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Abstract  

Background: Food insecurity (FIS), characterized by the lack of consistent access to 

nutritious food, is associated with hypertension and adverse health outcomes. Despite 

evidence of a higher prevalence of hypertension (HTN) in patients living with FIS, there 

is limited data exploring the underlying mechanism.  

 

Methods: We conducted a cross-sectional analysis of 17,015 adults aged 18-65 years, 

using dietary recall data from the National Health and Nutrition Examination Survey 

(2011-2018). Univariate and multivariable analyses were used to examine the 

association between FIS, HTN, and dietary sodium and potassium levels.  

 

Results: Individuals reporting FIS had a significantly lower mean intake of potassium 

(2.5±0.03 gm) compared to those in food-secure households (2.74±0.02 gm). No 

significant difference was found in the mean dietary sodium intake based on food 

security status. Non-Hispanic Black participants showed a high prevalence of HTN and 

FIS. While Non-Hispanic White and Hispanic participants had a high prevalence of FIS, 

it did not appear to influence their risk of HTN. 

Conclusions: Adults with FIS and HTN were more likely to report a lower dietary 

potassium intake. Increasing access to healthy foods, particularly potassium-rich foods, 

for individuals facing FIS, may contribute to reducing the HTN prevalence and improving 

cardiovascular outcomes. 

 

Key words: Hypertension, food insecurity, dietary sodium, dietary potassium, 
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NHANES. 

Introduction 

 

Hypertension is a significant public health issue, affecting 116 million adults in the 

United States.1 Various social determinants of health (SDoH) associated with lower 

socioeconomic status, including lower income level, educational attainment, 

employment status and opportunities, and adverse environmental factors, are 

associated with hypertension and cardiovascular disease (CVD) risks.2 Individuals in 

low-income areas experience higher rates of hypertension, uncontrolled hypertension 

and an elevated risk of fatal CVD complications,3 highlighting the impact of SDoH on 

hypertension prevalence and outcomes.  

 

Food insecurity, one of many SDoH, is a growing public health concern.4 It is linked to 

increased hypertension risk and adverse health outcomes.5 US adults living below the 

federal poverty level exhibit a higher prevalence of food insecurity.3 Alarmingly, 84% of 

households served by the food banks in the Feeding America network experienced food 

insecurity, with 58% of them having a family member with hypertension.6 Studies reveal 

that individuals with food insecurity are less likely to have their hypertension under 

control.3 Addressing food insecurity alongside adopting a healthy lifestyle can 

significantly reduce hypertension prevalence.7,8 However, limited income and food 

insecurity pose significant barriers to implementing these positive changes.  

 

Several pathways link food insecurity to hypertension,9 including stress response to 
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poverty,10 suboptimal dietary quality, 11,12 and obesity.13 Individuals facing food 

insecurity often resort to unhealthy eating patterns characterized by inexpensive and 

highly processed foods that are high in sodium and nutritionally deficient.11,12 High 

sodium and low potassium intake, major risk factors of hypertension, are associated 

with diets low in vegetables, fruits, nuts, and omega-3 fatty acids, and high in processed 

meats. 14 Food-insecure households often face challenges in paying bills, making trade-

offs between food and other financial obligations. 6, 15  

 

Despite the clear relationship between poor diets and hypertension, limited studies 

explore the impact of food insecurity on hypertension. However, studies indicating an 

association between poor diet quality, chronic disease risk, and cardiovascular health in 

individuals with food insecurity suggest a potential connection.5,7,10 Individuals with 

lower income and food insecurity tend to consume more highly palatable salty meals,11, 

12 reinforcing a plausible link between food insecurity and hypertension is plausible.  

 

Our study aims to assess the associations between food insecurity, hypertension, and 

dietary sodium and potassium in a nationally representative cohort of adults. We 

hypothesize that adults experiencing food insecurity and hypertension would exhibit 

higher dietary sodium and lower potassium intakes compared to adults who are food 

secure and have normal blood pressure (BP). 

 

Methods 

Study Population 
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We conducted a cross sectional secondary analysis using data from the National Health 

and Nutrition Examination Survey (NHANES) from 2011-2018. NHANES is a nationally 

representative survey assessing the nutrition and health condition of noninstitutionalized 

individuals through interviews and physical examinations, conducted by the National 

Center for Health Statistics (NCHS).16 Ethical approval was exempt for this study 

because we used publicly available, de-identified data.  

 

Our analysis included adults between the ages of 18 and 65 years. We excluded 

pregnant women and participants with incomplete BP and food security screening data.  

 

Blood pressure status: Blood pressure was classified into normal BP, elevated BP 

and hypertension based on the 2017 American College of Cardiology (ACC)/American 

Heart Association (AHA) Task Force guidelines.17 Participants who reported use of 

antihypertensive medications were categorized as having hypertension.   

 

Food security status: Food security was determined using the 18-item USDA’s Food 

Security Module and categorized into one of four food security categories (i.e., high, 

marginal, low, and very low) based on NHANES documentation.18 

 

Dietary recall data: Dietary intake of sodium and potassium was evaluated via two 24-

hour dietary recall interviews. Detailed information on 24-hour dietary recall procedures 

can be found elsewhere.19 
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Demographics and SDoH factors: Demographic information included age at the time 

of the interview, sex, and self-reported race/ethnicity.  The income-to-poverty ratio 

variable was utilized to assess participants' socioeconomic status adjusted for family 

size, as established by the U.S. Census Bureau, and divided into 4 distinct categories: 

Family income ≤ 1.3 (poorest); between 1.3 and 1.85; >1.85 of the poverty threshold 

and N/A, missing or incomplete data. 

 

Physical Activity: We estimated the weekly number of minutes spent performing 

moderate and vigorous physical activities. Using the Physical Activity questionnaire, 

participants were categorized into three groups (high or recommended, intermediate, 

and low physical activity) based the CDC’s recommended level of physical activity.20 

 

Statistical Analyses:  

Descriptive data were reported as proportion and 95% confidence interval for 

categorical variables, and as mean (± standard error, SE) for continuous variables. 

Patient characteristics were compared based on BP status (normal, elevated, or 

hypertension) and food security status using the chi-squared test for the categorical 

variables and the t-test for the continuous variables, considering sampling weights. To 

address missing data and imbalances in the categories, high food security and marginal 

food security were merged as one category of food security; low and very low food 

security were merged to classify food insecurity. Age was categorized into five-year 

intervals, as suggested by Diaz et al.21 Participants aged 18 to 29 years were grouped 

together, considering the lower prevalence of primary hypertension in individuals under 
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30.  

 

Univariate logistic regression models were used to investigate variables associated with 

hypertension and food insecurity. Quasi-binomial distribution was applied in univariate 

and multivariable logistic regression to explore the relationship between food security, 

hypertension, dietary sodium and potassium intake, socioeconomic status, and health 

disparities.  

 

Outcome measures included food security status and hypertension, with each serving 

as predictor and outcome variable, depending on the analysis. Predictor variables 

included race/ethnicity, sex, food security status, body mass index (BMI), diabetes, 

kidney disease, sodium and potassium intake, age, physical activity, and family income. 

Separate logistic regression models for survey data were fitted to identify risk factors 

associated with hypertension or food insecurity. All analyses were conducted using R 

version 4.3.1 (R Core team, Vienna, Austria). All tests were two-sided and a p-value 

<0.05 was considered statistically significant. 

 

We presented results as unweighted counts (actual numbers of participants sampled) 

and weighted estimates. The NCHS sample weights in NHANES account for the 

complex survey design (including oversampling), survey non-response, and post-

stratification adjustment to match total population counts from the Census Bureau, 

ensuring representative estimates of the U.S. civilian noninstitutionalized population.18 
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Results 

Participant Characteristics 

During the study period, 39,156 individuals completed the NHANES surveys. The final 

dataset for our analysis included 17,015 adults aged 18 to 65 years (Figure 1). Of these 

15,633 participants completed the 24-hour dietary recall. 

Hypertension as an outcome 

Weighted estimates revealed distinctive characteristics between participants with 

hypertension and those with normal BP. The hypertension group was significantly older, 

more likely male, and obese and had a significantly higher dietary sodium intake 

compared to the normal BP group (Table 1). The prevalence of hypertension in US 

adults across different time periods, and in age, sex, and race-ethnicity subgroups is 

presented in Table S1. 

We observed a dose-response relationship between hypertension and age categories. 

Using the 18- 29.9 group as a reference, we found a stepwise increase in hypertension 

risk with each older age group. For example, the odds of hypertension were 1.7 (1.3- 

2.2) for the 30-34.9 age group, 3.8 (2.9-4.9) for the 40- 44.9 age group, reaching 15.6 

(12.2- 19.8) in the 60- 64.9 age group (Table 2).  

Several factors including sex, age, race/ethnicity, and food security status were 

significantly associated with an increased likelihood of hypertension (Table 2). Non-

Hispanic Blacks had higher odds of hypertension compared to Non-Hispanic Whites 

(OR=1.82, 95% CI: 1.60-2.07, p<0.001). Participants reporting food insecurity also had 

higher odds of hypertension (OR=1.23, 95% CI: 1.05-1.45, p=0.01). 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted February 3, 2024. ; https://doi.org/10.1101/2024.02.01.24302167doi: medRxiv preprint 

https://doi.org/10.1101/2024.02.01.24302167
http://creativecommons.org/licenses/by-nd/4.0/


 9 

In terms of dietary habits, the hypertension group consumed slightly higher levels of 

sodium (3.62 gm, SE=0.03) (p=0.01) compared to the normal BP group, while there was 

no significant difference in potassium intake between the two groups (Table 2).   

The study highlighted the positive associations between increasing BMI and higher 

dietary sodium intake with hypertension (Table 3). For each unit increase in BMI, the 

odds of hypertension increased significantly by 8% (OR = 1.08; 95% CI: 1.07-1.10, p 

<0.01). Similarly, with every one-gram increase in dietary sodium intake, the odds of 

hypertension increased by 1% (p< 0.01). Conversely, with every one-gram increase in 

dietary potassium intake, the odds of hypertension decreased by 9% (p<0.01). The 

model’s AUC values of 0.81 suggest a relatively strong discriminative ability between 

the hypertensive and non-hypertensive groups.  

Food Insecurity as an outcome 

Significant differences in demographic, lifestyle, and health factors were observed 

between the food secure and food insecure groups. Participants reporting food 

insecurity were younger than food secure participants were (average age of 39.29 ± 

0.35 years vs. 42.10 ± 0.27 years) (p < 0.01) based on weighted estimates. Additionally, 

food insecure participants were predominantly female (52%) and obese (45%) 

compared to food-secure counterparts (Table 3). 

Ethnic/racial minorities were overrepresented in the group experiencing food insecurity. 

In multivariate analysis, Non-Hispanic Black (OR=1.33; 95% CI: 1.05-1.68, p=0.02) and 

Hispanic: OR=1.78; 95% CI: 1.37-2.17, p<0.01) participants were significantly more 

likely to experience food insecurity compared to their White counterparts (Table 4).  
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Participants reporting food insecurity exhibited a significantly lower intake of dietary 

potassium (2.41 ± 0.03 gm) compared to food secure individuals (2.79 ± 0.02 gm); p < 

0.01). Conversely, participants with food insecurity had significantly lower mean intakes 

of sodium (3.42 ± 0.04 gm) compared to food secure individuals (3.58 ± 0.02 gm; p < 

0.01) (Table 2). Higher average potassium intake was associated with lower odds of 

food insecurity (OR=0.83; 95% CI: 0.76-0.91, p<0.01), while no significant association 

was found with average sodium intake in the multivariable analysis (Table 4).  

With respect to health characteristics, participants reporting food insecurity had a higher 

prevalence of obesity (45.26%) compared to the food secure group (36.52%; p < 0.01). 

For each unit increase in BMI, the odds of food insecurity marginally increased in both 

univariate (OR=1.03; 95% CI: 1.02-1.04, p<0.01) and multivariable (OR=1.02; 95% CI: 

1.01-1.03, p<0.01) analyses (Table 4).  

While no statistically significant difference in the prevalence of hypertension between 

the food secure and food insecure groups, multivariable analysis revealed that 

participants with hypertension were more likely to experience food insecurity (OR=1.25; 

95% CI: 1.06-1.48, p<0.01). The association between a reported history of diabetes and 

food insecurity (OR=1.38; 95% CI: 1.12-1.69, p<0.01) was not significant in the 

multivariable analysis. Similarly, participants with a history of kidney disease had a 

higher likelihood of food insecurity in the univariate analysis (OR=1.84, 95 CI: 1.23-2.77, 

p<0.01) and approached significance in the multivariable analysis (Table 4). 

Furthermore, participants with low socioeconomic status, defined by a poverty index 

≤1.3 (OR=8.04; 95% CI: 6.71-9.65, p<0.01) and 1.3-1.85 (OR=3.55; 95% CI: 2.83-4.45, 
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p<0.01), had significantly higher odds of experiencing food insecurity than those with a 

poverty index ≥1.85 in multivariable analyses.  

Finally, we observed that the level of physical activity appeared to influence food 

insecurity. In the multivariate analysis, participants who reported low activity levels 

demonstrated a higher likelihood of experiencing food insecurity (OR=1.16; 95% CI: 

0.99-1.37, p=0.07) compared to participants with high levels of physical activity. The 

model’s AUC values of 0.75 suggest a relatively moderate discriminative ability between 

the food-secure and insecure groups. 

Discussion 

This cross-sectional study explored patterns of dietary sodium and potassium intake 

based on food security status in relation to hypertension risk.  Food insecure 

participants reported a lower dietary potassium intake compared to those without food 

insecurity, likely related to lower intake of potassium-rich foods such as fruits, 

vegetables, and grains, which are main components of the DASH (Dietary Approaches 

to Stop Hypertension) eating plan.8 This aligns with previous models demonstrating 

reduced dietary intake of vegetables and fruits as leading risk factors for 

cardiometabolic mortality.22 

While individuals with hypertension had higher mean dietary sodium intake compared to 

individuals without hypertension, as has been previously established,14 no significant 

difference was found in dietary sodium intake based on food security status. 

Specifically, participants who reported food insecurity had a lower dietary sodium intake 

compared to those who were food secure. Dietary recall remains a valuable tool to 
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assess sodium intake, but acknowledging potential recall bias and the inherent 

variability in nutrient contents of foods in the food composition tables is important. 23 For 

clinical and health-related research, exploring complementary methods (e.g. 24-hour 

urine collection) may be necessary to enhance accuracy and address these limitations. 

Given the strong link between reduced dietary potassium intake and hypertension, 

public health initiatives should focus on increasing access to potassium-rich foods, 

especially among populations at risk of food insecurity.8 

Similar to previous reports, our study observed a significant association between food 

insecurity and hypertension among U.S. adults,24,25 reinforcing the link between food 

insecurity and chronic diseases like hypertension.10 Understanding the mechanisms 

contributing to hypertension risk in food insecure individuals, such as dietary changes 

chronic stress, and unhealthy coping mechanisms like smoking or reduced physical 

activity, can inform targeted interventions to effectively manage hypertension in 

vulnerable populations. 

Our study supports prior research indicating a high prevalence of hypertension26,27 and 

food insecurity28 in Non-Hispanic Black participants. In contrast, Non-Hispanic White 

and Hispanic participants, despite having a high prevalence of food insecurity, did not 

exhibit a significant influence on hypertension risk. This emphasizes the complex 

interplay between ethnicity, food security, and health outcomes.29 The observed racial 

disparity in the influence of food insecurity on hypertension risk highlights the need for 

culturally sensitive interventions that address the broader SDoH can promote more 

equitable health outcomes. 
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Predictably, we found a higher prevalence of obesity, a known hypertension risk factor, 

in individuals from food-insecure households. Our finding that food insecure adults were 

less likely to be engaged in physical activity aligns with a study by To et al.30 This 

suggests a complex interplay wherein food insecurity may influence physical activity 

levels. The lack of access to healthy food or uncertainty in obtaining it may cause 

changes in physical activity behaviors, which in turn, may contribute to chronic diseases 

such as obesity and hypertension.31 

It is important to acknowledge the study’s limitations. Firstly, potential selection bias 

may exist, given the response rate to the food security questionnaire and missing 

information in the dataset, affecting generalizability. Secondly, dietary assessment 

methods for sodium and potassium intake may be influenced by self-report, challenges 

in quantifying salt, and failure to account for non-food sources of sodium such as 

supplements, and nutrient coding errors. Thirdly, reliance on self-reported measures of 

food insecurity and dietary intake introduces potential recall bias or social desirability 

bias.32 Lastly, the cross-sectional design of NHANES limits causal inference, and the 

use of within-person mean instead of using generalized mixed methods for estimating 

nutrient intake simplifies the approach but may be more susceptible to errors.33  

 

This study underscores the complex interplay between food insecurity, dietary habits, 

and hypertension. It highlights the potential need for interventions to improve food 

security and promote access to nutrient-rich foods to reduce hypertension risk. This 

emphasizes the need for policy changes addressing food access issues; ensuring 

available food resources include potassium-rich foods like fruits and vegetables. Efforts 
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should focus on increasing access to affordable, healthy food options and expanding 

food assistance programs in low-income areas.34 Further research is warranted to 

comprehensively understand the complex mechanisms involved and develop strategies 

to enhance food security, improve dietary habits, and ultimately decrease hypertension 

risk among vulnerable populations.  

In conclusion, the study underscores the critical role of SDoH, particularly food 

insecurity, in the prevalence of hypertension. Implementing policies and interventions to 

mitigate food insecurity and enhance dietary quality, especially in low-income 

communities, can significantly contribute to lessening the burden of hypertension.35  
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Perspectives:  

In this nationally representative study, adults with food insecurity had reduced dietary 

potassium intake, with no significant association with average sodium intake based on 

food security status. Food insecurity, a modifiable risk factor for CVD, presents a 

pathway to decrease the burden of cardiovascular morbidity and mortality. The study 

reveals the impact of food insecurity on obesity and physical activity, both hypertension 

risk factors. Racial disparities in the impact of food insecurity on hypertension risk were 

suggested, warranting further research to explore this interaction. Our findings carry 

significant public health implications, emphasizing the importance of addressing food 

insecurity to reduce hypertension risk.  
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NOVELTY AND RELEVANCE 

What Is New? 

This is the first study to evaluate the association of dietary patterns of sodium and 

potassium based on food security status on hypertension risk using a nationally 

representative sample. 

What Is Relevant? 

Food insecure participants had a lower dietary potassium intake compared to 

individuals who were food secure, likely related to lower intake of potassium-rich foods 

such as fruits, vegetables and grain, a known hypertension risk. 

Clinical/Pathophysiological Implications? 

Our findings highlight the critical impact of food insecurity on the prevalence of 

hypertension. We provide evidence to support interventions to reduce food insecurity 

and enhance dietary quality, which might contribute to decreasing the burden of 

hypertension.  
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Figure 1: Participant Selection 
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Table 1: Characteristics by blood pressure status for NHANES 2011- 2018 participants 

 

 

Observations 

with Normal Elevated Hypertensive 
Overall 

 

available 

information 

Unweighted 

Count 

Weighted 

estimates 

Unweighted 

Count 

Weighted 

estimates 

Unweighted 

Count 

Weighted 

estimates 
P value 

Age, mean 

(± SE) 17,015 7,734 36.1 (±0.3) 2,129 40.3 (±0.5) 7,152 

48.5 

(±0.2) <0.001 

   

Proportion 

(95% CI)  

Proportion 

(95% CI)  

Proportion 

(95% CI)  

Sex 17,015 

      

<0.001 

Male 

 

3,168 

41.9 (40.7, 

43.1) 1,283 

60.4 (58.0, 

62.8) 3,857 

55.5 

(53.7, 

57.2) 

 

Female 

 

4,566 

58.1 (56.9, 

59.4) 846 

39.6 (37.2, 

42.0) 3,295 

44.5 

(42.8, 

46.3) 
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Race/ 

Ethnicity 17,015 

      

<0.001 

Non- 

Hispanic 

White 

 

2,658 

61.3 (57.8, 

64.9) 710 

62.8 (58.1, 

67.4) 2,227 

62.6 

(58.6, 

66.5) 

 

Non-

Hispanic Black 

 

1,425 

9.79 (8.2, 

11.4) 459 

10.8 (8.6, 

13.0) 2,183 

15.3 

(12.6, 

17.94) 

 

Hispanic 

 

2,091 

18.6 (15.8, 

21.4) 613 

18.2 (14.5, 

21.8) 1,635 

13.52 

(11.5, 

15.6) 

 Other/ Multi-

Racial 

 

1,560 

10.3 (9.0, 

11.6) 347 

8.29 (6.9, 

9.7) 1,107 

8.6 (7.3, 

9.9) 
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     16,740 <0.001 

Adult BMI 

Under/ Normal 

Weight 

 

3,256 

42.1 (40.1, 

44.1) 608 

27.5 (24.5, 

30.51) 1,349 

17.6 

(16.2, 

19.1) 

 

Overweight 

 

2,404 

32.0 (30.7, 

33.4) 686 

32.3 (29.2, 

35.46) 2,062 

30.4 

(28.6, 

32.14) 

 

Obese 

 

1,988 

25.9 (24.1, 

27.7) 820 

40.2 (36.7, 

43.7) 3,567 

52.0 

(50.1, 

54.0) 

 Diabetes 17,015 

      

<0.001 

No   7,434 

 97.1 (96.6, 

97.6)  1,975 

 95.6 (94.4, 

96.8)  5,882 

 85.1 

(83.9, 

86.3)    

Yes   300 

 2.9 (2.4, 

3.4)  154 

 4.5 (3.2, 

5.7)  1,270 

 14.9 

(13.7,   
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16.1)  

Kidney 

disease 17,015             <0.001 

No   7,635 

 98.7 (98.2, 

99.1)  2,101 

 98.6 (97.9, 

99.2)  6,856 

 96.9 

(96.4, 

97.36)    

Yes   99 

 1.3 (0.9, 

1.8)  28 

 1.4 (0.8, 

2.1)  296 

 3.1 (2.6, 

3.6)    

Physical 

Activity 17,015             <0.001 

High   4,799 

 66.3 (65.0, 

67.7)  1,316 

 66.7 (64.1, 

69.3)  3,774 

 57.6 

(55.8, 

59.4)    

Intermediate   966 

 12.7 (11.7, 

13.7)  244 

 11.6 (9.8, 

13.4)  1,000 

 14.03 

(12.99,   
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15.1)  

Low   1,969 

 21.0 (19.6, 

22.3)  569 

 21.7 (19.5, 

23.9)  2,378 

 28.4 

(26.7, 

30.0)    

Food 

Security 17,015             0.35 

High Food 

Security   4,819 

 70.0 (67.6, 

72.3)  1,322 

 72.0 (69.1, 

74.9)  4,406 

 70.2 

(68.0, 

72.3)    

Marginal 

Food Security   1,085 

 11.42 

(10.24, 

12.6)  297 

 10.9 (9.5, 

12.3)  939 

 10.5 (9.4, 

11.6)    

Low Food 

Security   1,136 

 11.1 (10.1, 

12.2)  309 

 9.9 (8.3, 

11.5)  1,103 

 11.7 

(10.4, 

13.1)    

Very Low   694  7.49 (6.6, 201  7.2 (5.7, 704  7.65 (6.7,   
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Food Security 8.4)  8.8)  8.7)  

Poverty Index 17,015             0.02 

≤1.3   2,815 

 27 (24.7, 

29.3)  786 

 25.8 (23.4, 

28.3)  2,497 

 24.6 

(22.6, 

26.7)    

1.3-1.85   1,059 

 12.2 (11.1, 

13.4)  277 

 10.6 (9.1, 

12.1)  973 

 11.2 

(10.2, 

12.1)    

>1.85   3,493 

 56.8 (54.2, 

59.5)  973 

 60.4 (57.2, 

63.6)  3,310 

 60.6 

(57.9, 

63.3)    

NA   367 

 4.0 (3.1, 

4.8)  93 

 3.2 (2.2, 

4.2)  372 

 3.61 (3.0, 

4.3)    

Sodium intake 

(gm), mean (± 

SE) 15,633 7,134 

3.46 

(±0.03) 1,987 

3.66 

(±0.04) 6,512 

3.62 

(±0.03) <0.001 
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Potassium 

Intake (gm), 

mean (±SE) 15,633 7,134 

2.60 

(±0.03) 1,987 

2.71 

(±0.04) 6,512 

2.68 

(±0.03) 0.01 

Note: Values are in proportion and 95% confidence interval for categorical variable and in mean (± SE) for continuous 

variables; SE, standard error
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Table 2: Logistic regression with hypertension as an outcome  

Characteristics 

Univariate Multivariate 

OR (95% CI)  
p-

value 
OR (95% CI)  

p-

value 

Age         

18-29.9 (reference)   (reference)   

30-34.9 1.95 (1.49, 2.55) <0.01 1.7 (1.29, 2.24) <0.01 

35-39.9 2.64 (2.18, 3.21) <0.01 2.49 (2.02, 3.06) <0.01 

40-44.9 3.96 (3.15, 4.99) <0.01 3.76 (2.89, 4.88) <0.01 

45-49.9 4.96 (3.88, 6.34) <0.01 4.98 (3.81, 6.52) <0.01 

50-54.9 7.96 (6.24, 10.2) <0.01 8 (6.15, 10.4) <0.01 

55-59.9 10.3 (8.21, 12.8) <0.01 11.1 (8.59, 14.3) <0.01 

60-64.9 14.2 (11.5, 17.6) <0.01 15.6 (12.2, 19.8) <0.01 

Ethnicity         

White (reference) 
 

(reference)   

Black 1.54 (1.38, 1.71) <0.01 1.82 (1.60, 2.07) <0.01 

Hispanic 0.72 (0.64, 0.81) <0.01 0.84 (0.72, 0.97) 0.02 

Other 0.97 (0.81, 1.15) 0.72 1.36 (1.09, 1.70) <0.01 

Food Security         

Secure (reference)   (reference)   

Insecure 1.10 (0.96, 1.25) 0.17 1.23 (1.05, 1.45) 0.01 
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Sex 

Male (reference)    (reference)   

Female 0.68 (0.61, 0.75) <0.01 0.54 (0.46, 0.63) <0.01 

Poverty index         

<=1.3 0.85 (0.74, 0.98) 0.03 1.00 (0.86, 1.17) 0.98 

1.3-1.85 0.97 (0.82, 1.16) 0.76 1.07 (0.87, 1.32) 0.51 

>=1.85 (reference)   (reference)   

NA 0.74 (0.54, 1.01) 0.06 0.68 (0.49, 0.94) 0.02 

Physical Activity         

High (reference)   (reference)   

Intermediate 1.26 (1.05, 1.50) 0.01 0.97 (0.80, 1.17) 0.72 

Low 1.54 (1.34, 1.77) <0.01 1.02 (0.86, 1.23) 0.78 

BMI 1.09 (1.08, 1.10) <0.01 1.08 (1.07, 1.10) <0.01 

Average Sodium 1.05 (1.01, 1.09) 0.01 1.1 (1.05, 1.16) <0.01 

Average Potassium 1.05 (0.99, 1.11) 0.11 0.9 (0.83, 0.98) 0.01 

Known Diabetic 5.69 (4.48, 7.23) <0.01 2.11 (1.64, 2.73) <0.01 

Known Kidney disease 2.4 (1.49, 3.85) <0.01 1.59 (0.91, 2.77) 0.10 
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Table 3: Characteristics by food security status for NHANES 2011- 2018 participants 

   Unweighted 

count with 

available 

data 

Food Secure Food Insecure 

P 

value 

  Unweighted 

count 

Weighted 

estimates 

Unweighted 

count 

Weighted 

estimates 

Age, mean (±SE) 17,015 12,868 42.1 (±0.3) 4,147 39.3 (±0.4) <0.001 

   Proportion  

(95% CI) 

 Proportion  

(95% CI) 

 

Sex 17,015     0.02 

Male  6,333 50.2 (49.3, 51.1) 1,975 47.7 (45.8, 49.5)  

Female  6,535 49.8 (48.9, 50.6) 2,172 52.3 (50.5, 54.1)  

Race/ Ethnicity 17,015     <0.001 

Non- Hispanic White  4,386 65.4 (61.9, 68.9) 1,209 47.2 (42.4, 52.0)  

Non-Hispanic Black  2,935 10.8 (8.9, 12.7) 1,132 17.7 (14.7, 20.7)  

Hispanic  2,939 14.0 (11.7, 16.3) 1,400 27.5 (23.5, 31.4)  

Other/ Multi-Racial  2,608 9.8 (8.5, 11.0) 2,608 7.7 (6.2, 9.2)  
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Adult BMI 16,740     <0.001 

Under/ Normal Weight  4,114 31.2 (29.5, 33.0) 1,099 27.1 (24.6, 29.7)  

Overweight  4,000 32.3 (30.9, 33.6) 1,152 27.6 (25.8, 29.5)  

Obese  4,557 36.5 (34.7, 38.4) 1,818 45.3 (42.8, 47.7)  

Hypertension 17,015     0.18 

No  7,523 60.5 (59.2, 61.9) 2,340 58.9 (56.5, 61.2)  

Yes  5,345 39.5 (38.2, 40.8) 1,807 41.2 (38.8, 43.5)  

Diabetes 17,015     0.001 

No  11,668 92.6 (92.0, 93.1) 3,623 90.3 (89.1, 91.6)  

Yes  1,200 7.5 (6.9, 8.0) 524 9.7 (8.3, 10.9)  

Kidney disease 17,015     <0.001 

No  12,603 98.2 (97.9, 98.6) 3,989 96.8 (96.1,97.4)  

Yes  265 1.8 (1.4, 2.2) 158 3.25 (2.6, 3.9)  
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Physical Activity 

High 17,015 7,584 63.6 (62.5, 64.) 2,305 60.0 (58.0, 62.0) <0.001 

Intermediate  1,755 13.7 (12.9, 14.5) 455 10.5 (9.3, 11.7)  

Low  3,529 22.74 (21.7, 23.8) 1,387 29.5 (27.8, 31.3)  

Poverty 17,015     <0.001 

Poverty <=1.3  3,469 18.5 (16.8, 20.2) 2,629 58.0 (52.4, 63.6)  

1.3-1.85  1,683 10.7 (9.8, 11.6) 626 15.4 (13.2, 17.6)  

>1.85  7,053 67.0 (64.9, 69.2) 723 23.2 (20.8, 25.5)  

NA  663 3.4 (2.6, 4.2) 169 3.4 (2.6, 4.2)  

       

Sodium Intake (gm), mean 

(±SE) 

15,633 11,796 3.6 (±0.02) 3,837 3.42 (±0.04) <0.001 

Potassium Intake (gm), mean 

(±SE) 

15,633 11,796 2.7 (±0.02) 3,837 2.41 (±0.03) <0.001 

Note: Values are in proportion and 95% confidence interval for categorical variable and in mean (± SE) for continuous 

variables; SE, standard error 
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Table 4 Logistic regression with food insecurity as an outcome  

Characteristics 

Univariate Multivariate 

OR (95% CI) 
p-

value 
OR (95% CI) p-value 

Age 
    

18-29.9 (reference) 
 

(reference) 
 

30-34.9 0.82 (0.64, 1.04) 0.10 0.93 (0.71, 1.22) 0.59 

35-39.9 1.01 (0.80, 1.28) 0.92 1.17 (0.88, 1.55) 0.27 

40-44.9 0.77 (0.59, 1.01) 0.06 0.98 (0.72, 1.34) 0.91 

45-49.9 0.74 (0.58, 0.92) 0.01 0.94 (0.73, 1.24) 0.70 

50-54.9 0.68 (0.55, 0.85) <0.01 0.83 (0.63, 1.09) 0.17 

55-59.9 0.61 (0.48, 0.78) <0.01 0.77 (0.58, 1.02) 0.07 

60-64.9 0.44 (0.35, 0.57) <0.01 0.54 (0.40, 0.73) <0.01 

Ethnicity 
    

White (reference) 
 

(reference) 
 

Black 2.39 (1.95, 2.93) <0.01 1.33 (1.05, 1.68) 0.02 

Hispanic 2.87 (2.32, 3.57) <0.01 1.78 (1.37, 2.17) <0.01 

Other 1.07 (0.85, 1.34) 0.58 0.88 (0.68, 1.13) 0.30 

BP Status 
    

Normal BP (reference) 
 

(reference) 
 

Hypertension 1.1 (0.96, 1.25) 0.17 1.25 (1.06, 1.48) <0.01 
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Sex 

Male (reference) 
 

(reference) 
 

Female 1.15 (1.02, 1.29) 0.02 0.96 (0.82, 1.13) 0.63 

Poverty index 
    

<=1.3 9.67 (8.25, 11.3) <0.01 8.04 (6.71, 9.65) <0.01 

1.3-1.85 4.27 (3.46, 5.26) <0.01 3.55 (2.83, 4.45) <0.01 

>=1.85 (reference) 
 

(reference) 
 

NA 2.72 (1.84, 4.03) <0.01 2.31 (1.57, 3.39) <0.01 

Physical Activity 
    

High (reference) 
 

(reference) 
 

Intermediate 0.83 (0.67, 1.02) 0.08 0.85 (0.68, 1.05) 0.12 

Low 1.57 (1.35, 1.81) <0.01 1.16 (0.99, 1.37) 0.07 

BMI 1.03 (1.02, 1.04) <0.01 1.02 (1.01, 1.03) <0.01 

Average Sodium 0.92 (0.88, 0.97) <0.01 1.03 (0.96, 1.10) 0.45 

Average 

Potassium 
0.76 (0.72, 0.80) <0.01 0.83 (0.76, 0.91) <0.01 

Known history of 

diabetes 
1.38 (1.12, 1.69) <0.01 1.20 (0.94, 1.53) 0.14 

Known history of 

kidney disease 
1.84 (1.23, 2.77) <0.01 1.56 (1.00, 2.43) 0.049 
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Table S1. Age-Specific and Age-Adjusted Prevalence of Hypertension Among US 

Adults in 2011 to 2012, 2013 to 2016, and 2017 to 2018, overall and in Age, Sex, 

and Race-Ethnicity Subgroups 

A. Unweighted 

Population 

evaluated 

Unweighted 

count with 

available 

data 

Calendar period, unweighted proportion (95% CI) 
P 

trend 

Total 
2011–

2012 

2013–

2014 
2015–2016 2017–2018 

 

Overall 17,015 

42.0 

(41.3, 

42.8) 

41.2 

(39.8, 

42.7) 

38.7 

(37.3, 

40.1) 

42.4 (40.9, 

43.9) 

46.5 (44.9, 

48.0) 
<0.001 

Age group, y 
       

18–44 9,417 

24.4 

(23.5, 

25.3) 

24.5 

(22.8, 

26.2) 

22.2 

(20.6, 

23.9) 

24.4 (22.7, 

26.2) 

27.3 (25.3, 

29.3) 
0.01 

45–65 7,598 

63.9 

(62.8, 

65.0) 

63.2 

(61.0, 

65.4) 

60.6 

(58.4, 

62.7) 

64.9 (62.7, 

67.1) 

67.0 (64.8, 

69.1) 
0.002 

Sex 
       

Women 8,707 

37.8 

(36.8, 

38.9) 

37.8 

(35.8, 

39.9) 

34.7 

(32.8, 

36.7) 

37.9 (35.9, 

40.0) 

41.4 (39.3, 

43.6) 
0.003 

Men 8,308 46.4 44.6 42.9 47.1 (45.0, 51.9 (49.6, <0.001 
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(45.3, 

47.5) 

(42.5, 

46.8) 

(40.8, 

45.0) 

49.3) 54.1) 

 

 

Race-ethnicity 
       

Non-Hispanic 

White 
5,595 

39.8 

(38.5, 

41.1) 

40.4 

(37.9, 

43.0) 

37.1 

(34.8, 

39.4) 

40.0 (37.3, 

42.8) 

42.9 (40.0, 

45.8) 
0.09 

Non-Hispanic 

Black 
4,067 

53.7 

(52.1, 

55.2) 

52.5 

(49.6, 

55.4) 

51.7 

(48.6, 

54.9) 

52.2 (49.0, 

55.4) 

58.9 (55.6, 

62.1) 
0.01 

Non-Hispanic 

Asian 
4,339 

37.7 

(36.2, 

39.1) 

36.1 

(33.0, 

39.2) 

34.3 

(31.5, 

37.2) 

39.2 (36.5, 

41.8) 

41.1 (38.0, 

44.3) 
0.003 

Hispanic 3,014 

36.7 

(35.0, 

38.5) 

31.7 

(28.4, 

35.1) 

31.7 

(28.3, 

35.3) 

39.0 (35.4, 

42.8) 

44.0 (40.5, 

47.4) 
<0.001 

 

 

 

 

 

B. Weighted 
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Population 

evaluated 

Unweighted 

count with 

available 

data 

Calendar period, weighted proportion (95% CI) 
P 

trend 

Total 
2011–

2012 

2013–

2014 

2015–

2016 
2017–2018 

 

Overall 17,015 

40.2 

(40.1, 

40.2) 

40.6 

(40.6, 

40.6) 

37.7 

(37.7, 

37.7) 

40.2 (40.2, 

40.2) 

42.2 (42.2, 

42.2) 
<0.001 

 

 

Age group, y 
       

18–44 9,417 

24.3 

(24.3, 

24.3) 

25.4 

(25.4, 

25.4) 

21.9 

(21.9, 

21.9) 

24.0 (24.0, 

24.1) 

26.0 (26.0, 

26.0) 
<0.001 

45–65 7,598 

59.4 

(59.4, 

59.4) 

58.6 

(58.6, 

58.6) 

57.8 

(57.8, 

57.8) 

59.5 (59.4, 

59.5) 

61.9 (61.8, 

61.9) 
<0.001 

Sex 
       

Women 8,707 

35.6 

(35.6, 

35.6) 

36.8 

(36.8, 

36.8) 

34.0 

(34.0, 

34.0) 

35.6 (35.6, 

35.7) 

35.9 (35.9, 

35.9) 
<0.001 

Men 8,308 

44.8 

(44.8, 

44.8) 

44.3 

(44.3, 

44.3) 

41.5 

(41.5, 

41.5) 

44.9 (44.9, 

44.9) 

48.8 (48.8, 

48.8) 
<0.001 
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Race-ethnicity 
       

Non-Hispanic 

White 
5,595 

40.5 

(40.5, 

40.5) 

41.9 

(41.9, 

41.9) 

38.0 

(38.0, 

38.1) 

40.5 (40.5, 

40.5) 

41.7 (41.7, 

41.7) 
<0.001 

Non-Hispanic 

Black 
4,067 

50.5 

(50.5, 

50.5) 

50.0 

(50.0, 

50.0) 

49.4 

(49.4, 

49.4) 

49.6 (49.5, 

49.6) 

53.2 (53.2, 

53.2) 
<0.001 

Non-Hispanic 

Asian 
4,339 

32.9 

(32.9, 

32.9) 

30.9 

(30.8, 

30.9) 

30.5 

(30.5, 

30.5) 

33.7 (33.6, 

33.7) 

36.5 (36.4, 

36.5) 
<0.001 

Hispanic 3,014 

36.9 

(36.9, 

36.9) 

34.0 

(34.0, 

34.1) 

31.9 

(31.9, 

32.0) 

37.7 (37.7, 

37.7) 

42.3 (42.3, 

42.3) 
<0.001 
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