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Association between urinary
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elevated blood pressure
phenotypes and microalbuminuria:
Tehran Lipid and Glucose Study
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This cross-sectional study investigated the associations between urinary sodium (UNa) to potassium
(UK) ratio, different phenotypes of elevated blood pressure (BP), and microalbuminuria (MAU) in

a cohort of the Tehran Lipid and Glucose Study (TLGS). Adult participants (n=1782, mean age of
43.0+13.7 years and 46.0% were men) were recruited (2015-2017) for measurements of spot urinary
metabolites, i.e., Na, K, creatinine (Cr), microalbumin, and BP. Multinomial logistic regression was
used to estimate the relative risk ratios (RRR) of elevated BP phenotypes [i.e., isolated systolic (ISH),
diastolic (IDH), and systolic-diastolic (SDH) hypertension], and binary logistic regression was used to
estimate odds ratios (ORs) of MAU across quintile categories and per each SD-increment of UNa-K
ratio. Mean UNa, UK, and its ratio was 137 + 57.4, 72.1 + 36.6 mmol/L, and 2.31 + 1.41, respectively.
Subjects with UNa-K > 3.14 had higher prevalence of ISH (3.4 vs. 1.1%), SDH (11.0 vs. 6.2%), and
MAU (14.1 vs. 6.2%) (P for all <0.05). Highest compared to the lowest UNa-K ratio values (> 3.14 vs.
<1.23) was associated with an increased probability of SDH (RRR=1.79, 95% CI 1.09-3.19) and MAU
(OR=2.53, 95% Cl 1.23-5.20). Every 1 SD-increment of the UNa-K ratio was associated with a 29 and
38% increased chance of having SDH and MAU, respectively. Our findings imply that a high UNa-K ratio
may be a potential risk factor for elevated BP and renal dysfunction.
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Hypertension (HTN), a progressive cardiovascular syndrome caused by complex and interrelated etiologies',
is a leading modifiable cause of premature death affecting over a quarter of the adult population worldwide?>.
Microalbuminuria (MAU), a marker of early nephropathy, primarily manifests as renal microvascular damage®>.
A direct and continuous association exists between MAU and elevated blood pressure (BP), making them
detrimental due to cardiovascular disease (CVD) and all-cause mortality*°.

Excess sodium (Na) intake is established as a strong risk factor for developing HTN and appears to be
associated with different levels of albuminuria®®. Dietary guidelines recommend reducing Na intake to less
than 2000 mg/d and increasing K intake to more than 3500 mg/d*!°, to effectively reduce the risk of HTN
and CVD'"!2, High loading of Na along with a low potassium (K) diet may have a synergistic effect on the
development of HTN'2. Existing literature consistently reported a positive association between urinary Na-to-K
(UNa-K) ratio and elevated BP'#-16,

Although all forms of HTN have in common the finding of elevated blood pressure, it reveals heterogeneous
pathophysiology and risk factors among different phenotypes, i.e., known as isolated systolic (ISH), diastolic
(IDH), and systolic-diastolic (SDH) hypertension!'”!8. While existing literature supports the biological
plausibility linking high Na intake to elevated BP'%2, the precise nature of this relationship remains complex and
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multifaceted. Existing studies have often focused on general population!®?, neglecting to explore phenotype-

specific variations in response to Na exposure. The extent to which multi-nature distinction interact with dietary
Na intake to affect HTN risk remains to be fully understood. On the other hand, the relationships of Na and K
with albuminuria have not been fully elucidated, and the literature remains inconclusive?! 23,

To address these knowledge gaps, this study investigates the associations between the UNa-K ratio and
elevated BP phenotypes and MAU in a large, nationally representative adult population recruited from the
cohort of Tehran Lipid and Glucose Study (TLGS).

Materials and methods

Study population

This cross-sectional sectional study was conducted in the framework of the Tehran Lipid and Glucose Study
(TLGS), a population-based cohort study initiated in 1999 on a representative sample of males and females
aged >3 years to investigate and prevent non-communicable diseases®*. For this study, adult men and women
(n=2069, age > 19 years) with completed measurements on spot urinary Na, K, creatinine, and microalbumin,
as well as demographics, anthropometrics, and serum biochemical measurements were recruited from the sixth
examination of the TLGS (2014-2017). The participants who reported regular (n=258) or occasional (n=27)
use of antihypertensive medications (e.g., angiotensin converting enzyme inhibitors, angiotensin receptor
blockers), or those with unknown information about antihypertensive treatment (n=2) were excluded. The
final sample for the cross-sectional analyses consisted of 1782 participants.

The study protocol was conducted based on the Declaration of Helsinki. The ethics committee of the Research
Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences evaluated and approved the
study protocol (Approval number: IR.SBMU.ENDOCRINE.REC.1402.116). Informed written consent form was
completed by all the TLGS participants at the day of examination.

Assessments of covariates

Information on demographics, education, occupation, marital status, medical history, smoking habits, and
medications was completed by trained interviewers at baseline and follow-up examinations®. Details of
measuring anthropometric variables (i.e., body weight, height, and waist circumference)?, physical activity
(PA)?®, and serum biochemical variables [i.e., fasting (FSG) and 2 h-serum glucose (2 h-SG), triglycerides (TG),
and high-density lipoprotein cholesterol (HDL-C)*’) have been reported by the TLGS research group elsewhere.

Systolic (SBP) and diastolic (DBP) blood pressures were measured using a standard mercury
sphygmomanometer calibrated by the Institute of Standards and Industrial Research of Iran?®. Blood pressure
was measured twice on the participants’ right arm, after a 15-minute rest in a sitting position, with at least a
30-second interval between two measurements. The two measurements’ mean was considered the participant’s
BP.

Details of urine sampling and measurements have been described in detail elsewhere?*°. The second voiding
of spot urine samples were collected from participants between 7:00 AM and 9:00 AM, following an overnight
fast of 10-12 h. Aliquots (representative portions) of these casual urine samples were then frozen and shipped
to the central laboratory of the TLGS for analysis. Urinary Na and K concentrations were determined using
flame photometry (Screen lyte, Hospitex Diagnostics, Florence, Italy). This method ensures high accuracy,
as evidenced by the intra-assay and inter-assay coefficients of variation (CVs) being <2.8% and <4.8% for
UNa and UK, respectively. Spot urine (Cr) concentration was measured using the Jaffe method. This method
also demonstrated good precision, with both inter- and intra-assay CVs being <5%. Urinary microalbumin
concentration was measured using an ELISA kit (Padtan ELM Company, Tehran, Iran) and a microplate ELISA
reader. Intra- and inter-assay coefficients of variations (CVs) were 9.3% and 9.8%, respectively.

Dietary assessment

The usual dietary intakes of the participants over the previous year were assessed using a validated semi-
quantitative 147-item FFQ. Details of dietary assessment in the TLGS were described elsewhere’!. Usual dietary
intake of Na and K were also obtained from nutritional data and are reported as mg/d. The FFQ provided the
mean intake of Na and K of the participants over the last year.

Definition of terms and outcomes

According to recent American College of Cardiology (ACC)/American Heart Association (AHA) guidelines,
introducing the HTN threshold of at least 130/80 mm Hg??, HTN phenotypes were defined as: ISH (SBP > 130
and DBP < 80 mm Hg), IDH (SBP < 130 and DBP > 80 mm Hg), and combined systolic and diastolic hypertension
(SDH; SBP > 130 and DBP >80 mm Hg)**-%*.

Microalbuminuria was defied using sex-specific classification of microalbumin-creatinine ratio MCR
(mg/mmol)*¢37 as: Normal, i.e., MCR<3.5 in men and < 2.5 in women, and MAU as 3.5<MCR < 35 in men
2.5<MCR <25 in women.

Types 2 diabetes (T2D) was defined as the FSG>126 mg/dL or 2 h-SG>200 mg/dL, or using glucose-
lowering medications’®.

The four BP index measures, including pulse pressure (PP), mid-blood pressure (MBP), mean arterial
pressure (MAP), and mean proportional arterial pressure (MPAP) were calculated based on combining SBP and
DBP into a single index, with the following formula:

SBP + DBP SBP + 2DBP
PP (mm Hg) = SBP — DBP; MBP (mm Hg) = %; MAP (mm Hg) = +
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SBP” + DBP?
MPAP (mm Hg) SBP + DBP
MBP and MAP are weighted means with constant weights, in which MBP gives equal weight to SBP and DBP,
while MAP weights SBP one-third and DBP two-thirds. MPAP uses weights based on the relative contribution
of each BP measurement to their sum; since SBP is typically higher, MPAP inherently assigns a greater weight
to SBP, resulting in a generally higher value compared to MBP and MAP>°. These BP indices are differentially
associated with incidence of CVD and all-cause mortality*.

Statistical methods

Statistical analyses were conducted using the SPSS for Windows version 20 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics are reported as means (SD), median (inter-quartile range), and percentages for continuous
normal- and non-normal distributed variables, and categorical variables, respectively. Analysis of variance with
a Bonferroni post hoc test (for continues normal-distributed variables) was used; Chi-square test (for categorical
variables) or independent-sample median test (for nonparametric variables) were used to compare subject’s
study characteristics.

Multinomial logistic regression was used to estimate the relative risk ratio (RRR) of HTN phenotypes [isolated
systolic (ISH), diastolic (IDH), and systolic-diastolic (SDH) hypertension], and binary logistic regression was
used to estimate odds ratio (OR) of MAU across quintile categories (i.e., quintile 1, quintile 2-4, and quintile
5) and per each SD-increment of UNa-K ratio. Unadjusted- and multivariable-adjusted multinomial logistic
regression coefficients are expressed in terms of relative risk ratios (RRRs) and 95% confidence intervals (95%
CIs), which compare the relative probabilities of the outcomes occurring between the exposure groups?!*2.
Potential confounding variables were selected from the literature®, and confirmed by the statistical evidence®*.
A univariate analysis was performed for potential confounding variables, and those with P,<0.2 were selected
for the final multivariable model; Py (P-value for entry) determines which variables should be included in the
multivariable model*..

Finally, two models were conducted for multinomial and binary logistic regressions: Model 1 was adjusted
for age, sex, BMI, eGFR and urinary creatinine (just for HTN outcomes), and SBP and T2D (just for MAU);
Model 2 (additionally adjusted for physical activity level and smoking).

Result

Mean age of the study participants was 43.0+13.7 y and 46.0% were men. Mean UNa, UK, and its ratio was
137 +57.4, 72.1 £36.6 mmol/L, and 2.31+1.41, respectively. The prevalence of ISH, IDH, and SDH was 2.5,
27.9, and 8.0%, respectively. The prevalence of MAU was 10.0%. Table 1 shows a comparison of characteristics
of the study population across quintile categories of UNa-K ratio. Participants in the highest compared to lowest
quintiles of UNa-K ratio were more likely to be men with a lower BMI, and had a higher levels of UNa, UK,
microalbumin and MCR. A higher prevalence of ISH (3.4 vs. 1.1%), SDH (11.0 vs. 6.2%), and MAU (14.1 vs.
6.2%) was observed among subjects with UNa-K> 3.14 (P for all <0.05).

Dietary intakes of the participants across quintiles of UNa-K ratio are presented in Table 2. Participants in
the highest compared to lowest quintiles of UNa-K ratio had significantly lower intake of protein, fruits and
whole grains while their intakes of sodium and ultra-processed foods were significantly higher. There was no
significant difference in dietary intakes of other food groups across quintiles of UNa-K ratio.

The associations of UNa-K ratio and phenotypes of HTN are shown Table 3. In the full-adjusted model of
multinomial regression, highest compared to the lowest UNa-K ratio (>3.14 vs. <1.23) was associated with an
increased probability of SDH (RRR=1.79, 95% CI=1.09-3.19). The UNa-K ratio had a borderline-significant
positive association with an increased chance of ISH (RRR=3.00, 95% CI=0.93-9.69), in the highest compared
to the lowest quintile. Every 1 SD-increment of UNa-K ratio was associated with 29% increased chance of having
SDH (RRR=1.29, 95% CI=1.00-1.70). The associations of UNa-K ratio and phenotypes of HTN are shown
Table 4. Highest compared to the lowest UNa-K ratio (>3.14 vs. <1.23) was associated with an elevated chance
of having MAU (OR =2.53, 95% CI=1.23-5.20). Every 1 SD-increment of UNa-K ratio was associated with 38%
increased chance of having MAU (OR=1.38, 95% CI=1.03-1.84).

Discussion

Our findings from a nationally representative cross-sectional study showed that a high UNa-K ratio was
associated with a greater likelihood of SDH phenotype by about 80% and MA, by 2.5-fold, respectively. The
UNa-K ratio of more than 3.14 was associated with a higher prevalence of ISH, however, the small number of
subjects with ISH resulted in a borderline-significant probability. These findings imply that a high UNa-K ratio
may be a potential risk factor for BP dysregulation and impaired renal function. Furthermore, the phenotype-
specific association of the UNa-K ratio and elevated BP may call for precision dietary intervention approaches
for the prevention and management of HTN.

The median UNa-K ratio in our population was 2 with an inter-quartile range of 1.36-2.85. A wide range of
urinary UNa-K ratio were reported among different populations. A mean value of 2.88 and 2.97 was reported for
men and women, respectively, with a higher value in black compared to white people (3.43 vs. 2.83)*>. The mean
24-h UNa-K ratio ranged from 1 in Brazil to 7.58 in China; in Asian and Western populations this value was
reported approximately in a range of 3-5 %47, Long-term high-Na exposure may alter the renin-angiotensin-
aldosterone system (RAAS) system resulting in the development of HTN, transitively from a high cardiac output
[extracellular volume (ECV) expansion] and normal systemic vascular resistance at an early stage to a normal
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Q1 Q2-Q4 Q5
Total <1.23 1.23-3.14 >3.14

Age (years) 43.0+13.7 43.1+13.0 43.2+13.4 42.5+15.6
Men (%) 46.0 37.6 46.6 53.1*
BMI (kg/mz) 27.4+5.1 27.5+4.7 27.6+5.3 26.8+4.9%°
WC (cm) 92.3+12.3 91.9+11.8 92.7+12.4 91.4+12.2
SBP (mmHg) 111+14.7 110+13.8 111+14.5 112+15.9
DBP (mmHg) 75.1+9.4 74.8+9.1 752+9.3 75.3+10.1
PP (mmHg) 359+11.0 354+10.7 35.8+10.8 37.0+12.1
MAP (mmHg) 87.1+10.2 86.0+9.7 87.1+10.0 88.0+10.9
MBP (mmHg) 93.1+11.0 92.4+10.4 93.2+10.9 94.0+11.9
MPAP (mmHg) 237+28.0 236+26.9 238+27.7 239+30.2
TG-to-HDL-C 3.36+3.16 3.44+3.79 3.37+3.12 3.24+25
Serum Cr (mg/dL) 1.08+0.16 1.08+0.14 1.07+0.14 1.09+0.21
Urine Cr (mmol/L) 13.9+6.1 13.4+5.8 14.0+6.1 14.6+6.2
Urine microalbumin (mg/L) | 7.9 (3.9-13.7) 5.9 (2.1-9.7) 8.0 (4.1-13.1) 9.7 (5.4-16.4)*
MCR (mg/mmol) 0.70 (0.53-2.02) | 0.48 (0.20-1.05) | 0.72 (0.34-1.39) | 1.01 (0.53-2.02)
Urine Na (mmol/L) 137+57.4 90.1+424 143+52.6 167 +56.2%
Urine K (mmol/L) 72.1+36.6 105+57.4 71.9+28.3 39.5+16.24P
T2D (%) 10.6 11.0 10.0 12.0
HTN phenotypes (%)
ISH 2.5 1.1 2.6 342
IDH 27.9 31.7 27.5 25.6
SDH 8.0 6.2 7.6 11.0%°
Microalbuminuria (%) 10.0 6.2 9.7 14.1*
Current smokers (%) 11.9 11.9 11.1 14.4
Low-PA levels, % 67.2 71.0 66.7 64.6

Table 1. The baseline characteristics of the study participants across quintiles of UNa-K ratio (n=1782). Data
are mean =+ SD, percent or median (inter-quartile range). *Significant difference with Q1. ®Significant difference
with Q2-Q4. Analysis of variance with a Bonferroni post hoc test (for continues normal-distributed variables)
was used; Chi-square test (for categorical variables) or independent-sample median test (for nonparametric
variables) was used. BMI body mass index, Cr creatinine, DBP diastolic blood pressure, Na sodium, K
potassium, SBP systolic blood pressure, PP pulse pressure, MAP mean arterial pressure, MBP mean blood
pressure, MPAP mean proportional arterial pressure, PA physical activity, WC waist circumference. HTN
phenotypes were defined as: ISH (SBP > 130 and DBP < 80 mmHg), IDH (SBP < 130 and DBP >80 mmHg),
and SDH (SBP >130 and DBP >80 mmHg). Microalbuminuria was defied using sex-specific classification

of microalbumin-creatinine ratio MCR (mg/mmol)***” as: Normal: MCR < 3.5 in men and <2.5 in women;
Microalbuminuria: 3.5 < MCR < 35 in men 2.5 < MCR < 25 in women.

cardiac output (normal ECV) and increased systemic vascular resistance at a later stage®*. In contrast, dietary
K contributes to BP regulation through its vasodilatory effects and modulation of renal Na excretion®>!.

A recent meta-analysis of population-based studies reported a pooled estimated relative risk of stroke by
1.22 (95% CI=1.04, 1.41) per 1-unit increment in dietary Na-K ratio (mmol/mmol)>2. A UNa-K ratio of <1
was associated with a clinically relevant reducing risk of stroke®®. The Shandong Ministry of Health Action on
Salt and Hypertension (SMASH) recently reported a non-linear positive association between UNa-K ratio and
risk of HTN (OR=1.09, 95%CI=1.08-1.11) and a linear association between UNa-K ratio and SBP, DBP and
MAPY. In our previous study, we reported a strong association between a higher UNa-K ratio (> 2.37 vs. <1.49)
and lower dietary intakes of vegetables, low-fat dairy, and fruit intakes>*. Furthermore, a Western dietary pattern
was associated with a higher UNa-K ratio, while the Mediterranean and DASH pattern scores demonstrated
an inverse association with UNa-K ratio®. Higher dietary the Na-K ratio increased 6.3-y and 10.6-y risk of
CVD (HR=2.19, 95% C=1.16-4.14, and (HR=1.99, 95% CI=1.13-3.52)>>, However, we failed to show any
significant association between dietary Na-K ratio and 3.6-y incidence of HTN (i.e., defined as SBP/DBP of
140/70 mm Hg)*>. In the current study, estimation of Na-K ratio using urine- rather food frequency questionnaire
(FFQ)-based method, definition of HTN phenotypes according to the thresholds of ACC/AHA for SBP/DBP,
helped us to distinguish phenotype-specific association of UNa-K ratio and BP. There is a disagreements on the
optimal cut-off values for defining HTN%, leading to outcome misclassifications in population-based studies,
may contribute to the contradictory state of knowledge on modifiable risk factors of HTN. Because early and
advanced stages of HTN might be differentially affected by the risk factors and distinctively contribute to CVD
and all-cause mortality®®~%°, BP classification based on the 2017 ACC/ AHA guideline® might improve risk
stratification for identifying HTN risk factors.
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Q1 Q2-Q4 Q5

<1.23 1.23-3.14 >3.14 P-value
Energy (kcal/day) 2236+697 | 2208 +678 | 2276+662 0.209
Protein (g/day) 924+43.0 |87.84£39.5 |87.3+36.7 0.271
Na (mg/day) 3510+ 1180 | 3533+1169 | 3740+ 1459* | 0.021
K (mg/day) 477441816 | 4458 +1798 | 4640+2161 | 0.060
Fruits (g/day) 489+381 |409+338° |338+258%" |0.001
Starchy-vegetables (g/day) 25.6+20.3 |258+225 |28.0+253 |0.418
Non-starchy vegetables (g/day) | 309+189 |299+189 284+169 0.328
Whole grains (g/day) 158+112 | 135+101* 133 +104* 0.005
Poultry (g/day) 32.8+34.6 |304+£283 |294+31.2 0.436
Red meat (g/day) 23.1+253 |20.6+184 |21.4+19.3 0.437
Low-fat dairy (g/day) 260+179 | 231+164 236+172 0.087
High-fat dairy (g/day) 110+144 | 107x117 122+133 0.221
Nuts and seeds (g/day) 1424149 |129+15.6 |[11.1+125 0.049
Legumes (g/day) 43.1+334 |42.8+349 |443+355 0.835

Ultra-processed foods (g/day) 378+214 | 415+222 443 +2132 0.005
Tea and coffee (ml/day) 598 +428 | 586 +466 545+391 0.329

Table 2. Dietary intakes of the study participants across quintiles of UNa-K ratio (n=1782). Data are
mean + SD. Analysis of variance with a Bonferroni post hoc test. Significant difference with Q1. ®Significant
difference with Q2-Q4.

UNa-K ratio

Q2-Q4 Q5
HTN phenotypes | 1.23-3.14 >3.14 Per 1 SD
ISH
Crude 2.27 (0.79-6.56) | 3.04 (0.96-9.58) | 1.23 (0.78-1.95)
Model 1 2.37(0.81-6.95) | 3.08 (0.96-9.93) | 1.24 (0.78-1.97)
Model 2 2.33(0.79-6.86) | 3.00 (0.93-9.69) | 1.21 (0.76-1.93)
IDH
Crude 0.85 (0.65-1.10) | 0.82 (0.58-1.14) | 0.86 (0.71-1.04)
Model 1 0.83 (0.64-1.09) | 0.82 (0.58-1.14) | 0.87 (0.72-1.05)
Model 2 0.83 (0.63-1.07) | 0.81 (0.58-1.14) | 0.86 (0.71-1.05)
SDH
Crude 1.19 (0.73-1.96) | 1.79 (1.03-3.13) | 1.32 (1.01-1.71)
Model 1 1.24 (0.75-2.07) | 1.86 (1.05-3.31) | 1.33 (1.01-1.74)
Model 2 1.21 (0.73-2.03) | 1.79 (1.09-3.19) | 1.29 (1.00-1.70)

Table 3. The cross-sectional association of UNa-K ratio and phenotypes of elevated BP. Data are RRRs

(95% CI); Model 1 was adjusted for age, sex, BMI, eGFR, and urinary creatinine; Model 2 was additionally
adjusted for physical activity level and smoking. Multinomial logistic regression models were used (Q1 was
considered as reference category). HI'N phenotypes were defined as: ISH (SBP > 130 and DBP < 80 mmHg),
IDH (SBP < 130 and DBP >80 mmHg), and SDH (SBP > 130 and DBP >80 mmHg). UNa-K ratio: Q1 <1.23,
1.23<Q2-Q4<3.14, Q5> 3.14. Median of UNa-K ratio was 0.91, 2.01, and 4.05 in Q1, Q2-Q4, and Q5,
respectively. HTN hypertension, ISH isolated systolic hypertension, IDH isolated diastolic hypertension, SDH
combined systolic and diastolic hypertension.

In the current study, we observed a strong independent association between high UNa-K ratio and MAU.
Although, excessive Na exposure is suggested as an independent risk factor of MAU, an early renal dysfunction
primarily caused by increased glomerular capillary pressure®, the association of urinary or dietary Na-K ratio
with MAU is not clear?!. A recent cross-sectional study among Chinese population (with a 9.0% prevalence
of MAU), failed to show significant association between 24 h-urinary K and Na-K ratio and MAU, while the
highest quartile of 24-h UNa was associated with increased chance of MAU (OR=2.20, 95% CI=1.26-3.84)%!.
Similarly, higher quintile of UNa-to-Cr ratio was associated with odds ratio of 1.62 (95% CI=1.35-1.9) for high-
MCR (>30 mg/g) in an Italian population®?. In normotensive subjects, a higher level of urinary microalbumin
was reported in those who had higher 24 h-UNa excretion®. High vs. low 24-hUNa excretion (263 vs. 111
mmol/d) was significantly associated with MAU in hypertensive individuals®'.
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UNa-K ratio

Q2-Q4 Q5
Microalbuminuria | 1.23-3.14 >3.14 Per 1 SD
Crude 1.62 (0.89-2.92) | 2.46 (1.30-4.68) | 1.21 (0.92-1.59)
Model 1 1.64 (0.84-3.21) | 2.53 (1.23-5.21) | 1.38 (1.03-1.85)
Model 2 1.65 (0.84-3.22) | 2.53 (1.23-5.20) | 1.38 (1.03-1.84)

Table 4. The association of UNa-K ratio and microalbuminuria. Data are ORs (95% CI); Model 1 was adjusted
for age, sex, BMI, SBP and T2D; Model 2 was additionally adjusted for physical activity level and smoking.
Multinomial logistic regression models were used (Q1 was considered as reference category). UNa-K ratio:
Q1<1.23,1.23<Q2-Q4<3.14, Q5 > 3.14. Median of UNa-K ratio was 0.91, 2.01, and 4.05 in Q1, Q2-Q4,

and Q5, respectively. Microalbuminuria was defied using sex-specific classification of microalbumin-
creatinine ratio MCR (mg/mmol)***” as: Normal: MCR < 3.5 in men and < 2.5 in women; Microalbuminuria:
3.5<MCR <35 in men 2.5<MCR <25 in women.

Our study findings indicated a significant association between UNa-K ratio and SDH phenotype, and a
borderline significant association with ISH. This observation may suggest that imbalanced Na-K intake might
influence both SBP and DBP, however, SBP seems to be affected primarily. ISH, i.e., characterized by increased
aortic stiffness, occurs when the peripheral vascular resistance is normal or even reduced while the SBP is
increased!”. ISH in young adults is usually caused by high amplification of the central pressure wave, whereas
ISH in the elderly (>age 60) is associated with aortic stiffening®. ISH is commonly associated with a normal
central aortic SBP due to excessive peripheral systolic pressure amplification, while IDH manifests as elevated
peripheral vascular resistance and mean arterial pressure®>. While a substantial overlap in CVD risks between
ISH and SDH has been reported®, subjects with SDH may have a higher risk of CVD morbidity and mortality,
compared with those who suffering from the isolated phenotypes of HTN®>.

While 24-hours UNa and UK excretion remains the gold standard for quantifying dietary Na and K intake,
methodological challenges and high incompletion rates (up to 40%) of 24 h urine collections limit its utility
in large epidemiological studies®. A growing interest exist in utilizing spot urine samples for Na and K intake
estimation due to the flexibility in collection times®’-%. Several validated formulas exist to estimate the 24 h
UNa-K ratio from spot urine Na and K concentrations, with some incorporating creatinine measurements
for enhanced accuracy®®®’. Studies report strong correlation coefficients (r=0.88 to 0.96) between 24-hours
and spot UNa-K ratio in Western and Asian populations?’. This suggests that the spot UNa-K ratio may
serve as a valuable, less burdensome alternative for estimating population-level 24-hours urinary Na and K
excretion?”%®. An additional advantage of the spot UNa-K ratio, compared to measuring individual urinary
sodium or potassium levels, is that it bypasses the need for conversion to 24-hours excretion values, a step
prone to introducing inaccuracies’’. Collection time (overnight, morning, afternoon, or evening) has minimal
impact on the accuracy of Na and K excretion estimates in spot samples; this time-independence, combined
with the convenience and reduced participant burden compared to 24-h urine collection, positions spot urine
as a potentially superior method for large-scale population studies investigating association of UNa-K ratio with
diseases. Although spot urinary Na and K concentration may have diurnal and day-to-day variations, the second
voiding of casual urine is suggested being suitable for estimating daily Na and K excretion, i.e., fairly correlated
with 24-h urine sample and BP measurements’"”2. Furthermore, 24-h urine collection is the gold standard for
measuring MAU, studies have demonstrated that spot urine samples exhibit high sensitivity and specificity for
detecting MAU when compared to 24-hour urine collections”. Therefore, the use of spot urine samples in our
study is likely to have minimal impact on the overall findings.

To our knowledge, this population-based study represents a novel investigation into the association between
UNa-K ratio and BP, specifically accounting for multi-pathophysiological nature of HTN. In conclusion, our study
findings may imply that subjects at early stage of HTN and those with SDH phenotype (based on the thresholds
of ACC/AHA for SBP/DBP) might take more advantage from dietary intervention focusing on reducing Na-
to-K intake. These findings, however, should be interpreted in the context of study limitations. First, due the
cross-sectional setting the observed relationship between UNa-K ratio and elevated BP phenotypes and MAU
does not necessarily imply causation. Further research, including randomized controlled trials, is warranted to
establish a more definitive causal relationship and inform clinical practice. Second, the study was conducted at
a single time point. Repeated measurements over time would help to assess the stability of the associations and
potential changes in the UNa-K ratio and health outcomes. Third, our relatively low prevalence of ISH resulted
in a wide 95% Cls and a borderline P value (0.056) being small enough to justify rejection of the null hypothesis,
despite of a large effect size. Our stratification was based on BP measured on a single occasion (office but not
home BP measurements), so we cannot exclude a possible white-coat effect among the participants, despite the
standardized measurement conditions and considering mean of twice BP measurements. Fourth, there may be
unmeasured confounders (e.g., genetic backgrounds, lifestyle behaviors) that influence the relationship between
UNa-K ratio and the study outcomes. Finally, the study was conducted in a specific cohort (i.e., Tehran Lipid and
Glucose Study), so the study findings may not be generalizable to other populations with different demographic,
genetic, or lifestyle characteristics.

In conclusion, findings suggest that keeping the balance between dietary Na and K intake may be particularly
effective in mitigating the early onset of renal dysfunction and specific phenotypes of elevated BP, warranting
further investigation in larger, prospective studies.
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