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Abstract

Background: Physical activity is a crucial component of diabetes prevention and manage-
ment, yet participation varies across populations. Differences by country of birth may
reflect cultural, socioeconomic, and structural factors that influence health behaviors among
individuals with diabetic conditions. Objective: To examine the relationship between coun-
try of birth, diabetes status, and physical activity, and to assess whether country of birth is
associated with diabetes prevalence. Methods: A cross-sectional analysis was conducted us-
ing U.S.-nationally representative data from the National Health and Nutrition Examination
Survey (NHANES). Adults were categorized as having diabetes/prediabetes or no dia-
betes based on self-reported diagnosis. Physical activity was assessed using self-reported
levels of moderate and vigorous leisure-time physical activity (LTPA). Sociodemographic
characteristics were compared across groups. Stratified analyses were conducted to eval-
uate differences by country of birth and statistical tests were used to identify significant
associations between diabetes status, physical activity, and sociodemographic variables.
Results: Significant differences in sociodemographic characteristics were observed across
diabetes status groups, particularly by age. There was no significant difference in physical
activity levels between adults with diabetes compared to those without. Individuals with
diabetes reported higher levels of sedentary time before adjustment for sociodemographic
factors. Differences in physical activity behaviors were also observed in unadjusted analy-
ses by country of birth, with foreign-born groups demonstrating lower levels of vigorous
activity. Conclusions: Physical activity disparities exist among adults in the United States
with diabetes and prediabetes and differ by country of birth, although they can be largely
explained by sociodemographic factors. These findings highlight the need for culturally
and socioeconomically tailored interventions to promote physical activity and support
chronic disease management in diverse populations.

Keywords: type 2 diabetes; immigrants; United States; National Health and Nutrition
Examination Survey (NHANES)

1. Introduction: Differences by Country of Birth
Diabetes is a chronic condition where the body fails to produce enough insulin or use

insulin efficiently, resulting in high blood sugar [1]. Diabetes is the eighth leading cause
of death in the United States and the leading cause of kidney failure, adult blindness, and
lower-limb amputations [1]. In the past 20 years, the number of adult diabetes diagnoses
has doubled, and 38 million adults in the US are living with diagnosed diabetes [1].
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Prediabetes occurs when blood sugar levels are above the normal range, but below the
diagnostic threshold [1]. Genetic and lifestyle factors both contribute to the development
of Type 2 Diabetes (T2D) and prediabetes [2].

Health behaviors play a critical role in delaying or preventing T2D onset and slowing
disease progression once diagnosed. Diabetes and prediabetes can be managed through
self-management behaviors such as weight management, healthy diet, physical activity,
medication adherence, and other forms of self-monitoring [1,3,4]. In fact, those with
prediabetes were more likely to make lifestyle changes than those diagnosed with diabetes
due to more hope about bringing A1C (blood sugar) levels into the normal range [4].

1.1. Physical Activity

Physical activity, a modifiable risk factor, is critical for diabetes prevention and man-
agement [5]. It is defined as movement that increases energy use, while exercise is defined
as planned and structured physical activity [6]. Physical activity lowers blood glucose lev-
els by increasing the body’s sensitivity to insulin [6,7]. Crucially, regular activity improves
insulin sensitivity, lowers glucose levels, and reduces cardiometabolic risk independent
of weight loss [6,7]. Additionally, weight loss associated with exercise improves cardio-
vascular fitness compared to just diet-associated weight loss [5]. Aerobic and resistance
activities each improve HbA1c and insulin sensitivity but combining the two yields the
greatest benefit [5,7]. Higher levels of physical activity are also associated with a lower
risk of diabetes complications [5]. Demographic characteristics such as older age, female
gender, lower educational attainment, and lower socioeconomic status further decrease
the likelihood of meeting World Health Organization activity recommendations [8]. These
findings highlight the importance of examining whether diabetes is associated with lower
activity levels in the broader population.

1.2. Sociodemographic Factors

Demographic characteristics influence both diabetes risk and participation in physical
activity. In general, women are less likely to engage in physical activity compared to
men [9]. Xie et al. (2020) found that women are less likely to exercise regularly due to
more barriers, such as lack of time and appropriate facilities [10]. Among migrant women
specifically, additional barriers such as cultural norms restricting vigorous exercise, lack of
social support, limited transportation, language barriers, and unsafe neighborhoods may
further reduce physical activity [9,11,12]. Age and comorbidities also contribute to diabetes
risk. Adults with prediabetes tend to be older, insured, and partnered [13]. Older adults
are more likely to exhibit metabolic risk factors such as obesity, hypertension, or mobility
limitations, which increase diabetes prevalence [14]. However, older adults also tend to
adhere more consistently to diet recommendations and self-monitoring practices [10].

Social and structural conditions play a major role in diabetes prevalence, healthcare
access, and health behaviors, including physical activity. Lower income is consistently
linked to higher prevalence of diabetes and increased difficulty obtaining medications
and preventive care [13,15]. These inequities disproportionately affect ethnic minority and
immigrant communities, which may partially explain nativity-based disparities in diabetes.
Education is also negatively associated with diabetes prevalence [15]. Because immigrants
are more likely to have lower income and limited health system familiarity, these conditions
may contribute to differences in both disease prevalence and healthy behaviors relevant to
this study’s research questions [16].

Built environment and neighborhood resources also shape diabetes risk and physical
activity. Areas with higher walkability, green space, and accessible care are associated with
better metabolic outcomes [15]. Conversely, many immigrant and low-income communities
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face barriers such as limited recreational space, high fast-food density, automobile depen-
dence, and limited access to specialists [17]. These factors may reduce routine physical
activity, helping explain group-level differences in achieving sufficient physical activity.

Patterns of clustered health behaviors, such as poor diet, inactivity, smoking, and
alcohol use, vary across race and ethnicity [18]. Overall, social determinants shape both
diabetes risk and physical activity and may contribute to differences between U.S.-born
and foreign-born populations.

1.3. Diabetes, Physical Activity and Immigrant Populations

Cultural backgrounds, beliefs, and traditions impact health behaviors, self-management
activities, and chronic illness outcomes [3]. Immigration introduces environmental, socioeco-
nomic, and cultural transitions that influence diabetes risk and physical activity, making
nativity status a relevant predictor for health outcomes.

Country of birth influences diabetes and physical activity through the “healthy immi-
grant effect.” The Healthy Immigrant Effect postulates that recent immigrants are healthier
than the native-born population, and the health gap narrows the longer they stay until
their health resembles the native-born population or is worse than the native-born popula-
tion [19–21]. For diabetes, evidence is mixed: some studies report lower diabetes prevalence
among foreign-born individuals compared with U.S.-born adults [19], whereas others show
equal or higher risk among certain ethnic subgroups or long-term residents [21].

Additionally, the risk of diabetes increases with time spent in the US [20–22]. Lo,
Adame, and Cheng (2020) hypothesize this could be due to young age and good health
at the time of arrival, but social stress from the immigration and acculturation process,
accompanied by an increase in habits that contribute to heart disease in the new country,
such as a more sedentary lifestyle, causes a decline in health and health behaviors [23].
Acculturation occurs when individuals from two distinct cultures come into contact and
individuals outside the dominant culture adapt to the dominant culture’s habits and be-
liefs [23]. Despite gradual assimilation, many immigrants retain dietary practices from
their countries of origin, which may protect or harm metabolic health depending on the
context [3,21]. Structural barriers including limited insurance, language gaps, discrim-
ination, and lack of culturally responsive care further hinder diabetes prevention and
management [4,21,24]. These barriers may affect both diabetes prevalence and the ability
to engage in self-management practices like physical activity.

Physical activity patterns also appear to differ across nativity status. Immigrants
and refugees generally report lower levels of physical activity than nonimmigrant popula-
tions [12,25]. Recently arrived immigrants are particularly likely to be inactive, possibly
due to unfamiliarity with recreational norms, lack of access to facilities, and cultural beliefs
about exercise [26]. Fear of stigma, social isolation, and structural barriers may suppress
activity, while social support can facilitate engagement [12,21].

In the United States, immigrants and refugees tend to have relatively low levels of
physical activity compared to the non-immigrant population [12,25]. Zdravkovic et al.
(2025) found that physical inactivity is more common in recently arrived migrants than
the reference comparison group [26]. Many participants in focus groups organized by
Wieland et al. (2016) found a lack of familiarity with physical activity and not feeling
comfortable taking the initial steps to becoming physically active were notable barriers,
while social support from the community, family, and friends is a significant motivational
factor towards being physically active [12]. Collectively, the literature suggests that nativity
may influence diabetes risk, physical activity engagement, and the intersection between
the two.
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Despite growing evidence linking nativity status to both diabetes risk and physical
activity, less is known about how these factors interact. Therefore, the purpose of this
study is to examine the relationship between diabetes status, country of birth, and physical
activity among U.S. adults. Specifically, this study aims to (1) assess whether physical
activity levels differ by diabetes status and nativity, and (2) evaluate whether country of
birth is associated with the likelihood of having diabetes or prediabetes. By clarifying these
relationships, this study seeks to better understand disparities in diabetes risk and health
behaviors across populations.

The goal of this study is to investigate the association between diabetes status, country
of birth, and physical activity. The primary aim is to determine if country of birth and
diabetes status influence physical activity. It will also determine if country of birth impacts
the likelihood of developing diabetes or prediabetes.

2. Methods
2.1. Study Design

This observational, cross-sectional study will investigate if there is an association
between diabetes status, country of birth, and physical activity. The goal is to determine if
country of birth is related to the likelihood of developing diabetes or prediabetes. It will also
determine if country of birth and diabetes status have any relation with physical activity.

2.2. Setting

The National Health and Nutrition Examination Survey (NHANES) collects national
data on health and nutrition across the US population every two years [27]. The survey
collects individual demographics, nutrition, and health information from personal inter-
views, either online or in-person [27]. The survey aims to assess the country’s health and
nutritional status by collecting data on assorted health conditions, behavioral risk factors,
and physical activity levels [28]. Although self-reported measures may be subject to recall
or social desirability bias, NHANES aims to minimize these effects through validated
questionnaires, trained interviewers, and structured protocols [27,28]. The specific survey
files used for this study were Demographics (DEMO_L.xpt), Diabetes (DIQ_L.xpt), and
Physical Activity (PAQ_L.xpt).

This study will review data from the period August 2021–August 2023. When data
collection resumed in August 2021 after the COVID-19 pandemic, NHANES introduced a
revised sampling design to minimize direct contact between interviewers and participants;
key modifications included adjustments to person-level oversampling by age group and
reduced in-person interactions during data collection [28]. Another major change involved
contacting fewer households for eligibility screening by discontinuing oversampling based
on race, Hispanic origin, and income [28]. Consequently, participant counts for certain
demographic subgroups differ substantially from prior survey cycles, leading to reduced
statistical precision for groups with smaller sample sizes [28].

2.3. Bias

Consistent with other federal surveys, the 2021–2023 NHANES cycle experienced a
continued decline in response rates [28]. Although low response rates do not necessar-
ily imply substantial nonresponse bias, they serve as an important indicator of survey
quality, reflecting the increased difficulty of data collection and potential risk of bias [28].
NHANES researchers conducted a comprehensive nonresponse bias assessment to evaluate
whether bias was associated with nonresponse. This process involved comparing respon-
dent characteristics with external data sources, benchmarking health estimates against
other national surveys, and testing alternative post-survey weighting adjustments [28].
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Findings indicated that the randomly selected counties continued to reflect the U.S. civilian,
noninstitutionalized population. Despite lower response rates and the methodological
adaptations necessitated by pandemic-related safety protocols, no significant sources of
bias were identified that were not accounted for through weighting adjustments [28]. As in
previous cycles, NHANES survey weights correct for selection probability, nonresponse,
and coverage bias across each data collection phase, including the screening, interview, and
examination components [28].

2.4. Study Population

Data collected as part of NHANES, a cross-sectional study conducted from August
2021 to August 2023, was utilized for this study. The NHANES questionnaire is admin-
istered to adults over 18 at mobile examination centers or at home through in-person or
telephone interviews [29]. The questionnaire collects demographic background information
and household and family-level data [29]. Participants are non-institutionalized civilian
residents of the United States [27]. In this context, non-institutionalized means individuals
in long-term care and residential facilities are excluded. NHANES uses a nationally repre-
sentative sample selected to reflect the diversity of the American population concerning
age, race, ethnicity, gender, and socioeconomic status [27]. The study was restricted to
individuals in the age group of 20 to 70 years. These inclusion criteria for the study were
determined since education level information is missing below the age of 20 and individu-
als over the age of 70 are more likely to experience multimorbidity and mobility/physical
activity issues. The exclusion criteria for the study were pregnant individuals due to the
impact of pregnancy on diet, gestational diabetes, and overall health status. The application
of the exclusion criteria to arrive at the final sample can be seen in Figure 1. An unweighted
sample size of 5819 participants was included in this study.

Figure 1. Flow diagram of final analytic sample.

2.5. Variables

The weighted population under study was adults aged 20–70 living in the United
States. The independent variables are country of birth (DMDBORN4), diabetes status
(DIQ010 and DIQ160), and demographic variables, while the dependent variables are phys-
ical activity habits. Demographic variables include age (RIDAGEYR), gender (RIAGENDR),
race/ethnicity (RIDRETH3), education (DMDEDUC2), and poverty ratio (INDFMPIR).
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Diabetes status was determined if a doctor or health professional had ever told the
individual if they had diabetes (DIQ010—Doctor told you have diabetes). Those who
responded with “borderline” were classified as prediabetic. Those who were told by a
doctor or health professional that they had prediabetes, impaired fasting glucose or glucose
tolerance, or that their blood sugar was higher than normal but not high enough to be
called diabetes were also classified as prediabetic (DIQ160—Ever told you have prediabetes).
Since pre-diabetics have similar underlying metabolic dysfunction as diabetes, individuals
with pre-diabetes were combined with diabetes individuals to create a binary diabetes and
non-diabetes category.

Information on physical activity collected includes frequency and intensity. This study
will compare the minutes completed of vigorous or moderate recreational activities such
as sports or fitness. Vigorous activities lead to a large increase in heart rate or breathing,
while moderate activities lead to small increases in heart rate or breathing. Minutes of
sedentary activity on a typical day, where a respondent is sitting but not sleeping, will also
be analyzed. The specific NHANES physical activity variables are:

• PAD790Q—Frequency of moderate LTPA;
• PAD790U—Moderate LTPA unit (day/week/month/year);
• PAD800—Minutes moderate LTPA;
• PAD810Q—Frequency of vigorous LTPA;
• PAD810U—Vigorous LTPA unit (day/week/month/year);
• PAD820—Minutes of vigorous LTPA;
• PAD680—Minutes of sedentary activity.

2.6. Statistical Methods

A weighted survey analysis was conducted using the interview weights (WTINT2YR)
and masked variance strata (SDMVSTRA) provided in the NHANES 2021–2023 to generate
population-representative estimates for the US civilian, non-institutionalized population
according to the CDC’s NHANES analytic guidance. Further, since all the variables used in
the analysis were collected during household interviews, weights were used in the analysis
according to the CDC guidance of using the weights corresponding to the most restrictive
component. The initial analytic step included unweighted (Table S1) and weighted basic
descriptive analysis of demographic variables, including country of birth in diabetes
and non-diabetic individuals. Other sociodemographic variables included age, gender,
race/ethnicity, education and poverty ratio. This was followed by univariate analysis of
physical activity (i.e., minutes of moderate physical activity, minutes of vigorous physical
activity, and minutes of sedentary physical activity) with diabetes and country of birth.
The weighted regression model was created to look at the association of diabetes status
and country of birth with physical activity. Similarly, a weighted linear regression model
was created to determine the impact of sociodemographic variables on the association of
diabetes status and country of birth on physical activity. Model diagnostics were done by
checking for linearity, heteroskedasticity, normality of residuals, multicollinearity through
variance inflation factor (vif), and survey-weighted leverage plot. The statistical analysis
was conducted using RStudio ©2026 with statistical significance established at α = 0.05.

3. Results
This research aimed to compare physical activity behaviors between adults with

diabetes or prediabetes, defined in one variable as diabetes, and those without these health
conditions and compare results between diabetics and prediabetics based on country of
birth. The final goal of this research was to determine if a relationship is present between
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diabetes status and country of birth, as well as diabetes status and LTPA when country of
birth is taken into consideration.

3.1. Descriptive Analysis

There were statistically significant sociodemographic differences associated with
diabetes status (Table 1). Note that Table 1 is organized by diabetes status and that
race/ethnicity is not dependent on birthplace. One of the most notable differences was
age; individuals with diabetes were, on average, approximately 11 years older than those
without diabetes (p < 0.001). Older adults are more likely to experience metabolic changes,
decreased insulin sensitivity, and accumulated lifestyle risk factors that contribute to the de-
velopment of diabetes. Race and ethnicity were also significantly associated with diabetes
status (p < 0.01). Certain racial and ethnic groups were disproportionately represented
among individuals with diabetes, reflecting patterns consistently reported in other research
studies and national surveillance data.

Table 1. Prevalence of Diabetes in Individuals in the age group of 20–70 years by sociodemographic
status in the United States.

Sociodemographic Variables Diabetes Status p-Value
Yes (%) No (%)

Age 55.19 (0.34) 44.10 (0.31) <0.001
Birthplace

Born in 50 US States/DC 12.7 87.3 0.963
Born Outside US 12.8 87.2

Gender
Female 12.9 87.1 0.779

Male 12.6 87.1
Race/Ethnicity

Mexican American 14.1 85.9
Non-Hispanic Asian 12.0 88.0
Non-Hispanic Black 19.9 80.1 0.005

Non-Hispanic White 11.0 89.0
Other Hispanic 13.2 86.8

Other/Multi-Racial 14.4 85.6
Education

Less than 9th grade 24.8 75.2
9–11th grade (no diploma) 21.1 78.9

<0.001High School graduate/GED 14.4 85.6
Some college or AA Degree 13.5 86.5
College Graduate or above 8.1 91.9

Poverty ratio 2.78 (0.17) 3.14 (0.10) 0.003

There was also a strong statistically significant inverse relationship between educa-
tional attainment and diabetes status. Individuals with lower levels of education were more
likely to report having diabetes compared with those with higher educational attainment.
Furthermore, there was a significant association between the poverty ratio and diabetes
prevalence. Individuals with lower income levels were more likely to report diabetes.
When comparing diabetes prevalence between U.S.-born and foreign-born individuals,
there was no statistically significant overall difference in diabetes prevalence by birth-
place (Table 1). Additionally, no significant sociodemographic differences were identified
between U.S.-born and foreign-born groups within the sample (Table 2).

In unadjusted analyses, individuals with diabetes reported higher sedentary time, and
foreign-born individuals reported fewer minutes of vigorous leisure-time physical activ-
ity. However, these associations were attenuated and no longer consistently statistically
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significant after adjusting for sociodemographic factors. This suggests that observed differ-
ences in physical activity and sedentary behavior may be largely explained by underlying
sociodemographic characteristics rather than diabetes status or nativity alone.

Table 2. Prevalence of Diabetes in Individuals in the age group of 20–70 years by birthplace according
to sociodemographic status in the United States.

Sociodemographic
Variables

U.S.-Born
Diabetic (%)

U.S.-Born
Non Diabetic (%)

Foreign-Born
Diabetic (%)

Foreign-Born
Non-Diabetic (%)

Age 55.24 (0.40) 44.17 (0.36) 54.93 (0.75) 43.85 (0.65)
Gender

Female 5.9 40.9 6.5 40.9
Male 6.8 46.4 6.3 46.4

Race/Ethnicity
Mexican American 0.7 4.4 2.9 16.5

Non-Hispanic Asian 0 1.7 3.8 21.8
Non-Hispanic Black 2.4 9.5 1.5 6.2

Non-Hispanic White 7.8 62.2 0.9 12.5
Other Hispanic 0.8 3.7 3.3 26.2

Other/Multi-Racial 1 5.8 0.4 4.0
Education

Less than 9th grade 0.2 0.8 3.1 9.2
9–11th grade (no diploma) 1.3 4.4 1.4 7.5

High School graduate/GED 3.9 22.6 2.8 20.4
Some college or AA Degree 4.5 28 2.3 17.5
College Graduate or above 2.7 31.4 3.0 32.7

Poverty ratio 2.82 (0.17) 3.22 (0.10) 2.43 (0.26) 2.80 (0.16)

3.2. Univariate Analysis

In the analysis of physical activity and sedentary behavior by diabetes status, leisure-
time physical activity (LTPA) levels were compared between individuals with and without
diabetes (Table 3). Moderate and vigorous LTPA levels did not significantly differ between
the two groups. Surprisingly, despite statistical non-significance, individuals with diabetes
reported higher minutes of moderate and vigorous LTPA compared to those without
diabetes. However, there was a statistically significant difference in sedentary activity
levels (p = 0.011). Individuals with diabetes reported higher levels of sedentary behavior
compared with those without diabetes.

Table 3. Descriptive Statistics of Physical activity related health behaviors dependent on their
Diabetes status.

Physical Activity Related Health Behaviors Diabetes Status p-Value
Yes (Mean/SD) No (Mean/SD)

Minutes of Moderate LTPA 113.28 (27.76) 83.13 (7.47) 0.279
Minutes of Vigorous LTPA 129.95 (53.93) 70.12 (5.16) 0.286
Minutes of sedentary activity 510.05 (32.62) 410.85 (10.68) 0.011

LTPA—Leisure-time Physical activity.

Further unadjusted analysis examined differences in moderate and vigorous LTPA
and sedentary activity by country of birth (Table 4). A statistically significant association
was observed between birthplace and minutes of vigorous LTPA (p = 0.041). Specifically,
individuals born in the United States reported higher average minutes of vigorous LTPA
(77.96 min) compared with individuals born outside the United States (60.11 min).
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Table 4. Descriptive Statistics of Physical activity related health behaviors dependent on their Birth
country status.

Physical Activity Related Health Behaviors Born in 50 US States/DC p-Value
Yes (Mean/SD) No (Mean/SD)

Minutes of Moderate LTPA 83.00 (8.41) 101.48 (21.10) 0.416
Minutes of Vigorous LTPA 77.96 (7.86) 60.11 (2.12) 0.041
Minutes of sedentary activity 429.87 (11.74) 398.87 (20.54) 0.205

LTPA—Leisure-time Physical activity.

The physical activity data was further broken down by diabetes status and country
of birth to observe the presence of any differences between groups (Table 5). While there
was no association between minutes of moderate physical activity and diabetes or country
of birth (Table 6) or minutes of vigorous physical activity and diabetes, there was an
association between minutes of vigorous physical activity and country of birth (Table 7).
These findings were further supported by regression analyses (Tables 7 and 8), which
confirmed the association between birthplace and vigorous LTPA after controlling for
relevant covariates. This suggests that differences in vigorous physical activity by nativity
may be explained by underlying sociodemographic characteristics rather than country of
birth alone.

Table 5. Descriptive Statistics of Physical activity related health behaviors dependent on their Diabetes
and birth country status.

Physical Activity Related
Health Behaviors

Diabetes No Diabetes

Born in 50 US
States/DC

Born Outside
USA

Born in 50 US
States/DC

Born Outside
US

Minutes of Moderate LTPA 99.30
(19.2) 167.66 (109.5) 81.04

(8.19)
92.43

(18.63)

Minutes of vigorous LTPA 143.5 (63.96) 56.91
(5.5)

72.20
(6.20)

60.35
(2.38)

Minutes of sedentary activity 480.38 (29.16) 625.19
(112.88) 422.51 (12.57) 365.74 (22.84)

LTPA—Leisure-time physical activity.

Table 6. Association of minutes of moderate physical activity with diabetes and birth country status.

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −29.77 (−87.33, 27.79) 26.64 0.284
Born outside USA vs. Born in USA 18.09 (−29.27, 65.45) 21.92 0.424

Table 7. Association of minutes of vigorous physical activity with diabetes and birth country status.

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −59.49 (−175.8, 56.83) 53.84 0.289
Born outside USA vs. Born in USA −17.24 (−33.3, −1.18) 7.43 0.037

Table 8. Association of minutes of sedentary activity with diabetes and birth country status.

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −99.29 (−173.5, −25.07) 34.36 0.013
Born outside USA vs. Born in USA −31.05 (−82.14, 20.04) 23.65 0.212
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3.3. Weighted Regression Analysis

Finally, in a stratified comparison of moderate LTPA, vigorous LTPA, and sedentary
activity, no significant patterns were identified (Table 5). A weighted regression analysis
showed no statistically significant effect of diabetes status and birthplace on moderate
LTPA; however, birthplace was significantly associated with minutes of vigorous LTPA
after adjusting for diabetes status. Individuals born outside the USA had 17.24 min of lower
vigorous LTPA than individuals born in the USA (p-value < 0.05). For minutes of sedentary
activity, individuals with diabetes showed approximately 100 min of sedentary activity
more than individuals without diabetes (p-value = 0.013). However, after adjusting for
sociodemographic variables, birthplace and diabetes status were not significantly associated
with moderate, vigorous LTPA and sedentary activity (Tables 9–11).

Table 9. Association of minutes of moderate physical activity with diabetes and birth country status
adjusted for sociodemographic variables (Race, Education).

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −13.79 (−77.80, 50.23) 23.057 0.582
Born outside USA vs. Born in USA 14.86 (−44.92, 74.65) 21.53 0.528

Table 10. Association of minutes of vigorous physical activity with diabetes and birth country status
adjusted for sociodemographic variables (Race, Education).

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −55.10 (−204.98, 96.80) 54.35 0.376
Born outside USA vs. Born in USA −9.04 (−21.86, 3.79) 4.62 0.122

Table 11. Association of minutes of sedentary activity with diabetes and birth country status adjusted
for sociodemographic variables (Race, Education).

Beta Estimate (95% CI) Std. Error p-Value

No Diabetes vs. Diabetes −98.27 (−200.57, 4.03) 36.85 0.056
Born outside USA vs. Born in USA −39.09 (−158.75, 80.58) 43.10 0.416

After adjusting for all sociodemographic variables, model diagnostics were done. The
sociodemographic variables Age, Gender, and poverty ratio showed significant multi-
collinearity with Diabetes Status (vif > 10). To remove multicollinearity, diabetes status
was included in the final model along with birth country and adjusted for race/ethnicity
and education. The final models were checked for linearity, heteroskedasticity, and nor-
mality of residuals. There were some outliers, the leverage of which was checked using
a survey-weighted leverage plot. Based on this, the models had an overall stable design
but there were some primary sampling units in the survey that exerted higher leverage on
the regression output. This suggests that the relationship between diabetes status, physical
activity levels, and birthplace may be more complex than can be captured through simple
stratification alone.

4. Discussion
4.1. Key Findings, Interpretations, and Implications

These results show that diabetes prevalence is associated with several sociodemo-
graphic characteristics, including age, race/ethnicity, educational attainment, and poverty
ratio. Although country of birth was not directly associated with diabetes prevalence,
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differences in physical activity behaviors were observed between U.S.-born and foreign-
born individuals in unadjusted analyses. Across all analyses, sedentary behavior emerged
as the behavioral factor most consistently associated with diabetes status, although this
association was attenuated after adjustment for sociodemographic variables.

The difference in average age between those with and without diabetic conditions was
an expected result, as diabetes risk increases with age due to physiological changes such as
decreased insulin sensitivity and increased likelihood of comorbid conditions [14]. The as-
sociation between race and diabetes status also aligns with existing research demonstrating
persistent disparities in diabetes prevalence among racial and ethnic minority groups [18].

The inverse association between diabetes status and educational attainment is also
consistent with previous research [15,18]. Education often influences health behaviors
and access to health information. Individuals with higher education levels may have
greater health literacy, allowing them to better understand diabetes prevention strategies,
adhere to medical advice, and navigate healthcare systems. Education may also serve
as a protective factor through improved employment opportunities and greater access to
health-promoting resources.

Similarly, the observed relationship between economic status and diabetes prevalence
has been widely documented [13]. Individuals with lower income may face structural
barriers to maintaining healthy lifestyles, including limited access to safe recreational
spaces, healthy foods, and preventive healthcare services. Economic constraints can also
increase stress and reduce the time available for engaging in health-promoting behaviors
such as regular physical activity.

A potential explanation for higher diabetes prevalence among certain racial/ethnic
groups is the difference in the social determinants of health among these groups. The
disparities may reflect differences in access to healthcare, socioeconomic resources, and
exposure to risk factors associated with diabetes development. Structural inequities af-
fecting housing, employment, education, and healthcare access can create environments
that increase chronic disease risk [18]. Education and socioeconomic status are particularly
influential determinants, as they shape both the resources available to individuals and their
ability to engage in preventive health behaviors [13,15].

While moderate and vigorous leisure-time physical activity levels did not significantly
differ by diabetes status, the finding that individuals with diabetes reported significantly
higher sedentary time in the unadjusted analysis is particularly important. Sedentary be-
havior has been increasingly recognized as an independent risk factor for metabolic disease,
even among individuals who meet recommended physical activity guidelines [1,5,6]. Pro-
longed sitting and low levels of daily movement can negatively affect glucose metabolism,
insulin sensitivity, and cardiovascular health [1,5,6]. As a result, interventions focused
on reducing sedentary behavior, such as encouraging regular movement breaks, may be
particularly beneficial for individuals living with diabetes.

The analysis also showed that foreign-born individuals engaged in fewer minutes
of vigorous LTPA compared to U.S.-born individuals in unadjusted analyses. However,
this association was not consistently significant after adjustment for sociodemographic
variables. While cultural, occupational, and environmental factors may influence physical
activity patterns, these findings suggest that such differences may be partly explained by
underlying sociodemographic characteristics rather than nativity alone. There are several
possible cultural, occupational, or environmental explanations. Cultural norms may in-
fluence preferences for certain types of physical activity, with some cultures placing less
emphasis on structured or vigorous exercise. Occupational patterns may also play a role, as
immigrants are more likely to work in physically demanding jobs that involve occupational
physical activity rather than leisure-time exercise. Environmental factors, including neigh-
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borhood safety, access to recreational facilities, and familiarity with available resources,
may also affect participation in vigorous physical activity.

These findings have implications for targeted diabetes prevention and intervention
strategies. Programs designed to reduce diabetes risk should incorporate culturally tai-
lored approaches that reflect the needs and values of diverse populations. Additionally,
interventions must consider economic barriers that may limit individuals’ ability to adopt
recommended lifestyle changes, such as increasing physical activity or purchasing healthier
foods. Educational materials should also be designed to accommodate varying levels of
health literacy to ensure accessibility and effectiveness. The findings also highlight the
importance of culturally responsive physical activity interventions. Programs designed
to increase physical activity among diverse populations should consider cultural prefer-
ences, language barriers, and differences in access to recreational resources. Community-
based approaches that incorporate culturally familiar activities and social support net-
works may be particularly effective in increasing participation in physical activity among
immigrant populations.

Overall, this study supports an emphasis on reducing sedentary behavior alongside
promoting physical activity and the importance of socioeconomic and culturally informed
diabetes prevention programs. The findings also emphasize the need to consider socioe-
conomic and cultural factors when designing public health interventions. By integrating
these factors into diabetes prevention programs, public health practitioners can develop
more effective and equitable strategies to reduce diabetes risk across diverse populations.
Additionally, these findings contribute to ongoing national diabetes surveillance efforts by
identifying behavioral patterns that may inform targeted intervention planning and health
promotion initiatives.

4.2. Limitations

The cross-sectional study design can limit causal inference between physical activity
behaviors and diabetes status. While associations can be identified, it is not possible to
determine whether sedentary behavior contributed to the development of diabetes or
whether individuals with diabetes became more sedentary after diagnosis. The data from
NHANES is self-reported and, as such, is subject to recall bias and social desirability bias,
where participants modify their answers to what they believe will make the researchers’
view of them more favorable.

In addition, leisure-time physical activity measures do not capture all forms of physical
activity, such as occupational or transportation-related activity. This limitation may be par-
ticularly relevant for foreign-born populations who may engage in physically demanding
work that is not reflected in leisure-time activity measures. As a result, their amount of
physical activity is likely being underestimated.

Critical data on nutrition and diet was not able to be incorporated into this study due
to a lack of availability. After NHANES resumed in August 2021 following the COVID-
19 suspension, dietary questionnaires were dramatically shortened; the 2021–2023 “Diet
Behavior and Nutrition” (DBQ) section collected only information on early-life nutrition
and the in-person diet modules were eliminated [28,29].

4.3. Recommendations for Future Research

The descriptive patterns identified in this study suggest potential differences in phys-
ical activity behaviors across population subgroups, highlighting the need for further
investigation into the mechanisms underlying these disparities. Future research should
incorporate interaction terms in statistical models to explore how sociodemographic factors,
such as race, income, and education, interact with country of birth to influence physical
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activity behaviors and diabetes risk. Longitudinal studies would also provide valuable
insight into how physical activity patterns change over time, particularly before and after a
diabetes diagnosis. Health behaviors may shift throughout the life course or in response to
disease diagnosis, medical advice, or lifestyle changes. Understanding these trajectories
could inform the development of more effective behavioral interventions.

Future research should also incorporate environmental and occupational activity
measures. Access to exercise facilities, walkable neighborhoods, parks, and safe recreational
spaces can significantly influence physical activity levels. These resources often vary by
income and neighborhood characteristics [15,17], and incorporating such variables could
help clarify structural barriers to physical activity. Finally, additional research examining
health behaviors across specific countries of birth would provide more detailed insights into
cultural influences on physical activity and diabetes risk. Several studies have found that
country of birth and ethnicity can shape health behaviors, dietary patterns, and healthcare
utilization [3,23,24]. Country-specific analyses could support the development of culturally
relevant diabetes prevention programs and educational materials tailored to the needs of
diverse immigrant populations.
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