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Abstract

individuals of all BMI classifications.

health benefits.

Background: While much is known about the benefits of physical activity (PA) and the consequence of sedentary
behaviors relative to body mass index (BMI), little is known about the homogeneity of these effects across
individuals. The goal of this study was to determine if PA and sedentary behaviors have the same effect on

Methods: Data from a community health assessment were analyzed and a sample was selected to include
respondents who self-reported a chronic disease associated with obesity (n = 2,840). Descriptive statistics were
used to describe the association between selected independent variables and BMI. Simultaneous quantile
regression was used to identify the degree of homogeneity in the effect of demographic independent variables,
minutes per week of moderate PA, and hours per day spent watching television on BMI classification. In studies
using simultaneous quantile regression, the word “effect” is used to describe association, not causation.

Results: Minutes per week of moderate PA had a significant effect on lower BMI, but only when respondents were
at least classified as obese-class | (B = -0.001, p = 0.006). The change in effect of moderate PA in lower BMI
increased significantly when respondents were classified as obese-class Il versus obese-class | (F = 4.54, p = 0.033).
Hours per day spent watching television had a significant effect on higher BMI, but only when the respondent was
at least classified as overweight (3 = 0.87, p < 0.001). The change in effect of watching television on higher BMI
increased significantly when respondents were classified as obese-class | versus overweight (F = 5.57, p = 0.018).

Conclusion: PA and watching television were more related to BMI for obese individuals than those who were just
overweight. Customized interventions for specific BMI classifications should be developed to maximize public

Background

The last decade witnessed a noteworthy increase in body
mass index (BMI) with average age-adjusted BMI for
American adults now reported as 28.5 kg/m2 [1]. This is
alarming considering the World Health Organization
(WHO) recognizes a BMI of 30.0 kg/m? as obese [2].
The effects of obesity on mortality are substantial. Not
only is obesity a risk factor for cardiovascular disease
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[3], it has been shown that more time spent as an obese
person is directly related with increased risk of all-cause
mortality [4]. As a result, obesity places an economic
strain on the healthcare system and society as a whole.
It is estimated that total economic effects of obesity on
the American economy are more than $200 billion
annually [5].

The WHO uses BMI to classify individuals as either
underweight (BMI < 18.5 kg/m?), normal weight (BMI
of 18.5-24.99 kg/m?), overweight (BMI of 25.0-29.99 kg/
m?), obese class I (BMI of 30.0-34.99 kg/m?), obese
class II (BMI of 35.0-39.99 kg/mZ), or obese class III
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(BMI >= 40.0 kg/m?) [2]. While obesity has increased
substantially over the past decade, the increase in obese
class III, also known as “morbid obesity,” has increased
at twice the rate of lower obese classifications [6].
Research indicates morbidly obese individuals suffer
from serious co-morbidities with nearly half (48%) diag-
nosed with hypertension, 29% diagnosed with diabetes,
and 25% diagnosed with heart failure [7]. Treating many
of these conditions is difficult because morbidly obese
individuals are often physically unable to avail them-
selves of modern diagnostic medicine because of their
size, especially when attempting to be treated for cardio-
vascular diseases [8]. It is therefore understandable that
mortality rates of hospitalized morbidly obese indivi-
duals are increasing and are highest among those with
the highest BMI [7]. These findings provide context to
research indicating healthcare expenditures for the mor-
bidly obese are 47% greater than for the obese class I
population [9].

There are many causes for increasing rates of obesity.
Among these risk factors are sedentary behaviors [10].
Even though engaging in positive physical activity (PA)
habits such as exercise, individuals who simultaneously
engage in sedentary behaviors (e.g., such as extended hours
watching television or sitting in an office or car) can still
experience negative health consequences [11]. Research
indicates only 3% of waking hours are currently spent on
exercise while 58% are spent engaging in sedentary beha-
viors such as sitting or lying down [10]. Based on these
findings, researchers have argued sedentary behaviors
should be considered an independent set of risk factors
[12] related to both all-cause and cardiovascular disease
mortality [13]. Among sedentary behaviors, extended peri-
ods watching television has been uniquely linked to
increasing rates of obesity [14]. Even when adjusted for
socio-demographics, co-morbidities, and family history,
each 1 h per day increase in time spent watching television
has been positively associated with increased risk of all-
cause mortality and cardiovascular mortality [15].

It is important to recognize the role PA (e.g., exercise)
can play in mitigating negative health outcomes. PA has
been linked with lower risk of heart disease and certain
cancers, and has also been identified as an effective tool
in addressing obesity [16]. The current federal guidelines
for PA recommend 150 min per week of moderate
intensity activity or 75 min per week of vigorous inten-
sity activity [17]. Despite these recommendations, how-
ever, there is an inverse relationship between BMI and
the likelihood of exercising [18]. This represents a key
challenge for healthcare providers to address.

The research identified above is demonstrative of
growing literature linking sedentary behaviors, physical
inactivity, and obesity. However, what is less emphasized
in the literature is the relationship of these variables to
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individuals of differing levels of obesity. The purpose of
our study is to examine whether there is a homogenous
effect between sedentary behaviors, PA, socio-demo-
graphic variables and BMI classification. This research
question is important to policymakers as it may assist in
targeting interventions to certain BMI classifications,
and in return maximize the use of financial resources to
address obesity.

Methods

Brazos valley health assessment (BVHA)

The 2010 BVHA (n = 3,964) was conducted and funded
by the Center for Community Health Development at the
Texas A&M Health Science Center, School of Rural Pub-
lic Health [19]. In conjunction with community health
partners, a voluntary questionnaire was disseminated to
assess community health status and opportunities for
health improvement in the Brazos Valley, an eight county
region in central Texas [19]. Data were collected using a
random sampling of households. The recruitment specia-
list solicited the head of household according to the adult
with the next coming birthday in order to eliminate bias.
Based on the head of household’s eligibility and consent
to participate, a survey instrument was mailed to them.
Only one survey instrument per household was collected.
The instrument was 32 pages containing items from vali-
dated sources such as the Center for Disease Control and
Prevention’s National Health and Nutrition Examination
Survey (NHANES) and Behavioral Risk Factor Surveil-
lance System (BRESS) [19-21].

Sample

Respondents who self-reported being diagnosed by their
healthcare provider with a disease or medical condition
associated with obesity were included in our study (n =
2,840). These diseases or medical conditions were:
hypertension, heart failure, high cholesterol, angina,
heart attack, stroke, diabetes, asthma, and chronic
obstructive pulmonary disorder. Respondents who self-
reported severe impairment such as loss of hearing or
eyesight, a loss of limb(s), and respondents not reporting
data to calculate a BMI or reporting data resulting in a
BMI classification of underweight were excluded from
the sample (n = 859). This exclusionary criteria was
used because several of the variables in the study (e.g.,
watching television and PA) involved the use of physical
faculties and the investigators were unaware of the
degree such physical impairments would naturally
impede participation in these activities, potentially
resulting in biased study results.

Dependent variable
The dependent variable was BMI classification. All sam-
ple respondents self-reported their height and weight,



Dickerson et al. BMC Public Health 2011, 11:926
http://www.biomedcentral.com/1471-2458/11/926

which were then used to calculate their BMI. They were
then assigned to BMI classifications based on the meth-
odology used by the WHO [2] (i.e., underweight (BMI <
18.5 kg/m?), normal weight (BMI of 18.5-24.99 kg/m?),
overweight (BMI of 25.0-29.99 kg/m?), obese class I
(BMI of 30.0-34.99 kg/m?), obese class II (BMI of 35.0-
39.99 kg/m?), or obese class III (BMI >= 40 kg/m?).
WHO classifications of obesity were used because of the
range of classifications (i.e., six categories) versus alter-
native classification systems such as the one offered by
the Centers for Disease Control and Prevention which
only has four categories [22]. A wider range of classifica-
tions allowed for more precise estimates using our sta-
tistical model described below because it improved the
within group homogeneity of subjects within each BMI
classification.

Independent variables

The independent variables were chosen based on
established literature indicating an association with
BMI. Age, sex, and race/ethnicity were selected as
independent variables based on research identifying
their importance to obesity [23]. Age was measured as
a continuous variable while sex and race/ethnicity
were measured as categorical variables. The categories
of race/ethnicity were non-Hispanic White, African-
American, and Hispanic. Educational attainment was
selected as an independent variable based on research
examining its role as a covariate of obesity rates [1].
Educational attainment was measured as a continuous
variable from one (first grade educational attainment)
to 17 (graduate school educational attainment). Rural-
ity was selected as an independent variable based on
the differing food environments of urban and rural
locales and the associated relationship with rates of
obesity [24]. Rurality was measured as a categorical
variable by county and then matched to an Urban
Influence Code [25] which designated the respondent
as living in a county that was either rural or urban.
Hours per day spent watching television was selected
as an independent variable to be representative of
sedentary behavior as part of our research question.
Hours per day spent watching television was mea-
sured as a categorical variable using a six category
response format (Question PAQ.710) in accordance
with CDC’s validated NHANES instrument [20]. The
categories in the BVHA were: less than 1 h, 1-2 h, 2-4
h, 4-6 h, and more than 6 h. Finally, minutes per
week of moderate PA (e.g., fast walking) was selected
as an independent variable as part of our research
question. Minutes per week of moderate PA was mea-
sured as a continuous variable. This question was
based on the CDC’s BRFSS [21] survey to enhance
validity of the resulting data.
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Descriptive statistics

Chi-square, t-test, and Kruskal-Wallis statistics were
used to examine the relationships between independent
variables and the dependent variable. Statistical signifi-
cance was established as o = 0.05, but was then adjusted
using the Bonferroni correction. Based on seven com-
parisons in the descriptive statistics analysis, the new
level of statistical significance was (0.05/7) = a. = 0.007.

Simultaneous quantile regression

In studies using simultaneous quantile regression, the
word “effect” is used to describe association, not causa-
tion. To remain consistent with established literature,
we are also using the term “effect” to imply association
but not causality. The research question of the study
required an estimation of homogeneity of effect between
the independent variables and BMI classification. This
required estimators that not only recognized effects at
all BMI classifications, but estimators that could also
recognize effects at specific points in the dataset. We
selected simultaneous quantile regression because of its
unique ability to meet our analytical requirements. Spe-
cifically, we choose simultaneous quantile regression
over quantile regression because it enabled us to test for
the similarity of effect of our independent variables at
different points in the dataset. This is a unique facet of
simultaneous quantile regression relative to quantile
regression [26,27]. We used the “sqreg” command in
Stata Version 11 (StataCorp, College Station, TX) for
our analysis and required the model to perform 100
repetitions of the analysis to provide more accurate
bootstrapped standard errors. Any respondents contain-
ing missing data in the analysis were listwise deleted
from the analysis in Stata Version 11 (StataCorp, Col-
lege Station, TX). Because simultaneous quantile regres-
sion estimates the effect of the independent variables at
multiple points in a dataset, it was important to know
which points in the dataset to assign to each BMI classi-
fication. We chose the median point of each classifica-
tion. Thus, if those who were normal weight were
represented between the zero and the 20th percentile in
the dataset, we set the point of analysis for normal
weight at the 10th percentile.

Graphically representing effects by BMI classification

The results of the simultaneous quantile regression
model are represented graphically for ease of interpreta-
tion (please see Figures 1 and 2). Each independent vari-
able coefficient and respective p-value was plotted as an
estimate of effect on its own line graph and included a
95% confidence interval. The vertical axes of the graphs
represent the effect of the independent variable on BMI,
while the horizontal axes represent the BMI classifica-
tion. Data points representing p-values of statistical
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Effectof Body Mass Index (BMI)

by Classification
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Figure 1 Effect of independent variables on body mass index by classification.
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significance (i.e., o = 0.05) were indicated in the legend.
Finally, a series of separate calculations was performed
to measure the similarity of effect between each BMI
classification. An F-statistic was reported along with a
p-value to test for similarity, or homogeneity, of effect
between classifications. The null hypothesis was homo-
geneity of effect. Statistical significance of a = 0.05 was
used to reject the null hypothesis, and indicate heteroge-
neity of effect between classifications. Each line graph
was assimilated into two quadrant figures for ease of
review (please see Figures 1 and 2).

Results

Sample

Employing selection criteria resulted in 1,981 respon-
dents in the analytical sample. Table 1 reports the
results of the descriptive statistics analysis. Of the
respondents, 477 were classified as normal weight, 664
were classified as overweight, 427 were classified as
obese class I, 177 were classified as obese class II, and
236 were classified as obese class III. The mean age of
the respondents was 59.96, with the youngest

respondents belonging to obese class III (54.65 + 13.61).
The majority of respondents were: female, non-Hispanic
White, and more than half attended some college. Most
respondents also lived in urban areas. On average, the
majority of respondents exceeded federal guidelines for
weekly minutes of moderate PA. However, nearly a
quarter of respondents spent more than 4 h per day
watching television. With the exception of rurality, each
comparison made between the independent variables
and BMI classification was statistically significant at the
o = 0.007 level. Since the null hypothesis assumes
equality between the different BMI classifications for
each of the independent variables, a test statistic produ-
cing a p-value below the alpha value indicates the null
hypothesis is rejected and each BMI classification exhi-
bits differences to the others on each of the independent
variables. This is an appropriate finding as we would
expect the BMI classifications to vary on multiple vari-
ables. Using an alpha value of 0.007 reflects the tradi-
tional use of the 0.05 level of statistical significance
adjusted for the multiple comparisons in the statistical
test. Dividing 0.05 by the seven comparisons in the test
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Estimated Effectof Age on Body Mass Index (BMI)
by Classification
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Figure 2 Effect of independent variables on body mass index by classification, continued.
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results in a more stringent threshold of 0.007. This
ensures maximum confidence when rejecting the null

hypothesis.

Simultaneous quantile regression-overall model results

Table 2 reports the results of the simultaneous quantile
regression model. Results are reported by BMI classifica-
tion. For those of normal weight, respondents were
more likely to be older, female, and self-report as Hispa-
nic. For those classified as overweight, respondents were
more likely to be older, female, self-report as non-His-
panic White, African-American or Hispanic, live in a
rural location, and spend more hours per day watching
television. For those classified as obese class I, respon-
dents were more likely to be younger, self-report as
non-Hispanic White, African-American or Hispanic, to
have attained less education, spend more hours per day
watching television, and spend fewer minutes per week
engaged in moderate PA. For those classified as obese
class II, respondents were more likely to be younger,
self-report as African-American, to have attained less
education, to spend fewer minutes per week engaged in

moderate PA, and spend more hours per day watching
television. Finally, for those classified as obese class III,
respondents were more likely to be younger, female,
self-report as African-American, to have attained less
education, to spend fewer minutes per week engaged in
moderate PA, and spend more hours per day watching
television. These results indicate a general pattern of PA
and sedentary behavior coefficients becoming more
important in determining BMI as the BMI classification
increases. For example, the coefficient for the PA vari-
able among those who are in the obese class I BMI clas-
sification is -0.0010 for each minute per week of
moderate PA. This means that all things being equal, as
more minutes per week of moderate PA are performed,
BMI is reduced by the coefficient value. However, for
those in the obese class II and III BMI classifications,
the coefficient for minutes per week of moderate PA is
-0.0020, a 100% increase in the effect of this variable on
BMI. Hence, we can use the statistically significant coef-
ficients to begin identifying relationships between vari-
ables of PA, sedentary behavior, and BMI according to
BMI classification.
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Table 1 Descriptive Statistics by Body Mass Index (n = 1,981)
Body Mass Index Classification (World Health Organization)
Normal Overweight Obese Obese Obese Total X2 p
Weight Class | Class Il Class lll
(n = 477) (n = 664) (n = 427) (n=177) (n = 236) (n = 1,981)
*Age 61.96 (+15.00) 61.70 (£13.34) 59.09 56.45 54.65 59.96 71.837 <0.001
(£12.95) (+£10.88) (+13.61) (+£13.73)
Sex 4379 <0.001
Male 107 (22.4%) 236 (35.5%) 151 (35.4%) 58 (32.8%) 8 (16.1%) 590 (29.8%)
Female 370 (776%) 428 (645%) 276 (64.6%) 184 (67.2%) 174 (73.7%) 1,367 (69.0%)
Not Provided 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 24 (10.2%) 4 (1.2%)
Race/Ethnicity 12447 <0.001
Non-Hispanic White 409 (85.8%) 558 (84.1%) 341 (79.9%) 136 (76.8%) 130 (55.1%) 1574 (79.4%)
African-American 32 (6.7%) 44 (6.6%) 46 (10.8%) 18 (10.2%) 44 (18.6%) 184 (9.3%)
Hispanic 23 (4.8%) 46 (6.9%) 33 (7.7%) 19 (10.7%) 37 (15.7%) 158 (8.0%)
Not Provided 13 (2.7%) 16 (2.4%) 7 (1.6%) 4 (23%) 25 (10.6%) 65(3.3%)
*Educational Attainment 13.68 (£2.68) 13.81 (£246) 1362 (£2.50) 13.32 (£240) 1234 (+£2.91) 1353 (+2.60) 436 <0.001
(1 = First Grade, 17 = Graduate School)
Rurality 397 041
Urban 302 (63.3%) 410 (61.7%) 251 (58.8%) 102 (57.6%) 152 (64.4%) 1217 (61.4%)
Rural 5(36.67%) 254 (383%) 176 (41.2%) 75 (424%) 84 (35.6%) 764 (38.6%)
Hours per day spent watching television 5403 <0.001
Less than 1 h 60 (12.6%) 72 (10.8%) 30 (7.0%) 5 (8.5%) 9 (8.1%) 6 (9.9%)
-2 h 142 (29.8%) 198 (29.8%) 109 (25.5%) 4 (19.2%) 5 (19.1%) 528 (26.7%)
2-4 h 165 (34.6%) 247 (37.2%) 149 (34.9%) 3 (41.2%) 2 (26.3%) 696 (35.1%)
4-6 h 57 (11.9%) 87 (13.1%) 81 (19.0%) 9 (16.4%) 8 (16.1%) 292 (14.7%)
More than 6 h 43 (9.0%) 49 (7.4%) 48 (11.2%) 4 (13.6%) 8 (16.1%) 202 (10.2%)
Not Provided 10 (2.1%) 1 (1.7%) 10 (2.3%) (1.1%) (144%) 67 (3.4%)
*Minutes per week of moderate 20927 199.19 + 20699 + 165.06 109.05 £ 190.87 + 7765 <0.001
physical activity (32832) (366.12) (422.37) (381.67) (291.52) (365.95)

* Chi-squared statistics based on the Kruskal-Wallis equality of populations rank test
Note-Statistical significance is determined using the Bonferroni correction. Based on 7 comparisons in the analysis, the level of statistical significance is o = 0.007

Simultaneous quantile regression-similarity of effect by
BMI classification

The F tests in Figures 1 and 2 evaluate the null hypoth-
esis that the effect of each independent variable on BMI
is the same by BMI classification. Rejecting the null
hypothesis (i.e., when an F statistic yields a p-value less
than the alpha level of statistical significance of 0.05)
indicates a heterogeneity effect of the independent vari-
able on BMI by BMI classification. For example, when
evaluating the effect of watching television on BMI clas-
sification (the graph in the upper left quadrant of Figure
1), the F statistic measuring the effect of watching televi-
sion between normal weight BMI classification and
overweight BMI classification is 5.57 which generates a
p-value of 0.018. This allows us to reject the null
hypothesis (since the p-value is below the alpha level of
significance of 0.05) that the effect of watching television
on BMI is the same between normal weight BMI classi-
fication and overweight BMI classification. Using these
analyses, it becomes clear that variables relating to PA

and sedentary behavior become more meaningful
among participants in higher BMI classifications.

Figure 1 illustrates the effect of watching television,
moderate PA, self-reporting as African-American, and
self-reporting as Hispanic on BMI classification. The
effect of watching television on BMI was statistically sig-
nificant for all BMI classifications except normal weight.
The difference from normal weight and overweight
demonstrated a positive heterogeneous effect. The effect
of moderate PA on BMI was statistically significant for
all BMI classifications except normal weight and over-
weight. The difference between obese class I and obese
class II demonstrated a negative heterogeneous effect.
The effect of self-reporting as African-American on BMI
was statistically significant for all BMI classifications
except normal weight. The difference between normal
weight and overweight demonstrated a positive hetero-
geneous effect. The effect of self-reporting as Hispanic
was only statistically significant for the classifications of
normal weight, overweight, and obese class I. None of
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Table 2 Simultaneous Quantile Regression Results-by Body Mass Index Classification
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Dependent Variable: Body Mass Index

Model Parameters
Observations = 1,770
[terations = 100
Categories = 5
Independent Variables

Normal Weight (n = 477)

Age -0.04
Sex (1 = Male, 2 = Female) -1.75
Non-Hispanic White 0.29
African-American 0.10
Hispanic 1.51
Rurality (O = Urban, 1 = Rural) 0.53
Educational Attainment (1 = First Grade, 17 = Graduate School) -0.04
Minutes per week of moderate physical activity -0.0004
Hours per day spent watching television 0.35
Constant 26.28
Overweight (n = 664)
Age -0.07
Sex (1 = Male, 2 = Female) -132
Non-Hispanic White 148
African-American 38
Hispanic 2.15
Rurality (O = Urban, 1 = Rural) 0.82
Educational Attainment (1 = First Grade, 17 = Graduate School) -0.13
Minutes per week of moderate physical activity -0.0006
Hours per day spent watching television 0.87
Constant 3145
Obese Class | (n = 427)
Age -0.15
Sex (1 = Male, 2 = Female) -0.63
Non-Hispanic White 2.14
African-American 561
Hispanic 3.1
Rurality (0 = Urban, 1 = Rural) 049
Educational Attainment (1 = First Grade, 17 = Graduate School) -0.36
Minutes per week of moderate physical activity -0.0010
Hours per day spent watching television 1.02
Constant 42.15
Obese Class Il (n = 177)
Age -0.19
Sex (1 = Male, 2 = Female) 044
Non-Hispanic White 263
African-American 8.25
Hispanic 2.50
Rurality (0 = Urban, 1 = Rural) -0.07
Educational Attainment (1 = First Grade, 17 = Graduate School) -0.53
Minutes per week of moderate physical activity -0.0020
Hours per day spent watching television 091

Constant 49.62

0.01
045
0.58
1.07
0.74
045
0.08
0.0004
0.19
2.06

0.01
0.30
062
1.12
0.75
0.34
0.07
0.0005
0.15
1.66

0.01
0.39
0.94
148
133
0.38
0.10
0.0004
0.19
2.15

0.03
0.59
1.58
2.21
1.32
067
0.13
0.0006
0.24
377

Coefficient Bootstrap Standard Error t

-3.27
-3.92
0.50
0.09
205
1.18
-0.56
-0.83
1.84
12.75

-491
-4.37
239
338
2.88
241
-1.72
-1.29
578
18.96

-10.33
-1.61
2.27
3.80
2.34
1.29
-3.68
-2.77
536
19.62

-6.46
0.74
167
3.74
1.90
-0.11
-3.96
-3.12

0.001
<0.001
0614
0.925
0.041
0.238
0.574
0407
0.066
<0.001

<0.001
<0.001
0.017
0.001
0.004
0.016
0.086
0.197
<0.001
<0.001

<0.001
0.107
0.023
<0.001
0.020
0.197
<0.001
0.006
<0.001
<0.001

<0.001
0462
0.095
<0.001
0.058
0915
<0.001
0.002
<0.001
<0.001

95% Confidence

Interval
Lower

-0.07
-2.63
-0.85
-2.00
0.06
-0.35
-0.19
-0.0010
-0.02
22.24

-0.09
-191
0.27
1.59
0.68
0.15
-0.27
-0.0020
057
28.20

-0.18
-1.39
0.29
2.71
0.50
-0.26
-0.56
-0.0020
0.65
37.93

-0.25
-0.73
-046
392
-0.08
-1.39
-0.80
-0.0030
044
42.22

Upper

-0.02
-0.88
143
2.20
2.96
142
0.11
0.0005
0.71
30.33

-0.04
-0.72
269
6.00
362
148
0.02
0.0003
1.16
347

-0.12
0.14
398
851
5.72
1.24
-0.17
-0.0003
140
46.36

-0.13
1.60
5.72
12.58
5.08
1.25
-0.27
-0.0007
137
57.01
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Table 2 Simultaneous Quantile Regression Results-by Body Mass Index Classification (Continued)

Obese Class Il (n = 236)
Age -0.25 0.06 -4.12  <0.001 -037 -0.13
Sex (1 = Male, 2 = Female) 292 1.17 250 0.012 063 521
Non-Hispanic White 4.64 2.64 176 0079  -053 9.81
African-American 12.14 4.74 256 0.011 285 2144
Hispanic 1.98 2.39 083 0407 -270 6.66
Rurality (O = Urban, 1 = Rural) 1.36 1.14 119 0233 -0.88 3.60
Educational Attainment (1 = First Grade, 17 = Graduate School) -0.62 0.26 -235 0.019 -1.14 -0.10
Minutes per week of moderate physical activity -0.0020 0.0006 -376  <0.001 -0.0040 -0.0010
Hours per day spent watching television 1.87 045 418  <0.001 099 2.74
Constant 5091 6.48 785 <0001 3820 63.62

the differences between BMI classifications were statisti-
cally significant.

Figure 2 illustrates the effect of age, sex, education,
and rurality on BMI classification. All classifications of
age were statistically significant. The difference between
overweight and obese class I demonstrated negative het-
erogeneous effect. The difference between obese class I
and obese class II also demonstrated negative heteroge-
neous effect. The effect of sex on BMI was statistically
significant for normal weight, overweight, and obese
class III. The difference between obese class II and
obese class III demonstrated positive heterogeneous
effect. The effect of educational attainment on BMI was
statistically significant for all BMI classifications except
normal weight and overweight. The difference between
normal weight and overweight demonstrated negative
heterogeneous effect. The effect of rurality on BMI was
only statistically significant for the overweight
classification.

Discussion

The effects of PA and sedentary behavior on BMI
classification are not homogeneous

This study has addressed the concept of sedentary beha-
vior and PA by looking specifically at how watching tel-
evision and engaging in moderate levels of PA effect
BMI classification. The effect of watching television
more than doubled between the normal weight classifi-
cation and the overweight classification. For those in the
overweight classification, an extra 2 h spent watching
television per day was associated with nearly one addi-
tional BMI point. But, this finding was not consistent
across all BMI classifications. Watching television was
only incrementally detrimental to BMI when viewed
from the perspective of moving from normal weight to
overweight. Among respondents who were already over-
weight, a similar effect was not observed. Conversely,
the effect of moderate PA on BMI was greater for those
in higher BMI classifications than for those in lower
BMI classifications. Specifically, the transition from

obese class I to obese class II demonstrated a significant
decrease in BMI with increased moderate PA (F = 4.54,
p = 0.033). This finding suggests there is much to be
gained from engaging individuals with higher BMI in
moderate PA.

Our findings about the heterogeneous effect of PA is
somewhat supportive of Cooper and colleagues’ [28]
finding that adults of differing BMI classifications also
had differing levels of PA. Our finding supplements
their study by isolating the statistical influence of differ-
ing levels of PA on BMI at different BMI classifications.

Socio-demographic effects on BMI classification are
noteworthy

This study demonstrates the significant association of
socio-demographics with BMI classification. Self-report-
ing as African-American had a significant effect on BMI
classification which increased as BMI increased. For
those in the overweight BMI classification, self-reporting
as African-American was associated with nearly four
additional BMI points. This effect was nearly four times
as great as the effect of self-reporting as African-Ameri-
can in the normal weight BMI classification. Conversely,
self-reporting as Hispanic was only significantly asso-
ciated with lower BMI classifications such as normal
weight, overweight, and obese class I. However, the
effect of self-reporting as Hispanic was homogenous
across these categories.

Age was significantly associated with all BMI classifi-
cations. Among higher levels of BMI classification, the
effect of increasing age became stronger. For those in
the obese class III BMI classification, each additional
year aged was associated with a reduction of one quarter
of a BMI point. Self-reporting as male was also signifi-
cantly associated with lower BMI among the two lowest
BMI classifications, normal weight and overweight.
However, among the highest BMI classification, obese
class III, self-reporting as female was significantly asso-
ciated with higher BMI. The difference in the effect of
being female on BMI was also significantly higher for
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those in the obese class III BMI classification versus the
obese class II BMI classification. Self-reporting as female
among the obese class III BMI classification was asso-
ciated with nearly 3 additional BMI points. Educational
attainment was also significantly related to BMI among
the higher BMI classifications; obese class I, obese class
II, and obese class III. For every additional year of edu-
cation attained among those in the obese class I BMI
classification, the effect on BMI was a reduction of a
third of a BMI point. Finally, there did not appear to be
significant results to report based on participants’ resi-
dential rurality. It appeared this variable was of less
importance than other socio-demographic variables.

Is it time to exercise?

A noteworthy finding in this study is the effect moder-
ate PA had on BMI among those in the “obese class III”
BMI classification, also known as the “morbidly obese”.
Part of the challenge in addressing PA for the morbidly
obese is overcoming barriers endemic to physical condi-
tions of obese individuals. One such barrier is the per-
ception of breathlessness associated with exercise [29].
This barrier can prevent obese individuals from begin-
ning an exercise regimen. However, there is encouraging
evidence that training programs incorporating respira-
tory muscle development can be successful in helping
obese individuals reach their PA goals, improve their
metabolic health, and sustain their level of exercise [29].
In addition, mobility limitations of obese individuals
caused by diseases such as osteoarthritis and joint pain,
must be taken into account when planning appropriate
PA programs [30]. Another barrier to PA is motivation,
particularly because obese individuals often report a lack
of energy or feeling too tired to exercise [31]. These are
all unique barriers to PA that programs must recognize
in order to be successful.

Targeted interventions are needed

In addition to indicating the heterogeneous effect of
sedentary behaviors among BMI classifications, our
study also highlights the role of socio-demographic fac-
tors among the various degrees of obesity. While the
coefficients in our study identified the unique effect of
each independent variable on BMI, the results indicate
future research could benefit by examining interaction
effects of sedentary and lifestyle behaviors with select
demographic groups such as Hispanics and African-
Americans. Such analysis could be a powerful comple-
ment to the broader findings of our study, and likely
highlight the need to tailor interventions not only
toward individual BMI classifications, but also toward
the multi-cultural composition of those classifications.
Addressing the unique needs of the Hispanic [32] and
African-American populations [33] can improve the
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chances of developing programs that successfully
improve the health of these populations.

Limitations

Our study used a unique statistical method to analyze
the homogeneity of effect between sedentary behaviors,
socio-demographics, and BMI classification. However,
simultaneous quantile regression does not have a true
equivalent of the coefficient of determination which
makes it difficult to establish how much of the variance
in the dependent variable was explained with the model.
Further, while chronic diseases were recognized in the
selection criteria, individual chronic disease characteris-
tics were not analyzed in this study. Future studies
would benefit from incorporating individual disease vari-
ables as well as individual values of lipoprotein lipase
(LPL), low-density lipoprotein cholesterol (LDL-C),
blood sugar, and other biometric markers where appro-
priate. Finally, the data analyzed in this study was self-
reported from several communities in central Texas. As
a result, it has limited generalizability. It must also be
noted the BVHA solicited households for individual
responses to the study instrument. As such, individuals
not living in households are likely not well represented
in the survey results.

Conclusion

This study found the association of PA and sedentary
behavior with BMI is not homogenous across BMI clas-
sifications. In fact, PA and sedentary behavior appear to
become more important to those who are obese to mor-
bidly obese. This indicates public health efforts must dif-
ferentiate interventions for individuals of different BMI
classifications. While the association between these vari-
ables and BMI is well accepted in the literature, this
study identifies the degree to which these aspects of life
matter to BMI management among those of varying
BMI classifications.
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