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. INTRODUCTION

Regular physical activity has been known to bring
benefits to individuals with diabetes, such as
managing weight, managing blood pressure,
lowering LDL cholesterol, and even lowering risk to
get complications.” Exercises also help people with
diabetes by lowering blood glucose levels and
boosting body's sensitivity to insulin, countering
insulin resistance.? However, here are might be
variables that might play role to make people with
diabetes physically inactive, such as social
determinants of health.® This study aims to explore
the association between social determinants of
health and physical inactivity among people with
diabetes in the US by using Behavioral Risk Factor
Surveillance System 2024 data, which can be used
for further analysis in the future.

Il. METHODS & MATERIALS

A. Data Set

This study utilizes a cross-sectional annual survey
data from Centers for Disease Control and
Prevention, called the Behavioral Risk Factor
Surveillance System and collected in 2024. This
dataset contains 345 variables and 457,670
individual records from 49 states of the United
States of America. The datasets, which consist of
landline and cell phone questionnaires, collect
health-related risk behaviors, chronic health
conditions, and use of preventive services. The
inclusion criteria of this study is that they answered
Yes to a question if they had been told that they had
diabetes and have answered Yes or No a question
of participating in any physical activities or
exercises such as running, -calisthenics, golf,
gardening, or walking for exercise, other than their
regular job in the past month. The main outcome of
this study is named “is physical inactive”, and coded
1 for Yes and 0 for No, which is a reverse version of
the original value. Focusing on social determinants,
this study take 19 predictors variables, which are
respondent's basic information (sex, race, BMI

group), their socio economic status (education level
group, income group, employment group, marital
status, veteran, home ownership), respondent’s
feeling about their mental condition (life satisfaction,
emotional supported, loneliness), and respondent’s
condition of basic necessity in the past 12 months
(employment security, food security, receiving food
stamps, mortgage, rent or utility bills security,
lost/threatened losing utility service of electric, gas,
oil, or water, neighborhood safety from crime, and
transportation security for getting daily things
needed). All the variables are in categorical format.

B. Study Population

The study population is split nearly evenly between
Male (51.7%) and Female (48.3%). They are mainly
categorized as Obese (53.4%) and Overweight
(32.0%), followed by Normal (14.1%), and
Underweight (0.6%). In terms of education, the
highest proportion are College graduates or higher
(35.3%) and those who Attended college or
technical school (30.6%), followed by High school
graduates (27.5%), and finally those who Did not
graduate high school (6.7%). For employment, the
largest proportion is the group of Not in the Labor
Force (63.4%) that consist of homemaker, student,
retired, and those who are unable to work, followed
by Employed (33.4%) that consist of employed for
wages and self-employed, and Unemployed (3.3%).
Regarding home ownership, the majority Own
House (75.5%), while 21.3% Rent House, and 3.3%
are categorized as Other. The income groups are
distributed with the largest proportion being Medium
Income (45.8%) which are , then Low Income
(34.3%), and High Income (19.9%). The marital
status groups show that the majority are Married
(51.1%), followed by those Formerly Married
(34.6%), and then Unmarried (14.3%). The most
common race group is White, Non-Hispanic
(70.7%), followed by Black, Non-Hispanic (12.3%),
Hispanic (8.9%), Other race, Non-Hispanic (3.4%),
American Indian/Alaskan Native, Non-Hispanic
(2.7%), and Asian, Non-Hispanic (2.0%). A portion
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of them are Veteran (16.9%). Finally, the groups
with the smallest proportions are: Bills Insecure
(11.2%), Emotionally  Unsupported  (9.9%),
Employment Insecure (7.3%), Food Insecure
(15.9%), received Foodstamp (13.0%), Life
Dissatisfied (7.3%), Lonely (32.3%), Neighborhood
Unsafe (5.5%), Transportation Insecure (8.4%), and
Utilities Threatened (8.1%).

C. Statistical Methods

This study focuses on performing exploratory
analyses to determine which variables in the
dataset can serve as covariates in predicting
physical inactivity among people with diabetes in
the US. Since this study utilizes a cross-sectional
survey study, this study is not intended for causal
analysis, but rather exploratory. To optimize the
analysis, data preparation consists of collapsing
small groups to a bigger group, such as the
Employment group, which combines Self
employment and employed for wages, to a group
called Employed.* Data cleaning consists of
excluding records that are missing and refusing to
answer. The whole analysis process consists of
descriptive statistics, bivariate statistics by chi
square to choose potential predictors, and
multivariate statistics of logistic regression to
measure the Odds Ratio. Alpha 0.05 is used. To
supplement, percent of physical inactivity of the
study population by state will be visualized by a hex
map. The data is managed and analyzed using R
software R version 4.5.2. The main library used is
tidyverse. Hex map is drawn by utilizing library
usmap. Since the format of the data is in the XPT
file, a haven package is used.

Table 1: Baseline Characteristics and Bivariate
Results (Chi-squared)

Variables Total p-value
(N=22,775)

Physical inactive
0 - Physical Inactive 14512 (64%)

1 - Physical Active 8263 (36%)

Sex <0.01

1 - Male (ref)

2 - Female

11772 (51.7%)
11003 (48.3%)

BMI group
1 - Underweight
2 - Normal (ref)
3 - Overweight
4 - Obese

Education group

1 - Did not graduate high
school (ref)

2 - High school graduate

3 - Attended college or
technical school

4 - College graduate or
higher
Employment Group

1 - Employed (ref)

2 - Unemployed

3 - Not in Labor Force

Home Ownership
1 - Own House (ref)
2 - Rent House

3 - Other

Income Group
1 - Low Income
2 - Medium Income (ref)

3 - High Income

Marital Status
1 - Married (ref)
2 - Formerly Married
3 - Unmarried

Race group

1 - White, Non-Hispanic
(ref)

2 - Black, Non-Hispanic
3 - Asian, Non-Hispanic

4 - American
Indian/Alaskan Native,
Non-Hispanic

5 - Hispanic

6 - Other race,
Non-Hispanic

Is veteran

133 (0.6%)
3204 (14.1%)
7286 (32.0%)
12152 (53.4%)

1519 (6.7%)

6253 (27.5%)
6964 (30.6%)

8039 (35.3%)

7598 (33.4%)
747 (3.3%)
14430 (63.4%)

17184 (75.5%)
4840 (21.3%)
751 (3.3%)

7805 (34.3%)
10432 (45.8%)
4538 (19.9%)

11642 (51.1%)
7876 (34.6%)
3257 (14.3%)

16107 (70.7%)

2804 (12.3%)

456 (2.0%)

619 (2.7%)

2019 (8.9%)

770 (3.4%)

3854 (16.9%)

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.09
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Is foodstamp 2960 (13.0%) <0.01

Is utilities threatened 1836 (8.1%) <0.01
Is bills insecure 2550 (11.2%) <0.01
Is employment insecure 1670 (7.3%) 0.61
Is transportation insecure 1913 (8.4%) <0.01
Is neighborhood unsafe 1245 (5.5%) <0.01
Is food insecure 3620 (15.9%) <0.01
Is lonely 7357 (32.3%) <0.01
Is emotional unsupported 2263 (9.9%) <0.01

Is life dissatisfied 1652 (7.3%) <0.01

Physical Inactivity Percentage by State

Mapped Is Physical Inactive

R- -
N

Figure 1: Physical Inactivity Percentage by State

lll. RESULTS

By showing a hex map of percent physical inactivity
each state, it found that there are some states
missing. It happened because this study only
includes records that have no missing values for all
the variables and the data is collected by each state
government. The highest percentage of physical
inactivity are found in the state of Minnesota, Ohio,
California, and Vermont.

After running the chi-square analysis for each
independent variable and physical inactivity, almost
all variables come out significant with p-value <
0.05, except Is employment insecure (p-value =
0.61) and is veteran (p-value = 0.09). Therefore, all
the variables except for those two are included in
the logistic regression.

Table 2: Multivariate Results (Logistic
Regression)

Variables Odds Ratio p-value

Sex

1 - Male (ref)

2 - Female 1.39 <0.01
BMI group

1 - Underweight 1.62 <0.01

2 - Normal (ref)

3 - Overweight 1.07 0.142

4 - Obese 1.55 <0.01
Education group

1 - Did not graduate high
school (ref)

2 - High school graduate 0.84 <0.01

3- Attended college or 0.70 <0.01
technical school

4 - College graduate or
higher 0.52 <0.01
Employment Group

1 - Employed (ref)

2 - Unemployed 1.05 0.566

3 - Not in Labor Force 1.29 <0.01
Home Ownership

1 - Own House (ref)

2 - Rent House 0.96 0.307

3 - Other 1.10 0.218
Income Group

1 - Low Income 1.25 <0.01

2 - Medium Income (ref)

3 - High Income 0.71 <0.01
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Marital Status
1 - Married (ref)

2 - Formerly Married 1.03 0.408
3 - Unmarried 0.91 0.048
Race group
1 - White, Non-Hispanic
(ref)
2 - Black, Non-Hispanic 0.85 <0.01
3 - Asian, Non-Hispanic 0.82 0.085
4 - American
Indian/Alaskan Native, 0.94 0.482
Non-Hispanic
5 - Hispanic 0.95 0.328
6 - Other race, 0.74 <0.01
Non-Hispanic
Is foodstamp 1.06 0.263
Is utilities threatened 0.95 0.394
Is bills insecure 1.01 0.829
Is transportation insecure 1.14 0.021
Is neighborhood unsafe 1.03 0.673
Is food insecure 1.04 0.398
Is lonely 1.19 <0.01
Is emotional unsupported 1.32 <0.01
Is life dissatisfied 1.77 <0.01

After running the logistic regression, top groups of
variables have a positive correlation with physical
inactivity are Is life dissatisfied (OR = 1.77), BMI
group of underweight and obese (OR 1.62 and
1.55), sex Female (OR = 1.39), and Emotionally
unsupported (OR = 1.32). Top variables with
negative correlation are the education groups that
graduated from college and attended college (OR
0.52 and 0.70) and a high income group (0.71).

For better visual understanding of these variables
correlating with physical inactivity, a stacked bar
chart is drawn. It can be seen that physical inactivity
rate differs between groups, and will be higher as

education level and income decrease, and is the
lowest in the normal BMI group.

100% Stacked Bar Charts of is_physical_inactive by Top 6 Variables

is_physical_inactive 0 - Physical Inactive 1- Physical Active

is_life_disatisfied sex is_emotional_unsupported

100%
75%
50%
25%

0%

> b * ®
& & R & & &
& & 5 < & o
gowf o & &

Percentage
&,

education_group income_group bmi_group

100%

75%

50%

Figure 2: Stacked Bar Charts of % Physical Inactive
for 6 Top Predictors

IV. CONCLUSIONS

Aside from BMI and Sex, social determinants,
especially life satisfaction, emotional supports,
education and income level are important to explain
the role of physical activity among people with
diabetes in the US. Individuals having life
dissatisfaction will be more likely to have physical
inactivity 1.77 times compared to those who feel
satisfied in their life, and individuals who graduated
from college will be less likely to be physically
inactive by 52% compared to those who did not
graduate from high school.

V. DISCUSSION

Limitations of the study is the data collected by a
self answered questionnaire, which can produce
reporting bias.® The study also did not involve the
methods for confounding and interaction variables,
which could happen in observational studies.®

Similar to other studies, social support plays a role
for physical activities in people with diabetes.” If not
maintained, high levels of distress can impact
medication-taking behaviors and are linked to
poorer dietary and exercise behaviors and higher
A1C38
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Appendix

l. Source Data File
Dataset can be found here on CDC Website that
are publicly available

https://www.cdc.gov/brfss/annual_data/annual_dat
a.htm

II. Data set

Upload the dataset that is generated from an R
code in the bruin learn. If there are multiple data
set, you can provide the details of data set with data
schema.
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It is recommended reporting the output of
the file that describes the variables.

M. R Code

Include R Codes that are associated with
generating Tables and Figures. It is expected that
outcomes of R program will match the numbers that
are reported in th Table 1 and Table 2, as well as in
the Figures.



