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Abstract
Importance: Although the trends in obesity in Wisconsin overall are well described, less is
known about characteristics and health consequences of different degrees of obesity. The Survey
of the Health of Wisconsin is a novel population-based health examination survey that provides
reliable and valid objective measurements of body mass index.
Objective: Data from the Survey of the Health of Wisconsin is used to characterize the
prevalence and consequences of different levels of obesity and track trends over time.
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Methods: A total of 3,384 participants age 21-74 years and living in Wisconsin at the time of
data collection were surveyed in 2008-2013. Participants completed computer-assisted interviews
and physical exams. Predictors and comorbidities of different levels of obesity were measured as
prevalence, odds ratios, and population-attributable prevalence.
Results: Of Wisconsin adults, 1.2% (CI, 0.7-1.7) are underweight, 26.1% (CI, 23.8-28.4) are
normal weight, 33.4% (CI, 31.0-35.7) are overweight, and 39.4% (CI, 35.0-43.7) are obese—with
20.1 % (CI, 18.4-21.9), 10.3% (CI, 9.0-11.7), and 8.9% (CI, 7.6-10.2) in Class I, Class II, and
Class III obesity categories, respectively. Obesity rates are higher in people who are older, poor,
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less educated, minorities, or who live in a community with high economic hardship. There is a
dose response relationship between level of obesity and prevalence of all 9 comorbidities that were
examined.
Conclusions and Relevance: Measured rates of obesity in Wisconsin adults are higher than
previously reported for the state, and obesity accounts for a significant proportion of chronic
diseases.

INTRODUCTION
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It is well established that the growing obesity epidemic is associated with a host of complex
chronic conditions and rising health care costs.1-3 Despite extensive information that the
obesity epidemic continues to pose significant health threats, there is limited populationspecific data by which to characterize populations at greatest risk of both obesity and its
complications. Self-reported data are known to underestimate the population-based burden
of disease, and reliable and valid data are needed in order to generate targeted, effective, and
efficient prevention programs and policies.4 Further, surveillance systems that focus on
reporting singular outcomes without examining obesity in relationship to other
comorbidities often fail to truly capture the magnitude of deleterious effects that obesity
poses to population health.
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While some estimates suggest that overall efforts to reduce obesity in the United States may
be experiencing some success, there has been an increased focus on understanding the health
impacts among individuals with different degrees (or “classes”) of obesity. The most
common definition classifies individuals as obese if they have a body mass index (BMI, in
kg/m2) greater than 30. Within the category of obesity, the risks of poor health outcomes are
not uniform among Class I (mild), Class II (severe), and Class III (morbid) obese
individuals.5 Understanding the burden of different degrees of obesity also is important to
estimate the additional risk and costs of obesity, particularly in a population with a high
prevalence of individuals with Class II and Class III obesity. Despite the value to policy and
planning, few surveillance systems are systematically tracking objectively assessed obesity
prevalence by degree of severity.
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This study aims to provide more accurate statewide estimates of obesity prevalence overall
and by degree of obesity, using data collected by the Survey of the Health of Wisconsin
(SHOW). SHOW is a population-based health survey that includes a physical exam to
measure height and weight to determine objective BMI estimates in a statewide
representative sample.6 By examining the relationship between obesity and its determinants
and comorbidities in Wisconsin, this study provides a baseline for evaluation of public
health efforts in the state. Additionally, this study provides novel estimates of the burden of
each degree of obesity in Wisconsin.

METHODS
Data Source
Data included were from 3,384 adults age 21 to 74, from the annual (2008-2013) serial
cross-sections of SHOW households. Details of SHOW methods have been published
WMJ. Author manuscript; available in PMC 2018 November 12.
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previously.6 Briefly, households are selected using a 2-stage cluster method to ensure both
geographic and demographic representation of the study sample. Households are randomly
selected and all age eligible adults in the household are invited to participate. Data are
gathered via an in-home interview in which tracking information, demographics, housing
characteristics, and health history are collected. Participants also travel to a mobile exam or
local clinic for bio-specimen collection, and additional personal and health history data are
collected via audio computer-assisted interviews. A sample of blood is processed by the
Marshfield laboratories for various health measurements, including hemoglobin A1c
(HbA1c). The clinic visit also includes a physical exam to gather objective measurements of
height, weight, blood pressure, and lung function (FEV1) using a peak flow meter. The
SHOW protocol was approved by the University of Wisconsin Institutional Review Board,
and all participants consented to study participation.
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Variables
Measures of Obesity—The measures of obesity were determined using BMI, calculated
by the ratio of weight (in kg) divided by height (in m2) square derived from standardized
anthropometric measurements obtained during the in-person exam, completed by a total of
2930 participants. We used standard cut-points for BMI-based weight classifications as
defined by the Centers for Disease Control and Prevention and using the National Heart,
Lung and Blood Institute definitions to classify obesity severity (Table 1).7,8
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Determinants—To describe the distribution of obesity across the population, demographic
variables included gender, race/ethnicity, and highest level of education. Family income was
determined by total income reported by each person in the household divided by the total
number of individuals reported in the household. This number was then divided by the
federal poverty level (FPL), provided by the Wisconsin Department of Health Services, and
multiplied by 100 to get a percentage. Walkability is based on the neighborhood Walk
Score® and divided into tertiles.9
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Community-level determinants of socioeconomic status are operationalized using a census
block group level estimate of the Economic Hardship Index. The Index was derived using
data from the 2000 US Census and includes a combination of 6 metrics: crowded housing,
poverty status, employment, education, dependency, and individual annual income.10,11
Crowded housing is the percentage of occupied housing with more than 1 person per room.
The poverty status measurement is the percentage of people living below 100% of the FPL.
The employment metric is the percentage of individuals over age 16 who are unemployed.
Education is the percentage of people over age 25 without a high school education.
Dependency is the percentage of the population under 18 years or over 64 years of age.
Individual annual income is reported in categories of < $20,000, $20,000 to $44,900, and ≥
$45,000. Once census block groups are scored, they are then ranked and split into tertiles of
hardship.
Health Outcomes——Comorbid conditions, all of which previously have been associated
with obesity,12–15 were defined using data from the interview and physical exam. Self-rated
health was dichotomized as fair or poor health (yes vs no) using the question, “In general
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would you say your health is: Excellent, Very Good, Good, Fair, Poor.” Sleep apnea is based
on self-report of physician diagnosis. Occasional or frequent snoring was based on the
question, “In the past 12 months, how often did you snore while you were sleeping?”
Depression, anxiety, and stress were measured using the Depression Anxiety Stress Scales
instrument, an assessment tool commonly used in surveillance and epidemiologic studies.16
Participants’ responses regarding symptoms of depression, anxiety, and stress over the last 7
days were scored and then categorized into normal, mild, moderate, severe, or extremely
severe—the latter 3 categories being the event of interest for each variable.
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Hypertension was defined as a measured systolic blood pressure ≥ 140, diastolic blood
pressure ≥ 90 mmHg, or self-report of any antihypertensive medication use. Asthma is
classified as having a previous diagnosis of asthma, or FEV1 < 80% of predicted value.
Diabetes mellitus is classified as having a previous diagnosis of type 1 or 2 diabetes or
HgbA1c ≥6.5%. Analysis of comorbid conditions did not examine underweight individuals,
as etiology of disease is likely different.
Data Analysis
Descriptive estimates of the burden of obesity were determined using prevalence, adjusted
odds ratios, and population-attributable prevalence, using obesity cut-points previously
described for each of the demographic and health conditions. Adjusted odds ratios were
calculated using logistic regression, and adjusted for age and gender. Percent popoulation
attributable prevalence was calculated using the following formula:
% Population Attributable Prevalence =

Σ ki = 0 Pi PRi − 1

1 + Σ ki = 0 Pi PRi − 1

∗100 .
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Where Pi is the prevalence of each category of excess BMI, PRi is the unadjusted prevalence
ratio of the category of BMI compared to the normal BMI level, and k references the 4
categories of excess BMI.17
All calculations were weighted to represent the population of Wisconsin and to adjust for
spatial clustering and survey designbased factors. Statistical analysis was performed using
SAS version 9.3 (SAS Institute Inc., Cary, North Carolina, USA) and Microsoft Excel 2013
(Microsoft Corp, Redmond, Washington, USA).

RESULTS
Author Manuscript

Figure 1 illustrates the prevalence of BMI categories in Wisconsin. Only about a quarter of
Wisconsin residents are in the normal weight range, while around three-fourths are
overweight or obese. A very small percent of the population is underweight. Among the
proportion of the population that are classified as obese, the prevalence decreases as degree
of obesity increases.
Table 2 shows the prevalence of obesity among demographic and socioeconomic factors.
Generally, as age increases, so does obesity prevalence, with the highest prevalence in the
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65-74 age group. With regard to race and ethnicity, prevalence is highest in non-Hispanic
African Americans and lowest in the “other” category. Prevalence of obesity across regions
of the state were similar, with the southern region having the lowest prevalence, and the
northeastern region having the highest. There were no notable differences in prevalence
among year of survey participation. We see the highest prevalence of obesity for the lowest
family income level and lowest obesity in the highest family income level. Prevalence is
highest among those living in communities with the median economic hardship, with the
lowest prevalence in census block groups with the least hardship. Estimated prevalence of
obesity was similar across the 3 tertiles of walkability. Expanded statistics by BMI category
are available upon request.
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Figure 2 illustrates the burden of obesity in Wisconsin by reporting adjusted odds ratios of
various comorbid conditions by BMI category. Increasing degrees of obesity are associated
with increased risk of comorbid conditions, particularly those conditions previously
associated with metabolic syndrome such as asthma, diabetes, and hypertension. The odds of
having these conditions among individuals with Class III obesity vs those with normal BMI
is approximately double the odds of individuals with Class I obesity having these conditions
compared to those with normal BMI. The association between obesity and reporting fair or
poor health, a standard quality-of-life measure, is similar in magnitude to having
hypertension and diabetes among morbidly obese.
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There is a clear dose-response relationship of odds of having a comormid condition for
every health outcome examined as severity of obesity increases. Obesity status is strongly
associated with sleep apnea in the study population, with dramatically increasing odds as
BMI level increases. While overall odds of depression, anxiety, and stress symptoms appear
to be greater in obese vs non-obese, degree of obesity only slightly appears to increase odds
of symptoms.
Class I and Class III obese have the largest unadjusted population-attributable prevalence
(Figure 3) for most comorbidities. This is fairly expected as Class I obesity has a high
overall prevalence with moderately high prevalence of comorbidities, and the Class III
obesity group has lower overall prevalence than the other obesity groups but much higher
prevalence of comorbidities.

DISCUSSION
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Data from this study are important to set a basis for monitoring trends and addressing
population health over time. These baseline objective estimates of obesity from the ongoing
SHOW program are important in that they illustrate the true magnitude of the obesity
epidemic and related health conditions across Wisconsin. BMI is a standard and consistent
measure used across most studies of obesity, making it a useful indicator for examining
trends and identifying risk in a population.18 Results from the statewide survey can serve as
a basis for comparison for future statewide obesity prevention initiatives, as well as
community-specific comparisons. The quality and precision of SHOW data in comparison to
less granular national data sets provide an accurate baseline for future community- and
statespecific obesity research. While efforts are underway at the state, local, and national
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levels to address obesity, analysis of future survey waves will provide important data for
measuring and tracking the efficacy of these efforts.
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The objective measurement of obesity and its classes along with comorbidities helps
illustrate the true magnitude of the obesity epidemic in Wisconsin. Comparing the SHOW
population estimates to those of the National Health and Nutrition Examination Survey
(NHANES) suggests obesity rates across all racial and ethnic subgroups are higher in
Wisconsin compared to the nation as a whole.19,20 While obesity rates are widely reported,
few studies describe how classes of obesity modify risk. Our results, while not consistently
significant for all categories of comorbidities, did find a dose-dependent relationship
between prevalence of comorbid condition and degree of obesity. Wisconsin’s high
prevalence of Class III obesity (8.6%) suggests Wisconsin has a greater burden than
nationally (7.7%).19 We confirmed individuals with Class III obesity are at much higher risk
of comorbidities and a potential source of increased health care expenditures in Wisconsin.
21,22 Thus, as we look towards prevention and intervention, a focus on reducing obesity
among these high-risk individuals can be considered a priority.
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CONCLUSION
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Despite the strengths and contributions to understanding the burden of obesity in Wisconsin,
there are some limitations to this analysis. The data were collected cross-sectionally, and
longitudinal trends were not investigated. Aditionally, the calculation used to estimate
population-attributable prevalence, while helping to illustrate the health burden of obesity in
the Wisconsin population, is unadjusted for potential confounders, some of which we show
to be significantly different between groups. The data used for this study were limited to
adults only. In 2014, SHOW started collecting data for children as well as adults, and we
hope to evaluate the data around obesity in Wisconsin children in the coming years.
However, given that environmental factors play a major role in obesity, and parents are an
essential part of a child’s microenvironment, examining the burden of obesity in adults can
be a helpful indication of obesity in children as well.
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Figure 1.

The Prevalence of Each Body Mass Index Category, Survey of the Health of Wisconsin
2008-2013
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Figure 2.

Odds Ratio of Having Each Comorbid Condition in Each Body Mass Index (BMI) Category
Compared to the Normal BMI Category, SHOW 2008-2013
Odds ratios are adjusted for age and gender, and shown on the natural log scale. * Indicates
that the 95% CI crosses 1.0.
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Figure 3.

Percent Crude Population-Attributable Prevalence Due to Excess BMI, shown by BMI
Category, SHOW 2008-2013
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Range of Body Mass Index (BMI) Included in Each Category
Category
Underweight
Normal

BMI (kg/m2) Range
< 18.5
18.5-24.9

Overweight

25-29.9

Class I (mildly obese)

30-34.9

Class II (severely obese)

35-39.9

Class III (morbidly obese)

≥ 40
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Prevalence of Obesity (BMI ≥ 30%) by Demographic and Socioeconomic Factors, N=2930, Survey of the
Health of Wisconsin (SHOW) 2008-2013.
Demographics

Overall

Total (n)

BMI ≥30 (%)

SE

1188

39.4

1.3
P=0.001

Age

Author Manuscript

21-24

52

25.5

3.3

25-34

168

33.0

2.8

35-44

200

42.0

3.2

45-54

305

42.3

2.5

55-64

261

40.8

2.6

65-74

202

45.0

3.3

Male

493

39.3

Female

695

39.7

P=0.843

Gender

1.7
1.7
P=0.067

Race/Ethnicity
Non-Hispanic white

1015

38.9

1.3

Non-Hispanic African American

91

54.9

6.1

Hispanic

35

44.9

7.4

Other

47

34.3

7.3

Southeastern

356

40.9

2.7

Southern

228

35.1

2.5

Western

171

40.2

3.3

Northern

178

39.0

3.4

Northeastern

255

42.6

2.5

2008-2009

201

38.4

2.4

2010

327

38.2

1.9

2011

340

41.3

2.1

2012-2013

320

40.4

2.7

P=0.315

Health Region
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P=0.768

Year

Socioeconomic Factors
P=0.001

Family Income

Author Manuscript

<100% FPL

140

48.3

3.8

100%-199% FPL

229

44.6

2.8

200%-399% FPL

434

42.6

2.1

≥ 400% FPL

339

32.5

2.1

Unknown

44

39.5

5.9

384

48.0

P=<0.001

Education
≤ High school

2.5
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Total (n)

BMI ≥30 (%)

SE

Overall

1188

39.4

1.3

Some college

272

44.0

2.4

≥ college

531

33.8

1.7

Least Hardship (bottom tertile)

355

34.8

2.4

Median Hardship

414

43.0

2.0

Most hardship (top tertile)

419

41.5

2.1

Least walkability (bottom tertile)

403

37.0

1.8

Median walkability

405

39.7

2.1

Most walkability (top tertile)

374

40.7

2.4

P=0.013

Community Economic Hardship

P=0.445

Neighborhood Walkability
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P-value shown is from Rao-Scott chi-square test.
Abbreviations: BMI, body mass index; SE, standard error; FPL, federal poverty level.
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