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Abstract: Overweight/obesity and underweight among older adults remain major public health
concerns in the United States. This study aims to assess cohort differences in transition among BMI
(body mass index) statuses (underweight, normal weight, overweight, and obese) by various cohort
and race/ethnicity–gender groups. The empirical work of this study was based on the 1992–2014
Health and Retirement Study (HRS). Multistate life tables (MSLT) were used to assess transitions
among different BMI statuses. Results from multistate life tables suggested that the impact of
cumulative advantage (disadvantage), persistent inequality, and aging-as-leveler on transition among
BMI statuses was shaped along race/ethnicity–gender and cohort lines. Weight management and
weight loss strategies should focus on ethnic minorities (i.e., Black and Hispanic populations) and
White participants from recent cohorts. Programs aimed at minimizing the negative consequences
associated with underweight and weight loss should focus on individuals from earlier cohorts and
Black populations.

Keywords: cohort; BMI (body mass index); multistate life table; cumulative advantage; persistent
inequality; aging-as-leveler

1. Introduction

Overweight/obesity and underweight among older adults remain major public health
concerns in the United States. The prevalence of obesity for adults over 65 is approximately
35% [1]. During the beginning of the 21st century, the proportions of obese men and women
over the age of 74 were 18% and 24%, respectively; these percentages increased to 27% and
30%, respectively, after a decade [2]. The impacts of obesity remain fully felt even at older
ages [3].

Empirical evidence suggests that both overweight and underweight can increase the
risk of morbidity and mortality. In fact, a distinguished legacy of researchers has illuminated
the health risks associated with being overweight and obese. These health risks include
but are not limited to cardiovascular disease, kidney disease, type 2 diabetes, arthritis,
and declines in physical function [4–7]. The health risks associated with being underweight
and low or declining BMI (body mass index) include dementia [8–10], fractures [11,12],
functional limitations [13], cardiovascular disease [14], malnutrition [15], and osteoporo-
sis [15,16]. Being underweight can also increase the risk for all-cause mortality [17–19].
The far-reaching implications of being either underweight, overweight, or obese among
older adults will include unprecedented demands on aging services and the nation’s health
care system.

To date, studies on transitions among BMI statuses focused on children, young ado-
lescents [20], and adults [21–23]. Studies that focused on older adults examined changes
in BMI trajectories in the United States, Canada, and Japan. Studies conducted in the
United States focused on identifying distinct BMI trajectories by various demographic
characteristics and health conditions [24,25]. Studies conducted in Canada and Japan
focused on assessing the potential impacts of BMI trajectories on health outcomes [26] and
mortality [27,28].
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To my knowledge, only one study on racial/ethnic differences in obesity in the United
States focused on older adults. Their analysis of the 1996–2006 Health and Retirement
Study found higher percentages of obesity and severe obesity among Black and Hispanic
groups [29]. Analyses of the 2007–2010 National Health and Nutrition Examination Survey
(NHANES) disaggregated by sex also found significant differences in obesity prevalence
by race and ethnicity among women who are 64 and older [1]. For men, the prevalence of
obesity is slightly higher for White populations among those between 64 and 75 of age,
while the reverse is true for those 75 and over [1].

Analysis of the Americans’ Changing Lives Survey revealed that more women than
men are obese across all racial groups [30]. Nevertheless, analysis of the 2007–2010 NHANES
revealed that the prevalence of obesity is slightly higher among men for those between
64 and 75 years of age (41.5% for men and 40.3% for women) while the reverse is true for
those 75 and older (26.5% for men and 28.7% for women) [1].

To date, no researchers have attempted to model transitions among BMI statuses among
older adults in the United States. There is also a dearth of research on underweight and
weight loss among older adults. To fill the gaps in the body of the literature, this study will use
multistate life tables to assess transitions among BMI statuses (underweight, normal weight,
overweight, and obese) by cohort, race/ethnicity, and gender. This knowledge can permit
effective health programs and intervention measures to be designed to target specific
population subgroups in order to reduce, prevent, delay, or reverse the progression of
overweight/obesity or underweight.

2. Hypotheses

Both the cumulative advantage (disadvantage) and aging-as-leveler hypotheses can be
used to explain the transitions among BMI statuses. The cumulative advantage/disadvantage
hypothesis states that early advantages or disadvantages are critical to the development of
health inequality among different racial/ethnic groups as they age over the life course [31].
This hypothesis is supported if interethnic disparities in estimated transition probabilities
from one BMI state to another increase with age (and over time), as demonstrated by
diverging trends as a person ages over time. Since Black populations have lived in the
United States longer than Hispanic populations, it is logical to assume that they have
been exposed to racism, discrimination, and other structural disadvantages and other
structurally imposed inequalities for longer periods of time than Hispanic populations.
Therefore, it is expected that the cumulative advantage (disadvantage) hypothesis will
have a bigger effect on Black–White differences in the estimated transition probabilities
from normal to overweight and from overweight to obese than Hispanic–White differences
in these transitions. Likewise, the lack of access to healthy food and the presence of health
conditions such as diabetes, arthritis, and stroke as well as certain aspects of the individual’s
existence and social and built environments can also contribute to wider Black–White
disparities in these transitions.

The persistent inequality hypothesis relies on the premise that demographic and
socioeconomic factors have consistent effects [32] on BMI trajectories over time. This hy-
pothesis is supported if race/ethnicity differences in BMI trajectories remain stable over
time, as demonstrated by parallel trends. The aging-as-leveler hypothesis applies when
differences in estimated transition probabilities from one BMI state to another decrease at
older ages because age is acting as a leveler for such differences among different racial/ethnic
groups. The age leveling pattern can be attributable to mortality selection and access to
Medicare at age 65 and older [33]. This hypothesis is supported if racial/ethnic disparities in
estimated transition probabilities decrease with age, as demonstrated by converging trends
as a person ages over time. Longer exposures to racism, discrimination, and other structural
disadvantages and other structurally imposed inequalities can also mean higher rates of
selective mortality among the Black population, which in turn results in a greater proportion
of healthy, very old Black individuals with favorable BMI outcomes with reduced risks
associated with overweight and obesity. Hispanic populations in the United States may
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have better advantages with respect to BMI outcomes due to the existence of norms and
cultural support for healthier dietary habits [34], social support networks, and other infor-
mal systems of healthcare [35,36]. Since Black populations are disproportionately affected
by the selection mortality processes [37], it is probable that the aging-as-leveler hypothesis
will have a bigger effect on the Black–White gap in estimated transition probabilities from
normal to overweight and from overweight to obese than the Hispanic–White gap in
these transitions.

3. Method
3.1. Sample

The empirical work of this study was based on the 1992–2014 Health and Retirement
Study (HRS). Demographic characteristics of respondents (race, sex, and education) and
cohort membership were obtained from the HRS Cross-Wave Tracker file. The HRS is a
collaborative effort between the Social Security Administration (SSA) and the National
Institute of Health (NIH). It is an ongoing, nationally representative, longitudinal survey
of more than 37,000 individuals over the age of 50 in 23,000 households in America.
This biennial survey has a high re-interview rate (ranges from 92% in 1994 to 95.9% in
2008) [38]. HRS is appropriate for the purposes of this study because, in addition to
providing current information on sex, age, race/ethnicity, education, and employment
status, respondents are also asked about their self-report health statuses and conditions,
weight, height, BMI, personal and household income, retirement planning, family structure,
family support systems, health behaviors, healthcare utilizations, and insurance coverage.
The final analysis sample consisted of 35,189 individuals (25,055 White, 6294 Black,
and 3840 Hispanic). Because Asian, Pacific Islander, and Native American populations
were not specifically identified from the survey, individuals who self-identified as other in
the race category were excluded from the analyses.

3.2. Measures

The dependent variable in this study was the body mass index (BMI). Underweight,
normal weight, overweight, and obesity are most commonly defined according to the
BMI [39]. BMI has generally been regarded as the most common and convenient anthro-
pometric measurement of obesity in adults [40]. BMI in each wave (1992 to 2014) was

derived from the formula: weight (kg)
[height(meters)]2

. Weight was measured in pounds and height was

measured in feet and inches. This continuous variable was recoded into a categorical
variable to represent the commonly defined categories for BMI: underweight, normal
weight, overweight, and obesity. A BMI less than 18.5 was considered underweight. A BMI
between 18.5 and 24.9 was considered normal weight. A BMI of 25–29.99 was considered
overweight. A BMI of 30 or over was considered obese.

Demographic variables included race/ethnicity (White, Black, and Hispanic) and
gender (male and female). Cohort membership included the Asset and Health Dynamics
among the Oldest Old (AHEAD), Children of Depression (CODA), original Health and
Retirement Study (HRS), War Baby (WB), Early Baby Boomer (EBB), and Mid Baby Boomer
(MBB). The AHEAD cohort referred to individuals born between 1890 and 1923. The CODA
cohort referred to individuals born between 1924 and 1930. The HRS cohort comprised
individuals born between 1931 and 1941. The WB cohort comprised individuals born
between 1942 and 1947. The EBB cohort referred to individuals born between 1948 and
1953. The MBB cohort comprised individuals born between 1954 and 1959.

3.3. Analytic Strategy

Multistate life tables (MSLTs) were used to assess transitions among different BMI
statuses. This is a Markov modeling of stochastic processes that involves individuals
moving between a finite number of states over time, including exit and reentry into the
same state [41,42]. Covariates can also be incorporated into the models to relate individual
characteristics to intensity rates and probabilities to better explain the heterogeneity in the
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course of BMI status’ change over time. MSLTs are fitted using the R Statistical Software
(msm package) [43].

The transition probability for any successive time intervals can be directly estimated
by pi j = P

{
Xt+∆t = j

∣∣∣Xt = i
}
, where pij is the estimated transition probability, a conditional

probability that individuals transfer to from state i to state j at time t + ∆t, given that
0 < t < ∆t. All transition rates can be put into a matrix P(t, t + ∆t) with pi j(t, t + ∆t) as its
elements pertaining to states i and j.

The transition probability matrix f or BMI statuses was f ormulated as P =


p11p12p13p14
p21p22p23p24
p31p32p33p34
p14p24p34p44

,
where 1 = underweight, 2 = normal weight, 3 = overweight, and 4 = obese. The analyses
were disaggregated by race/ethnicity and gender to allow for interracial/interethnic and
gender differences. One MLST was estimated for each racial/ethnic gender group. Because
the HRS is conducted every two years, there were 12 transition times.

4. Results

Before discussing the results from the MSLTs, it is important to note some differentials
observed in the original sample of older adults. Tables 1 and 2 presented descriptive
statistics of respondents from the 1992–2014 Health and Retirement Study (HRS). As shown
in these tables, the majority of the respondents were White and slightly over half of the
respondents were females. The median body mass indices slightly increased over time
(from 26.5 in 1992 to 27.5 in 2014). Except for year 2008, BMIs were slightly higher for males.
As reported in Table 2, the majority of respondents had a high school diploma. Table 2 also
showed that younger cohorts had somewhat higher percentages of respondents with 2- and
4-year college education and respondents with Master’s degrees. This table also revealed
that earlier cohorts had somewhat higher percentages of respondents with no schooling.

Table 1. Variable descriptions, percentages, and means, HRS 1992–2014.

Variables Mean, Median, N or (Range)

Age 76 (50 to 98)

Race/Ethnicity/Gender
White Male 11,414

White Female 13,641
Black Male 2579

Black Female 3715
Hispanic Male 1725

Hispanic Female 2115

Race
White 68.37%
Black 17.68%

Hispanic 11.08%
Other 2.87%

Sex
Male 43.97%

Female 56.03%

BMI All Male Female
1992 26.5 (12.8–102.7) 26.6 (13.6–102.7) 25.8 (12.8–60.6)
1994 25.8 (12.6–92.2) 26.1 (12.6–92.2) 25.5 (12.8–74.5)
1996 25.8 (10.8–75.5) 26.4 (10.8–54.9) 25.6 (11.9–75.5)
1998 26.2 (9.6–74.5) 26.6 (12.8–65.0) 25.8 (9.6–74.5)
2000 26.4 (11.5–75.5) 26.6 (11.7–64.6) 25.8 (11.5–75.5)
2002 26.5 (9.5–70.9) 26.6 (9.5–59.1) 26.2 (11.1–70.9)
2004 26.6 (9.6–71.3) 26.9 (13.6–57.4) 26.5 (9.6–71.3)
2006 27.1 (10.6–82.7) 27.2 (12.2–61.1) 26.2 (10.6–82.7)
2008 27.3 (10.6–74.4) 27.3 (10.6–60.3) 27.0 (10.9–74.4)
2010 27.5 (7.0–79.1) 27.6 (7.0–60.8) 27.4 (9.3–79.1)
2012 27.5 (8.9–83.0) 27.6 (9.4–59.2) 27.5 (8.9–83.0)
2014 27.5 (11.0–76.6) 27.7 (12.2–62.2) 27.5 (11.0–76.6)

Note: Age was described by mean with range in parentheses. Race/ethnicity/gender was described
by N. BMIs were described by medians with ranges in parentheses.
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Table 2. Variable descriptions, percentages, and means by cohort, HRS 1992–2014.

Variables AHEAD CODA HRS WB EBB MBB

n 7846 4134 10,255 3557 4609 4788

Years born (1890–
1923)

(1924–
1930)

(1931–
1941)

(1942–
1947)

(1948–
1953)

(1954–
1959)

Ages observed 91–109 84–90 73–83 67–72 61–66 55–60

Race

White 80.6% 82.8% 72.7% 75.1% 57.5% 53.0%
Black 13.5% 10.3% 17.6% 15.9% 24.4% 27.3%
Hispanic 5.9% 6.9% 9.7% 9.0% 18.1% 19.7%

Sex
Male 41.5% 48.8% 47.5% 40.4% 44.4% 43.8%
Female 58.5% 51.2% 52.5% 59.6% 55.6% 56.2%

Education
No schooling 42.2% 30.8% 26.8% 17.3% 16.5% 16.2%
GED 2.7% 4.4% 5.0% 4.8% 5.1% 6.2%
High school 42.4% 45.7% 48.0% 50.0% 45.9% 45.7%
2-year college 1.7% 2.7% 3.4% 5.1% 7.1% 8.6%
4-year college 6.7% 10.0% 9.5% 12.5% 15.0% 14.8%
Master’s degree 3.0% 4.4% 5.3% 7.7% 8.3% 6.6%
Professional/terminal degree 1.2% 2.0% 2.0% 2.5% 2.1% 2.0%

Results from the multistate life tables revealed that, regardless of cohort member-
ship, the estimated probabilities associated with weight gain (i.e., from normal weight
to overweight, from normal weight to obese, and from overweight to obese) increased
for all racial/ethnic–gender groups. The estimated probabilities associated with weight
loss also increased for all racial/ethnic–gender groups to a lesser extent. Important cohort
differences could also be detected for all racial/ethnic–gender groups. As illustrated in
Figures 1–12, there were discernable cohort trends in transition among BMI statuses in dif-
ferent racial/ethnic–gender groups—even as age/period trends continued upward. For the
figures, the points refer to White populations, the line plots refer to Black populations,
and the overplotted points and lines refer to Hispanic populations. None of the confi-
dence intervals for these transitions contained zero, which suggested that the estimated
probabilities of these transitions were statistically significant (provided upon request).

4.1. Asset and Health Dynamics among the Oldest Old (AHEAD) Cohort

The persistent inequality hypothesis was supported for interethnic differences in
estimated transition probabilities associated with weight gain for males and females
(i.e., from normal to overweight) (see Figures 1 and 2a). Figure 1 also revealed that the
estimated transition probabilities associated with drastic weight gain (i.e., from overweight
to obese) were somewhat similar among the three ethnic groups for males. The cumulative
advantage (disadvantage) hypothesis was also supported for males for the Hispanic–White
differences in transition from overweight to obese (see Figure 1).
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The cumulative advantage (disadvantage) hypothesis was supported for transitions
associated with weight gain (i.e., from overweight to obese) and drastic weight gain
(i.e., from normal weight to obese) for females (see Figure 2a). It is also worth noting
that the estimated transition probabilities associated with weight gain (i.e., from normal
to overweight and from overweight to obese) were somewhat higher among Black and
Hispanic females than their White counterparts (see Figure 2a).

For the estimated transition probabilities from normal weight to underweight for
females, the Black–White gap was supported by the aging-as-leveler hypothesis, as evi-
denced by the converging trajectories, while the persistent inequality hypothesis applied to
the Hispanic–White gap (see Figure 2b). Despite the relatively low estimated probabilities,
transition probabilities associated with weight loss (i.e., from normal weight to under-
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weight) and drastic weight loss (i.e., from overweight to underweight and from obese to
underweight) had notably increased for all females from the AHEAD cohort (see Figure 2b).
The estimated transition probabilities from obese to underweight were somewhat similar
among all ethnic groups (see Figure 2b).

4.2. Children of Depression (CODA) Cohort

The persistent inequality hypothesis was supported for interethnic differences in
estimated transition probabilities from normal to overweight (see Figure 3). The cumulative
advantage (disadvantage) hypothesis was supported for the Hispanic–White and, to a
much lesser extent, for the Black–White gap in transitions associated with drastic weight
gain (see Figure 3). For females, the estimated probability of transitioning from overweight
to obese was highest among Hispanic groups, followed by White and Black populations
(see Figure 3).
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Except for the estimated transition probabilities from overweight to obese for males,
transition probabilities associated with weight gain were somewhat higher among Black
and Hispanic groups than White populations (see Figures 3 and 4a). Figure 4a showed that,
for females, the aging-as-leveler hypothesis was also supported for interethnic differences in
the estimated transition probabilities from normal weight to obese. Figure 4a also showed
that, for females, the estimated transition probabilities from normal weight to obese were
characterized by the cumulative advantage (disadvantage) hypothesis, while estimated
transition probabilities from overweight to obese were characterized by the persistent
inequality hypothesis.
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As illustrated in Figure 4b, the cumulative advantage (disadvantage) hypothesis
was also applicable for estimated transition probabilities associated with weight loss
(i.e., from normal to underweight) and drastic weight loss (i.e., from overweight to under-
weight) for females. Figure 4b also showed that the estimated transition probabilities from
normal weight to underweight were somewhat higher for Black females when compared to
their White and Hispanic counterparts. Despite the relatively low estimated probabilities,
the estimated transition probabilities associated with weight loss and drastic weight loss
had notably increased for all females (see Figure 4b).
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4.3. The Original HRS Cohort

For males, the estimated transition probabilities from normal weight to overweight
were highest among Hispanic groups, followed by White and Black populations, and the
Hispanic–White gap was characterized by the persistent inequality hypothesis (see Figure 5a).
The Hispanic–White gap in estimated transition probabilities from normal weight to obese
was characterized by the cumulative advantage (disadvantage) hypothesis (see Figure 5a).
Black and White males had somewhat similar estimated transition probabilities from normal
weight to obese (see Figure 5a). The estimated transition probabilities from overweight
to obese were characterized by the persistent inequality hypothesis and were somewhat
similar among all ethnic groups (see Figure 5a).
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the cumulative advantage (disadvantage) hypothesis (see Figure 6).
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4.3.1. War Baby (WB) Cohort

For males, the aging-as-leveler hypothesis was supported for Black–White differences
in the estimated transition probabilities from normal weight to overweight, as evidenced
by the slightly converging trends (see Figure 7). The estimated transition probabilities
from normal weight to overweight were very similar between White and Hispanic males
(see Figure 7). Interethnic differences in estimated transition probabilities associated with
weight gain were characterized by the cumulative advantage (disadvantage) hypothesis
(see Figure 7). The estimated transition probabilities from overweight to obese were very
similar between Black and White males, while the Hispanic–White gap was characterized by
the aging-as-leveler hypothesis, as evidenced by the slight converging trend (see Figure 7).
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For females, interethnic differences in the estimated transition probabilities from
normal weight to obese supported the persistent inequality hypothesis (see Figure 8).
The cumulative advantage (disadvantage) hypothesis was supported for Black–White and,
to a much lesser extent, Hispanic–White gap in the estimated transition probabilities from
normal weight to obese for females (see Figure 8). To a much lesser extent, the cumulative
advantage (disadvantage) was also supported for interethnic differences in the estimated
transition probabilities from overweight to obese (see Figure 8).
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4.3.2. Early Baby Boomer (EBB) Cohort

For males, the Hispanic–White gap in estimated transition probabilities from normal
to underweight confirmed the aging-as-leveler hypothesis (see Figure 9). It is also worth
noting that these estimated transition probabilities from normal to underweight and from
obese to underweight were highest among Hispanic populations, followed by White and
Black populations (see Figure 9).
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To a lesser extent, the estimated transition probabilities from overweight to obese
confirmed the aging-as-leveler hypothesis for White males and Hispanic males and, to a
much lesser extent, the cumulative advantage (disadvantage) hypothesis for Black males
and White males (see Figure 9). The estimated transition probabilities from normal to
underweight were somewhat higher among Black males when compared to their Hispanic
and White counterparts (see Figure 9). To a much lesser extent, the aging-as-leveler
hypothesis was confirmed for the Hispanic–White gap in estimated transition probabilities
from normal to underweight for females.

For females, the estimated transition probabilities from normal to overweight provided
support for the persistent inequality hypothesis for the Black–White gap and, to a lesser
extent, the cumulative advantage (disadvantage) hypothesis for the Hispanic–White gap
(see Figure 10). Interethnic differences in the estimated transition probabilities among
females associated with drastic weight gain were confirmed by the cumulative advantage
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(disadvantage) hypothesis (see Figure 10). To a lesser extent, the Black–White gap in
the estimated transition probabilities from overweight to obese was confirmed by the
cumulative advantage (disadvantage) hypothesis (see Figure 10). The estimated transition
probabilities from overweight to obese were somewhat higher among Black females when
compared to their Hispanic and White counterparts (see Figure 10).Obesities 2020, 1, FOR PEER REVIEW 18 
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4.3.3. Mid Baby Boomer (MBB) Cohort

Among males from the MBB cohort, the estimated transition probabilities associated
with weight gain were slightly higher among White populations, followed by Hispanic
and Black populations (see Figure 11). White and Hispanic males had somewhat higher
estimated transition probabilities from normal weight to obese and from overweight to
obese than their Black counterparts (see Figure 11).
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Figure 12. Likewise, the estimated transition probabilities from normal weight to
obese confirmed the persistent inequality hypothesis for the Hispanic–White gap and the
cumulative advantage (disadvantage) hypothesis for the Black–White gap (see Figure 12).
To a lesser extent, the cumulative advantage (disadvantage) hypothesis was supported for
interethnic differences in estimated transition probabilities from overweight to obese for
females (see Figure 12).
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5. Conclusions

This is an important and innovative area of research because it seeks to use multistate life
tables to study how transitions among BMI statuses differ across race/ethnicity and gender
using a comprehensive longitudinal dataset. This study is timely and warranted at a time
of increasing numbers of older Americans and their growing diversity [44]. Results from
multistate life tables suggested that the impact of cumulative advantage (disadvantage) and
aging-as-leveler on transitions among BMI states were shaped along racial/ethnic–gender
and cohort lines. Because overweight/obesity and underweight in older adults may pose
a particular challenge for health systems, reducing overweight/obesity and underweight
among older adults should remain a public health priority. Identification of the risk factors
pertaining to overweight/obesity or underweight based on age/period and cohorts will
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provide guidance to policymakers and practitioners as they design and customize programs
to meet the specific needs of older adults in different racial/ethnic–gender and cohort groups.

Findings implied that the age/period effect is revealed in all cohorts even though the
effects of cohort membership vary by race/ethnicity–gender. The cumulative advantage
(disadvantage) hypothesis was supported for all cohorts for transitions associated with
weight gain and, for some cohorts, for transitions associated with weight loss. The aging-
as-leveler hypothesis was also supported for a few transitions associated with weight
loss and weight gain. In general, the estimated transition probabilities associated with
weight gain were relatively higher than the estimated transition probabilities associated
with weight loss.

The main findings were the substantial increase in the estimated probabilities associated
with weight gain increased among minorities (Black and Hispanic males and females) for
most (except for the MBB) cohorts over the period 1992–2014. For the AHEAD, CODA,
HRS, and EBB cohorts, the age/period effects on BMI transitions were stronger among
Hispanic populations (especially males) for most transitions associated with weight gain.
This finding implied that Black and Hispanic populations were more likely to suffer
the adverse consequences of overweight and obesity, such as diabetes, liver problems,
high blood pressure, high cholesterol, the lack of physical fitness, and other types of
cancer as they age. In general, findings from this study were in line with studies that
found higher percentages of obesity among Black and Hispanic populations and higher
odds of obesity among Black populations [24,29]. Nevertheless, findings also revealed that
the dynamics of the increase in overweight/obesity differed for recent cohorts. Relative
to cohorts born between the end of the nineteenth century and the early 1950s, White
males from the most recent cohort (i.e., the MBB cohort) tended to have higher estimated
probabilities of transitions associated with weight gain. Likewise, White males from the
HRS cohort had lower transition probabilities from normal weight to overweight than their
Hispanic counterparts.

Findings from this study suggested that health programs to reduce, prevent, delay,
or reverse the progression of overweight/obesity may be important in improving health
outcomes and in closing racial/ethnic disparities in body mass. Some awareness was
already apparent, as evidenced by various strategies for weight management and weight
loss for obese older adults [45,46]. Nevertheless, the appropriateness and effectiveness of
overweight/obesity treatment for older adults remain questionable because weight loss
may lead detrimental to muscle strength and bone mass and bone mineral density [47].
Therefore, safe and effective weight loss strategies for overweight/obese older adults should
be exercised with care [4]. These strategies should be accompanied by efforts to increase
physical activity and fitness, delay and prevent physical disability, improve dietary habits,
and preserve muscle mass for older adults [4]. Implementing public education programs
to reduce lifestyle risk factors may be another possible avenue to reduce the disease
burden associated with overweight/obesity. These efforts should begin at an early age and
should focus on ethnic minorities (i.e., Black and Hispanic populations) as well as White
populations from recent cohorts.

Despite their low estimated transition probabilities, the cumulative advantage (disad-
vantage) hypothesis was also supported for Black–White and Hispanic–White differences
in transitions associated with weight loss. Given the potential threat to public health caused
by underweight among older adults, efforts to identify individuals at risk of malnutrition
should begin during middle age or young adulthood so that appropriate interventions
can be implemented. The higher transition probabilities associated with weight loss or
drastic weight loss (i.e., from overweight to underweight or from obese to underweight)
among men and women (especially Black and Hispanic populations) from earlier cohorts
(i.e., AHEAD, CODA, and HRS) might be due in part to the effects of illness, including the
loss of appetite, undernourishment, impaired dentition, decline in gastrointestinal motor
functioning, decline in sensory functioning (taste and smell), grief and depression associated
with widowhood and loss of social support system, or accelerated bone and muscle loss.
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To ensure successful aging and to minimize the negative consequences associated with un-
derweight and weight loss, registered nutritionists, dietitians, and healthcare professionals
should focus on the prevention of undernutrition among older cohorts. Priority should
be given to individuals from earlier cohorts and ethnic minorities (especially Black and
Hispanic groups).

6. Potential Limitations

Interpretation of these results, however, should also consider the limitations of the
study. BMI is the only indicator of body weight in the HRS. Even though BMI is also an
important indicator of health outcomes [48], it may not be the most appropriate measure of
obesity [40]. One important limitation associated with BMI is its inability to distinguish
between fat mass and fat-free mass [49]. Waist circumference (WC), a measure of adiposity
that takes accumulated abdominal fat into account, is as good, or even better, as a measure
of obesity and other health outcomes than BMI [49,50]. Nevertheless, the HRS does not
provide information on body fat and waist circumference.

Another related limitation is that BMI is derived from self-reported weight and height
among older adults who participated in the HRS. A recent study by [51] attempts to
compare self-reported and measured values of height, weight, and BMI; the authors reveal
that both men and women have a tendency to underreport their height while the reverse is
true for weight and BMI. Two other studies find that, when compared to males, females are
more likely to underreport their BMI values [52] but overreport their weight [53]. This is
especially so for Black women [52]. The underreport of BMI among Black women may
have increased the interethnic BMI gaps for transitions associated with weight gain and
attenuated such gaps for transitions associated with weight loss. An earlier study by [52]
also finds that White populations are more likely than Black and Hispanic populations
to underreport their BMI values. The underreport of BMI among White populations may
have attenuated the interethnic BMI gaps for transitions associated with weight gain and
increased such gaps for transitions associated with weight loss.

Another concern with this study is that missing data due to nonresponse and selective
mortality may change the sociodemographic (e.g., race/ethnicity, education, sex, etc.)
compositions of a given cohort even though individuals need not have the same number
of BMIs under the growth curve modeling approach. Potential selection bias due to
nonresponse can be adjusted using weights provided by the Health and Retirement Study
in order to make this longitudinal survey more representative of the older adult population
in the United States [54]. It is also a reasonable assumption that, as Black individuals
are disproportionately affected by the selection mortality processes [37], this process may
have attenuated the Black–White BMI gaps since BMIs tend to be higher among Black
participants [55,56]. As shown in Appendix A, the percentages of missing cases of the
race/ethnicity and gender variables gradually increased for the latter cohorts but remained
small, implying that the effects of missing data on coefficients estimates of growth curve
modeling may be negligible.

Finally, researchers designing aging and health surveys should consider including racial
categories such as Asian, Pacific Islander, and Native American populations. This would
allow future studies to examine whether and how estimated transition probabilities
associated with both weight gain and weight loss differ between White populations and
the three racial groups.
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Appendix A

Table A1. Percentages of missing cases by race/ethnicity and gender, 2016 HRS Tracker File.

Variables AHEAD
(1890–1923)

CODA
(1924–1930)

HRS
(1931–1941)

Race/Ethnicity 0.243% 1.426% 1.494%
Gender 0.000% 0.000% 0.000%

N 7819 4277 10,645

Variables WB
(1942–1947)

EBB
(1948–1953)

MBB
(1954–1959)

Race/Ethnicity 1.374% 2.183% 3.541%
Gender 0.081% 0.041% 0.019%

N 3712 4901 5224
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