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2.3. Control variables
Physical activity was categorized into yes and no. Fruit 

consumption was categorized into ≤ 1 time per month and ≥ 1 
time per week.

3. Statistical Analysis

Descriptive statistics with using chi-square (Table 1) and 

                                                                                                                                      n (%) Obesity rate (%)

Individual level 

Gender
Male 71,987 (45.04) 29.41

Female 87,840 (54.96) 29.15

Age (y)
≥ 45 114,822 (71.84) 30.60

18-44 45,005 (28.16) 25.87

Education level
≥ College 71,091 (44.48) 24.05

< College 88,736 (55.52) 33.45

Race
Non-White or Hispanic 37,020 (23.16) 33.38

Non-Hispanic White 122,807 (76.84) 28.03

Income level
≥ $50,000 86,331 (54.02) 26.05

< $50,000 73,496 (45.98) 33.05

Region

South 44,932 (28.11) 31.08

Northeast 32,401 (20.27) 29.96

Midwest 46,575 (29.14) 31.65

West 33,372 (20.88) 25.72

Puerto Rico 2,547 (1.59) 29.88

MMSA level (n =130)

% of obese people in the MMSA where participants live (mean, SD) 29.06 4.44

BRFSS = behavioral risk factor surveillance system; MMSA = metropolitan and micropolitan statistical area; SMART = selected metropolitan/
micropolitan area risk trends.

Table 1. Demographics and population characteristics (N = 159,827), BRFSS and SMART, 2015.

line graph analysis are presented in Figure 1. All descriptive 
analyses were carried out using STATA (version 15.0, StataCorp 
LLC., College Station, TX). 

A mainland United States map of average adult BMI (≥ 18 
years) by MMSAs levels in 2007, 2011, and 2015 was created 
using Arc GIS 10.6 with R (Figure 2).

To examine the socio-demographic and regional disparities 

Figure 1. The association between the prevalence of obesity according to area (130 MMSAs) and socioeconomic status 
(education level and income level).
MMSA = metropolitan and micropolitan statistical area.
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obese people (BMI ≥ 30) in the 130 MMSAs was 29.06% (SD = 
4.44). Men were slightly more likely to be obese than women 
(29.41% versus 29.15%). Participants who were ≥ 45 years were 
more likely to be obese than those aged 18-44 years (30.60% 
versus 25.87%). Participants with a higher education (≥ college 
diploma) were less likely to be obese than those who had a 
lower education (< college diploma) (24.05% versus 33.45%). 
Non-White or Hispanic participants were more likely to be 
obese than Non-Hispanic White participants (33.38% versus 
28.03%). Participants with a higher income (≥ $50,000) 
were less likely to be obese than those with lower income 
(< $50,000) (26.05% versus 33.05%). Participants from the 
South and the Midwest were more likely to be obese than 
those from the Northeast and the West (31.08% and 31.65% 
versus 29.96% and 25.72%). 

Table 2 shows the results of multilevel linear regression 
of socio-demographic status and BMI among US adults (≥ 18 
years) in 130 MMSAs (N = 159,827). The average coefficient 
of ModelⅠ was 28.147. The metropolitan and micropolitan 

Figure 2. Mainland United States map of average adult BMI (≥ 18 years) by MMSAs levels in 2007, 2011, and 
2015: BRFSS, CDC.
BMI = body mass index; BRFSS = behavioral risk factor surveillance system; MMSA = metropolitan and 
micropolitan statistical area.

in adulthood obesity among US adults across 130 MMSAs, 3 
multilevel linear regression models of BMI were conducted 
using STATA. Firstly,  the null  hypothesis  model was 
implemented (ModelⅠ) to determine whether there was a 
difference in obesity status and these statistical areas. Secondly, 
the random-intercepts model (ModelⅡ) was implemented 
which considers individual-level predictors in the fixed part to 
examine how the 6 socio-demographic variables affect obesity 
status after adjusting for obesity-related health behaviors such 
as physical activity and fruit consumption. Finally, the random-
slope model (Model Ⅲ) was implemented to examine whether 
or not obesity status and with the 5 socio-demographic 
variables varied across the 130 MMSAs.

Results

Table 1 shows the percentages of obesity rate among US 
adults ≥ 18 years (N = 159,827). The average percentage of 
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statistical area level residual variance at ModelⅠ was 
significant at the 0.001 level, which means that there were 
significant differences in obesity status between the 130 
MMSAs. Model Ⅱ, Ⅲ show the unstandardized coefficients 
from the multilevel linear regression model of the association 
between socio-demographic variables and obesity status 

among US adults. According to full model (Model Ⅲ), firstly, 
men were associated with higher BMI than women (B = 0.592, 
p < 0.001). Secondly, participants who were ≥ 45 years were 
associated with higher BMI than those aged 18-44 years (B = 
0.709, p < 0.001). Thirdly, participants with higher education 
(≥ college diploma) were associated with lower BMI than those 

ModelⅠ ModelⅡ ModelⅢ

  Coef      (SE) Coef (SE) Coef (SE)

Fixed effect (individual level)

Intercept 28.147*** (0.071) 27.105*** (0.103) 27.058*** (0.118)

Gender
Male 0.600*** (0.033) 0.592*** (0.040)

Female (Ref)

Age (y)
≥ 45 0.721*** (0.037) 0.709*** (0.052)

18-44 (Ref)

Education 
level

≥ College -0.790*** (0.036) -0.743*** (0.049)

< College (Ref)

Race
Non-White or Hispanic 1.067*** (0.043) 1.008*** (0.079)

Non-Hispanic White (Ref)

Income level
≥ $50,000 -0.295*** (0.037) -0.292*** (0.039)

< $50,000 (Ref)

Region

Northeast -0.359* (0.166) -0.293 (0.195)

Midwest 0.432** (0.142) 0.504** (0.165)

West -0.657*** (0.160) -0.576** (0.187)

Puerto Rico -1.468* (0.618) -1.227 (0.927)

South (Ref)

Physical 
activity

No 1.800*** (0.040) 1.800*** (0.040)

Yes (Ref)

Fruit 
consumption

≤ 1 per mo 0.427*** (0.036) 0.422*** (0.036)

≥ 1 per wk (Ref)

Random effect (Between MMSAs)

Intercept 0.774*** (0.053) 0.596*** (0.043) 0.653*** (0.053)

Slopes for gender 0.192*** (0.052)

Slopes for age 0.350*** (0.046)

Slopes for education level 0.324*** (0.052)

Slopes for race 0.654*** (0.073)

Slopes for income level 0.106*** (0.078)

*p < 0.05, **p < 0.01 ***p < 0.001
BMI = body mass index; MMSA = metropolitan and micropolitan statistical area.

Table 2. Multilevel linear regression of socio-demographic status and BMI among US adults (≥ 18 years) (N = 159,827).


