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Abstract

Background: Hypertension is a major modifiable risk factor for cardiovascular,
cerebrovascular, and renal disease. Sodium and potassium have opposing effects on blood
pressure regulation, and their relative balance may provide additional information
beyond either electrolyte alone. Although dietary and urinary sodium-to-potassium ratios
have been extensively investigated, the relationship between serum sodium-to-
potassium (Na/K) ratio and blood pressure severity in newly diagnosed essential
hypertension remains less well characterized. Objective: To evaluate the association
between serum sodium-to-potassium ratio and blood pressure severity among patients
Correspondence: with newly diagnosed essential hypertension. Methods: An analytical cross-sectional
Dr. Imran Khan. study was conducted in the Department of General Medicine, Katihar Medical College,
3rd  Year Junior Resident, |Katihar, Bihar, over 18 months. A total of 80 adults with newly diagnosed essential
Department of General Medicine, |hypertension were included in the study. Participants were categorized into Grade 1,
Katihar Medical College, | Grade 2, and Grade 3 hypertension according to predefined blood pressure criteria. Serum
Katihar, Bihar, India. sodium and potassium concentrations were measured using an automated ion-selective
electrode method, and the serum Na/K ratio was calculated as serum sodium divided by
serum potassium. One-way analysis of variance with Tukey post-hoc testing was used to

Received: 25-08-2026 compare the ratio across blood pressure severity groups. Pearson correlation analysis
Revised: 02-09-2026 assessed relationships with systolic blood pressure (SBP), diastolic blood pressure (DBP),
Accepted: 15-09-2026 and mean arterial pressure (MAP). Multivariable linear regression was performed to
Published: 23-09-2026 evaluate the independent association between serum Na/K ratio and SBP after

adjustment for age, sex, body mass index (BMI), and serum creatinine. Results: A total of
80 participants were included: 31 (38.8%) with Grade 1, 34 (42.5%) with Grade 2,and 15
(18.7%) with Grade 3 hypertension. The mean age was 48.7 + 10.4 years. Mean serum
Na/K ratios were 32.10 + 2.80, 34.60 + 3.10, and 37.10 + 3.80 in Grades 1, 2, and 3,
respectively. One-way ANOVA demonstrated a significant difference among groups
(F=13.65, p<0.001). Tukey post-hoc analysis showed significant differences between
Grade 1 and Grade 2 (adjusted p=0.0053), Grade 1 and Grade 3 (adjusted p<0.001), and
Grade 2 and Grade 3 (adjusted p=0.0316). Serum Na/K ratio was positively correlated
with SBP (r=0.48, p<0.001), DBP (r=0.36, p=0.001), and MAP (r=0.44, p<0.001). In
multivariable regression, serum Na/K ratio remained positively associated with SBP
(B=1.56, 95% CI 0.86-2.26, p<0.001). The overall regression model was significant
(F=6.71, p<0.001; R?=0.312; adjusted R?=0.265). Conclusion: A higher serum sodium-to-
potassium ratio was associated with progressively greater blood pressure severity and
higher SBP, DBP, and MAP among patients with newly diagnosed essential hypertension.
The findings support further investigation of serum Na/K ratio as an exploratory
biochemical marker in newly diagnosed hypertension. However, the cross-sectional
design limits causal inference, and further prospective and multicenter studies are
required to establish the clinical significance of this association.
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INTRODUCTION

Hypertension is one of the leading modifiable risk factors for cardiovascular disease, stroke, chronic kidney disease, and
premature mortality worldwide.X,2 Current hypertension guidelines emphasize accurate blood pressure measurement,
cardiovascular risk assessment, and identification of modifiable lifestyle factors.,2

Dietary sodium and potassium play important roles in blood pressure regulation. Excess sodium exposure promotes
extracellular volume expansion and may increase vascular resistance, whereas adequate potassium intake facilitates
natriuresis and may attenuate the pressor effects of sodium.?>—¢ The World Health Organization recommends reducing
sodium intake and increasing potassium consumption as population-level strategies for reducing blood pressure and
cardiovascular risk.”,®

The interaction between sodium and potassium is biologically relevant because the effects of sodium on blood pressure
may be modified by potassium availability. Increased potassium intake may reduce blood pressure, particularly among
individuals with higher sodium exposure, while sodium reduction has also been associated with clinically meaningful
reductions in blood pressure.*~** The Dietary Approaches to Stop Hypertension (DASH) trial demonstrated that dietary
patterns rich in fruits, vegetables, and low-fat dairy products can substantially reduce blood pressure.2

The sodium-to-potassium ratio has therefore emerged as a potentially useful indicator of sodium-potassium balance.
Epidemiological studies have suggested that a higher sodium-to-potassium ratio is associated with elevated blood pressure
and adverse cardiovascular outcomes.*?,'* The INTERSALT study demonstrated important population-level relationships
between urinary sodium and potassium excretion and blood pressure, highlighting the relevance of sodium and potassium
balance in hypertension.'*

Most previous investigations have focused on dietary intake or urinary sodium and potassium excretion rather than serum
concentrations. Serum sodium and potassium are tightly regulated by renal, hormonal, and cellular mechanisms and
therefore do not directly represent dietary intake. Nevertheless, serum electrolyte measurements are routinely available in
clinical practice and may provide an accessible biochemical parameter for exploratory assessment of sodium-potassium
balance.

Newly diagnosed hypertensive individuals provide an important population in which to investigate this relationship because
they have generally not undergone prolonged antihypertensive treatment that could modify blood pressure or electrolyte
concentrations. Determining whether serum Na/K ratio varies according to blood pressure severity may help clarify
whether this readily measurable parameter has potential value during the initial evaluation of hypertension. Therefore, the
present study was designed to evaluate the association between serum sodium-to-potassium ratio and blood pressure
severity in newly diagnosed patients with essential hypertension at Katihar Medical College.

MATERIALS AND METHODS

Study Design and Setting

This was an analytical cross-sectional study conducted in the Department of General Medicine, Katihar Medical College,
Katihar, Bihar, India, over a period of 18 months.

A total of 80 patients fulfilling the predefined inclusion and exclusion criteria were enrolled during the study period. Data
regarding demographic characteristics, blood pressure measurements, and biochemical parameters were collected and
recorded in a structured study proforma.

Study Population
The study population comprised adults with newly diagnosed essential hypertension attending the outpatient and inpatient
services of the institution.

Sample Size Calculation

The sample size was estimated for comparison of serum sodium-to-potassium ratio across three anticipated blood pressure
severity categories using a one-way analysis of variance framework. Assuming an effect size (f) of 0.36, a significance
level (a) of 0.05, three comparison groups, and 80% statistical power, the minimum required sample size was 78
participants. An independent noncentral F-distribution calculation gives approximately 80.3% power at n=78. The final
sample size was therefore fixed at 80 participants.

Inclusion Criteria

Participants were included if they:

1. Were aged >18 years.

2. Had newly diagnosed essential hypertension.
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3. Had no previous history of antihypertensive treatment.

4. Had two or more elevated BP measurements obtained using standardized measurement procedures during the
diagnostic assessment.

5. Provided written informed consent.

Exclusion Criteria

Participants were excluded if they had:

Secondary hypertension.

Chronic kidney disease.

Known heart failure.

Chronic liver disease.

Diabetes mellitus with significant end-organ complications.

Known endocrine disorders affecting electrolyte balance.

Acute infection or severe systemic illness.

Current use of potassium supplements or medications significantly affecting serum potassium.

Pregnancy.

Known adrenal or thyroid disorders associated with altered electrolyte homeostasis.

Secondary causes of hypertension were excluded on the basis of clinical history, physical examination, and relevant

investigations where clinically indicated.

o Forthe present operational definition, uncomplicated diabetes mellitus was not itself considered an exclusion criterion;
diabetes with significant end-organ complications was excluded.

Operational Definition of Newly Diagnosed Hypertension

Newly diagnosed hypertension was defined as previously untreated hypertension in an individual with no history of
antihypertensive therapy and with two or more elevated BP measurements obtained during the standardized diagnostic
assessment. Participants were not included if they had previously received antihypertensive treatment.

Blood Pressure Measurement

Blood pressure was measured using a validated automated sphygmomanometer after the participant had rested in a seated
position for at least five minutes. An appropriate cuff size was selected according to arm circumference. Two measurements
were obtained at an interval of 1-2 minutes, and the average was recorded.t,?

Participants were categorized according to predefined blood pressure severity categories:

Grade 1 hypertension: SBP 140-159 mmHg and/or DBP 90-99 mmHg.

Grade 2 hypertension: SBP 160-179 mmHg and/or DBP 100-109 mmHg.

Grade 3 hypertension: SBP >180 mmHg and/or DBP >110 mmHg.

When systolic and diastolic measurements corresponded to different severity categories, the higher category was assigned.

Biochemical Assessment

e After an overnight fast, venous blood samples were collected. Serum sodium and potassium concentrations were
measured using an automated ion-selective electrode method.

e  The serum sodium-to-potassium ratio was calculated as:

e Serum Na/K ratio = Serum sodium (mmol/L) + Serum potassium (mmol/L)

e Additional laboratory parameters included serum creatinine, fasting blood glucose, and lipid profile.

Study Variables

The primary study variable was the serum Na/K ratio.
The primary outcome was the association between serum Na/K ratio and blood pressure severity.
Secondary variables included:

Age

Sex

BMI

SBP

DBP

MAP

Serum sodium

Serum potassium

Serum creatinine

Fasting glucose
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e Lipid profile

Statistical Analysis

Continuous variables were expressed as mean * standard deviation, while categorical variables were presented as
frequencies and percentages.

Differences in serum sodium, potassium, and Na/K ratio across the three BP severity groups were assessed using one-way
analysis of variance (ANOVA). When ANOVA demonstrated an overall significant difference, Tukey's honestly
significant difference post-hoc test was used for pairwise comparisons.

Pearson correlation analysis was performed to evaluate associations between serum Na/K ratio and SBP, DBP, and MAP.
Multivariable linear regression was performed with SBP as the dependent variable and serum Na/K ratio, age, sex, BMI,
and serum creatinine as independent variables.

Normality of serum Na/K ratio within each BP group was assessed using the Shapiro-Wilk test, and homogeneity of
variance was assessed using Levene's test. The Shapiro-Wilk p-values for the three groups were 0.968, 0.651, and 0.374,
respectively, while Levene's test was non-significant (p=0.256). Regression residual diagnostics demonstrated a mild
departure from normality; therefore, the regression findings were interpreted as exploratory. A two-sided p value <0.05
was considered statistically significant. All statistical analyses reported in the Results section were performed using the
collected study data.

RESULTS

Baseline Characteristics

A total of 80 participants were included. The mean age was 48.7 + 10.4 years. Forty-six participants (57.5%) were male
and 34 (42.5%) were female.

The mean BMI was 25.1 + 3.2 kg/m2. The overall mean SBP was 164.1 + 12.7 mmHg, while the mean DBP was 96.8 +
7.4 mmHg. The mean serum sodium concentration was 139.8 £+ 2.3 mmol/L, and the mean serum potassium concentration
was 4.14 £ 0.42 mmol/L. The overall mean serum Na/K ratio was 34.10 + 3.60.

Table 1. Baseline Demographic, Clinical, and Biochemical Characteristics

Variable Value

Age, years, mean = SD 48.7+104
Male 46 (57.5%)
Female 34 (42.5%)
BMI, kg/m? 25.1+3.2
SBP, mmHg 164.1+12.7
DBP, mmHg 96.8+7.4
MAP, mmHg 119.2+8.7
Serum sodium, mmol/L 139.8 +2.3
Serum potassium, mmol/L 414 +£0.42
Serum Na/K ratio 34.10 + 3.60
Serum creatinine, mg/dL 0.91+0.18

Distribution According to Blood Pressure Severity
Of the 80 participants, 31 (38.8%) had Grade 1 hypertension, 34 (42.5%) had Grade 2 hypertension, and 15 (18.7%) had
Grade 3 hypertension.

Table 2. Distribution of Participants According to Blood Pressure Severity

BP severity Number (%0)
Grade 1 hypertension 31 (38.8%)
Grade 2 hypertension 34 (42.5%)
Grade 3 hypertension 15 (18.7%)
Total 80 (100%b)

Grade 2 hypertension represented the largest proportion of the study population.

Serum Sodium, Potassium, and Na/K Ratio According to BP Severity

The serum Na/K ratio increased progressively across the three BP severity groups.

The mean Na/K ratio was 32.10 + 2.80 in Grade 1 hypertension, 34.60 + 3.10 in Grade 2 hypertension, and 37.10 + 3.80
in Grade 3 hypertension. One-way ANOVA demonstrated a statistically significant difference among the three groups
(F=13.65, p<0.001).

International Journal of Medicine 911



Citation: Khan I, Agrawal PK, Shankar D, Alam MS, Khan A, Salman M. Association of serum sodium-to-potassium ratio with blood
pressure severity in newly diagnosed essential hypertension: a cross-sectional analytical study. Int. J. Med., 2026,8(9):908-916.

Table 3. Comparison of Serum Sodium, Potassium, and Na/K Ratio Across BP Severity Groups

Parameter Grade 1 (n=31) | Grade 2 (h=34) | Grade 3 (n=15) | ANOVA p value
Sodium, mmol/L 138.8+ 2.0 140.0+ 2.0 141.4+2.6 <0.001
Potassium, mmol/L | 4.36 £ 0.38 4.08 £ 0.39 3.84 £0.36 <0.001
Na/K ratio 32.10+2.80 34.60+3.10 37.10+£3.80 <0.001

The progressively higher Na/K ratio was associated with both a modest increase in serum sodium and a progressive
reduction in serum potassium across increasing BP severity categories.

Tukey Post-Hoc Analysis
Because the overall ANOV A for the serum Na/K ratio was significant, Tukey's post-hoc test was performed.

Pairwise comparison Mean difference Adjusted p value Interpretation
Grade 1 vs Grade 2 2.50 0.0053 Significant
Grade 1 vs Grade 3 5.00 <0.001 Significant
Grade 2 vs Grade 3 2.50 0.0316 Significant

Thus, each successive increase in BP severity category was associated with a statistically significant increase in the mean
serum Na/K ratio.

Serum Na/K Ratio Across Blood Pressure Severity

40

35 4

30 A

25 A

20 A

Mean serum Na/K ratio

15 A

10 A1

Grade 1 Grade 2 Grade 3
Blood pressure severity

Figure 1. Mean serum sodium-to-potassium ratio across blood pressure severity categories.

The figure shows the mean serum Na/K ratio with standard deviation error bars across Grade 1, Grade 2, and Grade 3
hypertension. The mean ratio increased progressively from 32.10 + 2.80 in Grade 1 to 34.60 + 3.10 in Grade 2 and 37.10
+ 3.80 in Grade 3 hypertension. Overall ANOVA: F=13.65, p<0.001.

Correlation Between Serum Na/K Ratio and Blood Pressure Parameters

Serum Na/K ratio demonstrated a significant positive correlation with SBP, DBP, and MAP.

The correlation with SBP was moderate (r=0.48, p<0.001). Significant positive correlations were also observed with DBP
(r=0.36, p=0.001) and MAP (r=0.44, p<0.001).

Table 4. Correlation of Serum Na/K Ratio With Blood Pressure Parameters

Parameter Pearson's r p value
SBP 0.48 <0.001
DBP 0.36 0.001
MAP 0.44 <0.001

These findings indicate that higher serum Na/K ratios were associated with higher blood pressure measurements among
the study participants.
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Association Between Serum Na/K Ratio and SBP
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Figure 2. Scatter plot showing the association between serum Na/K ratio and systolic blood pressure.

Individual participant observations are shown with serum Na/K ratio on the x-axis and SBP on the y-axis. The fitted linear
regression line and its 95% confidence interval demonstrate a positive association between serum Na/K ratio and SBP.
Pearson correlation: r=0.48, p<0.001.

Multivariable Linear Regression

A multivariable linear regression model was constructed with SBP as the dependent variable and serum Na/K ratio, age,
BMI, sex, and serum creatinine as independent variables. The overall model was statistically significant (F=6.71, p<0.001)
and explained approximately 31.2% of the variation in SBP (R2=0.312; adjusted R2=0.265). Serum Na/K ratio remained
significantly and positively associated with SBP after adjustment for the other variables.

Table 5. Multivariable Linear Regression Analysis of Factors Associated With SBP

Predictor Unstandardized B coefficient | 95% CI p value
Serum Na/K ratio 1.56 0.86-2.26 <0.001
Age, years 0.06 -0.18t00.30 | 0.628
BMI, kg/m? 0.71 —0.07t0 1.49 | 0.074
Male sex 0.48 —4.55t0550 | 0.851
Serum creatinine, mg/dL | 14.44 0.73-28.16 0.039

Model statistics: R?=0.312; adjusted R2=0.265; F=6.71; p<0.001.

In this model, each one-unit increase in serum Na/K ratio was associated with an estimated 1.56 mmHg increase in SBP
after adjustment for age, BMI, sex, and serum creatinine. Serum creatinine also demonstrated a statistically significant
positive association with SBP in the model, whereas age, BMI, and male sex did not reach statistical significance.

DISCUSSION

The present analytical cross-sectional study demonstrated a progressive increase in serum sodium-to-potassium ratio across
increasing categories of blood pressure severity. The mean serum Na/K ratio increased from 32.10 in Grade 1 hypertension
to 34.60 in Grade 2 and 37.10 in Grade 3 hypertension. The overall difference was statistically significant, and Tukey post-
hoc testing demonstrated significant differences between all three pairwise comparisons.

The biological plausibility of an association between sodium-potassium balance and blood pressure is supported by
extensive evidence regarding the physiological effects of these electrolytes. Sodium contributes to extracellular volume
expansion and may influence vascular resistance, whereas potassium promotes natriuresis and may counteract several
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adverse effects of sodium.3—° WHO recommendations similarly emphasize reducing sodium consumption and increasing
potassium intake as strategies for reducing blood pressure.”,®

The study also demonstrated significant positive correlations between serum Na/K ratio and SBP, DBP, and MAP. The
strongest association was observed with SBP (r=0.48), followed by MAP (r=0.44) and DBP (r=0.36). These findings are
directionally consistent with the broader literature demonstrating that sodium and potassium balance is relevant to blood
pressure regulation. The INTERSALT study provided important evidence linking urinary sodium and potassium excretion
patterns with blood pressure at the population level.’* Subsequent epidemiological studies have also suggested associations
between sodium-to-potassium ratio and cardiovascular risk.4,3,3

In the present study, serum potassium decreased progressively across increasing BP severity categories, while serum
sodium showed a modest increase. Consequently, the Na/K ratio demonstrated a more pronounced difference between
severity groups than either electrolyte considered individually. This suggests that the ratio may capture the combined
direction of changes in sodium and potassium concentrations.

However, serum Na/K ratio must be distinguished from dietary or urinary Na/K ratio. Serum sodium and potassium are
subject to tight physiological regulation and may remain within relatively narrow ranges despite variation in dietary intake.
Therefore, serum Na/K ratio should not be interpreted as a direct surrogate for dietary sodium-to-potassium intake. Urinary
sodium and potassium measurements, particularly 24-hour urinary collections, are more appropriate for estimating habitual
intake in epidemiological and nutritional research.','

The relationship between sodium exposure and blood pressure has been demonstrated in multiple intervention studies.
Reduction in sodium intake has been associated with lower blood pressure, while increased potassium intake may provide
additional benefits.>-* The DASH dietary intervention similarly demonstrated substantial reductions in blood pressure
with a dietary pattern rich in fruits and vegetables and relatively low in sodium.12

The multivariable analysis demonstrated that serum Na/K ratio remained positively associated with SBP after adjustment
for age, BMI, sex, and serum creatinine. The estimated regression coefficient was 1.56 mmHg per one-unit increase in
Na/K ratio. The overall model explained 31.2% of the variation in SBP.

These findings should nevertheless be interpreted cautiously. The cross-sectional design demonstrates an association rather
than causation. The temporal relationship between serum Na/K ratio and blood pressure severity cannot be established
from the study design.

From a clinical perspective, serum sodium and potassium are inexpensive and routinely available laboratory parameters. If
the observed association is confirmed in adequately powered prospective studies, the serum Na/K ratio could potentially
be investigated as an additional exploratory marker during the assessment of newly diagnosed hypertension.

At present, however, serum Na/K ratio should not be considered an established diagnostic or severity-classification
biomarker. Current hypertension guidelines focus on standardized BP measurement, cardiovascular risk assessment,
lifestyle modification, and evidence-based antihypertensive treatment rather than serum Na/K ratio as a formal severity
marker.2,2

Strengths of the Study

1. The study has several methodological strengths.

2. First, BP severity was categorized using predefined systolic and diastolic thresholds, with the higher category used
when systolic and diastolic categories differed.

3. Second, the study examined serum sodium and potassium together rather than evaluating either electrolyte in isolation.

4. Third, the analysis included both group comparisons and continuous-variable correlation analysis.

5. Fourth, significant ANOVA findings were followed by Tukey post-hoc comparisons to identify the specific BP
severity groups contributing to the overall difference.

6. Finally, multivariable regression was used to assess whether the association between serum Na/K ratio and SBP
persisted after adjustment for selected demographic and clinical variables.

Limitations

1. Several limitations should be considered.

2. First, the cross-sectional study design does not permit causal inference regarding the relationship between serum Na/K
ratio and hypertension severity.
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3. Second, the sample size was relatively small and represented a single tertiary-care setting, which may limit
generalizability.

4. Third, serum sodium and potassium concentrations do not directly reflect habitual dietary sodium and potassium
intake.

5. Fourth, 24-hour urinary sodium and potassium excretion and detailed dietary intake were not assessed.

6. Fifth, potentially relevant factors such as dietary pattern, physical activity, alcohol consumption, smoking, family
history, salt sensitivity, and other metabolic variables were not comprehensively evaluated.

7. Sixth, because all participants were categorized as having hypertension, the analysis could not determine whether an
elevated serum Na/K ratio preceded the development of hypertension.

8. Finally, regression residual diagnostics demonstrated a mild departure from normality, and the regression findings
should therefore be interpreted as exploratory.

CONCLUSION

This analytical cross-sectional study demonstrated a significant positive association between serum sodium-to-potassium
ratio and blood pressure severity among newly diagnosed patients with essential hypertension.The mean serum Na/K ratio
increased progressively from Grade 1 to Grade 3 hypertension, with statistically significant differences between all three
severity groups on Tukey post-hoc analysis. Serum Na/K ratio also demonstrated significant positive correlations with
SBP, DBP, and MAP.In multivariable analysis, serum Na/K ratio remained independently associated with SBP after
adjustment for age, sex, BMI, and serum creatinine.These findings suggest that serum Na/K ratio may have potential value
as an exploratory biochemical marker of sodium-potassium balance in newly diagnosed hypertension. However, the cross-
sectional design limits causal inference and does not establish the clinical validity of the ratio as a biomarker of
hypertension severity. Larger prospective studies using real-world patient populations, repeated biochemical
measurements, detailed dietary assessment, and 24-hour urinary sodium and potassium measurements are required before
the clinical significance of serum Na/K ratio can be determined.
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List of Abbreviations

Abbreviation Full form

BP Blood pressure

BMI Body mass index

DBP Diastolic blood pressure
DASH Dietary Approaches to Stop Hypertension
MAP Mean arterial pressure
Na/K Sodium-to-potassium ratio
SBP Systolic blood pressure

SD Standard deviation

WHO World Health Organization
Cl Confidence interval
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