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Background and Objective: Hypertension is a major global health concern, yet the role of 
health literacy in its development remains unclear, especially in Middle Eastern populations. 
This prospective cohort study examined the association between health literacy and incident 
hypertension in southwestern Iran. 

Materials and Methods: This cohort study included 4,217 adults aged 35–70 years without 
baseline hypertension from the Shahrekord PERSIAN Cohort, followed for 7 years. Health 
literacy was assessed using the HELIA questionnaire, with inadequate literacy defined as below 
the 25th percentile. Incident hypertension was confirmed through physician diagnosis or 
antihypertensive medication use. Hierarchical logistic regression estimated odds ratios (ORs) 
with 95% confidence intervals (CIs), with progressive adjustment for confounders. Causal 
mediation analyses were conducted using Stata's mediate command. 

Results: Participants' mean age was 47.55 ± 8.33 years. During follow-up, 107 incident 
hypertension cases (2.6%) were recorded. Mediation analyses showed significant indirect 
effects for triglycerides (27.4%, p = 0.001) and fasting blood sugar (15.6%, p = 0.027), though 
both fell below the 30% threshold for meaningful mediation, suggesting only partial mediation. 
These variables were therefore treated as confounders in the final model. 

In the crude model, inadequate health literacy was linked to higher odds of hypertension (OR: 
1.72, 95% CI: 1.02, 2.90). This association persisted after adjustment for age, ethnicity, BMI, 
physical activity, and depression (OR: 1.78, 95% CI: 1.02, 3.11). However, with further 
adjustment for fasting blood sugar and triglycerides, the association became non-significant 
(OR: 1.67, 95% CI: 0.95, 2.92). In the fully adjusted model, age, obesity, depression, and 
elevated triglycerides remained independently associated with hypertension. 



 

 

 

Conclusion: Triglycerides and fasting blood sugar partially mediated the association between 
health literacy and incident hypertension. These findings suggest that metabolic factors may 
lie on the pathway between health literacy and hypertension, though the modest mediation 
proportions indicate that other pathways also contribute. 
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Introduction 
Hypertension (HTN) is one of the most important modifiable risk factors for cardiovascular 

diseases (CVDs), stroke, and chronic kidney disease, accounting for approximately 10.4 million 

deaths annually worldwide (1). It is often asymptomatic until late stages, earning its 

reputation as a "silent killer" (2). The global prevalence of hypertension has doubled over the 

past three decades, making it a leading public health challenge (1, 3). Despite substantial 

advances in pharmacological treatments, hypertension (BP) control remains suboptimal in 

many populations, highlighting the urgent need for effective primary prevention strategies, 

particularly those targeting less traditional risk factors (4). 

Globally, hypertension affects approximately 1.3 billion adults aged 30–79 years, with an age-

standardized prevalence of 33% according to the WHO 2023 Global Report (5). Notably, 46% 

of affected individuals are unaware of their condition, only 42% receive treatment, and 

merely 21% achieve adequate hypertension control. More than three-quarters of these 

patients reside in low- and middle-income countries (LMICs), including Iran. In Iran, the 

national STEPs survey (2021) reported an age-standardized hypertension prevalence of 32.0% 

among adults, with a higher burden in women (32.9%) than men (30.9%) (6). The prevalence 

is even higher among older adults (60+ years), reaching 60.6% in males and 71.8% in females 

(7, 8). These statistics highlight the persistently high burden of hypertension in Iran and the 

urgent need for innovative primary prevention strategies targeting modifiable risk factors 

beyond traditional biomedical approaches. 

Well-established risk factors for incident hypertension include advanced age, male sex, 

obesity, physical inactivity, high dietary sodium intake, low potassium intake, excessive 

alcohol consumption, smoking, diabetes mellitus, and family history of hypertension (9). 

However, these factors collectively explain only part of the interindividual variation in 

hypertension risk (10). Health literacy, the capacity to obtain, process, and understand basic 

health information needed to make appropriate health decisions, has emerged as a critical 

yet underrecognized determinant of hypertension outcomes (11). Unlike traditional risk 

factors such as age or genetics, health literacy is modifiable, making it a promising target for 

intervention (11). Individuals with limited health literacy face substantial challenges in 

managing hypertension, including difficulty understanding hypertension numbers, following 

sodium-restricted diets, adhering to complex medication regimens, and navigating healthcare 

systems (12). A systematic reviews demonstrated that low health literacy is linked to worse 

chronic disease outcomes and increased healthcare utilization, even after adjusting for 

education and socioeconomic status (13). Given that over one-third of adults in many 

populations have limited health literacy (14), addressing this factor through routine screening 

and tailored educational interventions represents a viable strategy for improving 

hypertension prevention and control (11). 



 

 

 

To date, only a few prospective cohort studies have longitudinally examined the association 

between health literacy and hypertension-related outcomes. In a large prospective cohort 

study from the Netherlands (Lifelines Cohort Study), Loreto et al. (2025) followed 21,725 

adults with hypertension and found that although a change from limited to adequate health 

literacy had no direct association (15). Notably, self-management skills including motivation, 

self-efficacy, and problem-solving partially mediated this relationship (15). In the United 

States, the Heart Healthy Lenoir Trial, a prospective non-randomized cohort study of 525 

patients with uncontrolled hypertension, reported that both low and high health literacy 

groups achieved significant systolic hypertension reductions over 24 months (8.1 mmHg and 

4.6 mmHg, respectively), suggesting that health literacy-sensitive interventions may benefit 

all patients regardless of literacy level (16). A retrospective cohort study from a Chinese 

community (2017) involving 360 hypertensive patients also demonstrated that low health 

literacy was associated with poorer hypertension management (17). 

Despite the consistency of these findings, several critical gaps remain. First, almost all existing 

studies both internationally and in Iran have employed cross-sectional designs, which 

preclude causal inference and are susceptible to reverse causality (i.e., hypertension-related 

cognitive decline could reduce health literacy rather than health literacy preventing 

hypertension) (12, 18). Second, prospective cohort studies examining the association 

between baseline health literacy and the incidence of new-onset hypertension (rather than 

prevalent hypertension or hypertension control among diagnosed patients) are remarkably 

scarce (19). Third, to the best of our knowledge, no longitudinal study has investigated this 

relationship in a Middle Eastern population using a validated, multidimensional health literacy 

instrument such as the HELIA questionnaire (20). 

To address these gaps, we conducted a prospective cohort study using data from the 

Shahrekord PERSIAN Cohort Study. The aim was to investigate whether low health literacy at 

baseline independently predicts incident hypertension after adjusting for potential 

confounders. This study hypothesized that inadequate health literacy increases the odds of 

incident hypertension and that metabolic factors may partially explain this association. The 

findings may inform primary prevention by suggesting that routine health literacy screening 

in primary care could identify at-risk individuals who would benefit from tailored educational 

interventions and enhanced support for hypertension self-monitoring. 

 

Materials and Methods 
Study design and setting 

This study was designed as a prospective cohort study conducted within the framework of 

the Prospective Epidemiological Research Studies in Iran (PERSIAN), a large-scale, 

multi-center population-based cohort study aimed at investigating non-communicable 

diseases and their risk factors across different ethnicities and geographical areas of Iran. The 

present analysis specifically used data from the Shahrekord cohort study (SCS), which is part 

of the PERSIAN cohort and was established in Chaharmahal and Bakhtiari Province, 



 

 

 

southwestern Iran, a region characterized by its high altitude and a mix of Lur, Fars, and Turk 

ethnic groups. According to the study protocol, all procedures for data collection, follow-up, 

and quality control were predefined and standardized across all PERSIAN cohort sites (21, 22). 

Study Population and Eligibility Criteria 
The Shahrekord cohort began recruitment in November 2015 and enrolled individuals aged 

35 to 70 years from both urban and rural areas. A total of 10,075 participants were recruited 

at baseline, consisting of 7,034 urban and 3,041 rural residents. All participants provided 

written informed consent at the time of enrollment, and the study protocol was approved by 

the Ethics Committee of Shahrekord University of Medical Sciences. The procedures followed 

the principles of the Declaration of Helsinki. Participants are being followed annually for at 

least 15 years (until 2036) to ascertain the incidence of various non-communicable diseases, 

including hypertension (22). 

For the present analysis, eligible participants were those aged 35 to 70 years at enrollment 

who had complete data on health literacy and key covariates. Individuals with a confirmed 

physician diagnosis of hypertension at baseline and/or those taking antihypertensive 

medications were excluded from the analysis. According to the study protocol, health literacy 

was measured in a predefined subgroup of 5,180 participants (22). After excluding 

participants with prevalent hypertension at baseline (physician-diagnosed or taking 

antihypertensive medication) and those with missing data on health literacy or other key 

covariates (963), the final analytical sample comprised 4,217 participants free of hypertension 

at baseline. 

Measurement of Health literacy (Exposure) 
The exposure variable of interest was health literacy, assessed at baseline using the Health 

Literacy for Iranian Adults (HELIA) questionnaire. This instrument was developed and 

psychometrically validated by Montazeri and colleagues. The HELIA consists of 33 items 

across five dimensions: access to health information (6 items), reading ability (4 items), 

understanding of health information (7 items), appraisal of health information (4 items), and 

decision-making (12 items). All items are answered on a five-point Likert scale ranging from 

"Always" (5) to "Never" (1). The instrument has demonstrated acceptable internal 

consistency, with Cronbach's alpha coefficients ranging from 0.72 to 0.89 across the five 

dimensions (23). The total HELIA score (range 33–165) was linearly transformed to a 0–100 

scale for standardization. Consistent with the original HELIA validation study (Montazeri et 

al.) (24), the 25th percentile of the standardized scores was used as the cutoff point to define 

inadequate health literacy. Participants with a standardized score below 53 (25th percentile) 

were categorized as having inadequate health literacy, while those with a score of 53 or higher 

were considered to have adequate health literacy (24). 

Measurement of Hypertension (Outcome) 
The primary outcome was incident hypertension (new‑onset hypertension) during the 

follow‑up period from baseline (2015–2017) until 2024. During the annual follow‑up process, 

trained interviewers from the PERSIAN cohort contacted participants by telephone to assess 



 

 

 

their health status. Whenever a participant reported having hypertension or a history of 

taking antihypertensive medication, their medical record was reviewed by the cohort 

physician and the diagnosis was definitively confirmed. According to PERSIAN Cohort Study 

protocol, all reported cases of hypertension were verified by the cohort physician and then 

registered as definite hypertension events. 

Assessment of Covariates 
A range of potential confounders were measured at baseline using standardized PERSIAN 

cohort questionnaires and clinical assessments. A confounder is defined as a variable 

associated with both the exposure and the outcome, without being on the causal pathway. 

All covariates were selected a priori based on their established association with hypertension 

in previous studies and according to the study protocol. 

Sociodemographic variables included age (continuous, years), sex (male, female), and marital 

status categorized as married versus other (including single, widowed, and divorced). 

Educational level was dichotomized into non-academic (≤12 years of schooling, equivalent to 

high school diploma or less) and academic (≥13 years of schooling, corresponding to college 

education and above). Ethnicity was classified into four groups: Lur, Fars, Turk, and others.  

Lifestyle and behavioral variables were assessed as follows. Smoking status was categorized 

as never, former, and current daily smoker (21, 22). Non-cigarette tobacco use was defined 

as use of products such as hookah, pipe, or other traditional tobacco at least once per week 

for six months or more (yes/no) (21, 22). Alcohol consumption was defined as consumption 

of approximately 200 ml of beer or 45 ml of liquor at least once per week for a minimum of 

six months (yes/no) (21, 22). Physical activity was measured as daily metabolic equivalent of 

task (MET), calculated based on 24‑hour activity patterns using standard MET values for each 

activity. Physical activity levels were classified into three categories according to sample 

percentiles: low (≤25th percentile, 24–36.5), moderate (26th–75th percentile, 36.6–44.9), 

and high (>75th percentile, >45). Dietary habits including salt intake were assessed using food 

frequency questionnaires, and salt intake was categorized according to WHO 

recommendations as low (<5 g/day) and high (≥5 g/day) (25). 

Anthropometric and clinical variables comprised body mass index (BMI) calculated as weight 

in kilograms divided by height in meters squared, categorized as underweight (BMI less than 

18.5), normal (BMI 18.5–24.9), overweight (BMI 25–29.9), and obese (BMI 30 or greater). 

Diabetes mellitus was defined as fasting blood glucose ≥126 mg/dL or current use of 

glucose‑lowering medication, and was categorized into normal (<100 mg/dL), prediabetes 

(100–125 mg/dL), and diabetes (≥126 mg/dL) according to American Diabetes Association 

criteria (26). Lipid profile parameters were defined as follows: triglycerides as normal (<150 

mg/dL) and elevated (≥150 mg/dL); HDL cholesterol as low (≤40 mg/dL in men and ≤50 mg/dL 

in women) and normal/high otherwise; and LDL cholesterol as optimal (<130 mg/dL) and 

elevated (≥130 mg/dL) (25). Depression and psychiatric disorders were recorded as yes or no 

based on physician diagnosis. Employment status was categorized as employed versus 

unemployed.  



 

 

 

Statistical analysis 
Statistical analyses were performed using SPSS and Stata. A two‑sided p‑value less than 0.05 

was considered statistically significant. Baseline characteristics of participants were 

summarized using descriptive statistics: continuous variables were presented as mean ± 

standard deviation (SD) or median with interquartile range for non‑normally distributed 

variables, and categorical variables as frequencies and percentages. Baseline characteristics 

were compared between health literacy groups using Mann‑Whitney U tests for continuous 

variables and chi‑square (or Fisher's exact tests) for categorical variables. The cumulative 

incidence of hypertension was calculated overall and stratified by health literacy status. 

To examine the association between baseline health literacy and incident hypertension, 

binary logistic regression models were used to estimate odds ratios (ORs) with 95% 

confidence intervals (CIs). Given the low incidence rate of hypertension in our cohort (<5%), 

which satisfies the rare disease assumption, the odds ratios derived from logistic regression 

closely approximate the hazard ratios from Cox proportional hazards models (27).  

A hierarchical model-building strategy was employed to adjust for potential confounders 

progressively based on the univariable analysis results and to avoid multicollinearity. The 

crude model (Model 1) included no adjustments. Model 2 was adjusted for age. Model 3 

additionally adjusted for ethnicity. Model 4 further included body mass index (BMI), physical 

activity, and depression. The fully adjusted model (Model 5) additionally included fasting 

blood sugar and triglycerides. Variables that were not significantly associated with incident 

hypertension in univariable analysis (including sex, education, marital status, psychiatric 

disorder, employment, smoking, alcohol consumption, salt intake, and HDL cholesterol) or 

showed strong collinearity (residence type) were not entered into the multivariable models. 

To evaluate the contribution of each covariate and avoid over-adjustment for potential partial 

mediators, a hierarchical logistic regression model was applied. Covariates were selected 

using a combined approach based on previous literature, biological plausibility, 

and univariable analysis results (p<0.2). 

The Hosmer-Lemeshow goodness-of-fit test was used to assess the calibration of the logistic 

regression models. A non-significant chi-square statistic (p > 0.05) indicated acceptable model 

fit. The discriminative ability of the logistic regression models was evaluated using the area 

under the receiver operating characteristic curve (AUC). An AUC value > 0.70 was considered 

indicative of acceptable discrimination. Multicollinearity among the independent variables 

was assessed using variance inflation factors (VIF). A VIF value exceeding 10 was considered 

indicative of problematic multicollinearity (28). 

Causal mediation analyses were conducted using Stata's mediate command to evaluate 

whether triglycerides and fasting blood sugar mediate the association between health literacy 

and hypertension. The total effect (TE), natural indirect effect (NIE), and proportion mediated 

were estimated using quasi-Bayesian Monte Carlo simulations with 1,000 draws. A 

statistically significant NIE with p < 0.05 was considered evidence of mediation. However, 

because a significant NIE can occur even with very small effect sizes, particularly in large 



 

 

 

samples, we also evaluated the proportion mediated, with values exceeding 30% considered 

indicative of clinically meaningful mediation, in line with established methodological 

recommendations (29, 30). Variables with a proportion mediated below this threshold were 

interpreted as negligible mediators, and were accordingly treated as potential 

confounders rather than mediators in the final multivariate model, for which adjustment was 

performed to obtain an unbiased estimate of the total association. 

 
Results 
The mean age of the study participants was 47.55 ± 8.33 years. Based on the independent 

samples Mann-Whitney U test, the mean age of participants with inadequate health literacy 

was significantly higher than those with adequate health literacy (50.41 ± 8.09 years vs. 46.63 

± 8.21 years, p < 0.001). Significant differences were observed across most baseline 

characteristics between health literacy groups. Participants with inadequate health literacy 

were more likely to be older (50.41 vs. 46.63 years, p<0.001), female (62.5% vs. 46.0%), rural 

residents (72.3% vs. 17.8%), and non-academically educated (80.1% vs. 45.9%) compared to 

those with adequate health literacy (all p<0.001). Additionally, the inadequate health literacy 

group had higher proportions of unemployment (62.0% vs. 43.0%) and normal weight (34.8% 

vs. 29.6%), while the adequate health literacy group showed higher rates of current smoking 

(14.4% vs. 12.1%), alcohol consumption (20.0% vs. 11.1%), elevated triglycerides (40.6% vs. 

26.5%), and diabetes (6.6% vs. 3.8%) (all p<0.01). No significant differences were observed 

for LDL cholesterol (p=0.708) or salt intake (p=0.235) (Table 1). In this subgroup of the 

Shahrekord Persian Cohort (4,217 participants) over 7 years of follow-up, the cumulative 

incidence of hypertension was approximately 2.6% (107 cases). 

 
Table 1. Baseline characteristics of study participants by health literacy status  

Characteristic 
Total 

N=4,217) 
Inadequate HL 

(n=1,024) 
Adequate HL 

(n=3,193) 
P-

value* 

Residence type, n (%) 

Rural 1,308 (31.0) 740 (72.3) 568 (17.8) 
<0.001 

Urban 2,909 (69.0) 284 (27.7) 2,625 (82.2) 

Ethnicity, n (%) 

Lur 2,115 (50.2) 820 (80.1) 1,295 (40.6) 

<0.001 
Fars 1,671 (39.6) 163 (15.9) 1,508 (47.2) 

Turk 276 (6.5) 18 (1.8) 258 (8.1) 

Others 155 (3.7) 23 (2.2) 132 (4.1) 

Gender, n (%) 

Male 2,109 (50.0) 384 (37.5) 1,725 (54.0) 
<0.001 

Female 2,108 (50.0) 640 (62.5) 1,468 (46.0) 

Education level, n (%) 

Academic (College and above) 1,930 (45.8) 204 (19.9) 1,726 (54.1) 
<0.001 

Non-academic (≤ High school) 2,287 (54.2) 820 (80.1) 1,467 (45.9) 

Marital status, n (%) 

Married 4,017 (95.3) 952 (93.0) 3,065 (96.0) 
<0.001 

Other (Single/Widow/Divorced) 200 (4.7) 72 (7.0) 128 (4.0) 

BMI category, n (%) 



 

 

 

Normal 1,301 (30.9) 356 (34.8) 945 (29.6) 

0.003 
Underweight 57 (1.4) 19 (1.9) 38 (1.2) 

Overweight 1,851 (43.9) 411 (40.1) 1,440 (45.1) 

Obese 1,008 (23.9) 238 (23.2) 770 (24.1) 

Depression, n (%) 

No 3,621 (85.9) 902 (88.1) 2,719 (85.2) 
0.019 

Yes 596 (14.1) 122 (11.9) 474 (14.8) 

Psychiatric disorder, n (%) 

No 3,887 (92.2) 958 (93.6) 2,929 (91.7) 
0.059 

Yes 330 (7.8) 66 (6.4) 264 (8.3) 

Employment status, n (%) 

Unemployed 2,007 (47.6) 635 (62.0) 1,372 (43.0) 
<0.001 

Employed 2,210 (52.4) 389 (38.0) 1,821 (57.0) 

Smoking status, n (%) 

Never 3,519 (83.4) 888 (86.7) 2,631 (82.4) 

<0.001 Former 115 (2.7) 12 (1.2) 103 (3.2) 

Current (daily) 583 (13.8) 124 (12.1) 459 (14.4) 

Non-cigarette tobacco use, n (%) 

No 3,286 (77.9) 859 (83.9) 2,427 (76.0) 
<0.001 

Yes 931 (22.1) 165 (16.1) 766 (24.0) 

Alcohol consumption, n (%) 

No 3,463 (82.1) 910 (88.9) 2,553 (80.0) 
<0.001 

Yes 754 (17.9) 114 (11.1) 640 (20.0) 

Fasting blood sugar, n (%) 

Normal (<100 mg/dL) 3,106 (73.7) 839 (81.9) 2,267 (71.0) 

<0.001 Prediabetes (100-125 mg/dL) 860 (20.4) 146 (14.3) 714 (22.4) 

Diabetes (≥126 mg/dL) 251 (5.9) 39 (3.8) 212 (6.6) 

HDL cholesterol, n (%) 

Normal/High 3,440 (81.6) 784 (76.6) 2,656 (83.2) 
<0.001 

Low 777 (18.4) 240 (23.4) 537 (16.8) 

Triglycerides, n (%) 

Normal (<150 mg/dL) 2,649 (62.8) 753 (73.5) 1,896 (59.4) 
<0.001 

Elevated (≥150 mg/dL) 1,568 (37.2) 271 (26.5) 1,297 (40.6) 

LDL cholesterol, n (%) 

Optimal (<130 mg/dL) 3,426 (81.2) 836 (81.6) 2,590 (81.1) 
0.708 

Elevated (≥130 mg/dL) 791 (18.8) 188 (18.4) 603 (18.9) 

Salt intake, n (%) 

Low (<5 g/day) 2,933 (69.6) 697 (68.1) 2,236 (70.0) 
0.235 

High (≥5 g/day) 1,284 (30.4) 327 (31.9) 957 (30.0) 

Physical activity (MET), n (%) 

Low (24–36.5 MET-h/week) 1,071 (25.4) 146 (14.3) 925 (29.0) 

<0.001 Moderate (36.6–44.9 MET-h/week) 2,142 (50.8) 493 (48.1) 1,649 (51.6) 

High (>45 MET-h/week) 1,004 (23.8) 385 (37.6) 619 (19.4) 
HL: Health Literacy; BMI: Body Mass Index; MET: Metabolic Equivalent of Task 
P-value from chi-square test comparing adequate vs. inadequate health literacy groups 
 

Mediation analysis showed significant NIE for triglycerides (NIE = -0.0031, p = 0.001) and FBS 

(NIE = -0.0018, p = 0.027), with total effects also significant for both. However, the proportions 

mediated were 27.4% and 15.6%, respectively (Table 2).  

 



 

 

 

Table 2. Mediation analysis results for metabolic factors in the association between health literacy 
and hypertension 

Mediator NIE (p-value) TE (p-value) Proportion Mediated 

Triglycerides -0.0031 (p = 0.001) -0.0114 (p = 0.023) 27.4% 

Fasting blood sugar -0.0018 (p = 0.027) -0.0116 (p = 0.019) 15.6% 

 

Univariable logistic regression analysis was performed to identify factors associated with 

incident hypertension and to guide variable selection for multivariable models (Table 3). 

Variables with a p-value < 0.05 were considered for entry into the hierarchical multivariable 

models. Accordingly, age, ethnicity (Fars), overweight, obesity, depression, low physical 

activity, elevated triglycerides, prediabetes, and diabetes were selected as potential 

confounders. Urban residence, despite its significant association, was excluded due to strong 

collinearity with ethnicity and health literacy. Elevated LDL cholesterol was also excluded as 

triglycerides showed a stronger association. Health literacy (inadequate/marginal) was 

retained as the main exposure variable. Non-significant factors including gender, education, 

marital status, psychiatric disorder, employment, smoking, alcohol consumption, salt intake, 

and HDL cholesterol were not entered into the multivariable models. 

Table 3. Univariable logistic regression analysis of factors associated with incident hypertension 

Variable OR 95% CI P-value 

Age (year) 1.05 1.03, 1.08 <0.001* 

Residence type (Ref: Rural) 

Urban 4.477 2.32, 8.61 <0.001* 

Ethnicity (Ref: Lur) 

Fars 1.57 1.05, 2.35 0.028* 

Turk 1.22 0.54, 2.74 0.623 

Others 0.61 0.14, 2.56 0.505 

Gender (Ref: Male) 

Female 1.18 0.80 – 1.74 0.337 

Education years (Ref: Academic (College and above)) 

Non-academic (≤ High school) 1.21 0.82, 1.78 0.324 

Marital status (Ref: Single, Widow, Divorced) 

Married 1.28 0.47, 3.53 0.621 

BMI category (Ref: Normal) 

Underweight 3.11 0.69, 13.97 0.137 

Overweight 2.28 1.27, 4.09 0.006* 

Obese 3.72 2.05, 6.76 <0.001* 

Depression (Ref: No) 

Yes 2.32 1.50, 3.59 <0.001* 

Psychiatric disorder (Ref: No) 

Yes 1.50 0.81, 2.77 0.189 

Employment (Ref: employed) 

Unemployed 1.31 0.89 – 1.93 0.167 

Smoking status (Ref: Current) 



 

 

 

Never 2.06 0.63, 6.70 0.227 

Former 1.54 0.79, 2.98 0.188 

Non-cigarette tobacco (Ref: Yes) 

No 1.32 0.80, 2.18 0.277 

Alcohol consumption (Ref: Yes) 

No 1.59 0.88, 2.85 0.120 

Health literacy (Ref: Adequate) 

Inadequate 1.72 1.02, 2.90 0.043* 

Physical activity (Ref: High) 

Low 2.13 1.19, 3.80 0.010 

Moderate 1.44 0.83, 2.51 0.192 

Salt intake (Ref: Low <5 g/day) 

High (≥5 g/day) 1.01 0.67, 1.54 0.929 

LDL cholesterol (Ref: Optimal <130 mg/dL) 

Elevated (≥130 mg/dL) 1.79 1.17, 2.75 0.007* 

Triglycerides (Ref: Normal <150 mg/dL) 

Elevated (≥150 mg/dL) 2.29 1.55, 3.37 <0.001* 

HDL cholesterol (Ref: Low) 

Normal/High 1.12 0.67, 1.87 0.665 

Fasting blood sugar (Ref: 
Normal (<100 mg/dL) 

 

Prediabetes (100–125 mg/dL) 1.80 1.15, 2.81 0.009* 

Diabetes 3.39 1.92, 5.98 <0.001* 
OR: Odds Ratio; CI: Confidence Interval; Ref: Reference category; *p-value<0.05, LDL cholesterol 
was excluded due to collinearity with triglycerides and to avoid overfitting given the limited number 
of events (n = 107). 

 
Table 4 presents the results of hierarchical logistic regression models examining the 

association between health literacy and incident hypertension, with progressive adjustment 

for potential confounders. 

In the crude model (Model 1), inadequate health literacy was significantly associated with 

higher odds of incident hypertension (OR:1.72 , 95% CI:1.02, 2.90, p=0.043). After adjusting 

for age (Model 2), the association became stronger (OR: 2.15, 95% CI:1.27 , 3.65, p=0.005), 

indicating that age acted as a negative confounder. Further adjustment for ethnicity (Model 

3) slightly attenuated the effect estimate (OR:1.97 , 95% CI:1.12, 3.44, p=0.018). Adding BMI, 

physical activity, and depression (Model 4) maintained a significant association (OR:1.78  , 

95% CI:1.02, 3.11, p=0.044). 

However, after additional adjustment for fasting blood sugar and triglycerides in the fully 

adjusted model (Model 5), the association between inadequate health literacy and incident 

hypertension became non-significant (OR:1.67, 95% CI:0.95, 2.92, p=0.075). This suggests that 

the association between health literacy and hypertension is may be largely attenuated by 

metabolic factors, particularly triglycerides and fasting blood sugar. 

Among other covariates in the fully adjusted model, age (OR:1.06 per year, 95% CI:1.03, 1.08, 

p<0.001), obesity (OR:2.79, 95% CI:1.51, 5.15, p=0.001), depression (OR:2.06, 95% CI:1.32, 



 

 

 

3.22, p=0.002), and elevated triglycerides (OR: 1.60, 95% CI: 1.05, 2.42, p = 0.027) remained 

independently associated with incident hypertension. 

The Hosmer-Lemeshow goodness-of-fit test results for the hierarchical models were as 

follows: Model 1 was not computable due to the inclusion of only one predictor variable. 

Model 2 showed borderline fit (χ²=15.689, df=8, p=0.047). Model 3 demonstrated acceptable 

fit (χ²=15.243, df=8, p=0.055). Model 4 showed good calibration (χ²=8.916, df=8, p=0.349), 

and Model 5 (the fully adjusted model) demonstrated the best overall fit (χ²=7.845, df=8, 

p=0.449). The progressive improvement in fit from Model 2 to Model 5, with decreasing chi-

square values, indicates that the addition of covariates enhanced model calibration. 

The area under the curve (AUC) values for the hierarchical models were as follows: Model 1 

(health literacy only): 0.543; Model 2 (+age): 0.674; Model 3 (+ethnicity):0.677; Model 4 

(+BMI, physical activity, depression):0.724; and Model 5 (fully adjusted model, + FBS and 

triglycerides):0.739. The final model demonstrated acceptable discriminative ability 

(AUC=0.739), indicating that the model could adequately distinguish between individuals who 

developed hypertension and those who did not. The progressive improvement in AUC from 

Model 1 to Model 5 suggests that the addition of covariates enhanced the model's predictive 

performance. The AUC values for Models 1–3 were below 0.70, while Models 4 and 5 

exceeded this threshold. Variance inflation factor (VIF) values for all variables in the fully 

adjusted model ranged from 1.01 to 1.21, with a mean VIF of 1.10, well below the 

conventional threshold of 10. These findings confirm that multicollinearity is not a concern in 

our final model. 

Table 4. Hierarchical logistic regression models for incident hypertension 

Variable 
*Model 1 OR 

(95% CI) 
*Model 2 OR 

(95% CI) 
*Model 3 OR 

(95% CI) 
*Model 4 OR 

(95% CI) 
*Model 5 OR 

(95% CI) 

Health literacy (Ref: Adequate) 

Inadequate 1.72 (1.02, 2.90) 2.15 (1.27, 3.65) 1.97 (1.12, 3.44) 1.78 (1.02, 3.11) 1.67 (0.95, 2.92) 

Age (per 1 year)  1.06 (1.04, 1.09) 1.06 (1.04, 1.09) 1.06 (1.04, 1.09) 1.06 (1.03, 1.08) 

Ethnicity (Ref: Lur) 

Fars   1.28 (0.83, 1.95) 1.18 (0.77, 1.81) 1.09 (0.71, 1.67) 

Turk   1.10 (0.48, 2.51) 1.05 (0.46, 2.39) 0.95 (0.42, 2.19) 

Others   0.59 (0.14, 2.49) 0.49 (0.11, 2.06) 0.47 (0.11, 1.97) 

BMI category (Ref: Normal) 

Underweight    3.27 (0.72, 14.95) 3.69 (0.81, 16.89) 

Overweight    2.03 (1.12, 3.65) 1.77 (0.97, 3.21) 

Obese    3.34 (1.83, 6.10) 2.79 (1.51, 5.15) 

Physical activity (Ref: High) 

Low    1.58 (0.87, 2.88) 1.46 (0.80, 2.67) 

Moderate    1.14 (0.65, 2.02) 1.13 (0.64, 2.00) 

Depression (Ref: No) 

Yes    2.08 (1.33, 3.25) 2.06 (1.32, 3.22) 

Fasting blood sugar (Ref: Normal (<100 mg/dL) 

Prediabetes (100–125 mg/dL)     1.24 (0.78, 1.96) 

Diabetes     1.75 (0.96, 3.22) 

Triglycerides (Ref: Normal <150 mg/dL) 

Elevated (≥150 mg/dL)     1.60 (1.05, 2.42) 



 

 

 

*Model 1 (crude model) included no adjustments. Model 2 added adjustment for age. Model 3 additionally adjusted for 
ethnicity. Model 4 further included body mass index (BMI), physical activity, and depression. Model 5 (fully adjusted 
model) additionally included fasting blood sugar and triglycerides; OR: Odds Ratio; CI: Confidence Interval; Ref: Reference 
category 
 

Discussion  
This prospective cohort study investigated the association between health literacy and 

incident hypertension among adults free of hypertension at baseline, with approximately 

seven years of follow-up. After adjusting for a wide range of potential confounders, our 

findings revealed that inadequate or marginal health literacy was not significantly associated 

with incident hypertension in the fully adjusted model. The association observed in crude and 

partially adjusted models was largely attenuated after accounting for metabolic factors, 

particularly triglycerides and fasting blood sugar. These results suggest that the association 

between health literacy and hypertension may be mediated through metabolic pathways 

rather than exerting a direct independent association. 

The relatively low cumulative incidence of hypertension in this study (2.6% over 7 years) is 

comparable to findings from other Iranian cohort studies. The Ravansar Non-Communicable 

Disease (RaNCD) cohort reported 1,171 new hypertension cases over a median follow-up of 

9.3 years, with an incidence rate of 16.50 per 1,000 person-years (31). The Isfahan Cohort 

Study, conducted among adults aged ≥35 years in central Iran, reported a 7-year cumulative 

incidence of approximately 22% (32). The Tehran Lipid and Glucose Study (TLGS), with a 13-

year follow-up, reported annual incidence rates of 29.7 and 25.8 per 1,000 person-years for 

men and women, respectively (33). These variations reflect differences in follow-up duration, 

baseline age, risk factor profiles, and geographic diversity across study populations. 

In the fully adjusted model, age, obesity, depression, and elevated triglycerides remained 

independently associated with incident hypertension, while health literacy lost its statistical 

significance. This pattern of attenuation across hierarchical models provides important 

insights into the potential mechanisms linking health literacy to hypertension. 

Age 

The strong independent association between age and hypertension observed in our study is 

consistent with well-established epidemiological evidence. A large prospective cohort study 

from Southern Iran by Rezaianzadeh et al. followed middle-aged and older adults and found 

that older age groups had a substantially higher risk of developing hypertension compared to 

younger age groups, with a stronger association observed among women (34). Similarly, 

Babol cohort study in Northern Iran reported that age was an independent predictor of 

mortality in older hypertensive patients, with each year increase in age associated with 

elevated risk (35). Internationally, the China Health and Retirement Longitudinal Study 

(CHARLS) by Fang  et al. confirmed increasing age as one of the strongest predictors of 

incident hypertension (36). The biological mechanisms include progressive arterial stiffening, 

reduced vascular compliance, and decreased renal function, all of which contribute to age-

related hypertension elevation (37). 



 

 

 

Obesity 

Obesity emerged as one of the strongest predictors of incident hypertension in our fully 

adjusted model. This finding aligns with extensive national and international literature 

documenting the relationship between adiposity and hypertension. A large cross-sectional 

study using data from the Azar cohort in Northwest Iran demonstrated that obesity 

significantly increased the risk of prehypertension and hypertension among men (38). The 

Shahedieh cohort study in Yazd by Jambarsang et al. showed that body mass index was the 

best predictor of undiagnosed hypertension risk in young Iranian adults (39). The Southern 

Iran cohort study by Rezaianzadeh et al.  also found that a high waist-to-height ratio was 

associated with substantially increased hypertension risk in men (34). Internationally, the 

CHARLS study in China demonstrated that combined triglyceride-glucose index with body 

mass index had a strong association with incident hypertension (40). The pathophysiological 

mechanisms include activation of the renin-angiotensin-aldosterone system, sympathetic 

nervous system overactivity, insulin resistance, and chronic inflammation, all of which 

promote hypertension elevation (41). 

Depression 

Depression was independently associated with incident hypertension in our study. This 

finding is consistent with growing evidence identifying depression as an independent risk 

factor for hypertension. A comprehensive systematic review and meta-analysis by Fang et. al 

demonstrated that depression was associated with increased all-cause mortality among older 

adult patients with hypertension, with a stronger association observed among females (42). 

Another meta-analysis by Sathapathi et al., which included multiple observational studies, 

showed a significant positive association between depression and the risk of developing 

hypertension, with a stronger association observed in cohort studies (43). The Babol cohort 

study in Iran reported that a substantial proportion of older hypertensive patients had 

depressive symptoms (44). Depression may be linked to hypertension through several 

pathways, including activation of the hypothalamic-pituitary-adrenal axis, increased 

sympathetic nervous system activity, and behavioral factors such as poor medication 

adherence, unhealthy diet, and reduced physical activity (45). 

Triglycerides and Metabolic Factors 

Elevated triglycerides remained significantly associated with incident hypertension in the fully 

adjusted model. This finding is strongly supported by recent longitudinal evidence from both 

national and international studies. A national cohort study in China by Fang et al. 

demonstrated that each standard deviation increase in the triglyceride-glucose index with 

body roundness index was associated with a significantly increased risk of incident 

hypertension, with participants in the highest quartile showing substantially higher risk 

compared to those in the lowest quartile (36). Another study in China by Zhang et al. showed 

that the triglyceride-glucose index was associated with higher risk of cardiovascular diseases, 

with systolic hypertension playing a mediating role in this association (46). In Iran, the 



 

 

 

Shahedieh cohort study demonstrated that individuals with undiagnosed hypertension had 

higher mean body mass index, and obesity was a strong predictor of hypertension (39). 

Hypertriglyceridemia is a key component of metabolic syndrome and often coexists with 

insulin resistance and abdominal obesity. The clustering of metabolic abnormalities, including 

dyslipidemia, glucose intolerance, and hypertension, suggests a common underlying 

pathophysiology related to insulin resistance and chronic low-grade inflammation (47). 

Health Literacy and Mediation 

Regarding the central finding of our study, the lack of a direct association between health 

literacy and incident hypertension after full adjustment warrants careful interpretation. The 

crude model showed a significant association, and the association remained significant after 

adjusting for age, ethnicity, and lifestyle factors. However, after additional adjustment for 

fasting blood sugar and triglycerides, the association became non-significant. This pattern 

suggests that metabolic factors may serve as mediators in the pathway from health literacy 

to hypertension. 

Strong evidence from the Lifelines Cohort Study in the Netherlands by Loretto et al., which 

followed a large cohort of adults with hypertension, demonstrated that a change from limited 

health literacy to adequate health literacy had no direct effect on the onset of hypertension-

related multimorbidity but did decrease the odds of its progression (15). Importantly, self-

management skills such as motivation, self-efficacy beliefs, and problem-solving played 

mediating roles in this association. These findings support the notion that health literacy 

influences health outcomes indirectly through behavioral and self-management pathways 

rather than through direct biological mechanisms. 

Furthermore, the Southern Iran cohort study showed that factors such as smoking and opium 

use in men and history of kidney disease in women were important predictors of 

hypertension, indicating that different behavioral and clinical pathways exist based on 

demographic factors (34). In hospitalized patients, McNaughton et al. in the United States 

found that low health literacy was independently associated with elevated hypertension at 

hospital presentation, particularly among individuals without a prior diagnosis of 

hypertension (48). While this cross-sectional finding differs from our prospective results, the 

difference may be attributable to study design, population characteristics, and the extent of 

adjustment for metabolic confounders. 

Mechanisms and Pathophysiological Pathways 

The attenuation of the health literacy association after adjusting for metabolic factors in our 

study can be explained by several mechanisms. Individuals with limited health literacy may 

have difficulty understanding and following dietary recommendations, adhering to prescribed 

medications, and engaging in preventive health behaviors. These behavioral patterns can lead 

to poor metabolic control, including elevated blood glucose and triglyceride levels, which in 

turn increase hypertension risk. Evidence from the Lifelines Cohort Study suggests that self-

management and problem-solving play key roles in this pathway (15). 



 

 

 

The relationship between obesity and socioeconomic status observed in various Iranian 

studies illustrates the complex interplay of economic, behavioral, and metabolic risk factors. 

The Azar cohort study demonstrated that body mass index was the best predictor of 

hypertension in men, while the combination of waist-to-hip ratio and body mass index was 

the best predictor in women (49). This pattern may influence the observed associations 

between health literacy, metabolic factors, and hypertension. 

Study Limitations and Strengths: This study has several strengths, including the prospective 

cohort design, large sample size, long follow-up period, and comprehensive assessment of 

potential confounders measured at baseline. However, limitations include single baseline 

measurement of health literacy, potential residual confounding, and possible underdiagnosis 

of hypertension due to passive case ascertainment. The small number of events (n = 107) 

limited statistical power and resulted in wide confidence intervals for some subgroups. The 

final model had an events-per-parameter ratio of ~7.6, below the recommended 10. 

Dichotomization of health literacy may have obscured dose-response relationships. Other 

limitations include lack of formal interaction testing, measurement of health literacy only in 

a cohort subgroup, absence of regular blood pressure measurements during follow-up, and 

potential differential misclassification. Despite these limitations, the consistency of findings 

across sensitivity analyses supports the robustness of the conclusions. 

Conclusion 
In conclusion, our findings suggest that the association between health literacy and incident 

hypertension may be largely attenuated by metabolic factors, particularly triglycerides and 

fasting blood sugar, rather than reflecting a direct independent association. Age, obesity, 

depression, and elevated triglycerides emerged as the strongest independent predictors of 

hypertension in this population. These results highlight the importance of addressing 

metabolic risk factors in hypertension prevention efforts, regardless of health literacy level. 

Future interventions aimed at reducing hypertension burden may benefit from focusing on 

improving metabolic health through lifestyle modifications, while also considering health 

literacy as a factor that may influence the effectiveness of such interventions through 

behavioral pathways. 
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