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Serum Albumin is Positively Correlated with Serum Potassium 
and Inversely Associated with Incident Hypertension 

in a Health Screening Population
Eiji Oda

Abstract
Background: Albumin is reported to be a potent inhibitor of angiotensin converting enzyme 
(ACE) and its inhibiting potency is tissue-dependent, while a decrease in serum albumin is re-
ported to be a predictor of incident hypertension. 
Methods: �is was a retrospective 5-year follow-up study in a health screening population in-
cluding 2,045 subjects. �e mean (SD) serum potassium and incidence of hypertension in the 
�rst (lowest), second, third and fourth (highest) quartiles of serum albumin (Q1, Q2, Q3 and 
Q4) were calculated. �e hazard ratios (HRs) of hypertension for each 1 SD increase in serum 
albumin and for Q1, Q2 and Q3 compared with Q4 were calculated and adjusted for baseline 
blood pressure and other confounders.
Results: During 5 years of follow-up (mean: 3.8 years), 400 subjects developed hypertension 
(3.9%/year). �e incidence of hypertension was 4.7%/year, 3.8%/year, 3.8%/year and 3.4%/
year, respectively (p for trend<0.001), in Q1, Q2, Q3 and Q4. �e mean (SD) serum potas-
sium levels for Q1, Q2, Q3 and Q4 were 4.26 (0.28) mEq/L, 4.33 (0.32) mEq/L (p=0.004), 
4.34 (0.32) mEq/L (p=0.003) and 4.39 (0.36) mEq/L (p<0.001), respectively (p: compared 
with Q1). �e adjusted HRs of hypertension for each 1 SD increase in serum albumin and for 
Q1, Q2 and Q3 compared with Q4 were 0.79 (p<0.001), 1.73 (p=0.003), 1.45 (p=0.017) 
and 1.18 (p=0.350), respectively. 
Conclusions: Serum albumin is positively correlated with serum potassium and inversely asso-
ciated with incident hypertension. 
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Hypertension has been established to be an inde-
pendent risk factor for cardiovascular disease. It 
is important to delineate predictors of hyperten-

sion so that appropriate strategies for the prevention of 
cardiovascular disease can be developed. 

Albumin is the most abundant plasma protein, nor-
mally constituting about 50% of plasma protein, and 
serves as a carrier for molecules of low water solubility, 
including lipid soluble hormones, bile salts, unconjugated 
bilirubin, free fatty acids, calcium, and drugs like war-
farin, �brates and phenytoin. One of its most important 
roles is to regulate the colloid osmotic pressure of blood. 

Previous cross-sectional studies reported that serum 
albumin was positively associated with blood pressure 
(BP) 1–3 , while a cross-sectional and longitudinal study 

found that serum albumin levels were associated with 
BP only in cross-sectional models, not in longitudinal 
models 4 . �e author observed that a decrease in serum 
albumin levels predicted incident hypertension among 
a health screening population in a retrospective 4-year 
follow-up study 5 . Albumin is reported to be a potent 
physiological inhibitor of angiotensin converting en-
zyme (ACE) and the enzymatic activity of intravascular 
ACE appears to be almost completely suppressed by 
serum albumin when it is present at physiological con-
centrations 6 . �erefore, in contrast to the cross-sectional 
positive association observed between serum albumin 
and BP, it can be speculated that serum albumin would 
be inversely associated with incident hypertension via its 
suppression of the renin-angiotensin-aldosterone system. 
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The aims of the present 5-year follow-up study were 
to confirm the results of the previous 4-year follow-up 
study 5 and to investigate an association between serum 
albumin levels and serum potassium levels as a possible 
surrogate marker of plasma aldosterone levels. 

Methods
This study was approved by the ethics committee of 

Tachikawa Medical Center and the procedures were in 
accordance with the Declaration of Helsinki, 1964 and 
Declaration of Tokyo, 1975, as revised in 2008. 
Subjects

Between April 2008 and March 2009, 3,866 individu-
als visited our medical check-up center for annual gener-
al health screenings and provided their written informed 
consent. �ey were required to complete a questionnaire 
including questions about their history of coronary heart 
disease and stroke, smoking, alcohol consumption, phys-
ical activity and use of antihypertensive, antidiabetic and 
antihyperlipidemic drugs. Physical activity was defined 
as walking for one hour or longer per day or exercising 
for 30 minutes or longer twice or more per week. For the 
follow-up study, the exclusion criteria were a history of 
coronary heart disease or stroke and use of antihyper-
tensive, antidiabetic or antihyperlipidemic drugs and the 
inclusion criterion was normotension at baseline. �ere 
were 2,623 candidate subjects for the follow-up study. 
There were 578 dropouts so 2,045 individuals (1,227 
men aged 24–81 years and 818 women aged 30–82 
years) who revisited our medical check-up center for an-
nual health screenings between April 2009 and March 
2014 were enrolled in the follow-up study. Among 2,946 
individuals who passed the exclusion criteria, 1,251 who 
revisited our medical check-up center between April 
2013 and March 2014 and were not using antihyperten-
sive drugs at the time of revisiting were included in the 
correlation study. Additionally, a relationship between 
serum albumin levels and urinary albumin levels was 
investigated in 354 subjects whose urinary albumin lev-
els were optionally measured between April 2009 and 
March 2014. Hypertension was de�ned as systolic BP of 
≥ 140 mmHg, diastolic BP of ≥ 90 mmHg and/or use of 
antihypertensive drugs. 
Measurements

A¨er an overnight fast, blood samples were obtained 
to measure blood levels of routine medical check-up pa-
rameters, including fasting glucose, triglycerides, HDL 
cholesterol, LDL cholesterol, uric acid, high-sensitivity 
C-reactive protein (hsCRP), total bilirubin, albumin, 
potassium and creatinine. Proteinuria was qualitatively 
measured with a dipstick. Urinary albumin levels were 
optionally measured in spot morning urine samples 
obtained from the above-mentioned 354 subjects with 
latex immune-nephelometry using N-assay TIA Micro 

Alb E-Type (Nittobo Medical Co. LTD., Tokyo, Japan) 
and expressed in mg/g of creatinine. LDL cholesterol 
was measured using a direct surfactant method with 
Choletest-LDL (Sekisui Medical Inc., Tokyo, Japan). 
The chemical assessments were all performed at BML 
Nagaoka (Nagaoka, Japan) except for the assessment of 
hsCRP, which was performed at BML General Laboratory 
(Tokyo, Japan) with nephelometry using N-latex CRP-2 
(Siemens Healthcare Japan, Tokyo, Japan). �e measure-
ment limit of hsCRP was 0.02 mg/L, and a value of hsCRP 
less than the measurement limit was considered as 0.01 
mg/L. Estimated glomerular filtration rate (eGFR) was 
calculated using the following equation according to the 
recommendation from the Japanese Society of Nephrol-
ogy: eGFR (mL/min/1.73m2) = 194 × creatinine–1.094 × 
age–0.287 in men, and 194 × creatinine–1.094 × age–0.287 × 
0.739 in women 7. BP was automatically measured with 
MPV-3301 (NIHON KODEN Inc., Tokyo, Japan) in a 
sitting position a¨er 5 min of rest for each measurement. 
Average systolic and diastolic BP values were calculated 
from two measurements. Body weight and height were 
measured using TBF-210 (TANITA, Tokyo, Japan) with 
the subjects wearing light clothes provided by our medi-
cal check-up center and the weight of the clothes was 
subtracted from the measured body weight. Body mass 
index (BMI) was calculated as body weight in kilograms 
divided by the square of height in meters. 
Statistical analysis

Baseline data were compared between the candidates 
and actually followed-up subjects as well as between the 
subjects who developed hypertension and those who 
did not. The means were compared with two-sided t-
tests and percentages were compared with χ -squared 
tests. Triglycerides and hsCRP were compared a¨er log 
transformation because their distributions were highly 
skewed. 

Pearson’s correlation coefficients were calculated be-
tween serum albumin levels at baseline and serum po-
tassium levels, systolic and diastolic BPs at baseline and 
changes in systolic and diastolic BPs over 5 years in the 
above-mentioned 1,251 subjects. 

Incidence of hypertension and mean serum potassium 
level were calculated for each quartile of serum albumin. 
�e mean serum potassium levels for the higher quartiles 
(Q2, Q3 and Q4) were compared with the lowest quar-
tile (Q1) using Sche¯e’s method a¨er ANOVA. 

Using Cox regressions in which years were used as the 
unit of survival, the �rst diagnosis with hypertension in 
the annual health screenings was ascertained as the out-
come and subjects without the outcome were assessed at 
their last visits.  Hazard ratios (HRs) of incident hyper-
tension for each 1 SD increase in serum albumin and for 
Q1, Q2 and Q3 compared with Q4 were calculated with 
adjustment for systolic BP, sex, age, current smoking, 
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daily alcohol drinking and, physical 
activity (Model 1), further adjusted 
for BMI, proteinuria, eGFR, uric 
acid, fasting glucose (Model 2), and 
further adjusted for log triglycer-
ides, HDL cholesterol, LDL choles-
terol, log hsCRP, total bilirubin and 
potassium (Model 3). �e levels of 
triglycerides and hsCRP were log 
transformed before the calculations 
because their distributions were 
highly skewed. Diastolic BP was not 
included in the adjusting covariates 
to avoid multicollinearity because 
the Pearson’s correlation coe°cient 
between systolic BP and diastolic 
BP was 0.897. �e above statistical 
analyses were repeated, strati�ed by 
gender. 

�en, HRs of incident hyperten-
sion for each 1 SD increase in po-
tassium, log hsCRP, total bilirubin 
and uric acid were calculated, ad-
justed for Model 1. 

Age and sex adjusted partial cor-
relation coe°cients were calculated 
between serum albumin and log 
urinary albumin in the above-men-
tioned 354 subjects.

All statistical analyses were per-
formed using Dr-SPSS-2 (IBM Ja-
pan, Tokyo, Japan). p values of less 
than 0 .05 were considered to be 
statistically signi�cant. 

Results
Baseline data of the candidate 

subjects and actually followed-up 
subjects are presented in Table 1 . 
�ere were no signi�cant di¯erenc-
es in the baseline data between the 
candidate and followed-up subjects. 

�e baseline data of subjects who 
developed hypertension and those 
who did not are presented in Table 
2 . Age, BMI, systolic and diastolic 
BPs, potassium, fasting glucose, 
triglycerides, uric acid and hsCRP 
were significantly higher and male 
sex, current smokers and daily 
drinkers were significantly more 
frequent, while albumin and eGFR 
were significantly lower, among 
subjects who developed hyperten-

Table 1.  Baseline Data for Candidate and Actually Followed-up Subjects
candidates followed-ups p

n 2623 2045
male (%) 58.6 60 0.333
age (years) 49.4 (9.0) 49.5 (8.7) 0.671
body mass index (kg/m2 ) 22.2 (2.8) 22.2 (2.8) 0.930
systolic blood pressure (mmHg) 112.0 (12.4) 112.1 (12.3) 0.755
diastolic blood pressure (mmHg) 70.9 (8.2) 71.0 (8.2) 0.699
albumin (g/dL) 4.31 (0.22) 4.31 (0.22) 0.986
potassium (mEq/L) 4.31 (0.32) 4.33 (0.32) 0.174
fasting glucose (mg/dL) 91.3 (11.7) 91.2 (10.8) 0.791
triglycerides (mg/dL) 85 (61-121) 85 (61-121) 0.828 3

HDL cholesterol (mg/dL) 61.9 (15.2) 62.1 (15.2) 0.655
LDL cholesterol (mg/dL) 121.5 (30.0) 121.7 (29.5) 0.866
uric acid (mg/dL) 5.37 (1.38) 5.40 (1.35) 0.541
high-sensitivity CRP (mg/L) 0.25 (0.13–0.52) 0.25 (0.13–0.51) 0.844 3

total bilirubin (mg/dL) 0.81 (0.33) 0.81 (0.34) 0.856
eGFR1 (mL/min/1.73m2 ) 80.1 (12.5) 79.9 (12.4) 0.520
proteinuria (%) 2.9 2.6 0.479
current smoker (%) 25.5 25.8 0.814
daily drinker (%) 36.6 36.9 0.801
physical activity 2 (%) 34.4 34.2 0.861
mean (SD), median (interquartile range) or %, 1 estimated glomerular �ltration rate, 2 de�ned as walking for 
one hour or longer per day or exercising for 30 minutes or longer twice or more per week, 3 compared a¨er 
log transformation

Table 2.  Baseline Data Strati�ed by Development of Hypertension
developers non-developers p

n 400 1645
male (%) 72.5 57.0 <0.001
age (years) 51.6 (8.7) 49.0 (8.7) <0.001
body mass index (kg/m2 ) 23.0 (2.7) 22.0 (2.8) <0.001
systolic blood pressure (mmHg) 121.9 (11.3) 109.7 (11.3) <0.001
diastolic blood pressure (mmHg) 78.2 (7.3) 69.2 (7.5) <0.001
albumin (g/dL) 4.28 (0.22) 4.31 (0.22) 0.004
potassium (mEq/L) 4.36 (0.32) 4.32 (0.32) 0.024
fasting glucose (mg/dL) 92.6 (9.7) 90.9 (11.0) 0.004
triglycerides (mg/dL) 95 (67-136) 83 (60-118) 0.012 3

HDL cholesterol (mg/dL) 61.3 (14.9) 62.3 (15.3) 0.280
LDL cholesterol (mg/dL) 122.5 (30.4) 121.5 (29.3) 0.524
uric acid (mg/dL) 5.78 (1.35) 5.31 (1.33) <0.001
high-sensitivity CRP (mg/L) 0.30 (0.16-0.62) 0.24 (0.12-0.47) <0.001 3

total bilirubin (mg/dL) 0.81 (0.34) 0.81 (0.34) 0.993
eGFR 1 (mL/min/1.73m2 ) 78.0 (12.6) 80.3 (12.3) 0.001
proteinuria (%) 3.5 2.4 0.202
current smoker (%) 30.8 24.6 0.011
daily drinker (%) 50.8 33.6 <0.001
physical activity 2 (%) 35.3 33.9 0.615
mean (SD), median (interquartile range) or %, 1 estimated glomerular �ltration rate, 2 de�ned as walking for 
one hour or longer per day or exercising for 30 minutes or longer twice or more per week, 3 compared a¨er 
log transformation
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sion than those who did not. 
Pearson’s correlation coefficients between serum al-

bumin at baseline and serum potassium and systolic 
and diastolic BPs at baseline and changes in systolic and 
diastolic BPs are presented in Table 3 . �e Pearson’s cor-
relation coe°cients between serum albumin at baseline 
and serum potassium and systolic and diastolic BPs at 
baseline, and changes in systolic and diastolic BPs were 
0.166 (p<0.001), 0.139 (p<0.001), 0.154 (p<0.001), 
–0.150 (p<0.001) and –0.092 (p=0.001), respectively, 
for the subjects overall. 

During the 5 years of follow-up (mean of 3.8 years), 
290 men and 110 women developed hypertension 
(4 .7%/year in men and 2 .7%/year in women). The 
mean serum potassium level and incidence of hyperten-
sion for each quartile of serum albumin are presented 
in Table 4 . A signi�cant di¯erence in serum potassium 
was found between Q1 and the higher quartiles of serum 
albumin in all subjects and in men. A signi�cant linear 
trend in the incidence of hypertension was seen through 
the quartiles of serum albumin in all subjects and in 
men. No such di¯erences were observed in women. 

The HRs of hypertension for each 1 SD increase in 
serum albumin and for Q1, Q2 and Q3 compared with 
Q4 are shown in Table 5 . �e HRs of hypertension were 
signi�cant for each 1 SD increase in serum albumin and 
for Q1 and Q2 in all three models in all subjects, for each 
1 SD increase in serum albumin in all three models and 
for Q1 in Model 1 and Model 2 in men, and for each 1 
SD increase in serum albumin in Model 1 and for Q1 in 
Model 2 and Model 3 in women. 

HRs (95% CIs) of incident hypertension for each 1 
SD increase in potassium, log hsCRP, total bilirubin and 
uric acid were 1.02 (0.93–1.13) (p=0.661), 1.05 (0.95–
1.16) (p=0.323), 0.99 (0.89–1.09) (p=0.797) and 1.08 
(0.95–1.22) (p=0.245), respectively, adjusted for Model 1. 

Among the 354 subjects (235 men and 119 women 
aged 33–84 years) whose urinary albumin levels were 
optionally measured, the mean (SD) and median (in-
terquartile range) of urinary albumin were 10.4 (17.4) 
mg/g creatinine and 4.9 (3.1–10.1) mg/g creatinine, 
respectively, and the age and sex adjusted correlation 
coe°cient between serum albumin and urinary albumin 
was 0.151 (p=0.005). 

Table 3.  Pearson’s Correlation Coe�cients between Baseline Serum Albumin and Other Parameters
baseline potassium baseline SBP1 baseline DBP2 changes in SBP3 changes in DBP4

all subjects 0.166 0.139 0.154 –0.150 –0.092
n=1251 p<0.001 p<0.001 p<0.001 p<0.001 p=0.001

men 0.140 0.070 0.036 –0.163 –0.104
n=770 p<0.001 p=0.052 p=0.319 p<0.001 p=0.004

women 0.099 0.098 0.166 –0.092 –0.122
n=481 p=0.030 p=0.031 p<0.001 p=0.044 p=0.007

1 systolic blood pressure, 2 diastolic blood pressure, 3 changes in SBP over 5 years, 4 changes in DBP over 5 years

Table 4. Mean Serum Potassium Level and Incidence of Hypertension for each Quartile of 
Serum Albumin

Q1 Q2 Q3 Q4 p for trend
all subjects
n 477 727 341 500
albumin (g/dL) 3.0–4.1 4.2–4.3 4.4 4.5–5.0
mean (SD) K (mEq/L) 4.26 (0.28) 4.33 (0.32) 4.34 (0.32) 4.39 (0.36)
p 1 0 .004 0.003 <0.001
incident hypertension 2 4.7 3.8 3.8 3.4 <0.001

men
n 236 412 220 359
albumin (g/dL) 3.6–4.1 4.2–4.3 4.4 4.5–4.9
mean (SD) K (mEq/L) 4.29 (0.29) 4.37 (0.33) 4.38 (0.33) 4.43 (0.35)
p 1 0 .024 0.036 <0.001
incident hypertension 2 6.3 4.8 4.5 3.7 <0.001

women
n 241 155 160 262
albumin (g/dL) 3.0–4.1 4.2 4.3 4.4–5.0
mean (SD) K (mEq/L) 4.22 (0.26) 4.25 (0.29) 4.28 (0.32) 4.27 (0.32)
p 1 0 .892 0.279 0.322
incident hypertension 2 3.2 2.3 2.8 2.4 0.330

1 compared with Q1, 2 %/year
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Discussion
The present 5-year follow-up study demonstrated 

that serum albumin was positively correlated with se-
rum potassium and inversely correlated with changes 
in BPs, and that a decreased serum albumin level was a 
signi�cant predictor of incident hypertension, in a health 
screening population. When analyzed separately by gen-
der, the relationships between serum albumin and serum 
potassium as well as incident hypertension were weak in 
women, which may have resulted from the weaker activ-
ity of the renin angiotensin aldosterone system in women 
than in men. 

Serum albumin levels were reported to be positively 
correlated with cross-sectional BP 1–4 and consistent with 
this, there were significant positive cross-sectional cor-
relations between serum albumin levels and BP in the 
present study. The cross-sectional positive association 
between serum albumin levels and BP may be due to 
an increase in vascular volume caused by an increased 
osmotic pressure accompanying an increased level of se-
rum albumin. 

In contrast to the positive cross-sectional correlations 
observed between serum albumin levels and BP men-
tioned above, the previous 5 and present studies found 
inverse longitudinal correlations between serum albumin 
levels and changes in BP. 

A dietary intervention study demonstrated that potas-
sium depletion decreases serum potassium levels and 
increases BP but suppresses plasma aldosterone levels 
and has no e¯ect on plasma renin activity or on arginine 
vasopressin or catecholamine levels 8 . Another dietary 
intervention study observed that a¨er potassium supple-
mentation, plasma potassium, renin, angiotensin Ⅱ and 
aldosterone levels were increased significantly, while 

plasma catecholamine levels were unchanged and that 
the exaggerated presser responsiveness to catecholamine 
was normalized and BP was decreased in normotensive 
members of hypertensive families and patients with 
hypertension 9 . However, serum potassium levels were 
not significantly associated with incident hypertension 
in the present study. Furthermore, in contrast to serum 
albumin, the mean serum potassium level was paradoxi-
cally higher in subjects who developed hypertension 
than those who did not (Table 2). �erefore, the antihy-
pertensive e¯ect of albumin cannot be explained by the 
positive correlation between serum albumin and serum 
potassium. 

Hypertension is associated with inflammation, oxi-
dative stress and endothelial dysfunction 10 ,11 , while 
albumin possesses anti-inflammatory and antioxidant 
properties 12,13 . However, the three markers of in²amma-
tion and oxidative stress, hsCRP, total bilirubin and uric 
acid, were not associated with incident hypertension in 
the present study. �erefore, it is unlikely that the anti-
hypertensive e¯ect of albumin is mainly due to its anti-
in²ammatory and antioxidant properties. 

Klauser et al. identi�ed serum albumin as an endog-
enous inhibitor of ACE in 1979 14 , and it has been re-
ported that the postoperative infusion of serum albumin 
frequently evokes hypotension in patients receiving ACE 
inhibitor therapy 15 . Fagyas et al. reported that serum al-
bumin is a potent physiological inhibitor of ACE, and the 
enzymatic activity of intravascular ACE appears to be al-
most completely suppressed by serum albumin when it is 
present at physiological concentrations 6 . �ey also tested 
ACE inhibition by albumin in human sera and human 
blood vessels and suggested that ACE activity is signi�-
cantly suppressed as long as the albumin concentration is 

Table 5. Hazard Ratios of Hypertension for 1 SD Increase in Serum Albumin and for Lower Quartiles of Serum 
Albumin Compared with Highest Quartile

Model 1 1 Model 2 2 Model 3 3

hazard ratio (95% CI 4 ) p hazard ratio (95% CI 4 ) p hazard ratio (95% CI 4 ) p
all subjects

1 SD increase 0.80 (0.72–0.89) <0.001 0.79 (0.72–0.88) <0.001 0.79 (0.70–0.88) <0.001
1st quartile 5 1 .73 (1.25–2.38) <0.001 1.71 (1.23–2.38) 0.001 1.73 (1.21–2.49) 0.003
2nd quartile 5 1 .40 (1.05–1.87) 0.021 1.41 (1.04–1.89) 0.025 1.45 (1.07–1.97) 0.017
3rd quartile 5 1 .16 (0.83–1.62) 0.386 1.13 (0.81–1.58) 0.481 1.18 (0.84–1.66) 0.350

men
1 SD increase 0.80 (0.71–0.91) <0.001 0.79 (0.70–0.91) <0.001 0.80 (0.69–0.92) 0.002
1st quartile 5 1 .70 (1.15–2.52) 0.008 1.63 (1.09–2.45) 0.018 1.55 (0.99–2.42) 0.056
2nd quartile 5 1 .36 (0.97–1.89) 0.074 1.41 (0.99–2.00) 0.054 1.41 (0.98–2.02) 0.067
3rd quartile 5 1 .07 (0.73–1.56) 0.729 1.01 (0.69–1.49) 0.954 1.06 (0.71–1.57) 0.780

women
1 SD increase 0.83 (0.70–0.99) 0.040 0.86 (0.72–1.03) 0.105 0.85 (0.71–1.02) 0.075
1st quartile 5 1 .77 (0.99–3.19) 0.056 1.99 (1.06–3.74) 0.033 2.15 (1.08–4.27) 0.029
2nd quartile 5 1 .47 (0.82–2.63) 0.196 1.44 (0.80–2.60) 0.229 1.53 (0.83–2.81) 0.175
3rd quartile 5 1 .93 (0.93–4.04) 0.079 1.99 (0.93–4.25) 0.074 1.89 (0.86–4.17) 0.116

1 adjusted for systolic blood pressure, sex, age, current smoking, daily alcohol drinking and physical activity, 2 further adjusted for body mass 
index, proteinuria, estimated glomerular �ltration rate, uric acid, fasting glucose, 3 further adjusted for log triglycerides, HDL cholesterol, LDL 
cholesterol, log high-sensitivity C-reactive protein, total bilirubin and potassium, 4 con�dence interval, 5 compared with the highest quartile
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at least 3.0 g/dL 16 . �e physiological levels of serum al-
bumin are several times higher (3.5–5.2 g/dL) than the 
half maximal ACE inhibitory concentrations for albumin 
(0.57–0.98 g/dL), suggesting complete suppression of 
intravascular ACE activity by serum albumin in vivo 6 . 
Fagyas et al. hypothesized that serum albumin does not 
inhibit all forms of ACE equally. So in contrast to intra-
vascular ACE, tissue ACEs may be partially inhibited by 
tissue albumin in proportion to its concentration. More-
over, albumin may not significantly inhibit pulmonary 
ACE, which is thought to be a major player in controlling 
BP, because albumin is not negatively but positively cor-
related with cross-sectional BP. 

Among tissue ACEs, adrenal ACE may play an im-
portant role in the pathogenesis of hypertension through 
the secretion of aldosterone. It is possible that decreased 
inhibition of adrenal ACE due to a decreased concentra-
tion of albumin results in increased secretion of aldoste-
rone. The positive correlation between serum albumin 
levels and serum potassium levels found in the present 
study suggests a possible inverse correlation between se-
rum albumin levels and plasma aldosterone levels. How-
ever, plasma aldosterone levels are regulated by complex 
mechanisms. �erefore, direct measurements of plasma 
aldosterone levels are mandatory for clarifying the rela-
tionship between serum albumin levels and plasma aldo-
sterone levels. 

The determinants of serum albumin levels within the 
normal range in apparently healthy individuals in the 
present study are unknown. However, a previous study 
observed a positive association between serum albumin 
levels and animal, but not vegetable, protein intake 17 . 
Significant independent inverse relationships between 
BP and both 24-hour urinary total nitrogen and urea ni-
trogen have been reported 18 , which suggests an inverse 
association between protein intake and BP. �us, the de-
creased levels of serum albumin within the normal range 
observed in the present study may possibly result from an 
inadequate protein intake or alternatively, they may be due 
to urinary excretion of albumin. Although albuminuria is 
reported to be a predictor of incident hypertension 19,20 , 
there was a significant positive correlation between se-
rum albumin levels and log urinary albumin levels in the 
354 subjects whose urinary albumin levels were option-
ally measured. �erefore, the decreased levels of serum 
albumin were not associated with increased levels of uri-
nary albumin. 
Limitations

The present study is a retrospective study and the 
subjects were not from a general population, but from a 
health screening population. Among the 2,623 candi-
date subjects, 578 (22.0%) dropped out. However, there 
was no signi�cant di¯erence in baseline data between the 
candidate and actually followed-up subjects. Also, hyper-

tension was diagnosed at only one time point and may 
have included white coat hypertension, and no dietary-
related information other than that on smoking habit 
and alcohol drinking was available. In addition, residual 
confounders might have in²uenced the results. Further-
more, urinary amounts of albumin were only optionally 
measured in 354 subjects and plasma aldosterone levels 
were not measured at all. �erefore, the conclusion of the 
present study is hypothetical. Future studies must include 
directly measured aldosterone data. 

Conclusions
The present study found that serum albumin was 

positively correlated with serum potassium and inversely 
correlated with the changes in BP and that a decreased 
serum albumin level was a signi�cant predictor of inci-
dent hypertension, in a health screening population.  

Acknowledgements
�e author thanks all subjects who participated in the 

study, the paramedical sta¯ at our medical check-up cen-
ter who assisted with the study and Honorary Prof. Yo-
shifusa Aizawa at Tachikawa Medical Center. �e author 
received no �nancial support for this study.

Con�ict of interest
�e author has no con²ict of interest to disclose. 

References
1. Tell GS, Rutan GH, Kronmal RA et al.: Correlates of 

blood pressure in community-dwelling older adults. The 
Cardiovascular Health Study. Cardiovascular Health Study 
(CHS) Collaborative Research Group. Hypertension 1994; 
23: 59–67.  

2. Vargas CM, Obisesan T, Gillum RF: Association of 
serum albumin concentration, serum ionized calcium 
concentration, and blood pressure in the Third National 
Health and Nutrition Examination Survey. J Clin Epidemiol 
1998; 51: 739–746. 

3. Høstmark AT, Tomten SE, Berg JE: Serum albumin and 
blood pressure: a population-based, cross-sectional study. J 
Hypertens 2005; 23: 725–730. 

4. Hu H, Sparrow D, Weiss S: Association of serum albumin 
with blood pressure in the normative aging study. Am J 
Epidemiol 1992; 136: 1465–1473. 

5. Oda E: Decreased serum albumin predicts hypertension in a 
Japanese health screening population. Intern Med 2014; 53: 
655–660. 

6. Fagyas M, Úri K, Siket IM, et al.: New perspectives in the 
renin-angiotensin-aldosterone system (RAAS) II: albumin 
suppresses angiotensin converting enzyme (ACE) activity in 
human. PLoS One 2014; 9: e87844. doi: 10.1371/journal.
pone.0087844. eCollection 2014. 

7. Matsuo S, Imai E, Horio M, et al.; Collaborators developing 
the Japanese equation for estimated GFR: Revised equations 
for estimated GFR from serum creatinine in Japan. Am J 
Kidney Dis 2009; 53: 982–992. 



Ningen Dock International　Vol.3  No.1  2015 7 (7)

Oda : Albumin, Potassium and Incident Hypertension

Advance Publication 
Ningen Dock International
Accepted for publication: July 21, 2015
Published online: December 22, 2015

8. Krishna GG, Miller E, Kapoor S: Increased blood pressure 
during potassium depletion in normotensive men. N Engl J 
Med 1989; 320: 1177–1182.

9. Bianchetti MG, Weidmann P, Beretta-Piccoli C, et al.: 
Potassium and norepinephrine- or angiotensin-mediated 
pressor control in pre-hypertension. Kidney Int 1987; 31: 
956–963.

10. Reaven GM, Lithell H, Landsberg L: Hypertension and 
associated metabolic abnormalities--the role of insulin 
resistance and the sympathoadrenal system. N Engl J Med 
1996; 334: 374–381.

11. Oda E: Metabolic syndrome: its history, mechanisms, and 
limitations. Acta Diabetol. 2012; 49: 89–95.

12. Wayner DD, Burton GW, Ingold KU, et al.: Quantitative 
measurement of  the total, peroxyl radical-trapping 
antioxidant capability of human blood plasma by controlled 
peroxidation. �e important contribution made by plasma 
proteins. FEBS Lett 1985; 187: 33–37.

13. Halliwell  B: Albumin: an important extracel lular 
antioxidant? Biochem Pharmacol 1988; 37: 569–571.

14. Klauser RJ, Robinson CJ, Marinkovic DV, et al.: Inhibition 
of human peptidyl dipeptidase (angiotensin I converting 
enzyme: kininase II) by human serum albumin and its 
fragments. Hypertension 1979; 1: 281–286. 

15. Howard G, Downward G, Bowie D: Human serum albumin 
induced hypotension in the postoperative phase of cardiac 

surgery. Anaesth Intensive Care 2001; 29: 591–594. 
16. Fagyas M, Úri K, Siket IM, et al.: New perspectives in the 

renin-angiotensin-aldosterone system (RAAS) III: endogenous 
inhibition of angiotensin converting enzyme (ACE) provides 
protection against cardiovascular diseases. PLoS One 2014; 
9: e93719. doi: 10.1371/journal.pone.0093719. eCollection 
2014. 

17. Watanabe M, Higashiyama A, Kokubo Y, et al.; NIPPON 
DATA80/90 Research Group: Protein intakes and serum 
albumin levels in a Japanese general population: NIPPON 
DATA90. J Epidemiol 2010; 20 Suppl 3: S531–S536. 

18. Stamler J, Elliott P, Kesteloot H, et al.: Inverse relation of 
dietary protein markers with blood pressure. Findings 
for 10 ,020 men and women in the INTERSALT Study. 
INTERSALT Cooperative Research Group. INTERnational 
study of SALT and blood pressure. Circulation 1996; 94: 
1629–1634. 

19. Brantsma AH, Bakker SJ, de Zeeuw D, et al.: Urinary 
albumin excretion as a predictor of the development of 
hypertension in the general population. J Am Soc Nephrol 
2006; 17: 331–335.

20. Forman JP, Fisher ND, Schopick EL, et al.: Higher levels 
of albuminuria within the normal range predict incident 
hypertension. J Am Soc Nephrol 2008; 19: 1983–1988.

(Received March 22, 2015 ; Accepted July 21, 2015)


