q
6 Dt + εq1
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The second part is depicted as follows:

qt > 0) = α
q
0 + α

q
1 BMIt + α

q
2 BMI 2

t + α
q
3 Ht + α

q
4 E t + α

q
5 St + α

q
6 Dt + εq2

where (q ≡ A, B).

A c u t e h e a l t h c a r e e v e n t s e q u a t i o n s

We used three logit regressions to predict the probabilities of the three separate types
of acute medical care events. The dependent variable in each equation is the onset of
each one of the three acute medical care events (S = 1) during the survey period. The
independent variables include BMI, its square term, functional status at the beginning
of the survey period, demographics, and smoking history. This group of equations helps
to measure the indirect effect of obesity on Medicare costs through its influence on the
frequency of acute medical care events. Let k represent the type of acute medical care
event (cardiovascular or cerebravascular diseases, respiratory diseases, or cancer), the
equations are depicted as follows:

Prob
(
Sk

t = 1
) = δk

0 + δk
1 BMIt + δk

2 BMI 2
t + δk

3 Ht + δk
4 E t + δk

5 Dt + εk

Changes in body w e igh t e qua t i on

We used one linear regression to estimate the annual change in body weight among
survivors. The dependent variable is BMI at the beginning of a survey year (BMIt+1). The
independent variable includes BMI at the beginning of the survey year (BMIt), major acute
medical care events during the current year, the functional status and existing chronic
diseases at the beginning of current year, demographics, and smoking history.

BMIt+1 = θ0 + θ1 BMIt + θ2 BMI 2
t + θ3 Ht + θ4 E t + θ5St + θ6 Dt + ε

Dete r i o r a t i on i n func t i ona l s t a tus and m or t a l i t y e qua t i on

We constructed one multinomial logit model to estimate the deterioration in functional
status and probability of death, conditional on age, health status, chronic diseases, and
body weight. The dependent variable is the functional status or death by the end of the
survey year (Ht+1). The independent variables include BMI, its square term, functional
status, and existing chronic disease at the beginning of the survey year, acute medical care
events during the survey year, demographics, and smoking history. This equation helps to
estimate the indirect effect of obesity on health care expenditures through its influence
on deterioration of functional status and mortality.

Prob(Ht+1 = h) = γ h
0 + γ h

1 BMIt + γ h
2 BMI 2

t + γ h
3 Ht + δh

4 E t + δh
5 St + δh

6 Dt + εh

where (h = 0, 1, 2, 3).
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In i t i a l h e igh t and o the r c ond i t i ons

We capture the effect of height on health through estimation of the effect of height on
initial health conditions that have profound influence over the ageing process. Although
the average height among elderly survivors gradually decreases over the ageing process
due to loss of bone density, it is hard to detect from MCBS data because we have a
maximum of five years of observations for one person. So we treat height as a permanent
condition and also as exogenous instead of endogenous because height is primarily
determined by childhood nutrition status.

Therefore, we used reduced-form equations to estimate the initial functional status and
existing chronic diseases for the first year of observations, conditional on demographics,
military service experience, birth cohort, and height, and exclude height in the dynamic
equation. The effect of height on longevity and health care expenditures is transferred
through its influence on initial health status from age sixty-five to death over the aging
process.

MLE e s t ima t i on and iden t i fica t i on

Because of the dynamic and intertwining relationship between these factors, we estimated
all the dynamic equations along with the initial conditions simultaneously among the
white and black samples using maximum likelihood estimation (MLE).

The simultaneous system is identified by two mechanisms. First, besides initial height,
we included several exogenous variables that help to explain the variations in body
weight, general health status, and health care demand by geographic regions. These
variables include area health care resources (number of physicians, hospital beds, etc.),
and air quality at the county level. Second, we used the discrete random effect to control
for any time-consistent and time-varying unobserved individual heterogeneity to help
identification. Such a method has been used in previous literature with applications of
the dynamic model and has demonstrated good consistency in estimation (Heckman and
Singer, 1984; Goldman 1995; Mroz, 1999; Yang et al, 2009).

S imu la t ion

The interpretation of the estimated parameters in each equation in the simultaneous
equation system is difficult because the effects of the coefficients in one single equation
spill over to other equations. Therefore, the best way to find the effect of demographic
and biological characteristics in the elderly population on lifetime Medicare spending is
to apply parameters from the estimation to one birth cohort and simulate their lifetime
Medicare expenditures. Therefore, we collected the surveyed respondents born in the
1920s and 1930s, observed at age sixty-five from both the white and black samples, and
applied the coefficients from the dynamic models to simulate all the direct and indirect
effects of race, gender, height, and BMI on Medicare expenditures.

Specifically, we performed 2,000 replications of the simulation for each black or
white individual using the parameters obtained from the simultaneous dynamic models
with observed demographic features, social economic status, and initial height to first
simulate the initial functional status and onset of chronic diseases at age sixty-five. In the
year following age sixty-five, we simulated the probabilities of major acute medical care
events, and natural logs of Medicare Part A and Part B expenditures. Then, we simulated
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Table 1 Characteristics of the white and black samples

White Black
75,178 obs 7,672 obs
25,544 inds 2,609 inds

Measurement Female Male Female Male

63% 37% 60% 40%
Weight (lbs) 142.23 174.42 157.98 172.49
Height (inches) 63.11 69.08 63.75 68.87
BMI 25.08 25.67 27.35 25.55

Obese (BMI>30) 15% 12% 29% 14%
Overweight (BMI between 25 and 30) 29% 43% 33% 39%
Normal weight (BMI between 18.5 and 25) 51% 43% 34% 42%
Underweight (BMI, = 18.5) 5% 3% 4% 5%

Medicare expenditures
Yearly Part A expenditures (2001$) $2,439 $2,929 $3,043 $3,520
Yearly Part B expenditures (2001$) $2,677 $3,003 $2,938 $2,919

Demographics
Age 77.29 75.40 76.63 75.19
Years of education 8.34 8.68 6.66 5.93
Widowed 54% 17% 66% 24%
Ever smoked cigarettes 39% 79% 40% 81%

Existing chronic diseases
Have been diagnosed of heart disease or stroke 41% 44% 44% 42%
Have been diagnosed of respiratory diseases 12% 16% 12% 13%
Have been diagnosed of cancer 19% 19% 15% 15%
Have been diagnosed of diabetes 15% 17% 29% 24%

Acute medical care events
Cardio/cerebra vascular (ICD-9 390–439) 17% 16% 25% 18%
Acute event: respiratory (ICD-9 480–496) 4% 6% 4% 5%
Acute event: cancer(ICD-9 140–209) 3% 5% 3% 4%

the transition in functional status and BMI and updated both the functional status and
BMI in the next year. All existing chronic conditions at age sixty-five were treated as
permanent in all simulations for all ages. If a person was simulated to have a new type
of acute medical care event, the programme updated that person to have the associated
chronic diseases throughout the remaining lifetime until death. Such procedures are
repeated each year with updated functional status, chronic disease, and BMI. If any
individuals were simulated to die, the programme automatically stopped; otherwise,
the programme continued until age 100. We retransformed all the log expenditures to
real dollar values with the adjustment of the smearing factor when calculating lifetime
Medicare expenditures (Duan, 1983).

Resu l ts

Desc r i p t i ve s t a t i s t i c s

The summary statistics of the white and black study samples from MCBS levels are
presented in Table 1. The average weight of black females is significantly higher than
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for white females (157 versus 142 lbs), but the average weight of black and white males is
similar at slightly over 170 lbs. Black females are about 0.7 inches taller than white females
(63.8 versus 63.1), and white males are slightly taller than black males (69.1 versus 68.9).
Black females have significantly greater average BMI (27.4) and obesity rates (29 per cent)
than male or any other racial groups. Annual Medicare Part A expenditures for black
females and black males ($3,042 and $3,520) and annual Part B expenditures for black
females ($2,938) are higher than that of white beneficiaries. But Part B expenditures for
black males ($2,919) are lower than for white males ($3,003). Corresponding to obesity
prevalence, black females have the highest rates of heart disease or stroke (44 per cent),
and diabetes (29 per cent) as well as the highest probability of acute cardio vascular
disease events (25 per cent).

In addition to the cross-sectional statistics, which could be biased by disparities in
survival rate, we plotted the average weight, height, and BMI by gender, race, and age
among survivors in Figure 1. We found different patterns for males and females. Similar
to the summary statistics, we found no obvious racial disparities in height, weight, or BMI
between white and black males. Among females, however, blacks are not only about 20
lbs heavier than whites in all age groups, but are also taller. Black females between age
sixty-five and seventy-five are about 0.5 inches taller than white females on average, a
difference that increases to approximately one inch for those age seventy-five and older.
The average BMI for black women is about two units higher than for white women across
all ages.

L i f e t i m e M e d i c a r e e x p e n d i t u r e s b y r a c e , g e n d e r, ba s e l i n e B M I a n d h e i g h t

In Table 2, we summarise the simulation results regarding life expectancy from age sixty-
five, healthy life expectancy (years without functional disability), and lifetime Medicare
Part A and Part B expenditures, for the cohorts born in the 1920s and 1930s by gender,
race, baseline BMI, and height at age sixty-five. The simulation is based on the parameters
from the dynamic regression model, and the regression analysis results are presented in
the Appendix tables. We divided the sample in each weight category into ‘tall’ versus
‘short’ groups, where the tall group consists of those taller than the mean height (64 inches
among women, and 69 inches among men) at age sixty-five, and the short group consists
of those shorter than the mean height.

Among black females, weight is a predictor of longevity, but taller individuals have
longer longevity than shorter individuals regardless of weight. For example, among the
normal weight black females, life expectancy for the taller group is about 0.8 years longer
than for the shorter group (17.2 versus 16.4 years). Among white females, the normal
weight and the overweight groups have the longest life expectancy, but little difference
between the taller and shorter groups appears within each weight category. The pattern
for a healthy life expectancy is similar to that of life expectancy.

Overweight and obese females have higher lifetime Medicare expenditures (both Part
A and Part B) than the normal weight group, regardless of race; however, racial differences
appear in the spending patterns. Black women outspent white women in all weight
categories in Medicare Part A, with the difference ranging from $600 (tall underweight)
to $8,000 (short overweight). Within each weight category among black females, shorter
individuals spent more than taller individuals, except for those who are underweight.
Among white women, however, expenditures are similar for taller and shorter individuals
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Figure 1. (Colour online) Weight, height, and BMI among survivors by gender, race and age
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Table 2 Lifetime expenditures by gender, race, baseline BMI and height

Life Healthy life Part A Part B Total Medicare
expectancy expectancy expenditures expenditures expenditures

FEMALE Black White Black White Black White Black White Black White

Underweight
Tall∗ 16.48 18.45 8.72 11.47 $39,970 $39,143 $41,680 $55,147 $81,650 $94,289
Short 17.83 17.19 9.24 11.34 $42,367 $37,775 $53,973 $51,212 $96,340 $88,987

Normal weight
Tall 17.20 19.03 8.98 12.03 $44,636 $40,128 $48,117 $59,368 $92,753 $99,496
Short 16.35 19.06 8.54 12.31 $47,304 $40,188 $53,416 $58,262 $100,720 $98,451

Overweight
Tall 17.38 18.96 9.17 11.68 $47,504 $41,756 $53,726 $61,576 $101,230 $103,332
Short 16.63 18.95 7.97 11.98 $49,278 $41,977 $59,774 $61,543 $109,051 $103,520

Obese
Tall 16.35 18.56 8.73 10.90 $47,665 $43,065 $55,047 $63,768 $102,712 $106,833
Short 16.89 18.53 7.86 11.30 $45,441 $43,163 $56,828 $62,578 $102,269 $105,741

MALE
Underweight

Tall∗∗ 13.05 16.66 8.85 12.18 $36,582 $41,028 $30,587 $55,000 $67,168 $96,028
Short 11.04 15.97 7.57 12.10 $32,140 $37,861 $33,113 $48,981 $65,254 $86,842

Normal weight
Tall 16.23 16.14 10.28 12.03 $43,117 $40,734 $40,652 $53,758 $83,768 $94,491
Short 13.13 16.31 8.48 12.34 $38,159 $38,668 $37,397 $52,437 $75,556 $91,105

Overweight
Tall 15.47 15.98 11.24 11.58 $46,057 $41,334 $39,613 $55,814 $85,671 $97,148
Short 13.49 16.41 9.24 12.12 $39,191 $40,461 $41,160 $55,271 $80,351 $95,732

Obese
Tall 14.88 15.66 11.03 11.09 $48,037 $41,714 $48,688 $57,139 $96,725 $98,853
Short 12.26 15.86 8.77 11.36 $40,622 $41,644 $43,651 $57,027 $84,273 $98,671

Notes: ∗Taller than mean height among female at age 65. ∗∗ Taller than mean height among male at age 65.
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within each weight category. White women significantly outspent black women in Part B
expenditures in all weight categories except short-underweight.

Among males, those of normal weight have the longest life expectancy and healthy
life expectancy, regardless of race. Among all weight categories of black males, taller
individuals have significantly better health outcomes. For example, taller, normal-weight
black males have almost three years longer life expectancy than shorter black males within
the same weight category (16.2 versus 13.1 years). Among white males, no differences
appear in health outcomes by height. Taller black males in the normal weight, overweight,
and obese categories have higher Medicare Part A expenditures than white males in the
same categories, but shorter white males have higher Medicare Part A expenditures than
shorter black males in every weight category. Similar to the patterns among women,
white males outspent black males in all weight categories in Part B expenditures. Overall,
overweight and obese males have higher spending than the other weight categories, and
white males have higher spending than black males in all weight categories.

Tr ends in obes i t y p r e va l ence fo r cu r r en t and fu tu r e Med ica r e coho r t s

We present the average weight, height, BMI, and percentage of overweight and obese
respondents between age fifty and sixty by birth cohort in Table 3. Average weight for
both black and white females between fifty and sixty increases by cohort. The increase
is larger among whites than blacks. White female early baby boomers are about 24
lbs heavier than the HRS cohort (178 lbs versus 154 lbs), but the increase is 14 lbs
among black females (188 lbs versus 174 lbs). A 7 lb increase occurs in average
weight among black males over the three cohorts, but a 6 lb decrease occurs in average
weight among fifty- to sixty-year-old white males between war babies and early baby
boomers. Among females, height among blacks increases by 1.8 inches, and height
among whites increases by 2.2 inches; however, male height decreased among both
blacks (2.9 inches) and whites (3.4 inches).

Combining the changes in weight and height, the two younger cohorts have higher
average BMI and obesity prevalence than the original HRS sample at a similar age;
however, no obvious racial differences appear in the magnitude of increases. The smallest
increase in average BMI and obesity rates is observed among black females (1.8 units, or
3 per cent); white females show a 2.2-unit increase in BMI and a 13 per cent increase
in obesity rate; white and black males show a 21 per cent (25 to 46 per cent) and 10
per cent (21 to 31 per cent) increase in obesity rates, respectively. The rate of overweight
drops among black females (–3 per cent), black males (–15 per cent), and white males
(–12 per cent), but increases slightly among white females. The majority of these
respondents have been or will be eligible for Medicare and will carry the obesity epidemic
into Medicare.

Discuss ion

Our study has three major limitations and therefore caution is needed in the interpretation
of the results. First, we did not include the cost of Medicare Part D in our analysis. Obesity
and related chronic diseases increase the demand and cost of outpatient prescription
drugs under Part D. However, the literature also indicates that more generous coverage
that encourages better adherence to prescription drugs could offset Medicare Part A and
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Table 3 Physical stature of future cohorts of Medicare beneficiaries between age 50
and 60

Female Male

Black White Black White

Average weight
1931–1941 cohort (original HRS) 174 154 187 188
1942–1947 cohort (WB) 181 175 188 188
1948–1953 cohort (EBB) 188 178 194 182
� EBB and HRS 14 24 7 −6

Average height
1931–1941 cohort (original HRS) 64.53 64.39 69.88 70.24
1942–1947 cohort (WB) 65.49 66.47 68.08 67.69
1948–1953 cohort (EBB) 66.28 66.55 67.01 66.88
� EBB and HRS 1.75 2.16 −2.87 −3.36

Average BMI
1931–1941 cohort (original HRS) 29.61 26.17 27.81 27.31
1942–1947 cohort (WB) 29.85 27.74 28.72 27.85
1948–1953 cohort (EBB) 30.41 28.36 30.40 30.40
� EBB and HRS 0.80 2.19 2.59 3.09

Percentage overweight
1931–1941 cohort (original HRS) 33% 33% 45% 50%
1942–1947 cohort (WB) 33% 35% 41% 40%
1948–1953 cohort (EBB) 30% 36% 30% 38%
� EBB and HRS −3% 3% −15% −12%

Percentage obese
1931–1941 cohort (original HRS) 41% 19% 25% 21%
1942–1947 cohort (WB) 43% 30% 34% 30%
1948–1953 cohort (EBB) 44% 32% 46% 31%
� EBB and HRS 3% 13% 23% 10%

Percentage overweight or obese
1931–1941 cohort (original HRS) 74% 52% 70% 71%
1942–1947 cohort (WB) 76% 65% 75% 70%
1948–1953 cohort (EBB) 74% 68% 76% 69%
� EBB and HRS 0 15% 6% −2%

Part B expenditures (Yang et al., 2009; Congressional Budget Office, 2012a). Therefore,
under the assumption of considering the effect of Part D, the total burden of obesity on
Medicare could be either higher or lower than estimated in this study.

Second, our estimate of the per capita incremental cost of obesity is based on
simulations using the MCBS data. The limitation of MCBS is that it follows the same
beneficiary for three years at a maximum, and hence does not capture the whole picture
of the ageing process. To combine the estimation results from MCBS and population
characteristics from HRS to project the future cost of Medicare from obesity is the most
practical solution we can find at hand. However, the best solution would be to develop
more sophisticated models of longitudinal data that follow the respondents for a longer
period to capture the dynamics of demographic change and the ageing process by birth
cohorts.
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Last, we used self-reported height and weight in this study, which tends to
underestimate actual weight, but overestimate actual height, which leads to lower
estimates of BMI (especially among women) (Villamore, 2001; Gillum and Sempos, 2005;
McAdams et al., 2007).

Conc lus ion

The first conclusion from our analysis is that demographic changes in Medicare
beneficiaries will not exacerbate the financial pressure on Medicare other than through
an increased number of beneficiaries due to racial disparities in longevity and access to
outpatient care. The direct reason for lower per capita lifetime Medicare expenditures
among blacks is lower Part B expenditures, which could be explained by less access to
outpatient care. If the racial disparities in access to care are reduced or eliminated in
the future, life expectancy and lifetime expenditures among blacks will likely increase as
well.

Second, we conclude that the epidemic of obesity will bring greater financial
challenges to the solvency of Medicare than indicated by previous studies. There will
be disproportionally more obese older people and disproportionally higher health care
expenditures per obese individual. Further, most of the new obese beneficiaries will be
whites or males, who tend to have higher health care expenditures than the black females
who currently have the highest obesity rate. Given the potential magnitude of increased
spending associated with obesity on Medicare, promoting healthy lifestyles to stop the
increase in obesity among key groups such as white males may be warranted.

There is a body of literature found that argues that despite the clinical effectiveness of
chronic disease prevention, few of these interventions were cost-saving or cost-effective
when taking a lifetime perspective (Neumann et al., 2005; Cohen et al., 2008). However,
obesity prevention is more complicated than the prevention of the more ‘precisely’ defined
diseases, like flu or cancer. It requires systematic change in culture and lifestyle to fight
the disease, so that there is plenty of room for innovation in lifestyle change interventions
to reduce the incremental cost. For example, a study by Thorpe and Yang in 2011 found
that to replace the expensive individual behavioural change intervention program, which
was tested effective from clinical trials of the Diabetes Prevention Programme (DPP), with
a much less costly group session, would lead to 7 billion dollar Medicare net savings
in ten years from diabetes prevention (Thorpe and Yang, 2011). Indeed, from 2014 CMS
has issued and implemented Intensive Behavioural Therapy to screen and treat obesity
through behavioural therapy (Centers for Medicare and Medicaid Services, 2014).

Third, we found height has a significant influence on health outcomes and Medicare
expenditures among blacks who have lower per capita Medicare expenditures, but we
did not find such a pattern among whites. We are aware of recent research that found
declines in the height of black female adults, possibly resulting from increasing obesity
and malnutrition in childhood. This trend of increased obesity and declining height could
be a double-edged sword for the health of black women and deserves further investigation
(Komlos, 2010).

Fourth, the passage of the Patient Protection and Affordable Care Act (ACA) in 2010
poses new opportunities and challenges for dealing with the obesity epidemic. ACA
promotes more attention to address racial health disparities and proposes to reward higher
efficiency, instead of higher volumes of care, for Medicare beneficiaries. On the frontline
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of Medicare payment reform are the demonstrations represented by the Accountable Care
Organization (ACO), Medical Homes, and bundled payment (Centers for Medicare and
Medicaid Services, 2013). These innovations aim at a higher quality of chronic disease
management that will increase access to preventive care among minority and underserved
populations and save hospital care costs associated with acute complications.

However, the early evaluation results of these models were more sobering than
encouraging. The report of CBO found that the physician group practice (PGP) model,
which was the precedent model for ACO, did not lead to cost savings, despite a better
quality of preventive care (Congressional Budget Office, 2012b). The same report also
found that except for accounting book savings from bundled payment centering on very
precisely defined clinical conditions, there is no evidence that bundled payment will lead
to significant savings at population level. In addition, the most recent research study found
that the medical home model neither saved costs, nor improved quality (Friedberg et al.,
2014). Therefore, we foresee that in the next five to ten years, the majority of Medicare
beneficiaries will still follow the FFS model, and our analysis is important to remind the
public to be aware of the economic burden of the obesity epidemic.

In addition to the US, other western countries are facing similar challenges from
obesity. For example, the National Health Service (NHS) of the United Kingdom reported
in 2014 that 66 per cent of adult men, and 61 per cent of adult women in England
are overweight or obese (Health and Social Care Information Centre, 2014). Similarly,
according to the most recently published study, Canada is facing a historically high obesity
rate. One in four Canadian adults is obese (Cotay et al., 2013). Moving to the southern
hemisphere, the World Health Organization (WHO) categorised Australia as one of the
fattest countries in the world, with an overweight rate of 67.4 per cent in 2009 (Streib,
2009). The single player health care systems in the UK and Canada, as well as Medicare
in Australia, are facing the challenge of treating obesity-related chronic diseases under a
fixed budget with demands for cost-effectiveness, and are actively looking for innovative
behavioural interventions at the community level to reverse the obesity epidemic and
promote public health. With the increasing diversity in population characteristics in the
UK, Canada, Australia, and European Union countries, and the universal challenge of
balancing cost, equality, effectiveness, and efficiency of health care systems, the results
of this article will reinforce the need for most western countries to take the challenge of
obesity seriously.
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Te c h n i c a l A p p e n d i x : R e g r e s s i o n r e s u l t s o f t h e k e y v a r i a b l e s f r o m th e d y n a m i c m o d e l

Table A1 Probability of any Part A expenditures

White Black

BMI − 0.07∗∗ − 0.011
BMIˆ2/100 0.11∗∗ − 0.011
Moderately disabled 0.35∗∗ 0.147∗∗

Severely disabled 0.54∗∗ 0.110
Acute medical care events

Cardiovascular 1.64∗∗ 0.345∗∗

Respiratory system diseases 1.66∗∗ 0.151
Cancer 1.23∗∗ 0.344∗∗

Existing chronic diseases 0.05∗

Heart diseases/stroke − 0.13∗∗ 0.014
Respiratory system diseases − 0.02 0.015
Cancer 0.20∗∗ − 0.008
Diabetes 0.153∗∗

Demographics 0.04∗∗

Age − 0.04∗∗ − 0.007
Ageˆ2 0.22∗∗ − 0.002
Male − 0.01 0.075
Education 0.01 − 0.042∗

ln(income) 0.08∗∗ − 0.036
Widowed 0.08∗ − 0.117
Separated or divorced − 0.18∗∗ − 0.021
Rural − 0.071

Supply and market 0.04
HMO penetration rate − 0.03 0.063
# Hospitals/capita 0.00∗∗ − 0.367
# Hospital beds/capita 0.00∗∗ 0.000
# Physicians/capita 0.02∗∗ 0.000
AAPCC rate, Part A − 0.01 0.017∗∗

AAPCC rate, Part B − 0.07∗∗ 0.008
Calendar year 0.04 − 0.030∗∗

ρ − 0.79∗∗ 0.278
ω − 0.07∗∗ − 0.787∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A2 Log Part A expenditures conditional on any
expenditure

White Black

BMI 0.007 –1.591
BMIˆ2/100 − 0.017 1.103
Moderately disabled 0.033 3.974∗∗

Severely disabled 0.054∗∗ 5.701∗∗

Acute medical care events
Cardiovascular 0.380∗∗ 15.042∗∗

Respiratory system diseases 0.128∗∗ 6.201∗∗

Cancer 0.342∗∗ 4.831∗∗

Existing chronic diseases 1.990∗∗

Heart diseases/stroke − 0.030∗ − 1.456
Respiratory system diseases − 0.001 0.132
Cancer − 0.034∗ 3.757∗∗

Diabetes 0.066
Demographics 1.591

Age − 0.002 0.213
Ageˆ2 − 0.022∗ 4.326∗∗

Male 0.082∗∗ 2.881v
Education − 0.005 0.755
ln(income) 0.017 1.471
Widowed 0.022 − 1.573
Separated or divorced 0.052∗ − 1.931∗

Rural − 0.042
Supply and market 0.442

HMO penetration rate 0.148∗ 0.113
# Hospitals/capita − 0.005 0.568
# Hospital Beds/capita − 0.001 − 1.544
# Physicians/capita 0.002 1.216
AAPCC rate, Part A 0.015∗∗ − 0.432
AAPCC rate, Part B 0.000 − 0.557

Calendar year − 0.016∗∗ 1.466
ρ − 0.035 − 4.332∗∗

ω − 0.156∗∗ − 0.365∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A3 Probability of any Part B expenditures

White Black

BMI − 0.079∗ 0.025
BMIˆ2/100 0.308∗∗ − 0.060
Moderately disabled − 0.001 0.084
Severely disabled − 0.068 0.311∗∗

Acute medical care events 0.223
Cardiovascular 2.141∗∗

Respiratory system diseases 1.593∗∗ 2.406∗∗

Cancer 2.814∗∗ 1.779∗∗

Existing chronic diseases 2.134∗∗

Heart diseases/stroke 0.061 0.058
Respiratory system diseases − 0.013 − 0.248
Cancer 0.128∗∗ − 0.060
Diabetes 0.170∗∗ 0.383∗∗

Demographics
Age 0.011 0.002
Ageˆ2 − 0.071∗∗ − 0.015
Male − 0.236∗∗ 0.044
Education − 0.054∗∗ − 0.012
ln(income) 0.054∗∗ 0.019
Widowed 0.057∗∗ − 0.027
Separated or divorced − 0.055 − 0.151
Rural − 0.147∗∗ − 0.264

Supply and market 0.236∗∗ 0.208
HMO penetration rate
# Hospitals/capita 0.830∗∗ 0.618
# Hospital beds/capita 0.411∗∗ − 0.570
# Physicians/capita 0.001 0.001
AAPCC rate, Part A − 0.004∗∗ 0.000
AAPCC rate, Part B 0.050∗∗ 0.019

Calendar year − 0.096∗∗ − 0.044∗∗

ρ − 0.331∗∗ − 0.314∗∗

ω − 0.079∗ 0.025

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A4 Log of Part B expenditure conditional on any
expenditure

White Black

BMI 0.015∗ 0.023
BMIˆ2/100 − 0.023 − 0.051
Moderately disabled 0.150∗∗ 0.227∗∗

Severely disabled 0.259∗∗ 0.439∗∗

Acute medical care events
Cardiovascular 0.680∗∗ 0.705∗∗

Respiratory system diseases 0.586∗∗ 0.476∗∗

Cancer 0.962∗∗ 0.953∗∗

Existing chronic diseases
Heart diseases/stroke 0.055∗∗ 0.055
Respiratory system diseases 0.058∗∗ 0.026
Cancer 0.085∗∗ 0.048
Diabetes 0.145∗∗ 0.306∗∗

Demographics
Age 0.026∗∗ 0.006
Ageˆ2 − 0.083∗∗ − 0.016
Male 0.046∗∗ 0.038
Education 0.004 0.009
ln(income) 0.059∗∗ 0.039
Widowed − 0.017 − 0.040
Separated or divorced 0.042∗∗ − 0.003
Rural − 0.107∗∗ − 0.079

Supply and market
HMO penetration rate − 0.103∗ 0.737
# Hospitals/capita − 0.123∗∗ − 0.010
# Hospital beds/capita 0.000 0.001
# Physicians/capita 0.000 − 0.002
AAPCC rate, Part A 0.004∗∗ 0.011∗∗

AAPCC rate, Part B 0.025∗∗ 0.004
Calendar year 0.015∗∗ 0.018∗

ρ 0.081∗∗ 0.118
ω − 0.345∗∗ − 0.268∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A5 Probability of acute health care event:
cardio/cerebra vascular disease (ICD-9 390–439)

White Black

BMI 0.030 0.072
BMIˆ2/100 0.016 − 0.043
Age∗BMI/100 − 0.123∗∗ − 0.157∗∗

Moderately disabled 0.182∗∗ 0.319∗∗

Severely disabled 0.246∗∗ 0.318∗∗

Existing chronic diseases
Heart diseases/stroke 1.146∗∗ 0.988∗∗

Respiratory system diseases 0.230∗∗ 0.149
Cancer − 0.030 0.220∗∗

Diabetes 0.374∗∗ 0.321
Demographics

Age 0.094∗∗ 0.074∗∗

Ageˆ2 − 0.117∗∗ − 0.107∗

Male 0.091∗∗ − 0.072
Education − 0.027∗∗ − 0.055∗

ln(income) − 0.028∗∗ 0.000
Widowed 0.053∗∗ − 0.054
Separated or divorced 0.113∗∗ 0.062
Rural 0.080 − 0.105

Ever smoked cigarettes 0.609∗∗ 0.418∗∗

ρ 0.342∗∗ − 0.305∗∗

ω 1.000 1.000

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A6 Probability of acute health care event: respiratory
system disease (ICD-9 480–496)

White Black

BMI − 0.180∗∗ − 0.117∗

BMIˆ2/100 0.258∗∗ 0.162
Age∗BMI/100 0.053 0.056
Moderately disabled 0.503∗∗ 0.545∗∗

Severely disabled 0.617∗∗ 0.195
Existing chronic diseases

Heart diseases/stroke 0.264∗∗ 0.259
Respiratory system diseases 2.047∗∗ 2.258∗∗

Cancer 0.087 − 0.276
Diabetes 0.062 0.010

Demographics
Age 0.019 0.010
Ageˆ2 − 0.093∗∗ − 0.130
Male 0.167∗∗ 0.138
Education − 0.026 − 0.045
ln(income) − 0.082∗∗ − 0.105
Widowed 0.098∗ 0.240
Separated or divorced 0.035 0.515∗

Rural 0.472∗∗ 0.247
Ever smoked cigarettes 0.710∗∗ 0.480
ρ 0.147∗∗ − 0.358
ω − 0.494∗∗ 0.547

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A7 Probability of acute health care event: cancer
(ICD-9 140–209)

White Black

BMI 0.020 0.199
BMIˆ2/100 − 0.044 − 0.435
Age∗BMI/100 − 0.001 0.217
Moderately disabled 0.135∗∗ 0.129
Severely disabled − 0.306∗∗ − 0.055
Existing chronic diseases

Heart diseases/stroke 0.032 0.018
Respiratory system diseases − 0.009 0.133
Cancer 1.992∗∗ 2.068∗∗

Diabetes − 0.021 0.168
Demographics

Age 0.052∗∗ − 0.033
Ageˆ2 − 0.164∗∗ − 0.108
Male 0.614∗∗ 0.308
Education 0.008 0.016
ln(income) 0.072∗∗ − 0.093
Widowed − 0.032 − 0.238
Separated or divorced 0.054 − 0.304
Rural 0.396∗∗ 0.065

Ever smoked cigarettes 0.131∗∗ − 0.309
ρ 0.501∗∗ 0.226
ω − 0.730∗∗ − 1.541∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A8 Annual change of BMI

White Black

BMI 0.251∗∗ 0.224∗∗

BMIˆ2/100 0.843∗∗ 0.800∗∗

Age∗BMI/100 2.261∗∗ 2.507∗∗

Moderately disabled 0.030∗∗ 0.102∗∗

Severely disabled 0.033∗∗ 0.029
Acute medical care events

Cardiovascular − 0.027∗∗ − 0.099∗

Respiratory system diseases − 0.065∗∗ − 0.030
Cancer − 0.058∗∗ − 0.165

Existing chronic diseases
Heart diseases/stroke 0.012 − 0.002
Respiratory system diseases − 0.008 − 0.080
Cancer 0.012 − 0.113∗

Diabetes 0.074∗∗ 0.196∗∗

Demographics
Age − 0.670∗∗ − 0.778∗∗

Ageˆ2 0.367∗∗ 0.401∗∗

Male 0.071∗∗ − 0.105∗

Education 0.001 − 0.022
ln(income) 0.017∗∗ 0.080∗∗

Widowed − 0.017 0.034
Separated or divorced − 0.019 − 0.094
Rural 0.007 0.032

Ever smoked cigarettes − 0.046∗∗ − 0.121∗∗

ρ − 0.012 − 0.073
ω 5.271∗∗ 6.124∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A9a Probability of being moderately disabled

White Black

BMI − 0.103∗∗ − 0.204∗∗

BMIˆ2/100 0.254∗∗ 0.424∗∗

BMI∗Age/100 − 0.066∗ − 0.152
Moderately disabled 2.784∗∗ 2.740∗∗

Severely disabled 3.100∗∗ 4.102∗∗

Acute medical care events
Cardiovascular − 0.092∗∗ − 0.006
Respiratory system diseases 0.161∗∗ 0.090
Cancer 0.034 0.257

Existing chronic diseases
Heart diseases/stroke 0.214∗∗ 0.218∗∗

Respiratory system diseases 0.272∗∗ 0.301
Cancer 0.079∗∗ 0.331∗

Diabetes 0.218∗∗ 0.095
Demographics

Age 0.081∗∗ 0.060
Ageˆ2 − 0.012 0.022
Male − 0.385∗∗ − 0.497∗∗

Education 0.007 − 0.028
Birth cohort − 0.187∗∗ − 0.230
Ln(income) − 0.123∗∗ − 0.116∗

Widowed 0.049 0.137
Separated or divorced 0.181∗∗ 0.229
Rural 0.056∗∗ − 0.063

Ever smoked cigarettes 0.235∗∗ 0.319∗∗

Calendar year − 0.005 − 0.044
ρ − 0.075∗∗ − 0.139
ω − 0.286∗∗ − 0.809∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A9b Probability of being severely disabled

White Black

BMI − 0.199∗∗ − 0.258∗∗

BMIˆ2/100 0.377∗∗ 0.601∗∗

BMI∗Age/100 − 0.043 − 0.136
Moderately disabled 4.539∗∗ 5.321∗∗

Severely disabled 7.961∗∗ 9.063∗∗

Acute medical care events
Cardiovascular − 0.001 − 0.021
Respiratory system diseases 0.203∗∗ 0.030
Cancer 0.066 0.443

Existing chronic diseases
Heart diseases/stroke 0.293∗∗ 0.291
Respiratory system diseases 0.211∗∗ − 0.089
Cancer 0.048 0.003
Diabetes 0.313∗∗ 0.235

Demographics
Age 0.096∗ 0.107
Ageˆ2 0.031 − 0.116
Male − 0.302∗∗ − 0.457
Education 0.007 0.023
Birth cohort − 0.325∗∗ − 0.436
Ln(income) − 0.104∗∗ − 0.194∗∗

Widowed 0.016 0.056
Separated or divorced 0.229∗∗ 0.253
Rural − 0.012 − 0.177

Ever smoked cigarettes 0.256∗∗ 0.349
Calendar year − 0.011 − 0.106
ρ − 0.162∗∗ − 0.404∗

ω − 0.781∗∗ − 0.967∗∗

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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Table A9c Probability of death

White Black

BMI − 0.421∗∗ − 0.236
BMIˆ2/100 0.721∗∗ 0.319
BMI∗Age/100 0.074 − 0.049
Moderately dsabled 1.994∗∗ 1.983∗∗

Severely disabled 5.041∗∗ 5.270∗∗

Acute medical care events
Cardiovascular 0.045 − 0.043
Respiratory system diseases 0.094 − 0.420
Cancer 1.240∗∗ 1.211∗∗

Existing chronic diseases
Heart diseases/stroke 0.623∗∗ 0.526∗∗

Respiratory system diseases 0.533∗∗ 0.455
Cancer 0.214∗∗ 0.699
Diabetes 0.755∗∗ 0.574

Demographics
Age 0.061∗∗ 0.063
Ageˆ2 0.109∗∗ 0.031
Male 0.129∗∗ − 0.013
Education 0.030 − 0.080
Birth cohort − 0.184∗∗ − 0.377
Ln(income) − 0.014 0.115
Widowed − 0.028 − 0.121
Separated or divorced 0.026 0.104
Rural − 0.029 − 0.025

Ever smoked cigarettes 0.514∗∗ 0.532
Calendar year 0.019 0.040
ρ − 0.084 − 0.219
ω 0.658∗∗ − 0.720

Notes: ∗ indicates P < 0. 1, ∗∗ indicates P < 0.05.
ρ: factor loading of time consistent discrete random effect.
ω: factor loading of time varying discrete random effect.
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