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Background and Objectives: The relationship between serum albumin and hypertension has attracted much at-

tention. We sought to further validate these findings and explore the underlying mediators. Methods and Study 

Design: This cross-sectional study utilized data from the National Health and Nutrition Examination Survey 

(NHANES 1999-2004), including 19,507 participants. Multivariable weighted logistic were employed to investi-

gate the association of serum albumin with hypertension. The potential mediating role of body mass index (BMI), 

C-reactive protein (CRP), and extracellular fluid (ECF) was explored. Secondary analyses included subgroup 

analyses and restricted cubic spline (RCS). Results: Serum albumin per 1 g/L increase was associated with 10% 

lower hypertension prevalence (OR=0.90, 95%CI:0.89–0.91, p<0.001). This remained significant after full ad-

justment (including age, sex, race/ethnicity, education level, smoking status, drinking status, sodium intake, po-

tassium intake, fat intake, total saturated fatty acids [TSFA] intake, carbohydrate intake, protein intake, energy in-

take, diabetes, coronary heart disease, creatinine, alanine aminotransferase [ALT], and NHANES cycle)(OR = 

0.98, 95%CI: 0.96–1.00, p = 0.031). No evidence of non-linearity was observed in the RCS analysis (p for non-

linearity = 0.708). BMI mediated 42.75% (95%CI: 38.19%–48.33%), CRP 12.24% (95%CI: 9.29%–15.43%), and 

ECF 4.05% (95%CI: 2.74%–5.43%) of the association (all p <0.001). Results were robust in sensitivity analyses. 

Conclusions: The serum albumin levels were negatively associated with the prevalence of hypertension. Media-

tion analyses demonstrated a significant mediating effect of BMI, CRP and ECF, suggesting that serum albumin 

might be related to hypertension, potentially mediated by BMI, ECF, and CRP. 
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INTRODUCTION 

Hypertension is a major global health challenge and the 

leading modifiable risk factor for cardiovascular diseases 

and related disabilities worldwide.1 It is estimated that 

10% of global healthcare expenditures are directly at-

tributable to hypertension and its complications.2 There-

fore, the prevention and treatment strategies for hyperten-

sion deserve primary attention. Serum albumin is a multi-

functional protein that maintains human physiology.3 It 

plays a primary role in maintaining osmotic pressure4 and 

is involved in the transport of numerous small molecules, 

including fatty acids, hormones, and drugs.5-8 Further-

more, it has emerged as a crucial factor in the body's de-

fense mechanisms against oxidative stress.9-11 

A study showed an inverse association between wors-

ening circadian blood pressure and the serum albumin 

concentration in patients with essential hypertension.12 

Another survey of people undergoing health screening in 

Japan found that low serum albumin levels were a signifi-

cant predictor of new-onset hypertension.13 Moreover, a 

cohort study in China demonstrated that elevated serum 

albumin concentration was significantly associated with a 

reduced risk of hypertension.14 These studies suggest a 

relationship between serum albumin and blood pressure, 

necessitating further exploration of the underlying factors 

contributing to this association to better understand this  

 

 

relationship. 

Body mass index (BMI), is a simple anthropometric 

measure interrelating height and weight that is commonly 

used to identify the presence and severity of excess body 

fat.15 Extracellular fluid (ECF) has been proposed as a 

potential preclinical disease marker, as early alterations in 

body water distribution may occur in the initial stages of 

disease progression.16 C-reactive protein (CRP) is a wide-

ly recognized sensitive biomarker for inflammation, with 

elevated levels typically signaling the presence of in-

flammatory processes within the body.17 Prior investiga-

tions established associations between BMI, ECF volume, 

and CRP concentration with hypertension.18-20 Further-

more, serum albumin levels have been shown to be relat-

ed to BMI,  
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ECF volume, and CRP concentration.21-23 Thus, we hy-

pothesize that higher serum albumin levels may be asso-

ciated with lower risk of hypertension, potentially medi-

ated by BMI, ECF, and CRP. 

Therefore, the objective of this study was to investigate 

the association between serum albumin and hypertension 

by analyzing data from the National Health and Nutrition 

Examination Survey (NHANES). Additionally, the study 

aimed to explore the potential mediating role of BMI, 

ECF and CRP in this association, thereby providing a 

more comprehensive understanding of the underlying 

factors contributing to this relationship. 

 

METHODS 

Data sources 

Data analysis was conducted from November 1, 2024 to 

February 28, 2025. Data were collected from public files 

for 3 consecutive NHANES data cycles from 1999 to 

2004. NHANES is a continuous cross-sectional observa-

tional study that collects health data from a representative 

sample of the non-institutionalized population in the 

United States. The NHANES study protocol (#98-12) 

received approval from the Institutional Review Board of 

the National Center for Health Statistics (NCHS), with all 

participants providing consent. Utilizing a sophisticated 

multistage probability cluster design for data collection 

and study methodology, NHANES ensures the acquisition 

of comprehensive and reliable information. Our second-

ary analysis followed the STROBE guidelines for studies, 

and did not require additional institutional review board 

approval. Detailed information regarding NHANES' 

methodology and ethics is available on the Centers for 

Disease Control and Prevention (CDC) and NCHS web-

site (https://www.cdc.gov/nchs/nhanes/about/erb.html). 

 

 

Study design and population 

For this cross-sectional study, we included participants 

with hypertension data and excluded individuals with 

missing data for serum albumin. Of the 31,126 partici-

pants, 11,619 were excluded due to lack of data on hyper-

tension (n = 6,082) and albumin (n = 4,817). Thus, the 

final analysis comprised 19,507 eligible participants. Fig-

ure 1 illustrates the detailed participant enrollment pro-

cess and the final analytic sample. 

 

Hypertension 

As blood pressure measurements taken during a single 

visit may yield false-positive results, guidelines recom-

mend confirming a hypertension diagnosis across two or 

more separate visits.24 In this study, we therefore evaluat-

ed hypertension in two ways: (1) We determined whether 

participants had hypertension based on their responses to 

specific questions in the Blood Pressure and Cholesterol 

Questionnaire.25 Participants were asked: "Have you ever 

been told by a doctor or other health professional that you 

had hypertension, also called high blood pressure? (Ques-

tion 1) " and "Were you told on two or more different 

visits that you had hypertension, also called high blood 

pressure? (Question 2)" Individuals were classified as 

having hypertension if they answered "yes" to both ques-

tions. (2) In the mobile examination center (MEC) blood 

pressures were measured by trained physician examiners 

using a mercury sphygmomanometer. The mean of all 

available measurements was used to calculate systolic 

blood pressure (SBP) and diastolic blood pressure (DBP). 

Individuals with SBP level of 140 mmHg or higher, DBP 

level of 90 mmHg or higher, were classified as having 

hypertension if they answered "yes" to Question 1.  

 

 

 

 

 
 

Figure 1. The study's flow diagram. 
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Serum albumin 

The samples were always stored at an appropriate freez-

ing temperature of -30 °C before being sent to the Na-

tional Environmental Health Center for testing. After pro-

cessing and storage, the serum samples were shipped to a 

collaborating laboratory for analysis.26 Analyzed using a 

Hitachi Model 917 multichannel analyzer (Roche Diag-

nostics, Indianapolis, IN).27 The DcX800 method was 

used as the standard for measuring the concentration of 

albumin. In this reaction, albumin reacts with bromocre-

sol purple reagent to form a complex, and the absorbance 

at 600 nm is tested and monitored with respect to the al-

bumin concentration. The change in absorbance is pro-

portional to the concentration of albumin in the sample. 

Detailed procedures regarding sample collection and pro-

cessing can be obtained through the NHANES Laboratory 

or Medical Technologist Procedures Manual.26  

 

Body mass index 

Body mass index was calculated as weight (kg) / height 

(m)2. 

 

C-reactive protein 

C-reactive protein levels were measured by latex-

enhanced nephelometry on a Dade Behring Nephelometer 

II Analyzer (BNII).28 

 

Extracellular fluid 

Extracellular fluid data was collected using the HYDRA 

ECF/ICF Bio-Impedance Spectrum Analyzer (Model 

4200) manufactured by Xitron Technologies, Inc. (San 

Diego, California) during MEC testing.29 Bioelectrical 

impedance analysis (BIA) enables a noninvasive meas-

urement of body composition, as well as derived meas-

urements of extra-/intracellular fluid, and total body wa-

ter.30-34 

 

Covariates 

The covariates in this analysis were as follows: Socio-

demographic factors included age, sex, race/ethnicity 

(non-Hispanic White, or other races), and educational 

level (<9 years, 9–12 years, or >12 years).35 Lifestyle 

factors included smoking status (never, defined as fewer 

than 100 cigarettes smoked in a lifetime; former, defined 

as having quit smoking after smoking ≥100 cigarettes; 

and current)35 and drinking status, which was defined by 

consuming ≥12 alcoholic drinks in any given year.36 Die-

tary intake was obtained through a 24-hour dietary recall 

interview administered before the examination at the 

MEC and included sodium, potassium, fat, total saturated 

fatty acids (TSFA), carbohydrate, protein and energy in-

take.35 Clinical conditions included diabetes, and coro-

nary heart disease, each determined by self-report of a 

physician's prior diagnosis. Laboratory measurements 

included alanine aminotransferase (ALT), which was ana-

lyzed using a Beckman Synchron LX20 (Beckman Coul-

ter)37 and Creatinine, which was analyzed using a Hitachi 

Model 917 multichannel analyzer (Roche Diagnostics, 

Indianapolis, IN).27 

 

 

 

Statistical analysis 

Following NHANES analytic guidelines, we incorporated 

the complex sampling design and dietary sample weights 

into our study. The sampling weights were computed as 

follows: weights for 1999–2002 were assigned as two-

thirds of the four-year dietary weight, and weights for 

2003–2004 were one-third of the two-year dietary weight. 

Characteristics related to hypertension were delineated. 

Continuous variable data were presented using mean 

(standard deviation, SD) or median (interquartile range, 

IQR), while categorical variables were conveyed through 

numerical counts and percentage frequencies (%). Chi-

squared test with Rao & Scott's second-order correction 

was applied to analyze categorical data, whereas the Wil-

coxon rank-sum test for complex survey samples was 

employed for continuous variables to evaluate divergent 

disparities. The variance inflation factor (VIF) was used 

to assess potential multicollinearity among covariates, 

with a VIF value ≥ 5 indicating the presence of signifi-

cant multicollinearity. Furthermore, multiple imputation 

was performed on covariates with missing values. 

We utilized multivariable weighted logistic regression 

models to investigate the association between serum al-

bumin and hypertension. Three models were constructed: 

Model 1 adjusted for age, sex, race/ethnicity, education 

level, smoking status, drinking status, and NHANES cy-

cle. Model 2 additionally adjusted for sodium intake, po-

tassium intake, fat intake, TSFA intake, energy intake, 

protein intake, and carbohydrate intake. Model 3 further 

included diabetes, coronary heart disease, creatinine, and 

ALT. 

We employed restricted cubic spline (RCS) analysis 

with 3 knots, dividing the range of the albumin at the 

10th, 50th, and 90th quantiles to fit curves and evaluate 

potential non-linear association between serum albumin 

and hypertension. Additionally, we further explored po-

tential mediators of BMI, ECF and CRP in the association 

between serum albumin and hypertension. Mediation 

analyses were conducted using the Sobel test, Bootstrap, 

and the quasi-Bayesian Monte Carlo method with 1000 

simulations based on normal approximation.38  

Furthermore, potential modifications of the relationship 

between serum albumin and hypertension were assessed, 

including the following variables: age (<20 vs. 20-45 vs. 

45-65 vs. ≥65 years), sex, race/ethnicity (non-Hispanic 

white vs. others), education level (<9 vs. 9-12 vs. >12 

years), smoking status (never smoker vs. former smoker 

vs. current smoker), drinking status (drinker vs. non-

drinker), sodium intake (<2300 vs. ≥2300 mg/d), potassi-

um intake (3500 vs. ≥3500 mg/d), fat intake (<70 vs. ≥70 

g/d), TSFA intake (<20 vs. ≥20 g/d), protein intake (<80 

vs. ≥80 g/d), carbohydrate intake (<280 vs. ≥280 g/d), 

energy intake (2200 vs. ≥2200 kcal/d), diabetes (yes vs. 

no), coronary heart disease (yes vs. no), creatinine (<70.0 

vs. ≥70.0 umol/L), and ALT (<20.0 vs. ≥20.0 U/L). Het-

erogeneity among subgroups was assessed by multivari-

ate logistic regression, and interactions between sub-

groups and serum albumin were examined by likelihood 

ratio testing, and results were visualized using a forest 

plot. To evaluate the robustness of our results, we exclud-

ed participants with hypoproteinemia, serum albumin 

<30.0g/L, for sensitivity analyses.  
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Statistical analyses were conducted using R software 

(v4.2.2; http://www.Rproject.org), along with the R sur-

vey package (v4.1-1) and Free Statistics software (v2.1; 

Beijing Free Clinical Medical Technology Co., Ltd.). A 

two-tailed p-value of less than 0.05 was considered statis-

tically significant. 

 

RESULTS 

Characteristics of the participants 

Table 1 presents the baseline characteristics of the 19,507 

study participants. The mean (SD) age of the study partic-

ipants was 42.3 (19) years, with 3,733 cases (21.1%) 

identified as hypertension. Notably, individuals with hy-

pertension were more likely to be older, women, non-

Hispanic white, have lower educational attainment, be 

former smokers and non-drinkers, have lower nutrient 

intakes (sodium, fat, TSFA, energy, protein, and carbo-

hydrate), have a higher incidence of diabetes and coro-

nary heart disease, have higher creatinine, ALT, BMI, 

CRP and ECF, and have lower serum albumin. The statis-

tical results of dietary intake by cycle indicated the con-

sumption of sodium, fat, TSFA, protein and energy 

showed an increasing trend (Supplementary Table 1). 

Extrapolated to the national level, these results represent 

approximately 219 million individuals in the U.S. 

 

Association between serum albumin and hypertension 

As shown in Table 2, each 1 g/L increase in serum albu-

min was associated with a 10% decrease in the prevalence 

of hypertension (OR = 0.90, 95%CI: 0.89–0.91, p < 

0.001). When adjusting for all covariates including age, 

sex, race/ethnicity, education level, smoking status, drink-

ing status, sodium intake, potassium intake, fat intake, 

TSFA intake, carbohydrate intake, protein intake, energy 

intake, diabetes, coronary heart disease, creatinine, ALT, 

and NHANES cycle, the above associations remained 

significant (OR = 0.98, 95%CI: 0.96–1.00, p = 0.031). 

After grouping serum albumin, in the fully adjusted mod-

el, participants with Q3 (44-46g/L), and Q4 (≥ 46g/L) 

were significantly negatively associated with the preva-

lence of hypertension (OR = 0.79, 95%CI: 0.64-0.96; OR 

= 0.8, 95%CI: 0.65–0.99). Meanwhile, no evidence of 

non-linearity was observed in the RCS analysis (p for 

non-linearity = 0.708) (Figure 2).  

 

Stratified analyses based on variables 

Stratified analyses were conducted to evaluate potential 

effect modifiers in the relationship between serum albu-

min and hypertension (Figure 3, Supplementary Figure 

1). Subgroup analyses were conducted on samples cate-

gorized by age, sex, race/ethnicity, education level, smok-

ing status, drinking status, sodium intake, potassium in-

take, fat intake, TSFA intake, carbohydrate intake, protein 

intake, energy intake, diabetes, coronary heart disease, 

creatinine, and ALT. No significant interactions were 

detected across any subgroups (p > 0.05), indicating that 

the negative association between serum albumin and hy-

pertension was largely consistent across these factors. 

Additionally, when accounting for multiple testing, a p-

value of less than 0.05 for the interaction with potassium 

intake may not represent statistical significance. 

 

Sensitivity analysis 

Sensitivity analyses were performed to test the stability of 

association results. After excluding participants with hy-

poproteinemia (serum albumin <30.0g/L), the associa-

tions between serum albumin and hypertension (crude 

model: OR = 0.9, 95%CI: 0.89–0.91; adjusted model: OR 

= 0.98, 95%CI: 0.96–1.00. After grouping serum albu-

min, crude model: OR = 0.5, 95%CI: 0.42–0.60; OR = 

0.35, 95%CI: 0.29–0.41; adjusted model: OR = 0.78, 

95%CI: 0.64–0.96; OR = 0.8, 95%CI: 0.65–0.99) re-

mained stable (Supplementary Table 2). 

 

Mediation and additional analysis 

Figure 4 illustrates the potential mediating roles of BMI, 

CRP and ECF in the association between serum albumin 

and hypertension. We found that higher serum albumin 

was associated with lower BMI (β= -0.42, 95%CI: -0.44 – 

-0.39, p <0.001), CRP (β= -0.06, 95%CI: -0.06 – -0.05, p 

<0.001) and ECF (β= -0.11, 95%CI: -0.12 – -0.09, p 

<0.001). Meanwhile, higher BMI (OR = 1.09, 95%CI: 

1.08–1.10, p <0.001), CRP (OR = 1.11, 95%CI: 1.07–

1.16, p <0.001) and ECF (OR = 1.09, 95%CI: 1.08–1.10, 

p <0.001) were significantly associated with a higher risk 

of hypertension. Furthermore, significant mediating ef-

fects of BMI (proportion of mediation: 42.75%, 95%CI: 

38.19%–48.33%, p <0.001), CRP (proportion of media-

tion: 12.24%, 95%CI: 9.29%–15.43%, p <0.001) and 

ECF (proportion of mediation: 4.05%, 95%CI: 2.74%–

5.43%, p <0.001) in the association between serum albu-

min and hypertension were observed. 

 

DISCUSSION 

In this cross-sectional study, we demonstrated that serum 

albumin levels were significantly and negatively associat-

ed with the prevalence of hypertension. Sensitivity anal-

yses supported the robustness of this relationship, under-

scoring the importance of serum albumin as a potential 

protective indicator for hypertension. Furthermore, a sig-

nificant mediating effect of BMI, ECF, and CRP in the 

association between serum albumin and hypertension was 

observed. 

The association between serum albumin and hyperten-

sion has been confirmed by previous studies. For in-

stance, Eiji Oda conducted a 4-year longitudinal study of 

855 women and 1,385 men within a Japanese health 

screening population, a decreased serum albumin level 

was found to be a significant predictor of hypertension. 

The incidence of hypertension significantly decreased 

with increasing albumin levels.13 Yinxing Liu et al. con-

ducted a cohort study in China involving 11,946 non-

hypertensive adults aged 30 to 60 years with an average 

follow-up period of 4.3 years. They found that a moderate 

increase in serum albumin concentration was significantly 

associated with a reduced risk of hypertension in individ-

uals aged ≥45 years with normal weight.14 These findings 

align with our results, where we observed that high serum 

albumin levels were associated with low hypertension 

prevalence, suggesting that serum albumin may play a 

protective role in the occurrence and development of hy-

pertension. Notably, our findings also indicate that BMI, 

ECF, and CRP mediate the relationship between serum 
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Table 1. Characteristics of participants 
 

Characteristics Total Without hypertension Hypertension p value 

Unweighted sample size, n 19507 15774 3733  

Weighted sample size, n (in millions, %) 219 173 (78.9) 46 (21.1)  

Age (years), Mean (SD) 42.3 (19.0) 38.2 (17.7) 57.7 (15.6) <0.001*** 

Sex, n (%)    0.046* 

 Men 9474 (48.7) 7739 (49.4) 1735 (46.3)  

 Women 10033 (51.3) 8035 (50.6) 1998 (53.7)  

Race/ethnicity, n (%)    <0.001*** 

 Non-Hispanic white 8304 (71.1) 6364 (70.2) 1940 (74.6)  

 Others 11203 (28.9) 9410 (29.8) 1793 (25.4)  

Education level (years), n (%)    <0.001*** 

 < 9 2516 (6.3) 1795 (5.3) 721 (10.0)  

 9–12 8306 (39.2) 6722 (38.1) 1584 (43.3)  

 >12 8685 (54.5) 7257 (56.6) 1428 (46.7)  

Smoking status, n (%)    <0.001*** 

 Never 10087 (50.0) 8277 (50.7) 1810 (47.6)  

 Former 4040 (23.5) 2739 (20.6) 1301 (34.3)  

 Current 5380 (26.5) 4758 (28.8) 622 (18.1)  

Drinking status, n (%) 13592 (71.6) 11250 (73.5) 2342 (64.5) <0.001*** 

Sodium intake (mg/d), Mean (SD) 3467 (1874) 3537 (1899) 3207 (1753) <0.001*** 

Potassium intake (mg/d), Mean (SD) 2727 (1368) 2742 (1385) 2668 (1297) 0.059 

Fat intake (g/d), Mean (SD) 83.0 (47.2) 84.7 (47.7) 76.7 (44.9) <0.001*** 

TSFA intake (g/d), Mean (SD) 27.5 (17.2) 28.2 (17.4) 24.5 (15.8) <0.001*** 

Carbohydrate intake (g/d), Mean (SD) 278 (139) 288 (142) 242 (121) <0.001*** 

Protein intake (g/d), Mean (SD) 82.0 (42.7) 83.5 (43.3) 76.5 (39.9) <0.001*** 

Energy intake (kcal/d), Mean (SD) 2222 (1044) 2283 (1059) 1994 (952) <0.001*** 

Diabetes, n (%) 79 (6.3) 80 (3.4) 72 (17.0) <0.001*** 

Coronary Heart Disease, n (%) 277 (3.4) 288 (1.6) 232 (10.4) <0.001*** 

Creatinine (umol/L), Mean (SD) 73.9 (34.4) 71.0 (20.9) 84.8 (61.7) <0.001*** 

ALT (U/L), Median (IQR) 21(16, 28) 20 (15, 28) 22 (17, 30) <0.001*** 

BMI (kg/m2), Mean (SD) 27.5 (6.41) 26.6 (5.98) 30.7 (6.93) <0.001*** 

CRP (mg/dL), Median (IQR) 0.18 (0.06, 0.42) 0.15 (0.06, 0.36) 0.30 (0.14, 0.69) <0.001*** 

ECF (L), Mean (SD) 16.3 (3.74) 16.1 (3.69) 17.1 (3.84) <0.001*** 

Serum albumin (g/L), Mean (SD) 43.6 (3.49) 43.9 (3.46) 42.6 (3.39) <0.001*** 
 

ALT, alanine aminotransferase; ECF, extracellular fluid; CRP, C-reactive protein; TSFA, total saturated fatty acids.  
†Data were presented as unweighted number (weighted percentage) for categorical variables, mean (SD, standard deviation) or median (IQR, interquartile range) for continuous variables. Differences in baseline 

characteristics were compared using the χ² test for categorical variables and the t-test or Wilcoxon rank-sum test for continuous variables.  

*p<0.05, **p<0.01, ***p<0.001. 
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Table 1. Characteristics of participants (cont.) 
 

Characteristics Total Without hypertension Hypertension p value 

Serum albumin, n (%)    <0.001*** 

 Q1 (<41) 3814 (16.8) 2726 (14.5) 1088 (25.0)  

 Q2 (41-44) 5815 (30.1) 4485 (28.9) 1330 (34.7)  

 Q3 (44-46) 4498 (24.0) 3734 (24.7) 764 (21.3)  

 Q4 (≥46) 5380 (29.2) 4829 (31.9) 551 (19.0)  
 

ALT, alanine aminotransferase; ECF, extracellular fluid; CRP, C-reactive protein; TSFA, total saturated fatty acids.  
†Data were presented as unweighted number (weighted percentage) for categorical variables, mean (SD, standard deviation) or median (IQR, interquartile range) for continuous variables. Differences in baseline 

characteristics were compared using the χ² test for categorical variables and the t-test or Wilcoxon rank-sum test for continuous variables.  

*p<0.05, **p<0.01, ***p<0.001. 

 

 
Table 2. Association between serum albumin and hypertension 
 

Variable Total Event (%) Non_adjusted model Model 1 

OR (95%CI) p value OR (95%CI) p value 

Albumin 19507 3733 (19.1) 0.90 (0.89,0.91) <0.001*** 0.96 (0.95,0.98) <0.001*** 

Albumin (Quartiles)       

 Q1 (<41) 3814 1088 (28.5) 1(Ref)  1 (Ref)  

 Q2 (41-44) 5815 1330 (22.9) 0.70 (0.61,0.80) <0.001*** 0.77 (0.64,0.92) 0.006** 

 Q3 (44-46) 4498 764 (17.0) 0.50 (0.42,0.60) <0.001*** 0.70 (0.58,0.85) <0.001*** 

 Q4 (≥46) 5380 551 (10.2) 0.35 (0.29,0.41) <0.001*** 0.69 (0.56,0.86) 0.001** 

Trend.test    <0.001***  0.002** 
 

Variable Model 2 Model 3 

OR (95%CI) p value OR (95%CI) p value 

Albumin 0.96 (0.95,0.98) <0.001*** 0.98 (0.96,1.00) 0.031* 

Albumin (Quartiles)     

 Q1 (<41) 1 (Ref)  1 (Ref)   

 Q2 (41-44) 0.76 (0.63,0.92) 0.007** 0.84 (0.69,1.02) 0.075 

 Q3 (44-46) 0.70 (0.57,0.85) 0.001** 0.79 (0.64,0.96) 0.021* 

 Q4 (≥46) 0.69 (0.56,0.86) 0.002** 0.80 (0.65,0.99) 0.039* 

Trend.test  0.002**  0.039* 
 

ALT, alanine aminotransferase; TSFA, total saturated fatty acids. 
†Model 1 was adjusted for age, sex, race/ethnicity, education level, smoking status, drinking status, and NHANES cycle.  
‡Model 2 was adjusted for age, sex, race/ethnicity, education level, smoking status, drinking status, sodium intake, potassium intake, fat intake, TSFA intake, carbohydrate intake, protein intake, energy intake, and 

NHANES cycle.  

§Model 3 was adjusted for age, sex, race/ethnicity, education level, smoking status, drinking status, sodium intake, potassium intake, fat intake, TSFA intake, carbohydrate intake, protein intake, energy intake, diabe-

tes, coronary heart disease, creatinine, ALT, and NHANES cycle. 

*p<0.05, **p<0.01, ***p<0.001.   
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albumin and hypertension. This discovery provides a 

more comprehensive and novel perspective. 

Prior studies have demonstrated that BMI, ECF and 

CRP were not only related to serum albumin levels, but 

also to hypertension prevalence. Serum albumin serves as 

a key biochemical marker of nutritional status and is syn-

thesized exclusively in the liver.39,40 An appropriately 

elevated level of serum albumin may be a positive sign of 

adequate nutritional status and healthy liver function. 

Through metabolic regulation, it mitigates adipose tissue 

accumulation (resulting in lower BMI),41 helps maintain 

plasma osmotic pressure (reducing ECF expansion),42 and 

suppresses inflammatory responses (decreasing CRP con-

centrations).43 Meanwhile, the relationship between hy-

pertension and overweight or obesity has been well doc-

umented across most racial, ethnic, and socioeconomic 

groups, although the association between blood pressure 

values and BMI depends on age, sex, type of obesity, and 

racial variations.44,45 Growing evidence suggests that fluid 

overload, or increased ECF volume, plays a pivotal role 

in the pathophysiology of hypertension. The impact of 

ECF on blood pressure in patients with chronic kidney 

disease (CKD) has been reported, demonstrating that re-

ducing ECF is key to controlling hypertension.46,47 Hyper-

tension was closely associated with the activation of the 

immune system, with the inflammatory response playing 

a pivotal role.48 The NACHT, LRR and PYD domains-

containing protein 3 (NLRP3) inflammasome played a 

key role in the development and progression of several 

cardiovascular diseases.49 Experimental investigations 

have revealed that CRP actively and directly participates 

in the development of elevated blood pressure.50 These 

findings are consistent with our conclusions, emphasizing 

the importance of incorporating BMI, ECF, and CRP into 

strategies for the early prevention and management of 

hypertension. 

While this investigation possesses several merits, such 

as a thorough assessment of a nationally representative 

population sample, mediation analysis, and meticulous 

control for multiple confounders, certain limitations war-

rant acknowledgment. First, the cross-sectional design 

does not permit establishing a causal relationship between 

serum albumin and hypertension. Mediation analysis 

based on cross-sectional data could lead to unreliable 

results. Our conclusions are based on observed associa-

tions only. The identified mediation effects should be 

interpreted as associations consistent with a hypothesized 

causal model, rather than definitive evidence of causation. 

The observed patterns represent statistical mediation 

within the constraints of the study design. Further ran-

domized longitudinal studies or controlled trials are need-

ed to establish causality. Second, despite utilizing multi-

variable logistic regression models and performing thor-

ough sensitivity testing across subgroups, persistent con-

founding effects may persist. While NHANES datasets 

encompass numerous variables, unmeasured confounders 

could remain. Third, the current analysis centers on an 

American sample. Assessing serum albumin-hypertension 

relationships in diverse populations would enhance the 

generalizability of these outcomes. 

 

Conclusion  

This study revealed the association between serum albu-

min and the onset of hypertension. Mediation analyses 

 
 

Figure 2. Association between serum albumin and hypertension odds ratio after full adjustment. The solid line represents the smoothed 

odds ratio (OR) for hypertension risk as albumin changes, and the shaded area indicates the 95% confidence interval (CI). Statistical anal-

ysis revealed a linear relationship between albumin and hypertension risk (p for non-linearity = 0.708). Adjusted for age, sex, 

race/ethnicity, education level, smoking status, drinking status, sodium intake, potassium intake, fat intake, TSFA intake, carbohydrate 

intake, protein intake, energy intake, diabetes, coronary heart disease, creatinine, ALT, and NHANES cycle. ALT, alanine aminotransfer-

ase; TSFA, total saturated fatty acids 
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further explored the mediating role of BMI, CRP and 

ECF, which suggested that serum albumin might indirect-

ly reduce the risk of hypertension by regulating obesity, 

inflammatory status and fluid balance. This finding  

provided a new perspective on the prevention and treat-

ment of hypertension. 
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Figure 3. Association between albumin and hypertension according to basic features. †Except for the stratification component itself, each 

stratification factor was adjusted for all other variables, including age, sex, race/ethnicity, education level, smoking status, drinking status, 

sodium intake, potassium intake, fat intake, TSFA intake, carbohydrate intake, protein intake, energy intake, diabetes, coronary heart dis-

ease, creatinine, and ALT. ALT, alanine aminotransferase; TSFA, total saturated fatty acids 
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Figure 4. Mediation analysis of (A) Body mass index, (B) C-reactive protein, and (C) Extracellular fluid in the association between serum 

albumin and hypertension 
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