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A Multi-Worksite Analysis of the Relationships among Body Mass
Index, Medical Utilization and Worker Productivity

Abstract

Background—The relationships between worker health and productivity are becoming clearer.
However, few large scale studies have measured the direct and indirect cost burden of overweight
and obesity among employees using actual biometric values.

Objective—To quantify the direct medical and indirect (absence and productivity) cost burden of
overweight and obesity in workers.

Subjects—A cross-sectional study of 10,026 employees in multiple professions and worksites
across the U.S.

Measures—The main outcomes were five self-reported measures of workers’ annual healthcare
use and productivity: doctor visits, emergency room visits, hospitalizations, absenteeism (days absent
from work), and presenteeism (percent on-the-job productivity losses). Multivariate count and
continuous data models (Poisson, negative binomial and zero-inflated Poisson) were estimated.

Results—After adjusting for covariates, obese employees had 20% higher doctor visits than normal
weight employees (Cl 16%, 24%, p < 0.01) and 26% higher emergency room visits (Cl 11%, 42%,
p < 0.01). Rates of doctor and emergency room visits for overweight employees were no different

than those of normal weight employees. Compared to normal weight employees, presenteeism rates
were 10% and 12% higher for overweight and obese employees, respectively (Cl 5%, 15% and 5%,
19%, all p < 0.01). Taken together, compared to normal weight employees, obese and overweight

workers were estimated to cost employers $644 and $201 more per employee per year, respectively.

Conclusions—This study provides evidence that employers face a financial burden imposed by
obesity. Implementation of effective workplace programs for the prevention and management of
excess weight will benefit employers and their workers.

Keywords

worksite health promotion; weight management; obesity; expenditures; health care costs;
productivity; workplace wellness

INTRODUCTION

Approximately two-thirds of the U.S. adult population is overweight or obese, with 32 percent
being obese (1,2). Obesity is associated with chronic health conditions including certain types
of cancer, type 2 diabetes, heart disease, stroke, high blood pressure, high cholesterol, and sleep
disorders (3,4). Obesity-related medical expenditures are significant, estimated to cost
Americans 147 billion dollars annually in 2008 (5).

The causes of obesity are inextricably linked and complicated, as excess weight is linked to
certain environmental factors, genetics, individual behaviors, access to health improvement
resources and the healthcare system (6). Designing interventions for this complex health
problem requires concerted effort among many actors, including those in public and private
sectors. A key site of intervention is the workplace since employers have a vested interest in
promoting the health and well-being of their workers.
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A growing body of literature has valued the cost burden imposed by excess weight on
employers, including direct (medical) and indirect (productivity-related) costs. Based on self-
reported and biometric data for over 36,000 employees and spouses of a manufacturing
company during 2001-2002, Wang et al. found that annual per-person healthcare spending
rose in an almost linear fashion for overweight and obese participants (those with BMI > 25),
with a $120 (2004 USD) increase in medical spending per unit increase in BMI (7). Likewise,
using the 2000 Medical Expenditure Panel Survey (MEPS) for more than 16,000 respondents,
Avrterburn et al. found that obese respondents had significantly higher medical spending (8).
In both studies, spending for overweight respondents was not significantly different than for
their normal weight counterparts.

Other studies have examined the relationship between excess weight and healthcare utilization.
Contrasting the healthcare utilization patterns of 539 obese (biometric BMI > 27.9) health plan
enrollees with a matched sample of non-obese enrollees (BMI 18.5-24.9), Raebel et al. found
that inpatient admissions, outpatient visits, professional claims, and prescription drugs were
higher for obese patients (9). Another study based on a 1993 survey of 17,188 HMO members
showed higher healthcare utilization rates and costs for obese members; however, with few
exceptions, utilization and costs for overweight members were the same as or lower than normal
weight members (10).

In addition to direct costs, indirect costs associated with excess weight borne by employers
have been found to be substantial. Obesity-associated absenteeism costs have been estimated
to be approximately $4.3 billion annually in the U.S. (11). Quesenberry et al. found higher
medical costs and absenteeism rates were associated with higher self-reported BMI values
(12) and Cawley et al. showed that obese workers experienced greater losses in hours of
productivity (absenteeism and presenteeism) than overweight or normal weight workers,
although overweight and normal weight workers did not differ significantly (13). Gates et al.
found a nonlinear relationship between biometric BMI categories and absence and
productivity, with moderately and extremely obese employees having higher rates of
absenteeism and presenteeism (14).

Indirect costs associated with on-the-job productivity losses (presenteeism) have been found
to exceed losses due to absenteeism. Goetzel et al. showed that presenteeism costs associated
with specific disorders—primarily migraine, respiratory disease, depression, and arthritis—
exceeded costs associated with absenteeism and medical expenditures (15). In a recent study,
Durden et al. examined administrative claims, health risk assessment (HRA), and productivity
(absence) data for a large commercially-insured population (16). They found that absenteeism
costs increased with self-reported BMI, and overweight employees incurred slightly lower
healthcare costs than normal weight employees (16).

With this literature as background, the National Heart, Lung, and Blood Institute (NHLBI)
funded seven academic centers to study a the effects of introducing environmental interventions
at U.S. worksites to stem the incidence of obesity among employees (17). Four of the
participating research sites, Emory University, the University of Rochester, the University of
Minnesota, and the University of Massachusetts Medical School, pooled baseline data for
employee participants in these studies to quantify the direct and indirect costs and overall
financial burden imposed by overweight and obesity on workers and their employers.

This study had two primary goals: 1) to analyze the associations between overweight and
obesity, as measured using biometric BMI, and self-reported measures of healthcare utilization,
presenteeism, and absenteeism; and 2) to estimate the differences in employer costs between
obese, overweight and normal weight employees as determined by employee healthcare
utilization, absenteeism, and presenteeism. We report the direct and indirect costs of excess
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weight on healthcare utilization and productivity based on a large sample of diverse workers
and worksites. Because of its timeliness, the current study aims to influence further
development of effective employer-sponsored interventions by emphasizing the economic
implications of this prevalent and costly health risk.

Study Design

This research is a part of a larger initiative of seven independent studies examining the impact
of environmental obesity management interventions in various worksites across the U.S.
Detailed information on study designs, sites, and interventions for each of the seven research
sites has previously been published (17). This study builds upon individual center efforts by,
for the first time, pooling data across study sites as part of the larger NHLBI initiative. Four
of the seven participating research sites contributed data to this study. Sites were included only
if they had professionally collected biometric height and weight data and self-reported
healthcare utilization, absenteeism, and presenteeism data; thus, three of the seven sites in the
NHLBI initiative were excluded because they lacked one or some combination of these data
sources.

Although the data collection methods were unique to each study site, a common set of
anthropometric and survey measures of interest to this analysis were used. Baseline data
collected in late 2005 through early 2007 (prior to the worksite interventions) were provided
by the study centers. All of the collected data were de-identified; a site code allowed researchers
to distinguish responses across employers. The data were quality-checked and aggregated into
a single data set. Research protocols for each site were approved by the Institutional Review
Boards (IRBs) at study centers leading the research.

Outcome Variables

The main outcome variables were five self-reported annual health and productivity measures:
doctor visits, emergency room (ER) visits, hospitalizations, absenteeism (number of days
absent from work), and presenteeism (percent on-the-job productivity losses). Employees were
asked to record the number of absent days taken in the previous year and their healthcare
utilization (i.e., number of doctor visits, admissions to the hospital, and visits to the ER in the
prior year). Self-reported healthcare utilization and productivity data were used because study
sites, for the most part, did not have access to administrative claims data. However, as reported
in a previous NHLBI-funded study, self-reported healthcare utilization and productivity data
may serve be a valid proxy for administrative data when administrative claims data are not
available (18). All sites also administered the eight-item Work Limitations Questionnaire
(WLQ), an instrument assessing on-the-job productivity losses or presenteeism (19,20). The
WLQ measures reductions in workers’ productivity over and above a standard level of
productivity experienced by healthy workers. WLQ responses were scored by Dr. Debra Lerner
at the New England Medical Center and incorporated into the final dataset (19,20).

Explanatory Variables

The main independent variable was BMI. At each worksite, biometric measures (individuals’
weight and height measures taken by trained study personnel) were obtained, which were
converted into BMI values using the following formula (where weight is in pounds and height
is in inches):

Weight
BMI= (&2) 703
(Height)
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Subjects were grouped into three BMI categories: normal (BMI 18.0 — 24.9), overweight (BMI
25.0 — 29.9), and obese (BMI > 30.0) (21,22). Seventeen individuals with BMI values below
18.0 were excluded because individuals with those values would be considered underweight
or may have serious medical conditions.

Other explanatory (covariate) variables included: age, gender, race/ethnicity, education,
profession, and smoking status. Smoking status was included as an explanatory variable
because smoking behavior may affect healthcare utilization and absenteeism days (23).
Research site was also included as an indicator to control for site-to-site variation. Research
site also acted as a proxy for geographic variations likely to affect healthcare utilization.

Statistical Analyses

Regression models—A series of General Linear Models (GLMs) were used to examine
the relationship between BMI and outcomes, controlling for covariates. The general model is
depicted as follows:

Visits;=f(BMI;, Age;, Gender;, Race Ethnicity;, Education;, Profession;, Smoking;, Site;)

where Visits; is an outcome variable for an individual i and f indicates the link function for the
model. All dependent variables, except presenteeism, were counts of events.

We used the modified Park Test to guide the selection of the appropriate GLM distributions
based on whether the raw scale residuals produced overdispersion (24,25). Use of a Poisson
model for count outcomes requires the variance of the dependent variable to be equal to the
mean (no overdispersion). In cases where overdispersion was detected through a deviance or
Pearson chi-squared value substantially exceeding 1.0, negative binomial models were
estimated.

Since no overdispersion was detected when evaluating ER visits, a Poisson model was used.
However, overdispersion was detected for doctor visits, thus a negative binomial regression
was estimated.

Zero-inflated models—Because not all workers incurred the five outcomes of interest in
this study (e.g., not all employees were hospitalized in the past year or were absent from work
due to illness), we needed to address the issue of “zero observations” when estimating these
outcome measures (26). Two-part and zero-inflated models were used to address this issue.
The two-part model included a logistic regression equation designed to estimate relationships
between the BMI variable and the likelihood of incurring any medical- or productivity-related
expenditures during the study period. The second part of the model included an ordinary least
squares (OLS) regression equation that showed relationships between BMI and the outcome
of interest, controlling for demographic and other covariates, for individuals who incurred any
expenditures during the study period. The zero-inflated model is a variant of the two-part model
in that it includes a mix of people, some of whom had zero utilization (27).

In outcomes with a high proportion of zero values (or “excess” zeroes), zero-inflated Poisson
(Z1P) models were used to correct for the high proportion of zero values in the dependent
variable, in addition to allowing for overdispersion (28). We performed a VVuong test to confirm
that a zero-inflated Poisson model was a better fit than the standard Poisson model. For
hospitalizations and absenteeism, both overdispersion and a high proportion of zeroes (well
over 65% of responses were zero) were detected, and zero-inflated Poisson models were
estimated.
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Presenteeism Models—Finally, the log-gamma GLM was employed for the presenteeism
model where the observed distribution of data was regarded as a reasonable fit to an empirical
distribution. The gamma distribution was also verified based on the results of the modified
Park test on the raw scale residuals given log link (i.e., A = 2). Using these regression models,
adjusted estimates of utilization and productivity outcomes across the three BMI groups were
computed. To hold the distribution of covariates constant across each BMI group, all employees
were coded as if they were in the normal BMI category, and the linear combination of the
covariates was exponentiated to return the values back to their natural units (e.g., doctor visits).
This step was repeated for the overweight and obese BMI groups, and the differences between
the predicted values for each group and the normal group (as the reference group) were
calculated. Similarly, for the ZIP models, two separate predictions based on the binomial and
Poisson distributions were multiplied to account for the two-step model.

A nonparametric bootstrap method (2,000 replications) was employed to estimate the mean
utilization for each BMI group and the difference in mean utilization across BMI groups (using
the normal weight group as a reference). Nonparametric 95% confidence intervals were
calculated by rank ordering each bootstrap sample from the lowest to the highest value and
identifying the values representing the 2.5th and 97.5th percentiles (29).

Missing Data—Two-thirds of the observations had complete data available for a regression
model, and missing data patterns were nonmonotone. In this case, complete case analysis or
listwise deletion would lead to loss of statistical power. Missing values were imputed for
independent and dependent variables (e.g., BMI, gender, age) using the Markov Chain Monte
Carlo (MCMC) approach, which allows for arbitrary missing data patterns (30,31). Because a
number of employees were missing data on profession, the MCMC imputation was not
employed for this variable, and an additional profession category (missing) were included in
the regression models. A sensitivity analysis was performed by omitting employees with
missing values on any measure, which yielded comparable results.

Financial outcomes—The financial outcomes of the study were medical expenditures
calculated by counting the number of inpatient, outpatient, and ER services, and from
productivity losses due to absenteeism and presenteeism. To generate these calculations,
average medical expenditures for inpatient, outpatient, and ER services were estimated from
the 2006 MarketScan Research Databases containing adjudicated claims information for over
16 million enrollees with employer-sponsored health insurance in the U.S. We calculated only
the employer liability amount from each claim and determined that the average payment for a
doctor visit was $60, an ER visit $563, and a hospitalization $12,321.

To estimate standard dollar losses associated with absenteeism and presenteeism, we used a
national average hourly wage for 2006 of $25.67 and calculated an annual average wage of
$49,286, assuming 240 work days per year (32). Average expenditures in health service
utilization and productivity losses were obtained by multiplying the estimated number of
hospital visits, ER use, doctor visits, days absent from work, and unproductive days while at
work by their monetized values.

Data management and analyses were performed using SAS 9.1 (33). The nonparametric
bootstrap was conducted using STATA 10.0 (34).

Table 1 displays the characteristics of the sample. Over half of the data came from the Emory
University research site, about a quarter from the University of Rochester, and the balance
from the Universities of Minnesota and Massachusetts. Respondents were employees drawn
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from the following four industries corresponding to the research centers conducting the studies:
Emory — manufacturing; Rochester — manufacturing; Minnesota — transportation; and
Massachusetts — healthcare.

Approximately two-thirds of the employees were male, almost three-fourths were white, and
the average age was 45 years. A variety of professions was represented, mostly white collar,
including management (36%) and technology (17%). A quarter of employees were former
smokers, 14% current smokers, while nearly 61% had never smoked. Employees were almost
equally distributed across the three BMI categories with obese workers (BMI>30) representing
almost two-fifths of the sample (39%), overweight employees (BMI 25 — 29.9) about a third
(31%), and normal weight employees (BMI 18.5 — 24.9) slightly under a third.

On average, employees visited a doctor three to four times in the past year (Table 2). Visits to
the ERs were less frequent (0.23 — 0.31 visits per employee), and hospitalizations were even
less frequent (0.12 — 0.19 admissions per employee). These rates were similar to those found
in national databases. For example, the Medical Expenditures Panel Survey (MEPS) reports
3.1 annual per capita doctor visit rates in 2006 for 18-64 years olds with private insurance,
compared to our rates of 3.0-3.9; annual visits to the ER as 0.15, compared to 0.2-0.3 reported
here, but there is a known underreporting of MEPS ER visit rates; and 0.08 inpatient admission
rates compared to 0.12-0.19 found in our analysis.

In our MarketScan Commercial Claims Database for 2008, we report mean doctor office visits
as 3.6, ER visits as 0.3, and hospital admission rates as 0.06. Thus, the one category where our
sample may be reporting higher utilization rates is in the area of hospital admissions, but the
differences in rates between our sample and other normative groups are not large.

As for productivity measures, employees were absent from work four to six days per year and
their presenteeism losses were under 2%. Based on unadjusted data (i.e., prior to conducting
the regression analyses), obese employees were associated with higher rates of doctor visits,
emergency room visits, inpatient admissions, and absenteeism (all p <0.01) when compared
to their normal weight counterparts. Obese employees also reported higher rates of
presenteeism than normal weight employees (p < 0.05). On the other hand, outcomes for
overweight employees (doctor visits, emergency room visits, inpatient admissions,
absenteeism and presenteeism) were no different than those of normal weight employees.

After adjusting for covariates in the multivariate models (Table 3), obese employees had 20%
higher doctor visits and 26% higher emergency room visits than normal weight employees.
Rates of doctor visits and emergency room visits for overweight employees were no different
than those of normal weight employees. Compared to normal weight employees, presenteeism
rates for overweight employees were 10% higher and for obese employees they were 12%
higher (p < 0.01).

Obese employees were more likely to be hospitalized than normal weight employees, as
indicated by the negative coefficient on the first part of the ZIP models (coefficient = —0.411
p < 0.01) (the “always zero” part, indicating a lower likelihood of zero absences), but once
hospitalized, the number of separate hospitalizations was no different from normal weight
employees. For overweight employees, the likelihood of ever being admitted to the hospital
and the number of admissions for those who were admitted did not differ from utilization
patterns for normal weight individuals.

Both overweight and obese employees were more likely to have been absent from work than
normal weight employees, as indicated by the negative coefficient on the first part of the ZIP
models (coefficient = —0.149, p < 0.01 overweight; —0.371, p < 0.01 obese). In the second part
of the model, the number of days absent for obese employees was 14.7% higher than normal
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weight employees (p<0.01), but absent days for overweight employees were no different than
normal weight employees.

After adjusting for covariates, converting the model estimates to predicted values for each of
the outcomes and converting these predicted values into dollar equivalents, we calculated that
obese employees had significantly higher costs for all outcomes except inpatient admissions.
For doctor visits, spending for obese employees averaged $229 per year compared to $178 for
normal weight employees, resulting in excess costs of $51 per obese employee per year. ER
visits resulted in excess spending of nearly $70 per obese employee per year. Notably, higher
rates of absence resulted in $308 of excess spending for obese employees, and annual
presenteeism costs were $215 higher. Spending for overweight employees was not statistically
different than for normal weight employees for all outcomes except presenteeism, where costs
were $201 higher.

Taken together, obese employees were estimated to cost employers $644 more in 2006 dollars
across categories where statistically significant differences were found when compared to
normal weight workers (i.e., doctor visits [$51] + ER visits [$70] + absenteeism [$308] +
presenteeism [$215] = $644). For overweight employees, the only category found to produce
excess costs was presenteeism ($201 per employee per year).

DISCUSSION

This study analyzed self-reported healthcare utilization and productivity measures for over
10,000 workers in different professions, across multiple employers in various regions of the
country. Our aim was to estimate the excess costs imposed on employers associated with
overweight or obese workers, compared to normal weight workers.

As expected, we found that obese employees experienced significantly greater rates of doctor
visits, ER visits, hospitalizations, absenteeism, and presenteeism than normal weight
employees. Unlike other studies, we quantified the relative financial impact of excess weight
on five different measures of healthcare utilization and productivity. Notably, the magnitude
of obesity-related spending for absenteeism and presenteeism ($2,596 per employee per year
in 2006 dollars) was roughly equivalent to spending for doctor visits, ER visits, and
hospitalizations ($2,482) (Figure 1).

However, when considering only those categories that were significantly higher, excess
indirect costs for obese workers were almost five times greater than excess direct costs ($524
in excess costs related to productivity losses compared to almost $121 in excess costs associated
with more doctor and ER visits for obese employees), thus demonstrating the importance of
including productivity measures in estimates of the total financial burden of obesity to
employers.

While excess per employee per year costs may seem modest (approximately $644 per obese
employee), within this sample these costs totaled nearly $2.47 million ($644 multiplied by the
3,834 obese employees). Taken in aggregate, these additional costs represent a large financial
burden borne by employers who may be motivated to institute effective obesity management
programs that improve workers’ health and may save their organization some portion of these
excess costs. To benefit financially from such programs, employers in our sample would have
had to spend less than that amount on weight management programs.

It should be noted that some portion of excess costs attributable to obesity may ultimately be
passed onto employees as well. While employers pay 83% of the premium costs for single
coverage and 73% of the premium costs for a family, employees pay the balance and their
contributions to premiums have increased by 128% between 1999 and 2009 (35). Similarly,
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absenteeism and presenteeism costs are not only borne by employers. Economic theory
suggests that workers in a competitive labor market are paid commensurate to the value of their
marginal contribution to the firm, so if obese people are less productive, they may be paid less
than their normal weight counterparts.

Our results parallel those of previous investigations examining the relationship between BMI
and medical care and productivity costs. Findings from this study are similar to those reported
by Durden et al., who found that overweight individuals’ overall healthcare utilization patterns
were comparable to normal weight employees (16). Durden et al. also observed that obese and
overweight employees had more absences than the normal weight employees. They calculated
similar excess direct costs for obese employees ($712) as did we ($620).

However, it should be noted that the two studies were different in their design, data sources,
and calculations of excess costs. For example, Durden et al.’s estimates of healthcare spending
included employer and employee payment amounts and pharmaceutical expenditures. Our
study only included healthcare costs borne by the employer and not pharmaceutical costs.
Further, their study relied on self-reported BMI measures while we used professionally
collected biometric data related to height and weight.

Our findings corroborate previous studies that found the effects of excess weight on direct and
indirect costs are most evident among obese employees (7), (8), (9), (10), (16), (36). In our
study, overweight was not associated with higher direct medical utilization and spending but
was associated with productivity losses. Studies remain mixed on the effects of being
overweight on productivity outcomes. Other studies have found that while overweight may not
have a financial impact on more overt health-related financial measures it does have a financial
impact on the day-to-day performance of workers (15), (14). Presenteeism is often more
difficult to quantify than absent days or costs associated with healthcare use due to illness.
However, the costs associated with presenteeism among overweight employees in our study
were still substantial, given that approximately one-third of the workforce in the sample was
overweight. Some studies based on self-reported height and weight may underestimate the
prevalence of overweight and obesity, as height may be overestimated and weight
underestimated (37), (38). Because evidence remains unclear, further study of the effects of
overweight on health and productivity are warranted.

A strength of this study is the use of biometric measures of weight and height, compared to
previous studies that have relied on self-reported data, thus resulting in more accurate findings
(37). Known biases in self-report, particularly social desirability bias, for example, were
therefore avoided (37),(38). This study has several limitations. First, while BMI is not a perfect
measure of excess weight,(11) a recent review found that BMI and measures of overfat and
adiposity are highly correlated indicating that for large-scale population studies BMI is an
adequate and practical measure of overweight and obesity (39).

Second, the cross-sectional study design could also present a limitation, as differences in
utilization, absenteeism, and presenteeism between employees in various BMI categories were
assessed at a single point in time rather than longitudinally over longer time periods. Future
studies need to prospectively determine the impact of change in weight over time, including
weight gain and weight loss on health care utilization and productivity outcomes.

Third, while a large and geographically diverse sample was analyzed, results may not be
generalizable to employee groups dissimilar to this sample.

Fourth, our analysis likely presents conservative estimates of the cost burden to employers of
overweight and obesity among workers. Our study relied upon self-reported healthcare
utilization, absenteeism, and presenteeism which are often subject to recall bias. Short et al.
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showed that self-reported healthcare utilization and absenteeism can serve as a proxy for
administrative data. Respondents to surveys were able to accurately report the number of
emergency room visits and inpatient hospital admissions over the past year but only 30% and
37% could accurately recall the number of doctor visits and absent days, respectively, in the
previous 12 months (18). For those with inaccurate recall, the majority under-reported their
utilization, reporting fewer visits or days compared to administrative data. Given these
findings, self-reported absent days and doctor visits in this study are likely underestimated,
making our results more conservative.

Further, the accuracy of the self-reported data may be affected by respondents’ BMI values.
In the Short et al. study, individuals classified as overweight or obese were less likely to
accurately remember the number of annual doctor visits, annual inpatient hospital admissions,
and annual absence days they experience (18). This was probably because these individuals
had more encounters with the health care system and were absent more frequently than normal
weight respondents.

Afifth limitation is that this study also did not include pharmacy spending, which could impact
the cost estimates, as excess weight is associated with a myriad of chronic health conditions
that often require maintenance medication.

Finally, productivity costs were estimated using Bureau of Labor Statistics (BLS) average wage
estimates; however, two-thirds of the sample was employed in managerial/professional
positions. Thus, our productivity-related losses estimates may be underestimated.

CONCLUSION

We estimated the financial burden that obesity, and to a lesser extent, overweight, place on
businesses in the U.S. by measuring these health risks across industries and occupations. To
address the health and economic impacts of overweight and obesity among workers, employers
are encouraged to implement evidence-based obesity management programs aimed at
improving the health and well-being of employees. Future research should build upon our work
to examine the relationship between classes of obesity and costs borne by employers, as well
as the differential effects on costs across various demographic groups.
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Figure 1. Estimated Annual Costs of Healthcare Utilization, Absenteeism, and Presenteeism by

BMI Category
* p<0.05

Note: Differences between the values presented in the figure and text are due to rounding.
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Figure 2. Estimated Excess Annual Medical and Productivity Costs Relative to Normal Weight
Employees

*Significant for obese employees at p<0.05

**Significant for overweight and obese employees at p<0.05
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Characteristics of the Sample (n = 10,026)

Characteristic

Research site (%)
University of Rochester
University of Massachusetts Medical School
University of Minnesota
Emory University

Gender (%)

Female
Male

Race/Ethnicity (%)
White
African American
Hispanic
Asian
Other

Profession (%)
Managerial/professional
Technological
Office/sales
Craftsman
Laborer
Operations
Missing

Smoking status (%)
Current
Former
Never

Body mass index (BMI) (mean)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (30.0+)

Age, mean (SD)

27.70
8.94

11.19
52.17

31.60
68.40

74.81
12.35
7.28
3.52
2.04

35.56
17.47
7.00
8.22
151
11.99
17.08

14.26
25.00
60.74

29.16
31.43
39.41
45.26 (8.02)
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Multivariate results for each outcome using a one or two part model, depending on the frequency of zeroes in

the data (n=10,026).

Table 3

One Part Models

Qutcome Yearly Doctor Visits Yearly Emergency Room Visits | Yearly Presenteeism
Model Negative Binomial Poisson Log-Gamma
Coefficient Estimates (reference = Normal) Count Model

Overweight -0.012 0.035 0.101**

Obese 0.202"** 0260 0.119™*

Two Part Models

Outcome Yearly Hospital Admissions Yearly Absenteeism
Sample Size
Model 2 part Zero-Inflated Poisson 2 part Zero-Inflated Poisson

Coefficient Estimates (reference = Normal)

Always-Zero Model

Overweight 0.240 ~0.149™*
Obese -0.411" -0.3717
Coefficient Estimates (reference = Normal) Count Model
Overweight 0.315 0.003
Obese 0.011 0.147™**
p<0.05,
**
p<0.01,
*kk
p<0.001
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