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Abstract
Consistent with a new genre of research on life-course analyses of health-service use, this study
explores the consequences of long-term exposure to a risk factor. Drawing from cumulative-
disadvantage theory, the study examines whether obesity, especially chronic obesity, increases
hospitalization admission and length of stay. Analyses make use of hospital records abstracted over
20 years from a national survey of adults 41 to 77 years of age at baseline (n = 4,574). Multiple
measures of body weight are used to calculate adult obesity duration. Results reveal that obesity
increased hospital admissions and length of stay over the 20 years studied. Among persons obese at
any time during the study, years of obesity also led to longer stays. The findings highlight the utility
of measures of the duration of risk exposure for both life-course studies of health and tests of
cumulative-disadvantage theory.

The prevalence of obesity in America has risen substantially in the past two decades, even
though scores of studies during this time have illuminated the health risks of excess body weight
(Kopelman 2000; Ogden et al. 2006). Given the rise in obesity prevalence and the costs
associated with acute-care hospitalization, the relationship between obesity and hospitalization
is a matter of substantial policy interest.

The health problems linked to excess adiposity make medical treatment more complicated, and
obesity can therefore be expected to yield more and longer hospital stays (Quesenberry, Caan,
and Jacobson 1998). Perhaps less well-recognized, however, is the potential impact of life-
long obesity on health-care use in middle and later life. Overweight and obesity in early
adulthood combines with the difficulty of sustained weight loss after becoming obese to
portend a major demographic scenario of chronic obesity. How will years of living as an obese
person influence the use of health-care services?

Research findings to date on obesity and hospitalization are inconsistent. Some studies show
that obesity increases hospital-resource consumption (e.g., Raebel et al. 2004), while others
show no difference in hospital use between obese and nonobese persons (e.g., Bertakis and
Azari 2005). The present research draws from cumulative-disadvantage theory to address these
discrepancies and to examine how the timing and duration of obesity shape the course of an
individual's hospitalization experience. Knowing that a person's body mass index (BMI)
exceeds 30 may be a useful piece of information in predicting hospitalization, but is the duration
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of exposure to this risk also important for understanding hospitalization experiences? Duration
of exposure is a basic concept in epidemiology, but we are unaware of any study that
systematically examines whether the duration of adult obesity influences hospitalization.

CUMULATIVE-DISADVANTAGE THEORY
Although hospitalization episodes may reflect urgent or suddenly developed complications,
adult health conditions are a product of lifelong processes and development. In order to
understand health outcomes and inequalities among various people, more is gained by a long
view than by an isolated snapshot in time (Kuh et al. 2003). Emphasizing the development of
health conditions over the life course implies that health status in later life is shaped by health
status and resources earlier in the life course (Elder 1994; Riley 1987). Proponents of
cumulative-disadvantage theory posit that advantages experienced early in life put one on a
different pathway from those experiencing early disadvantage. These divergent processes are
therefore likely to increase heterogeneity between groups over the life course and differentiate
cohorts (Dannefer 2003; Ferraro and Kelley-Moore 2003; O'Rand 1996).

It could be argued that cumulative disadvantage is more of a perspective or model than a theory.
It began largely as a metaphor, but it has been referred to as a theory by others using it to
examine health outcomes (e.g., Ross and Wu 1996). Scholars have recently referred to it as
cumulative-advantage theory (Pampel and Rogers 2004), cumulative advantage/disadvantage
theory (Dannefer 2003), or the cumulative-adversity hypothesis (Hatch 2005). We consider it
a theory, but one that needs considerable development and specification.

The process of health-disadvantage accumulation is often conceptualized as chains of risk, in
which hazards or insults are closely connected with ensuing risks (Kuh et al. 2003). The course
of disadvantage, then, is akin to a cascade, accelerating the rate of physical decline and
deterioration through adulthood. Disadvantages are not isolated, discrete events but are
conceptually linked to compromises in future functioning. Physiological weakening is likely
as one grows older, but the timing and degree of such processes are altered by the experience
of early disadvantage (Hatch 2005).

When considering cumulative-disadvantage theory in the study of health, it is important to
clarify the mechanisms by which disadvantage accumulates over the life course. A logical
starting point for explaining the development of disadvantage is to ascertain how long an
individual has been exposed to a particular risk factor, a concept known as duration of
exposure. A risk factor is viewed as something that may compromise some facet of a person's
well-being, but how long must the exposure last for it to precipitate a deleterious effect?
Although the link between duration of exposure and cumulative disadvantage seems obvious,
there is a conspicuous absence of any discussion of the relationship in most theoretical papers
on cumulative-disadvantage theory (see, for instance, Dannefer 2003; O'Rand 1996). We argue
that a next step in the development of cumulative-disadvantage theory is the systematic
integration of duration of risk exposure as a tenet for explaining individual trajectories and
cohort differentiation. Primary attention in cumulative-disadvantage theory and health has been
given to the timing at which a person is exposed to a risk such as obesity (Ferraro and Kelley-
Moore 2003). Beyond early exposure, what is the role of duration?

Another important question to consider in applying cumulative-disadvantage theory to research
on health is, “What constitutes the accumulation of disadvantage?” Much of the previous health
research using cumulative-disadvantage theory views it largely as the growing gap between
status groups in health outcomes: Early disadvantage amplifies inequality over time (e.g., Ross
and Wu 1996). Cumulative disadvantage, however, could also emerge when different status
groups are exposed to risk factors as a result of early disadvantage, thereby leading to divergent
health outcomes. We favor this latter, more comprehensive view that emphasizes cumulative
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disadvantage as a life-course process, not just the difference in outcomes due to early
disadvantage. As a result, we believe greater attention should be given to studying risk onset
and duration to better explain the accumulation of disadvantage. For the present study, we view
obesity as a health risk and assert that the duration of exposure to this risk is consequential to
health and health care over the life course. We quantify the duration of exposure to obesity and
also incorporate information on previous hospital visits to capture the dynamic process of
cumulative disadvantage.

CUMULATIVE-DISADVANTAGE THEORY'S RELATIONSHIP TO OBESITY
AND HOSPITALIZATION

Cumulative-disadvantage theory provides a central perspective for this study, with implications
for both obesity and the hospitalization experience. Research on obesity illustrates several
processes of cumulative health disadvantage. Persons obese as children, for example, are at
heightened risk for a host of diseases and mortality through adulthood, denoting the sequential
nature of risks (Must and Strauss 1999). Life-course trajectories are not easily redirected, as
overweight children are more likely to be severely obese as adults (Ferraro, Thorpe, and
Wilkinson 2003). In addition, the consequences of obesity for health vary according to the
timing of onset, with early obesity escalating risk (Ferraro and Kelley-Moore 2003).

Given the emerging evidence that chronic obesity influences health, it is surprising that
relatively little attention has been given to how chronic obesity influences health-service use.
For the present study, we expect that obesity will likely increase the consumption of hospital
resources. Obesity heightens the risk of multiple comorbid conditions, especially diabetes,
heart disease, and hypertension (Kopelman 2000), likely resulting in more complex and longer
hospital stays because of more complex treatment and procedures requiring intensive
monitoring. From a life-course perspective, therefore, obesity's role in affecting length of stay
may become more pronounced throughout one's hospitalization history (i.e., accumulated
disadvantage). Alternatively, it is possible that the treatment received during a hospitalization
is sufficient to reduce the influence of obesity on the length of subsequent stays. Finally, it is
possible that morbidity is antecedent to both obesity and hospitalization, and that persons in
poor health become obese, rendering spurious the relationship between obesity and
hospitalization. This reverse-causality explanation does not fit with past research on the effects
of obesity on mortality (see Lawlor et al. 2006). Although there is ample evidence to suggest
that duration of obesity is likely to precipitate more complex and longer stays, we examine
prior hospital stays in a chain of risks to account for risk reduction due to treatment.

PRIOR RESEARCH ON OBESITY AND HOSPITALIZATION
Past studies on hospitalization differences among obese and nonobese persons have produced
mixed results. Some research reports that obese individuals are more likely to be hospitalized
(Quesenberry et al. 1998; Raebel et al. 2004). Other studies, however, have shown that obese
individuals have rates of hospital visits that are comparable to nonobese persons (Bertakis and
Azari 2005; Reidpath et al. 2002), and some even show that obese individuals have lower rates
of hospital admission (Trakas, Lawrence, and Shear 1999).

To understand the inconsistencies of past findings, it is important to consider several features
of the extant literature. First, the data have been largely drawn from HMO or clinical
populations, often limiting the analysis to only those who have been hospitalized, thus
constraining the generalizabilitity of the findings. Second, most studies are based on patterns
of health-care use, which are either retrospective reports or are observed over a relatively short
period of time (e.g., two weeks; Reidpath et al. 2002). The effects of obesity on hospitalization
may be underestimated by studies of such short duration. Finally, some studies have controlled
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for morbidity, identifying health problems as an important intervening factor between obesity
and health-care utilization (Bertakis and Azari 2005), while other studies have not controlled
for morbidity, arguing that such statistical controls constitute overadjustment (Quesenberry et
al. 1998; Zizza et al. 2004).

Zizza and colleagues (2004) used an age-representative, nonclinical sample and address the
question of obesity and prospective hospital usage. The authors found that overweight and
obese people spend more days in the hospital than normal-weight individuals at each of three
follow-ups during a 20-year longitudinal study. Body mass, however, was measured only at
baseline, precluding the question of whether long-standing obesity has differential
consequences for hospitalization than recent-onset obesity. Addressing this issue, a recent
longitudinal study featured measurements of BMI in middle age, with a 30-year follow-up to
predict risk of hospitalization for heart disease and diabetes for older adults eligible for
Medicare (Yan et al. 2006). The authors found that persons obese in their 40s were indeed at
higher risk for hospitalizations due to those particular diseases in later adulthood. Still, body
mass was measured only once.

Thus, the present study seeks to extend the literature by asking whether the duration of adult
obesity exposure influences an individual's hospitalization experience. In addition to exploring
this new conceptual dimension, we also build upon past research and conceptualize hospital
stays in a life-course framework (Ferraro et al. 2006). Although most past research on obesity
and length of hospitalization has either examined only a single hospital stay (Ray et al. 2005)
or aggregated data from multiple stays (Zizza et al. 2004), the present study investigates both
aggregate stay data and episodic data for individual stays. In this way, we seek to frame
hospitalization as a strand of related experiences that are embedded in the individual's life
course.

Episodic study of the sequence of hospital stays may help in (1) assessing whether length of
stay varies from one hospitalization to another and (2) identifying the accumulation of
disadvantage. For instance, a person's first observed stay may be considerably longer than
ensuing stays if the first hospitalization leads to another episode of acute care or if early entry
into the health care system decelerates further medical complications. On the other hand, length
of stay may increase in tandem with a high number of hospitalizations, both of which may be
indicative of marked health decline.

In addition to investigating length of stay, the present study analyzes another common indicator
of hospital utilization: number of hospitalizations experienced. Both of these variables are
common outcomes studied in the hospital-utilization literature (Franklin et al. 1999). Number
of hospitalizations is a measure of medical-care access when faced with a serious health
problem. Length of stay is a measure of the extensiveness of care required for an admission.
Longer stays likely entail treating more complex health conditions and syndromes, and shorter
stays likely involve treatments for less complicated health conditions. Whereas duration of
obesity may be seen as an indication of chronic and accumulating risk, one would expect that
it will lead to health complications and longer lengths of stay.

Drawing from cumulative-disadvantage theory and prior research, four general research
questions guide the analysis. First, does obesity increase hospital admissions? Second,
regardless of the number of admissions, do obese people have longer stays when hospitalized?
Third, what role do morbidity and early exposure play in obesity's influence on hospitalization?
Fourth, does the length of time a person is obese increase the length of hospital stays?
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METHOD
Sample

The analyses for this study are based on data collected by the National Center for Health
Statistics (NCHS) for the National Health and Nutrition Survey I (commonly referred to as
NHANES I) and its Epidemiological Follow-Up Study (NHEFS). Baseline, or wave 1, data
were collected between 1971 and 1975 from a multistage, stratified, probability sample of
noninstitutionalized persons ages 25 to 74. Initial response rates were 98.6 percent for the
interview and 70 percent for the medical examination (National Center for Health Statistics et
al. 1987). Study participants received follow-up interviews between 1982 and 1984 (wave 2),
in 1987 (wave 3), and in 1992 (wave 4). Follow-up rates for baseline participants were high:
88 percent of survivors took part in wave 2 interviews, and 89 percent of survivors completed
interviews at waves 3 and 4. This study makes use of respondents who were given the “detailed
component” of the baseline interview, including the “Health Care Needs Questionnaire” and
the medical examination. The sample for this paper was restricted to persons 41 and older at
baseline in order to take advantage of respondents’ recall of their weights when they were ages
25 and 40 (n = 4,574).

Measurement of Hospitalization
At each follow-up, respondents were asked if they had had any overnight hospitalizations since
the previous interview. Participants provided data on length of stay, reason for stay, and
approximate date. After gaining respondent consent, researchers attempted to match the
reported stays with hospital records or with death certificates, where applicable. A reported
stay was categorized as a match if the given date was within one year of the verified records
and if the reason given for the hospitalization was consistent with facility records. Recorded
hospital stays provided information on date of admission, date of discharge, discharge
destination, and diagnosis (based on the International Classification of Diseases [ICD], 9th
Revision, Clinical Modification [U.S. Department of Health and Human Services 1989]).
Hospitalizations reported by respondent or by proxy but unable to be matched were dropped
from the analyses. Among NHEFS respondents in the detailed component, the matching
between reported and ascertained stays was 77 percent. Dropped stays tended to be for subjects
with many stays (e.g., subject/proxy reported 12 stays, but only 11 had valid records). Routine
childbirth admissions were excluded so that higher fertility did not inflate the frequency of
hospitalization (and probably decrease length of stay). Hospital records were not systematically
gathered by NCHS staff for mental-health and nursing-home stays; thus, this study focuses
solely on acute-care hospitalization. Three hundred and sixty-three hospital stays included
transfer to another hospital. For these cases, the two continuous stays were considered a single
stay if the relocation was within three days of initial hospitalization and both stays had the
same ICD code. Our final sample consists of 12,380 confirmed hospitalizations for 4,574
individuals over 20 years.

Analyses make use of a count of nights hospitalized for each of the first four matched facility
stays, the mean length of stay of all hospitalizations, and the total number of overnight
hospitalization episodes.1 Although we consider it a measure of total number of stays, we used
a survival-adjusted measure in the final analysis. We computed a rate of hospitalizations per
year alive by dividing the total number of hospital stays by the number of years observed alive
in the NHEFS.

1Although examining more than four stays may be informative, insufficient statistical power precluded such analyses.
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Measurement of Body Mass Index and Obesity
The analysis makes use of measured height and weight at the baseline interview and recalled
weights for earlier periods of the life course. At wave 1, research staff measured participants’
weight on a self-balancing scale. Staff also measured respondents’ height. Participants are
classified by baseline body mass index (BMI = kilograms / meters2) according to National
Heart Lung and Blood Institute (1998) guidelines: underweight (BMI < 18.5), normal weight
(BMI 18.5−24.9), overweight (BMI 25−29.9), and obese (BMI > 30). Although not a perfect
measure of fatness or adiposity, BMI correlates highly with more exact measurements, such
as triceps skinfold thickness (Must, Dallal, and Dietz 1991).

Individuals reinterviewed at subsequent waves were asked to recall their typical weight at ages
25, 40, and 65, where applicable. Self-reported weights are widely acknowledged as valid
instruments for random samples of the adult population, but they probably underestimate
overweight, especially when the recall period is long (Olivarius, Andreasen, and Loken
1997).

Two variables were constructed to assess history of obesity. The first is a dummy variable for
whether the subject was obese (BMI > 30) at age 25 (obese = 1, nonobese = 0). In order to
estimate the number of years of obesity exposure, persons obese at wave 1 or at any point prior
to wave 1 were given a duration score calculated from their age and whether their wave 1 and
reported weights at 25, 40, and 65 (where applicable) were indicative of obesity. For example,
a 45-year-old individual who was obese at wave 1 and who reported obesity-level weight for
ages 25 and 40 was given a duration score of 20 (age 45 – age 25 = 20 years of obesity duration).
If that individual was not obese at 25 but was obese at 40 and at baseline, then they would be
given a score of 5 (age 45 – age 40 = 5 years of obesity duration). Alternatively, if the subject
was obese at 25 and 40 but not at baseline, they would be given a score of 15 (age 40 – age 25
= 15 years of obesity duration).

Individuals who were obese at a single point in adulthood before wave 1 and nonobese at wave
1 were given a score of 1. These cases were a minority, however (70 out of 388 cases coded
as 1 manifested the pattern). The more common pattern was an increase in body mass and
likelihood of obesity as subjects progressed through middle age. For the 318 subjects that were
obese at wave 1 but not at any prior point, a score of 1 would likely underestimate obesity
duration. Therefore, we adjusted these scores based on several variables available at wave 1.
For subjects over 65 at wave 1, recalled weight at 65 could be used as an additional indicator,
but for those ages 41−65 (n = 288), there was potentially a large unobserved window of obesity
duration. Therefore, the coding algorithm for obesity duration was adjusted with the following
scheme. Subjects ages 41−45 that were first observed as obese at wave 1 were still coded as
1. Subjects ages 46−50 were coded 2, 51−55 year-old-people were coded 3, 56−60 year-old-
people were coded 4, and 61−65 year-old-people were coded 5. Therefore, the obesity-duration
score took into account that the farther a subject is from age 40, the higher the number of years
that obesity is likely to accrue before he or she was measured at wave 1. Because it likely takes
longer to accumulate BMI scores far above the obesity threshold, we multiplied these revised
scores by 2 if a subject's baseline BMI was greater than 35 (severely obese). Fifty-eight subjects
fit the criteria of severe obesity and were adjusted in this manner.

Because older subjects had more possible years to be obese, it was also important to consider
how age is confounded with years of obesity duration. To address this concern, the duration
variable was divided by age to create an age-standardized marker of obesity duration. Given
the coarseness of the measurement of obesity duration, a natural log transformation was
performed on the duration variable to smooth the distribution.2 We recognize the limitations
of this method of estimating exposure—likely underestimating duration—and consider it as
an initial step in attempting to quantify length of obesity duration.3
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Missing Data
Several missing-data issues, particularly for the obesity variables, merit discussion. The
complexities arise mostly because of the NHEFS protocol, which collected recalled measures
of body weight at wave 2. As could be expected, 18.9 percent of the subjects ages 41−74 died
between waves 1 and 2; and, as could also be expected, this rate was somewhat higher for
subjects who were obese at wave 1 (22.1%). Thus, in a study of hospitalization, it is important
to recognize the need to attend to the possible effects of mortality selection on the outcome as
well as its relationship to such a key independent variable as obesity duration.

One of the strengths of NHEFS is that researchers were able to gain hospitalization data from
proxy interviews for respondents who died between waves, minimizing potential attrition bias
due to death. Therefore, all analyses include people who died between survey waves, because
hospitalization data are available for these people. Cases lost due to inability to trace or refusal
to participate, however, could not be matched to hospital records. Though these forms of
attrition were considerably lower than mortality attrition (3.3% of all subjects across the four
waves; 3.0% among obese subjects), selection-bias models were estimated to explore whether
differential dropout rates introduced bias. The lambda coefficient in different model
specifications, however, never came close to significance. We therefore concluded that
nonresponse bias, if present, does not alter the conclusions.

The more serious challenge for the current study, however, is due to missing data on recalled
weights for subjects who died between waves 1 and 2. There were 190 cases who were obese
at wave 1 but died between wave 1 and wave 2. Generating a duration score based on weight-
history variables is not feasible with only a single point of measurement. Because these 190
cases are a sizable proportion of the obese subjects (22%), we turned to multiple imputation,
using the ICE add-on program for Stata 9.0. Variables used in the multiple imputation
procedure for missing duration values included general findings from the wave 1 medical
examination, several measures of morbidity (self-reported as well as physician-evaluated), and
demographic indicators. Multiple imputation was used to fill in values for both variables,
relying on two weight history measurements: obesity duration and obesity at age 25. In the
latter case, BMI values for age 25 were imputed, and these were then used to generate an age
25 obesity dummy variable.

Measurement of Morbidity and Covariates
We include a number of additional variables related to hospital usage, each measured at
baseline. Because obesity is strongly related to three serious chronic illnesses—diabetes, heart
disease, and hypertension—it is important to first consider whether these factors explain why
obesity may be related to hospitalization. NHANES researchers asked subjects whether a
physician had ever diagnosed them with any of a number of illnesses, including diabetes, heart
disease, and hypertension. For each condition, subjects who had been given such a diagnosis
were given a score of 1, while those who had not been diagnosed were scored 0.

Age is assessed from baseline and coded from 41 to 77. Being black, another crucial factor in
patterns of health-care usage (Ferraro et al. 2006), is coded as a binary variable (1 = black, 0

2Epidemiological research estimating the effects of obesity duration on the etiology of diabetes has often relied upon similarly coarse
measures. Wannamethee and Shaper (1999), for instance, used two BMI measures separated by five years to assess the impact of obesity
duration on the incidence of type 2 diabetes.
3This method of approximating obesity duration is fallible; persons’ obesity-duration scores are constructed from at least three discrete
points in the life course, but the scores imply continual and uninterrupted obesity in cases where BMI levels are 30+ on the three separate
instances. The inference of obesity continuity could bias our measure in that persons obese at an early point in life could become nonobese
between the discrete points of measurement, then revert back to obesity by the next stage of measurement. However, using at least three
points of reference in the life course provides a reasonable approximation of exposure to obesity and one that is certainly superior to a
report of obesity at a single point in time.

SCHAFER and FERRARO Page 7

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



= white). Living alone or with a partner or family may shape the course of one's hospital
experience (Zizza et al. 2004); living alone is therefore coded as a binary variable and included
in models. Sex is likewise coded as a binary variable (1 = female, 0 = male).

Two variables for socioeconomic status include education (eight categories [0 < eighth grade;
7 = postcollege education]) and annual household income (12 categories in 1970 dollars [1 <
$1,000; 12 > $25,000]). These markers are important to consider because obesity is not
distributed evenly across socioeconomic groups in the United States; likewise, access to
medical care is shaped by socioeconomic resources. To more directly control for access to care,
three indicators of health-care resources are also included. Medicaid coverage, private
insurance, and whether one has a regular physician are each coded as 1 if present at baseline,
and 0 otherwise.

Certain health-related behaviors may contribute to patterns of hospital use over the life course,
so the following lifestyle covariates are included: heavy drinking, smoking, and sedentary
behavior. Heavy drinking is a binary variable defined by having at least two drinks per day or
14 a week (1 = heavy drinker, 0 = not). Smoking is also a binary variable, indicated by self-
reported consumption of cigarettes, cigars, or pipe tobacco (1 = smoker, 0 = not). The sedentary-
lifestyle variable is constructed from two survey questions regarding exercise level from both
recreation and occupation. Those indicating “no physical activity” as opposed to “a lot” or “a
moderate” amount on both questions are coded 1, and all others are coded 0.

To control for considerable regional variation in both obesity rates and hospital availability
and usage, models contain covariates for region of residence. Northeast, Midwest, South, and
West are all included as binary covariates (we use Northeast as the omitted referent). Dwelling
in a rural area is also coded as a binary variable (1 = rural, 0 = urban).

Finally, a number of analyses make use of variables relating to hospitalization history.
Conceptualizing the hospitalization history as a string of interrelated episodes requires attention
to how earlier hospitalizations are related to later stays. For models predicting length of specific
stays, the preceding stay's length (in days) is used as an independent variable. Chronological
time between stays may be another factor related to length of specific episodes, so these
analyses utilize a dummy variable indicating whether the stay was less than six months from
the previous stay. For analyses of average length of stay, a dummy variable was included that
denoted whether the subject had more than four stays. This covariate adjusts for the effect that
having many stays might have on the average stay length (likely inflating average length of
stay).

Analyses presented below have been adjusted for sample weights and the complex sample
design with Stata 9.0.

Analysis Plan
For this study, all of the outcome variables in question have positively skewed distributions.
Length-of-stay variables are count variables; therefore, negative binomial regression equations
were used to account for overdispersion in generating parameter estimates (Long 1997).
Number of hospitalizations per year is likewise positively skewed and is also left-censored. In
order to obtain parameter estimates for this rate variable, interval regression was used. Interval
regression is a derivation of tobit regression, which accounts for censoring of the dependent
variable's distribution (Hardin 2005). Another advantage of interval regression in Stata 9.0 is
that one can account for complex sample designs.

The first stage of the analysis seeks to uncover whether individuals obese at baseline have more
hospitalization episodes and longer average stays during those episodes. Negative binomial
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and interval regression models are first estimated with BMI classification groups and
demographic covariates as the only predictor variables. Then, the three comorbidities are
entered into both equations in order to estimate whether they explain why obesity may influence
hospitalization. As a final step of the first stage of analysis, obesity at age 25 is included in the
models to investigate whether being obese early in the life course nullifies the effects of obesity
at baseline. All of these estimates use persons of normal weight as the reference group.

The second analytic stage is restricted to individuals who were measured as obese at wave 1
or reported a weight prior to wave 1 that would classify them as obese. The chief purpose of
these analyses is to examine the effect of obesity duration on hospitalization, particularly in
the length of stay across the sequence of hospitalizations experienced by obese persons. The
second stage of the analysis uses negative binomial regression to model the various length-of-
stay outcomes. Because these analyses examine the hospitalization sequence, particular
attention is given to the role of hospitalization history; variables are included for time since
previous stay and length of prior stay. Sample sizes decrease from length of first stay to length
of fourth stay, as a smaller number of individuals had each subsequent hospitalization.

RESULTS
Table 1 presents the range (minimum to maximum), mean, and, for interval measures, the
standard deviation for each variable used in the analyses, for the total sample and across weight
classifications. Underweight, overweight, and obese BMI classifications are shown in
comparison to normal-weight persons, indicating that some variables show a curvilinear pattern
(e.g., underweight and obese persons both have lower income and education and higher rates
of living alone than normal-weight and overweight individuals).

The most pronounced finding in this descriptive table is the higher rate of each of the diseases
among obese subjects, particularly for hypertension, which affects 46 percent of obese subjects
but only 21 percent of normal-weight subjects. Obese persons are also more likely to be older,
black, and female, have lower education levels and incomes, live alone, be on Medicaid, have
a sedentary lifestyle, and live in rural areas. Obese individuals are also less likely to have private
insurance, drink heavily or smoke, or live in the West.

Table 2 presents parameter estimates for the number of hospital admissions per year and
average length of stay across all hospitalizations. In the first column, obesity is the only BMI
classification that is associated with more hospital admissions per year. When adjusting for
comorbidity in the second column, obesity is no longer significant, whereas each of the diseases
is related to a higher rate of admissions. The strong effect of the comorbidities on hospital
admission and nonsignificance of obesity suggests that obese persons are admitted to the
hospital with more frequency because of serious illnesses. Finally, the third column displays
the results when obesity at age 25 was added to the equation. Including this variable has little
effect on the other coefficients in the model and is itself nonsignificant. In addition to weight
classifications, other predictors of more stays per year include age, having a regular physician,
smoking, sedentary lifestyle, and living in rural, Southern, and Midwestern locations. Being
black or female, having a higher income, and living in the West predict fewer stays per year.

The remaining columns present equations for average length of hospital stay, first regressing
days hospitalized on BMI classification variables and demographic covariates (model 1), then
adding the comorbidity variables (model 2), and ending with obesity at age 25 included in the
equation (model 3). As with the analysis of hospital admissions, obesity was the only BMI
group having longer stays. Distinct from the earlier analyses, however, obesity retains its
significance across models 1, 2, and 3, attenuating only slightly across the three equations.
Comorbidity variables, on the other hand, are nonsignificant in model 2 and 3, also a difference

SCHAFER and FERRARO Page 9

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



from the analysis of hospital admissions. Similar to the results of the prior analysis, however,
obesity at age 25 is not related to longer average stays.

Several covariates display a similar pattern to the results of the stays–per-year models. Higher
income levels are indicative of shorter average stays, as is living in the West, whereas age and
having a sedentary lifestyle are associated with longer stays. On the other hand, subjects with
a regular physician had shorter average stays despite more frequent hospitalizations, and those
in rural areas, the South, and the Midwest likewise had shorter average stays despite higher
rates of hospitalization. Heavy drinking was related to longer stays only before adjusting for
comorbidity, while smoking was not predictive of length of stay in any of the models.4

A subsample analysis of obese individuals is presented in Table 3, which models five dependent
variables. Findings are presented for average length of stay and for length of stay during the
first, second, third, and fourth admissions. In the first column, higher scores of obesity duration
are associated with a greater average length of stay. Also influencing average stays among
subjects ever obese are age, having a regular physician, and living in rural areas. Interestingly,
having heart disease was associated with shorter average stays. Supplementary analyses (not
shown) revealed that approximately 26 percent of the obese adults with heart disease died in
the hospital, compared with about 21 percent of the obese adults without heart disease. Having
hypertension was predictive of longer average stays, whereas diabetes was unrelated to average
length of stay. In order to safeguard against the possibility that having a large number of
hospitalizations could inflate length of stay, and because only the first four stays are analyzed
separately, a dummy variable was included that denoted whether the subject had five or more
hospitalizations. As expected, this variable was positive and significant but did not render the
effect of obesity duration nonsignificant.

When examining the next four columns, the lengths of stays one through four, several
interesting patterns emerge. First, obesity duration does not have a uniform effect across the
four stays. Greater duration-of-obesity scores were associated with longer first stays, but at the
second stay obesity duration was nonsignificant. At the third stay, however, obesity duration
was again significant and positive, and it remained as such for stay four.

Second, comorbidity variables manifest rather meager effects across the four stays. Among
persons ever obese, hypertension is associated only with a longer initial stay, and diabetes
predicts shorter second stays. By the third hospitalization, none of the comorbidity variables
is associated with length of stay, and heart disease does not have a significant effect on any of
the individual stays. Supplementary analyses (not shown) that excluded obesity duration reveal
that heart disease is related to length of stay, but including both renders heart disease
nonsignificant.

Third, variables related to hospitalization history are indeed consequential for understanding
a given hospitalization. The second stay's duration is contingent upon how long the individual
was hospitalized during his or her initial stay, and the fourth stay is related to the length of the
third. For stays three and four, being admitted to the hospital less than six months since being
previously discharged is indicative of a longer episode.

4We also considered the possibility that the diagnoses associated with each stay might lead to differences in length of stay between obese
individuals and their leaner counterparts. Thus, we selected subjects’ first hospital admissions for circulatory diagnoses, the most common
ICD classification for hospital stays in the NHEFS, and reestimated the models in Table 2 after adjusting for admissions due to a circulatory
condition. The original results were unchanged.
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DISCUSSION
To our knowledge, this is the first attempt to estimate the role of obesity duration in affecting
hospitalization outcomes. Drawing upon cumulative-disadvantage theory, we investigated
whether hospitalization patterns correspond to obesity duration. Prior research shows that
excessive body mass leads to disadvantages that accumulate over time (Ferraro and Kelley-
Moore 2003). One can conceptualize the life course as involving a set of trajectories for various
outcomes, and obesity has the power to alter trajectories related to health and health-service
use. We integrated the concept of duration into the analysis to better understand how risks
accumulate, and we found that the longer obesity persists, the more consequential it is in
altering hospital length of stay. The present analysis shows that long-standing obesity has a
greater effect on hospital-resource consumption than does relatively nascent obesity. Stated
differently, there is evidence from this investigation that reducing the duration of obesity over
the adult life course will translate into reduced consumption of hospital resources. The mere
presence of obesity at an early point in adulthood failed to explain why obesity matters for
hospitalization; more important than early exposure seems to be the duration of the exposure.

The first three research questions articulated earlier addressed whether obese individuals have
more hospitalizations and longer lengths of stay relative to healthy-weight persons. Past
research, also using NHEFS data, found that obese persons spent more days in the hospital
than their counterparts with healthy BMI levels (Zizza et al. 2004). We also discovered
increased utilization among individuals obese at baseline when examining separately the total
number of hospitalization episodes (stays per year) and average length of stay. Although
obesity was the BMI group of main interest, it is interesting to note that being underweight
was not associated with length of stay; past research has found underweight to be an important
predictor of increased hospital usage (Zizza et al. 2004).

The reason that obese individuals have more hospitalizations than other subjects was explained
by their higher prevalence of diabetes, heart disease, and hypertension. However, these three
illnesses did not help explain why obesity was related to longer average stays. Obesity at age
25 was presumed to be consequential, yet our findings suggest that if obesity matters for
hospital usage, its effects may unfold as a factor of its duration. Mere exposure to obesity early
in the adult life course did not independently influence hospitalization.

Our remaining, and primary, research question addressed the relationship between body mass
and hospital usage, emphasizing the life-course context. Given that obese persons are
hospitalized more often and for longer amounts of time, does the duration of their obesity
matter? In the terminology of life-course epidemiology, is the chain of risk associated with
high body mass manifest in patterns of hospital consumption? The findings support our
expectations derived from cumulative-disadvantage theory. Among individuals with a BMI of
30 and above at some point in adulthood, the duration of years obese leads to higher average
length of stay, even after controlling for comorbidity and numerous covariates.

The results also reveal an interesting effect of obesity duration on episodic patterns. Obesity
duration extends the stay during initial hospitalization, adjusting for comorbidity and for a
number of other factors. Following this first stay, the next stay is not affected by obesity
duration. However, by the third—and especially the fourth—hospitalization, length of stay
again increases for higher levels of obesity duration. In terms of cumulative-disadvantage
theory, the gap seems to close after the beginning of one's hospitalization history—the
hospitalization moderates risk somewhat—but the risk reduction is limited to the early stages
of one's adult hospitalization episodes.

An additional insight is gained from examining the hospitalizations in a life-course context:
Stays have a cumulative effect on their succeeding episodes. Therefore, although obesity
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duration failed to predict longer second stays, its influence was indirect, partially transmitted
through the first hospitalization. By the third stay, obesity duration had again become a
significant factor, and this elongated third stay had an influence on the fourth stay. Similarly,
there is evidence that having several stays within a short period of time is associated with longer
stays, as having been discharged fewer than six months from one's last stay increased stay
length by the third and fourth hospitalization. The overall picture is that obesity duration
contributes to longer stays, and stays themselves contribute to longer stays the next time an
individual enters the hospital. This is a clear picture of what one would expect based on
cumulative-disadvantage theory: Early disadvantage has long-term effects, but trajectories can
be modified by the institutional encounter.

Although the current study adds to the body of sociological literature on obesity and increasing
health disadvantage over the life course, several limitations warrant discussion. Since our main
objective involved uncovering the duration of obesity among persons with a BMI of at least
30, we relied upon utilizing subjects’ recalled weights. Self-reported weights were the only
means of garnering such life-course weight measurements (measured weight and height were
used for wave 1). The most likely drawback of using these recalled weight variables is
underreporting of excessive weight (Olivarius et al. 1997). This underestimation would make
obese respondents more likely to have shorter duration scores than would actually befit them,
thereby making our estimates conservative.

The second limitation of using recalled weight values in order to estimate duration is the
coarseness of our measure of duration of exposure. Obesity duration, in this analysis, is
calculated using at least three discrete points of BMI measurement (i.e., ages 25 and 40, and
wave 1 as well as age 65 for older subjects). It would be optimal to use annual or biannual
measurements; data limitations, however, preclude a more refined duration algorithm.
Although our approach is far from ideal, it is an improvement over previous research and
suggests the utility of duration variables in the study of health risks.

Another shortcoming of this study is that the measurement of obesity duration does not
encompass the entirety of a participant's life course. Drawing upon body weight indicators
from early adulthood (age 25) is a step in the right direction, but extending such measurement
to childhood and adolescence may yield fresh insight for understanding how chronic obesity
influences health and health-service use. Along similar lines, more complete data on the life-
course development of morbidity may also help substantiate the assumption that long-term
obesity leads to greater health problems, which in turn lead to increased hospitalization, and
such a finding may rule out the explanation that health problems are antecedent to both obesity
and to hospitalization. Unfortunately, we did not have comprehensive morbidity data prior to
age 25, when weight was first assessed.

The current study offers several distinct improvements over previous research on the topic.
First, the NHEFS data set provides 20 years of hospitalization records from a nationally
representative sample, rather than data from those admitted to a hospital (Bertakis and Azari
2005) or in a regional HMO (Quesenberry et al. 1998; Raebel et al. 2004). The available
hospitalization records for subjects who died between waves are also a unique strength,
reducing concerns about missing data. Obviously, parallel research with more recent data
would be welcome.

Second, our approach makes use of bodyweight indicators representing BMI at multiple points
in the life course. Exploiting weight values across adulthood represents an improvement over
measures of weight at a single point in time. Our aim is to apply as thorough a life-course
approach to the topic as possible, an approach with growing scientific reputability (Kuh et al.
2003). Although the measure of obesity duration is fallible, it is a parsimonious attempt to
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quantitatively differentiate between long-standing and nascent obesity, and it is a means of
addressing the question of whether hospital-resource consumption is sensitive to obesity during
the adult life course. Other attempts to estimate duration of exposure scores or explicate
mechanisms of risk accumulation have employed similarly coarse measurements, yet have
made compelling conceptual and theoretical contributions (Hallqvist et al. 2004; Holland et
al. 2000).

We believe this study—the first study to use measures of obesity duration to predict hospital
utilization, as far as we know—offers promising directions for future research and the
development of cumulative-disadvantage theory. Researchers studying the consumption of
health-care resources can examine other hospitalization outcomes and consider how long-term
obesity affects initial entry into the hospital system. Some research finds lower levels of
preventive health behavior among obese persons (Fontaine and Bartlett 2000), while other
studies suggest that obese individuals are more likely than nonobese persons to use primary
care or diagnostic services (Bertakis and Azari 2005) or to consult physicians (Trakas et al.
1999). Although information about physician visits are not available in NHEFS, further
research can examine how hospitalization experiences fit into the broader context of health-
service usage among obese individuals.

Tenets of cumulative-disadvantage theory suggest that, over time, heterogeneity increases
between different groups based upon their relative advantage or disadvantage (Ross and Wu
1996). Consistent with this principle, obese adults’ duration of excess body mass plays an
important role in affecting length of hospital stay: Length of obesity duration shapes hospital
length of stay. However, there may be other processes by which health disadvantage
accumulates through the life course that may have relevance for the case of obesity and
hospitalization. Other authors contend that the mechanisms of risk accumulation are not easily
disentangled (Hallqvist et al. 2004). Plainly, more work is needed to advance cumulative
disadvantage beyond a simple metaphor of how inequality is manifested over the life course
to a rigorous and falsifiable theory that can be used as a foundation for testing how duration,
timing, and severity of risk factors each produce and intensify heterogeneity between groups.

One of the aims of this analysis was to show the utility of duration of exposure for studies
applying cumulative-disadvantage theory. Granted, there are many ways to incorporate timing
effects into life-course studies, but cumulative-disadvantage theory needs greater specification
regarding precisely how risks accumulate and lead to divergent trajectories. We have shown
that duration of exposure to a risk factor is an important consideration for quantifying how
adults enter the hospital and how long they stay. Our hope is that these findings will prove
useful to others seeking to further develop cumulative-disadvantage theory and to privilege
duration of exposure as a concept for studying health-related outcomes over the life course.

Biography
Markus H. Schafer is a graduate student at Purdue University, having recently completed his
M.S. in Sociology. His research interests include the antecedents and consequences of adult
obesity, age stratification, and the accumulation of inequality over the life course.

Kenneth F. Ferraro is Professor of Sociology and Director of the Center on Aging and the
Life Course at Purdue University. His recent research focuses on cumulative disadvantage and
health, especially between white Americans and African Americans. Recent publications
appear in the American Sociological Review, Journal of Health and Social Behavior, and Social
Forces. He is currently editor of the Journal of Gerontology: Social Sciences.

SCHAFER and FERRARO Page 13

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



REFERENCES
Bertakis, Klea D.; Azari, Rahman. Obesity and the Use of Health Care Services. Obesity Research

2005;13:372–79. [PubMed: 15800296]
Dannefer, Dale. Cumulative Advantage/Disadvantage and the Life Course: Cross-Fertilizing Age and

the Social Science Theory. Journal of Gerontology: Social Sciences 2003;58B:S327–37.
Elder, Glen H. Time, Human Agency, and Social Change: Perspectives on the Life Course. Social

Psychology Quarterly 1994;57:4–15.
Ferraro, Kenneth F.; Kelley-Moore, Jessica. Cumulative Disadvantage and Health: Long Term

Consequences of Obesity? American Sociological Review 2003;68:707–29.
Ferraro, Kenneth F.; Thorpe, Roland J., Jr.; McCabe, George P.; Kelley-Moore, Jessica A.; Jiang, Zhen.

The Color of Hospitalization over the Adult Life Course: Cumulative Disadvantage in Black and
White? Journal of Gerontology: Social Sciences 2006;61B:S299–S306.

Ferraro, Kenneth F.; Thorpe, Roland J., Jr.; Wilkinson, Jody A. The Life Course of Severe Obesity: Does
Childhood Overweight Matter? Journal of Gerontology: Social Sciences 2003;58B:S110–19.

Fontaine, Kevin R.; Bartlett, Susan J. Access and Use of Medical Care among Obese Persons. Obesity
Research 2000;8:403–406. [PubMed: 10968733]

Franklin, Patricia D.; Noetscher, Cheryl M.; Murphy, Mark E.; Lagoe, Ronald J. Using Data to Reduce
Hospital Readmissions. Journal of Nursing Care Quality 1999;(special issue):67–85. [PubMed:
10616276]

Hallqvist, Johan; Lynch, John; Bartley, Mel; Lang, Thierry; Blane, David. Can We Disentangle Life
Course Processes of Accumulation, Critical Period and Social Mobility? An Analysis of
Disadvantaged Socio-Economic Positions and Myocardial Infarction in the Stockholm Heart
Epidemiology Program. Social Science & Medicine 2004;58:1555–62. [PubMed: 14759698]

Hardin, James. Obtaining Robust Standard Errors for Tobit. StatCorp; College Station, TX: 2005 [May
30, 2006]. (http://www.stata.com/support/faqs/stat/tobit.html)

Hatch, Stephani L. Conceptualizing and Identifying Cumulative Adversity and Protective Resources:
Implications for Understanding Health Inequalities. Journal of Gerontology: Social Sciences
2005;60B:S130–34.

Holland P, Berney L, Blane D, Smith G. Davey, Gunnell DJ, Montgomery SM. Life Course Accumulation
of Disadvantage: Childhood Health and Hazard Exposure During Childhood. Social Science &
Medicine 2000;50:1285–95. [PubMed: 10728848]

Kopelman, Peter G. Obesity as a Medical Problem. Nature 2000;404:635–43. [PubMed: 10766250]
Kuh D, Ben-Shlomo Y, Lynch J, Hallqvist J, Power C. Life Course Epidemiology. Journal of

Epidemiology and Community Health 2003;57:778–83. [PubMed: 14573579]
Lawlor, Debbie A.; Hart, Carole L.; Hole, David J.; Smith, George D. Reverse Causality and Confounding

and the Associations of Overweight and Obesity with Mortality. Obesity 2006;14:2294–2304.
[PubMed: 17189558]

Long, J. Scott Regression Models for Categorical and Limited Dependent Variables. Sage; Thousand
Oaks, CA: 1997.

Must A, Strauss RS. Risks and Consequences of Childhood and Adolescent Obesity. International Journal
of Obesity 1999;23:S2–11. [PubMed: 10340798]

Must, Aviva; Dallal, Gerald E.; Dietz, William H. Reference Data for Obesity: 85th and 95th Percentiles
of Body Mass Index (wt / ht) and Triceps Skinfold Thickness. American Journal of Clinical Nutrition
1991;53:839–46. [PubMed: 2008861]

National Center for Health Statistics. Cohen, Bruce B.; Barbano, Helen E.; Cox, Christine S.; Feldman,
Jacob J.; Finucane, Fanchon F.; Kleinman, Joel C.; Madans, Jennifer H. Vital and Health Statistics.
U.S. Government Printing Office; Washington, DC: 1987. Plan and Operation of the NHANES I
Epidemiological Followup Study, 1982−1984.. Series 1

Ogden, Cynthia L.; Carroll, Margaret D.; Curtin, Lester R.; McDowell, Margaret A.; Tabak, Carolyn J.;
Flegal, Katherine M. Prevalence of Overweight and Obesity in the United States, 1999−2004. Journal
of the American Medical Association 2006;295:1549–55. [PubMed: 16595758]

SCHAFER and FERRARO Page 14

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.stata.com/support/faqs/stat/tobit.html


Olivarius NF, Andreasen AH, Loken J. Accuracy of 1-, 5- and 10-Year Body Weight Recall Given in a
Standard Questionnaire. International Journal of Obesity and Related Metabolic Disorders
1997;21:67–71. [PubMed: 9023604]

O'Rand, Angela M. The Precious and the Precocious: Understanding Cumulative Disadvantage and
Cumulative Advantage over the Life Course. Gerontologist 1996;36:230–38. [PubMed: 8920094]

Pampel, Fred C.; Rogers, Richard G. Socioeconomic Status, Smoking, and Health: A Test of Competing
Theories of Cumulative Advantage. Journal of Health and Social Behavior 2004;45:306–21.
[PubMed: 15595509]

Quesenberry, Charles P.; Caan, Bette; Jacobson, Alice. Obesity, Health Services Use, and Health Services
Cost among Members of a Health Maintenance Organization. Archives of Internal Medicine
1998;158:466–72. [PubMed: 9508224]

Raebel, Marsha A.; Malone, Daniel C.; Conner, Douglas A.; Xu, Stanley; Porter, Julie A.; Lanty, Frances
A. Health Services Use and Health Care Costs of Obese and Nonobese Individuals. Archives of
Internal Medicine 2004;164:2135–40. [PubMed: 15505127]

Ray, Daniel E.; Matchett, Stephen C.; Baker, Kathy; Wasser, Thomas; Young, Mark J. The Effect of
Body Mass Index on Patient Outcomes in a Medical ICU. Chest 2005;127:2125–31. [PubMed:
15947330]

Reidpath, Daniel D.; Crawford, David; Tilgner, Linda; Gibbons, Carl. Relationship between Body Mass
Index and the Use of Healthcare Services in Australia. Obesity Research 2002;10:526–31. [PubMed:
12055329]

Riley, Matilda W. On the Significance of Age in Sociology. American Sociological Review 1987;52:1–
14.

Ross, Catherine E.; Chia-Ling, Wu. Education, Age, and the Cumulative Advantage in Health. Journal
of Health and Social Behavior 1996;37:104–20. [PubMed: 8820314]

Trakas, Kostas; Lawrence, Kate; Shear, Neil H. Utilization of Health Care Resources by Obese
Canadians. Canadian Medical Association Journal 1999;160:1457–62. [PubMed: 10352635]

U.S. Department of Health and Human Services. International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM). Vol. 3rd ed.. U.S. Department of Health and Human Services,
Public Health Service, Health Care Financing Administration; Washington, DC: 1989.

Wannamethee SG, Shaper AG. Weight Change and Duration of Overweight and Obesity in the Incidence
of Type 2 Diabetes. Diabetes Care 1999;22:1266–72. [PubMed: 10480769]

Yan, Lijing L.; Daviglus, Martha L.; Liu, Kiang; Stamler, Jeremiah; Wang, Renwie; Pirzada, Amber;
Garside, Daniel B.; Dyer, Alan R.; Van Horn, Linda; Liao, Youlian; Fries, James F.; Greenland,
Philip. Midlife Body Mass Index and Hospitalization and Mortality in Older Age. Journal of the
American Medical Association 2006;295:190–98. [PubMed: 16403931]

Zizza, Claire; Herring, Amy H.; Stevens, June; Popkin, Barry M. Length of Hospital Stays among Obese
Individuals. American Journal of Public Health 2004;94:1587–91. [PubMed: 15333319]

SCHAFER and FERRARO Page 15

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 16
TA

B
LE

 1
M

ea
ns

 a
nd

 S
ta

nd
ar

d 
D

ev
ia

tio
ns

 o
f K

ey
 V

ar
ia

bl
es

 b
y 

B
as

el
in

e 
B

M
I C

la
ss

ifi
ca

tio
n

V
ar

ia
bl

e
R

an
ge

T
ot

al
 (N

 =
 4

,5
74

)
U

nd
er

w
ei

gh
t (

N
 =

 1
37

)
N

or
m

al
 (N

 =
 1

,9
04

)
O

ve
rw

ei
gh

t (
N

 =
 1

,6
81

)
O

be
se

 (N
 =

 8
52

)

B
M

I W
av

e 
1

   
 U

nd
er

w
ei

gh
t W

1
0−

1
.0

3

   
 N

or
m

al
 w

ei
gh

t W
1

0−
1

.4
2

   
 O

ve
rw

ei
gh

t W
1

0−
1

.3
7

   
 O

be
se

 W
1

0−
1

.1
9

Li
fe

 c
ou

rs
e 

ob
es

ity

   
 O

be
se

 a
ge

 2
5

0−
1

.0
4

   
 O

be
si

ty
 d

ur
at

io
n

1−
46

9.
59

 (1
0.

00
)

   
 (a

ge
 a

dj
us

te
d,

 ln
)

−.
05
−.

09
.0

3 
(.0

2)

M
or

bi
di

ty

   
 D

ia
be

te
s

.0
7

.0
7

.0
5

.0
8**

*
.0

9**
*

   
 H

ea
rt 

di
se

as
e

.1
0

.1
1

.0
8

.0
9

.1
3**

*

   
 H

yp
er

te
ns

io
n

.2
9

.2
5

.2
1

.3
0**

*
.4

6**
*

St
at

us
 c

ha
ra

ct
er

is
tic

s

   
 A

ge
41
−7

7
56

.7
3 

(9
.3

8)
58

.4
7 

(9
.7

6)
*

56
.0

7 
(9

.5
6)

57
.0

3 
(9

.2
7)

*
57

.3
1 

(9
.0

5)
**

*

   
 B

la
ck

0−
1

.1
3

.2
0**

.1
1

.1
2

.2
0**

*

   
 F

em
al

e
0−

1
.5

3
.5

5
.5

5
.4

4**
*

.6
4**

*

   
 E

du
ca

tio
n

0−
7

3.
37

 (1
.5

9)
3.

07
 (1

.5
8)

**
*

3.
57

 (1
.5

8)
3.

37
 (1

.5
7)

**
*

2.
99

 (1
.5

5)
**

*

   
 In

co
m

e
1−

12
7.

31
 (2

.8
9)

5.
97

 (3
.2

4)
**

*
7.

61
 (2

.8
2)

7.
41

 (2
.8

4)
*

6.
64

 (2
.9

3)
**

*

   
 L

iv
es

 a
lo

ne
0−

1
.1

5
.2

1**
.1

3
.1

4
.1

8**

H
ea

lth
 c

ar
e 

re
so

ur
ce

s

   
 M

ed
ic

ai
d

0−
1

.0
4

.0
7*

.0
4

.0
3

.0
6*

   
 P

riv
at

e 
in

su
ra

nc
e

0−
1

.8
4

.7
7*

.8
5

.8
6

.8
0**

*

   
 R

eg
ul

ar
 p

hy
si

ci
an

0−
1

.8
7

.8
5

.8
7

.8
5

.8
8

Li
fe

st
yl

e
0−

1

   
 H

ea
vy

 d
rin

ke
r

0−
1

.1
2

.1
5

.1
3

.1
2

.0
9**

   
 S

m
ok

er
0−

1
.3

9
.6

3**
*

.4
5

.3
7**

*
.2

8**
*

Se
de

nt
ar

y 
lif

es
ty

le
0−

1
.0

9
.1

5**
*

.0
7

.0
9

.1
3**

*

Pl
ac

e 
of

 re
si

de
nc

e

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 17

V
ar

ia
bl

e
R

an
ge

T
ot

al
 (N

 =
 4

,5
74

)
U

nd
er

w
ei

gh
t (

N
 =

 1
37

)
N

or
m

al
 (N

 =
 1

,9
04

)
O

ve
rw

ei
gh

t (
N

 =
 1

,6
81

)
O

be
se

 (N
 =

 8
52

)

   
 R

ur
al

0−
1

.4
2

.5
5**

.4
0

.4
0

.4
5*

   
 N

or
th

ea
st

0−
1

.2
4

.1
9

.2
2

.2
5

.2
4

   
 S

ou
th

0−
1

.2
4

.1
9

.2
3

.2
5

.2
5

   
 W

es
t

0−
1

.2
6

.4
1

.2
9

.2
5*

.2
3**

   
 M

id
w

es
t

0−
1

.2
6

.2
1**

*
.2

6
.2

5
.2

7

H
os

pi
ta

liz
at

io
n

   
 S

ta
ys

 p
er

 y
ea

r
0−

4.
86

.1
7 

(.2
6)

.2
2 

(.2
8)

**
.1

6 
(.2

5)
.1

8 
(.2

6)
**

.2
0 

(.2
5)

**
*

   
 A

ve
ra

ge
 le

ng
th

 o
f s

ta
y

.5
−3

07
.5

9.
95

 (1
1.

59
)

10
.2

6 
(1

0.
27

)
9.

40
 (1

0.
58

)
9.

99
 (1

3.
21

)
10

.9
6 

(1
0.

29
)**

So
ur

ce
: N

at
io

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
Ex

am
in

at
io

n 
Su

rv
ey

 I,
 E

pi
de

m
io

lo
gi

ca
l F

ol
lo

w
-u

p 
St

ud
y.

N
ot

es
: B

M
I =

 b
od

y 
m

as
s i

nd
ex

. S
ta

nd
ar

d 
de

vi
at

io
ns

 in
 p

ar
en

th
es

es
. R

ef
er

en
ce

 g
ro

up
 fo

r s
ig

ni
fic

an
ce

 te
st

s i
s “

no
rm

al
” 

B
M

I c
at

eg
or

y.
 M

ea
n 

di
ff

er
en

ce
s b

et
w

ee
n 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
re

 c
om

pa
re

d

w
ith

 t-
te

st
s, 

an
d 

di
ff

er
en

ce
s b

et
w

ee
n 

bi
na

ry
 v

ar
ia

bl
es

 a
re

 c
om

pa
re

d 
w

ith
 χ

2  
te

st
s.

* p 
< 

.0
5

**
p 

< 
.0

1

**
* p 

< 
.0

01
 (t

w
o-

ta
ile

d 
te

st
s)

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 18
TA

B
LE

 2
Pa

ra
m

et
er

 E
st

im
at

es
 fo

r H
os

pi
ta

liz
at

io
ns

 p
er

 Y
ea

r a
nd

 L
en

gt
h 

of
 S

ta
y 

ov
er

 2
0 

Y
ea

rs

St
ay

s P
er

 Y
ea

ra
A

ve
ra

ge
 L

en
gt

h 
of

 S
ta

yb

In
de

pe
nd

en
t V

ar
ia

bl
es

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 1

M
od

el
 2

M
od

el
 3

B
M

I c
at

eg
or

y 
W

av
e 

1

   
 U

nd
er

w
ei

gh
t W

1
.0

06
c

(.0
33

)d
.0

01
(.0

33
)

.0
01

(.0
34

)
−.

07
5

(.0
89

)
−.

07
1

(.0
90

)
−.

07
0

(.0
90

)

   
 O

ve
rw

ei
gh

t W
1

.0
17

(.0
11

)
.0

09
(.0

10
)

.0
10

(.0
09

)
.0

60
(.0

37
)

.0
53

(.0
38

)
.0

51
(.0

37
)

   
 O

be
se

 W
1

.0
48

**
(.0

16
)

.0
30

(.0
17

)
.0

29
(.0

16
)

.1
69

**
*

(.0
45

)
.1

56
**

*
(.0

47
)

.1
47

**
(.0

51
)

St
at

us
 c

ha
ra

ct
er

is
tic

s

   
 A

ge
.0

07
**

*
(.0

01
)

.0
06

**
*

(.0
01

)
.0

06
**

*
(.0

01
)

.0
14

**
*

(.0
02

)
.0

14
**

*
(.0

02
)

.0
14

**
*

(.0
02

)

   
 B

la
ck

−.
05

9**
*

(.0
18

)
−.

07
0**

*
(.0

18
)

−.
07

1**
*

(.0
18

)
.1

12
(.0

89
)

.1
02

(.0
84

)
.1

00
(.0

84
)

   
 F

em
al

e
−.

04
5**

*
(.0

11
)

−.
04

5**
*

(.0
10

)
−.

04
3**

*
(.0

10
)

−.
02

4
(.0

28
)

−.
02

8
(.0

27
)

−.
02

6
(.0

27
)

   
 E

du
ca

tio
n

−.
00

3
(.0

04
)

−.
00

1
(.0

04
)

−.
00

1
(.0

04
)

−.
00

7
(.0

17
)

−.
00

7
(.0

15
)

−.
00

6
(.0

14
)

   
 In

co
m

e
−.

00
6**

*
(.0

02
)

−.
00

5**
(.0

02
)

−.
00

5**
(.0

02
)

−.
02

5
(.0

11
)

−.
02

5*
(.0

11
)

−.
02

5*
(.0

11
)

   
 L

iv
es

 a
lo

ne
−.

02
3

(.0
21

)
−.

02
1

(.0
18

)
−.

02
2

(.0
18

)
.0

71
(.1

11
)

.0
72

(.1
13

)
.0

68
(.1

15
)

H
ea

lth
 c

ar
e 

re
so

ur
ce

s

   
 M

ed
ic

ai
d

−.
04

1
(.0

38
)

−.
04

7
(.0

38
)

−.
04

7
(.0

38
)

−.
03

8
(.1

22
)

−.
04

0
(.1

23
)

−.
04

0
(.1

23
)

   
 P

riv
at

e 
in

su
ra

nc
e

−.
00

1
(.0

13
)

.0
05

(.0
11

)
.0

04
(.0

12
)

−.
07

0
(.0

82
)

−.
06

9
(.0

81
)

.0
71

(.0
81

)

   
 R

eg
ul

ar
 p

hy
si

ci
an

.0
58

**
*

(.0
15

)
.0

47
**

*
(.0

15
)

.0
51

**
*

(.0
14

)
−.

25
8*

(.1
06

)
−.

26
8**

(.1
03

)
−.

26
8**

(.1
03

)

Li
fe

st
yl

e

   
 H

ea
vy

 d
rin

ke
r

−.
01

2
(.0

18
)

−.
00

6
(.0

18
)

−.
00

6
(.0

17
)

.1
21

*
(.0

61
)

.1
24

(.0
64

)
.1

27
(.0

66
)

   
 S

m
ok

er
.0

37
**

*
(.0

11
)

.0
38

**
(.0

12
)

.0
39

**
*

(.0
12

)
.0

80
(.0

45
)

.0
80

(.0
48

)
.0

79
(.0

49
)

   
 S

ed
en

ta
ry

 li
fe

st
yl

e
.0

88
**

*
(.0

15
)

.0
80

**
*

(.0
16

)
.0

80
**

*
(.0

16
)

.2
65

*
(.1

15
)

.2
58

*
(.1

17
)

.2
54

(.1
15

)

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 19

St
ay

s P
er

 Y
ea

ra
A

ve
ra

ge
 L

en
gt

h 
of

 S
ta

yb

In
de

pe
nd

en
t V

ar
ia

bl
es

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 1

M
od

el
 2

M
od

el
 3

Pl
ac

e 
of

 re
si

de
nc

e

   
 R

ur
al

.0
34

**
(.0

12
)

.0
35

**
(.0

12
)

.0
35

**
(.0

13
)

−.
18

4**
*

(.0
33

)
−.

18
9**

*
(.0

33
)

−.
18

7**
*

(.0
32

)

   
 S

ou
th

.0
39

**
(.0

14
)

.0
36

*
(.0

15
)

.0
37

**
(.0

14
)

−.
25

6**
*

(.0
50

)
−.

25
8**

*
(.0

50
)

−.
25

8**
*

(.0
50

)

   
 W

es
t

−.
03

8**
(.0

14
)

−.
03

5**
(.0

14
)

−.
03

4*
(.0

14
)

−.
30

5**
*  −

.0
70

−.
30

7**
*

(.0
71

)
−.

30
5**

*
(.0

71
)

   
 M

id
w

es
t

.0
25

**
*

(.0
07

)
.0

24
**

(.0
08

)
.0

24
**

(.0
08

)
−.

13
4*

(.0
55

)
−.

13
6*

(.0
55

)
−.

13
5*

(.0
55

)

M
or

bi
di

ty

   
 D

ia
be

te
s

.1
49

**
*

(.0
22

)
.1

49
**

*
(.0

22
)

.0
40

(.0
47

)
.0

39
(.0

47
)

   
 H

ea
rt 

di
se

as
e

.0
95

**
*

(.0
18

)
.0

95
**

*
(.0

18
)

.0
06

(.1
17

)
.0

08
(.1

18
)

   
 H

yp
er

te
ns

io
n

.0
37

**
*

(.0
09

)
.0

36
**

*
(.0

09
)

.0
63

(.0
59

)
.0

60
(.0

60
)

Ea
rly

 o
be

si
ty

   
 O

be
se

 a
ge

 2
5

.0
21

(.0
28

)
.0

74
(.0

89
)

H
os

pi
ta

liz
at

io
n 

hi
st

or
y

   
 F

iv
e 

or
 m

or
e 

st
ay

s
.2

60
**

*
(.0

59
)

.2
54

**
*

(.0
65

)
.2

54
**

*
(.0

65
)

C
on

st
an

t
−.

32
4**

*
(.0

75
)

−.
29

5**
*

(.0
65

)
−.

30
5**

*
(.0

66
)

2.
01

6**
*

(.3
56

)
2.

03
4**

*
(.3

55
)

2.
03

0
(.3

56
)

W
al

d 
ch

i-s
qu

ar
e 

(d
f)

14
05

.8
5 

(1
9)

18
57

.8
2 

(2
2)

18
97

.5
0 

(2
3)

20
24

.3
5 

(2
0)

27
48

.4
4 

(2
3)

30
91

.3
9 

(2
4)

N
4,

39
8

4,
39

8
4,

39
8

3,
13

9
3,

13
9

3,
13

9

So
ur

ce
: N

at
io

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
Ex

am
in

at
io

n 
Su

rv
ey

 I,
 E

pi
de

m
io

lo
gi

ca
l F

ol
lo

w
-U

p 
St

ud
y.

N
ot

e:
 N

or
m

al
 w

ei
gh

t a
nd

 N
or

th
ea

st
 re

gi
on

 a
re

 re
fe

re
nc

e 
gr

ou
ps

.

* p 
< 

.0
5

**
p 

< 
.0

1

**
* p 

< 
.0

01
 (t

w
o-

ta
ile

d 
te

st
s)

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 20
a M

od
el

s f
or

 S
ta

ys
 p

er
 Y

ea
r e

st
im

at
ed

 w
ith

 in
te

rv
al

 re
gr

es
si

on
.

b M
od

el
s f

or
 A

ve
ra

ge
 L

en
gt

h 
of

 S
ta

y 
es

tim
at

ed
 w

ith
 n

eg
at

iv
e 

bi
no

m
ia

l r
eg

re
ss

io
n.

c U
ns

ta
nd

ar
di

ze
d 

co
ef

fic
ie

nt
s.

d St
an

da
rd

 e
rr

or
s.

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 21
TA

B
LE

 3
Pa

ra
m

et
er

 E
st

im
at

es
 fo

r H
os

pi
ta

liz
at

io
ns

 p
er

 Y
ea

r a
nd

 L
en

gt
h 

of
 S

ta
y 

ov
er

 2
0 

Y
ea

rs
 a

m
on

g 
In

di
vi

du
al

s W
ho

 W
er

e 
Ev

er
 O

be
se

In
de

pe
nd

en
t V

ar
ia

bl
es

A
ve

ra
ge

 L
en

gt
h 

of
 S

ta
y

L
en

gt
h 

of
 S

ta
y,

 1
L

en
gt

h 
of

 S
ta

y,
 2

L
en

gt
h 

of
 S

ta
y,

 3
L

en
gt

h 
of

 S
ta

y,
 4

O
be

si
ty

 d
ur

at
io

n 
(a

ge
 a

dj
us

te
d,

 ln
)

5.
30

1*a

(.2
11

)b
5.

59
4*

(2
.2

48
)

3.
80

8
(3

.4
27

)
4.

39
9*

(2
.1

31
)

5.
29

6**
(1

.9
95

)

St
at

us
 c

ha
ra

ct
er

is
tic

s

   
 A

ge
.2

92
**

*
(.0

62
)

.0
18

**
*

(.0
05

)
.0

10
(.0

07
)

.0
12

(.0
08

)
.0

03
(.0

09
)

   
 B

la
ck

.0
74

(.0
95

)
.0

71
(.0

94
)

.0
77

(.1
29

)
.2

59
*

(.1
30

)
.3

77
(.1

97
)

   
 F

em
al

e
−.

00
8

(.1
02

)
.1

06
(.1

37
)

−.
19

9*
(.0

99
)

.0
47

(.0
92

)
−.

22
2*

(.1
03

)

   
 E

du
ca

tio
n

−.
00

6
(.0

19
)

−.
06

9
(.0

38
)

.0
52

*
(.0

26
)

.0
51

*
(.0

25
)

.0
28

(.0
35

)

   
 In

co
m

e
−.

01
1

(.0
14

)
.0

13
(.2

56
)

−.
03

2
(.0

18
)

−.
02

5
(.0

13
)

−.
01

2
(.0

21
)

   
 L

iv
e 

al
on

e
.1

86
(.1

42
)

.4
05

**
(.1

33
)

−.
17

0
(.1

25
)

−.
18

4
(.1

47
)

.1
23

(.0
89

)

H
ea

lth
 c

ar
e 

re
so

ur
ce

s

   
 M

ed
ic

ai
d

−.
14

4
(.2

03
)

−.
29

9
(.1

67
)

.1
34

(.2
39

)
.0

81
(.2

11
)

−.
02

7
(.1

22
)

   
 P

riv
at

e 
in

su
ra

nc
e

−.
05

8
(.1

09
)

−.
04

9
(.1

21
)

−.
10

6
(.1

08
)

−.
23

6
(.2

13
)

.2
49

*
(.1

27
)

   
 R

eg
ul

ar
 p

hy
si

ci
an

−.
40

9*
(.1

95
)

−.
36

5
(.2

66
)

−.
23

5
(.1

80
)

−.
12

9
(.2

77
)

.2
35

(.2
38

)

Li
fe

st
yl

e

   
 H

ea
vy

 d
rin

ke
r

.2
04

(.1
25

)
.1

25
(.1

63
)

.4
07

(.2
52

)
−.

07
6

(.1
80

)
−.

15
2

(.1
58

)

   
 S

m
ok

er
.0

74
(.0

66
)

.1
75

*
(.0

88
)

.0
58

(.1
25

)
−.

02
0

(.0
89

)
−.

10
3

(.1
13

)

   
 S

ed
en

ta
ry

 li
fe

st
yl

e
.3

55
(.2

08
)

.2
63

(.2
14

)
.2

80
(.1

62
)

.1
68

(.1
03

)
.1

83
(.1

22
)

Pl
ac

e 
of

 re
si

de
nc

e

   
 R

ur
al

−.
20

1**
*

(.0
40

)
−.

10
5

(.0
54

)
−.

04
1

(.0
56

)
−.

09
6

(.0
65

)
−.

31
2

(.1
93

)

   
 S

ou
th

−.
24

2
(.1

31
)

−.
23

0
(.1

60
)

.0
52

(.1
39

)
.0

78
(.0

89
)

.0
02

(.1
14

)

   
 W

es
t

−.
21

9
(.1

32
)

−.
19

2
(.1

67
)

−.
14

5
(.1

40
)

−.
02

4
(.0

82
)

.1
66

(.2
10

)

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

SCHAFER and FERRARO Page 22

In
de

pe
nd

en
t V

ar
ia

bl
es

A
ve

ra
ge

 L
en

gt
h 

of
 S

ta
y

L
en

gt
h 

of
 S

ta
y,

 1
L

en
gt

h 
of

 S
ta

y,
 2

L
en

gt
h 

of
 S

ta
y,

 3
L

en
gt

h 
of

 S
ta

y,
 4

   
 M

id
w

es
t

−.
06

7
(.1

56
)

−.
06

0
(.1

45
)

−.
05

3
(.1

53
)

−.
08

1
(.1

50
)

−.
11

7
(.1

14
)

M
or

bi
di

ty

   
 D

ia
be

te
s

−.
03

3
(.0

71
)

.0
44

(.0
87

)
−.

17
2*

(.0
72

)
.0

76
(.1

18
)

.0
83

(.0
95

)

   
 H

ea
rt 

di
se

as
e

−.
19

0*
(.0

91
)

−.
16

8
(.1

12
)

−.
22

4
(.1

30
)

−.
14

6
(.0

96
)

.1
50

(.0
87

)

   
 H

yp
er

te
ns

io
n

.1
22

*
(.0

62
)

.2
40

**
(.0

87
)

−.
10

8
(.1

28
)

−.
04

5
(.0

68
)

−.
00

2
(.1

13
)

H
os

pi
ta

liz
at

io
n 

hi
st

or
y

   
 L

en
gt

h 
of

 p
re

vi
ou

s s
ta

y
.0

15
**

(.0
05

)
.0

10
(.0

07
)

.0
12

*
(.0

05
)

    L
es

s t
ha

n s
ix

 m
on

th
s f

ro
m

 pr
ev

io
us

st
ay

.2
09

(.1
10

)
.2

22
**

*
(.0

62
)

.4
77

**
(.1

57
)

   
 F

iv
e 

or
 m

or
e 

st
ay

s
.2

92
**

*
(.0

62
)

C
on

st
an

t
1.

81
9**

*
(.3

69
)

1.
39

5**
*

(.3
79

)
1.

88
5**

*
(.4

61
)

1.
59

5*
(.6

60
)

1.
37

5*
(.6

19
)

W
al

d 
ch

i-s
qu

ar
e 

(d
f)

11
62

.1
5 

(2
1)

19
42

.3
6 

(2
0)

40
7.

14
 (2

2)
37

3.
48

 (2
2)

30
2.

02
 (2

2)

N
70

9
70

9
54

5
43

0
32

1

So
ur

ce
: N

at
io

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
Ex

am
in

at
io

n 
Su

rv
ey

 I,
 E

pi
de

m
io

lo
gi

ca
l F

ol
lo

w
-U

p 
St

ud
y.

N
ot

e:
 M

od
el

s e
st

im
at

ed
 w

ith
 n

eg
at

iv
e 

bi
no

m
ia

l r
eg

re
ss

io
n.

 N
or

th
ea

st
 re

gi
on

 is
 re

fe
re

nc
e 

gr
ou

p.

* p 
< 

.0
5

**
p 

< 
.0

1

**
* p 

< 
.0

01
 (t

w
o-

ta
ile

d 
te

st
s)

a U
ns

ta
nd

ar
di

ze
d 

co
ef

fic
ie

nt
s.

b St
an

da
rd

 e
rr

or
s.

J Health Soc Behav. Author manuscript; available in PMC 2009 February 12.


