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Abstract

Background: According to dietary recommendations, reduction of sodium intake has potential to reduce Chronic
Kidney Disease (CKD) risk; however the role of dietary potassium and the sodium -to- potassium ratio in the develop-
ment of CKD is unclear.

Methods: We studied 9778 participants of the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) from
four US urban communities. Participants were aged 18-74yrs,, free from CKD at baseline in 2008-2011 and re-exam-
ined between 2014 and — 2017. Dietary intake of sodium, potassium and the ratio of dietary sodium -to- potassium
were measured from two baseline 24-h dietary recalls. Incident CKD was defined as: 1) estimated glomerular filtration
rate (eGFR) decline of 1 unit per year and eGFR <60 ml/min/1 73m? or 2) albumin to creatinine ratio > 30 mg/g at

the follow-up visit. We used multivariable survey weighted Poisson regression to estimate adjusted incident rates of
incident CKD.

Results: At baseline, mean age was 41 years. Average follow up time was 6.2 years. From fully adjusted Poisson
regression analyses, self-reported sodium intake was not associated with incident CKD. However, for each 500 mg dec-
rement in potassium intake, there was an 11% increase risk of incident CKD (IRR=1.11, 95% Cl=1.00, 1.24). Addition-
ally, every 1 M ratio increment of sodium -to -potassium ratio was associated with a 21% increased risk of incident CKD
(IRR=1.21,95% Cl=1.02, 1.45), p <0.05).

Conclusions: We conclude that diets low in potassium and high in sodium are associated with increased risk of
developing chronic kidney disease among healthy US Hispanic/Latino adults.
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Introduction

Chronic kidney disease (CKD) is a major public health
issue in the United States, with an estimated prevalence
*Correspondence: telfassy@med.miami.edu of over 10% [1] and growing [2]. Among US Hispanics/
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rates of CKD are concerning as CKD increases the risk
of cardiovascular disease (CVD) and kidney failure [4],
contributing greatly to health and other economic costs
[5]. To help prevent CKD, dietary modification is an
often recommended strategy [6]. Diets high in sodium
are associated with hypertension and decreased kidney
function [7-10]. Thus, sodium reduction is generally rec-
ommended as a lifestyle modification strategy for people
diagnosed with CKD [11-14]. However, the benefits of a
low sodium diet in those with kidney impairment remain
somewhat controversial [15] and recommendations are
not based on directly established relationships between
high sodium and CKD [16].

To date, few studies have considered the role of dietary
potassium in the relationship between sodium and kid-
ney function [8, 17-21], and none, to our knowledge, in
a diverse US Hispanic/Latino population. While there
are many studies that have examined the relationship
between dietary sodium and kidney function [8, 9, 17,
19, 22-27], most studies include only persons already
diagnosed with CKD [9, 20, 21, 24-26], diabetes [28], or
another chronic condition [17, 23-27]. Studies that have
examined whether dietary sodium intake is associated
with the development of CKD are sparse [18, 19, 22] and
there is far less research [8, 17-21] that simultaneously
examines the role of the sodium -to -potassium ratio
with kidney function. Additionally, prior research shows
that associations between dietary intakes of sodium and
potassium and CKD may differ based on the presence of
chronic conditions such as obesity, hypertension, or dia-
betes [8].

Despite having a high prevalence and incidence of CKD
[3, 29], in addition to an unfavorable sodium and potas-
sium profiles [30], the relationship between sodium and
potassium with CKD has not previously been explored
among diverse US Hispanics/Latinos [31]. The goal of
this study is to address this gap by quantifying the asso-
ciation between sodium, potassium, and sodium -to-
potassium ratio with incident CKD among Hispanics/
Latinos living in the US.

Methods

Study population

The Hispanic Community Health Study/Study of Latinos
(HCHS/SOL) is an ongoing population based prospec-
tive cohort study of 16,415 self-identified Hispanics/
Latinos living in the United States. In brief, participants
from diverse Hispanic/Latino heritage groups aged 18
to 74 years were recruited between 2008 and 2011, using
a two-stage probability sampling design to oversample
select Hispanic/Latino groups across study sites. These
participants were recruited from areas in or in prox-
imity to four urban field centers in Bronx, New York,
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Chicago, Illinois, Miami-Dade, Florida, and San Diego,
California. Participants were re-examined at a second
follow up examination that took place between years
2014 and 2017. During visits, participants underwent
laboratory tests, physical examinations, and answered a
series of survey questions in the language of preference.
At each study site, informed consent was obtained from
all participants. This study is in accordance with the
principles of the Declaration of Helsinki. Protocols were
approved by the Institutional Review Boards of all partic-
ipating institutions. Further methodology of the study is
described elsewhere [32]. The datasets generated and/or
analyzed during the current study are not publicly avail-
able due to data security but are available from the cor-
responding author on reasonable request. These data are
available upon request from the HCHS/SOL study via the
study website at https://sites.cscc.unc.edu/hchs/Study
Overview.

Measures
Sodium and potassium (exposures)

Self-reported intake At baseline, bilingual registered
dieticians collected two 24-h dietary recalls from par-
ticipants [33]. The first recall was collected during the
in-person clinic interview at baseline, and the second
recall was collected via phone within the subsequent 3
months. A two-dimensional food model was shown to all
participants to quantify portion sizes. The Nutrition Data
System for Research (NDS-R) software developed by the
University of Minnesota Nutrition Coordinating Center
was used to collect dietary data using the multiple-pass
method [34], to derive values for sodium (mg/day), and
potassium (mg/day). The NDS-R software includes over
18,000 foods, 8000 brand-name products, including
Hispanic foods. The two dietary recalls were then aver-
aged, and 99% of the sample provided at least one dietary
recall. Sodium -to- potassium ratio was calculated as the
molar ratio of daily sodium (mmol) to daily potassium
(mmol).

Calibrated intake To account for measurement error
associated with self-reporting usual sodium [35, 36] and
to a lesser extent potassium intake [36], we derived sec-
ondary “calibrated intake” of sodium, potassium, and
sodium -to- potassium-ratio [36]. Within 6 months to
a year of participating in the HCHS/SOL, a sub-sample
of 485 HCHS/SOL participants were recruited into the
Study of Latinos Nutrition and Physical Activity Assess-
ment Study (SOLNAS) which was designed to assess
measurement error of energy, protein, sodium and
potassium derived from dietary recall [37]. Described
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elsewhere [36], 24-h urine was collected to measure
sodium and potassium biomarkers. Thus, SOLNAS par-
ticipants had measures of sodium and potassium intake
from 24-h dietary recalls (from the HCHS/SOL parent
study) and from 24-h urinary recovery biomarkers (from
the SOLNAS ancillary study). Using this subsample,
calibration equations were developed by regressing log
transformed urinary sodium biomarker on 24-h dietary
recall derived sodium, adjusting for covariates [36]. We
used the regression calibration equations to predict the
nutrient intake for all HCHS/SOL participants. Because
these are biomarker-calibrated values and not observed
values, the SE of the diet-CKD model must be cor-
rected to account for the extra uncertainty introduced
by using calibration equations. To do so, we used the
resampling-based multiple imputation to estimate the SE
[38]. Specifically, we first generated 500 SOLNAS boot-
strap samples of size n =485 with replacement. Second,
we fit the regression calibration equation on each boot-
strap sample and estimated 500 sets of regression coef-
ficients. Third, for each set of regression coefficients we
obtained biomarker-calibrated sodium in the full HCHS/
SOL sample. Fourth, we fit the model of interest for each
of the 500 biomarker-calibrated nutrients. Lastly, we
obtained the SE of the regression coefficients by account-
ing for the within bootstrap sample variability and the
between bootstrap samples variability using Rubin’s rule.
This process was repeated for potassium, and sodium
-to- potassium-ratio.

Chronic kidney disease (outcome)

CKD was defined based on measures of estimated glo-
merular filtration rate (eGFR) and albumin to creati-
nine ratio (ACR). At both HCHS/SOL Visits 1 & 2, (V1
& V2) participants had fasting blood and urine samples
collected. Serum cystatin C was measured from blood
using the turbidimetric method [39] on a Roche Modu-
lar P Chemistry Analyzer (Gentian AS, Moss, Norway).
Creatinine was also measured from serum and urine
using the creatinase enzymatic method (Roche Diagnos-
tics, Indianapolis, IN), on a Roche Modular P Chemistry
Analyzer (Gentian AS, Moss, Norway). Using the CKD
Epi cystatin C equation [40], eGFR (ml/min/1.73m?) was
calculated for each participant from serum cystatin c,
serum creatinine, sex, age, and race [40]. Albumin was
measured from urine using the immunoturbidimetric
method on the ProSpec nephelometric analyzer (Dade
Behring GMBH, Marburg, Germany). For each par-
ticipant, ACR (mg/g) was defined as the ratio of urinary
albumin (mg/dL) to urinary creatinine (g/dL). Prevalent
CKD was defined as either eGFR <60 ml/min/1.73m? or
ACR>30mg/g [29, 41]. As previously described in this
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cohort [29], incident CKD was then defined as meeting
at least one of two conditions at the second examination:
1) eGFR <60ml/min/1.73m? and eGFR decline >1ml/
min per year and/or 2) ACR>30mg/g. Participants
with prevalent CKD at the baseline examination were
excluded from the analysis.

Other measures

Participants were asked to state their country of birth
and select a category that best described their Hispanic/
Latino heritage group including, “Central American,’
“Cuban,” “Dominican,” “Mexican,” “Puerto-Rican,” “South
American,” descent or “more than one group,” or “other”
Age, sex, years of education completed, health insur-
ance status, years in the US, smoking status (never, cur-
rent, or former smokers), alcohol use (number of drinks
per week), and physical activity (METs/week) were all
also obtained via questionnaire. Physical activity was
assessed (METs/week) using a modified Global Physi-
cal Activity Questionnaire [42]. Body mass index (BMI,
kg/m?) was assessed using measured height (m) and
weight (kg). Systolic blood pressure measured at baseline
was defined as the average of three repeat seated meas-
urements obtained after a 5-min rest using the Omron
HEM-907 blood pressure cuff [43]. Participants were
asked to bring in all medications that they were currently
taking at the baseline examination and these medications
were scanned to define use of hypertensive medications,
diuretics, and ACE-Inhibitors. Diabetes was defined as
measured fasting plasma glucose >126mg/dL, meas-
ured 2h post-load glucose level >200mg/dL, measured
glycated hemoglobin (A1C) level > 6.5%, or use of hypo-
glycemic agents at visit 1 (scanned medications) [44].
Finally, total cholesterol (mg/dL) was measured from
fasting blood samples [45].

Analytical sample

From the 16,415 participants at baseline, 11,623 partici-
pants were present at V2. Given our interest in new onset
or incident CKD, we excluded 1425 participants who had
prevalent (n =1331), or missing (n =94) CKD informa-
tion at V1 and also excluded 320 participants with miss-
ing information on CKD at V2. We further excluded 100
participants who did not have at least one dietary meas-
ure of sodium or potassium, resulting in a final analytical
sample of 9778 participants.

Statistical analysis

First, we provide descriptive statistics on demographic,
socio-economic, behavioral, and clinical character-
istics. Next, we estimated the age and sex-adjusted
incidence rate of CKD according to unweighted ter-
tiles of 24-h recall sodium, potassium, and sodium- to
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-potassium ratio. Using Poisson regression models to
estimate incidence rate ratios, we assessed the asso-
ciations between 500 mg increments of sodium, 500 mg
decrements of potassium, and one unit increments of
sodium -to -potassium ratio (mmol/mmol) with inci-
dent CKD. For each predictor of interest, we fit four
sets of models. The first model was adjusted for demo-
graphic characteristics (age, sex, study site, and His-
panic/Latino heritage) along with follow-up time. In
model two we additionally adjusted for socio-economic
factors including: education, income, marital status,
nativity/years in the US, and health insurance. In the
third model we additionally adjusted for behavioral fac-
tors including: smoking, drinking, and self-reported
physical activity. In model 4, we further adjusted for
clinical factors including: BMI systolic blood pressure,
hypertension medication, total cholesterol, and diabe-
tes status. To ensure that the effects of each nutrient
were independent of the other nutrient, in the mod-
els for sodium we adjusted for dietary potassium, the
models for potassium were adjusted for dietary sodium.
Next, to determine whether the associations between
24-h recall sodium, potassium, and sodium -to- potas-
sium ratio were modified by either hypertension or
diabetes, we included multiplicative interaction terms
separately for all our final Poisson regression models
for each predictor of interest. Significant interactions
(p <0.1 for interactions) resulted in stratified models
[46].

Next, we repeated our main analyses using calibrated
values of sodium, potassium, and sodium -to- potassium
ratio. We also examined whether meeting the recom-
mended dietary cutoffs for sodium (less than 2300 mg)
[47] and potassium (greater than 4700mg) [48] was
associated with incident CKD. Finally, because there are
medications that can interfere with urinary excretion of
sodium and potassium [49, 50] (applicable to our cali-
brated measures only), for our calibrated measures, we
conducted sensitivity analyses restricted to individuals 1)
not taking diuretic medications and 2) not taking Angio-
tensin-converting enzyme (ACE). We also conducted two
additional sensitivity analyses. To assess for the possibil-
ity of a nonlinear relationship between our exposures of
interest and incident CKD, we repeated our fully adjusted
models (model 4) using tertiles of each predictor (as we
did for our unadjusted incidence rates). Finally, because
we used the composite CKD outcome as defined above,
we repeated our fully adjusted models (model 4) exam-
ining the relationship between each exposure of inter-
est with incident decreased eGFR (<60ml/min/1.73 m2
with >1ml/min/1.73m2 decline) and incident albumi-
nuria (albumin to creatinine ratio>30mg/g) as distinct
outcomes.
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All analyses were conducted using the R (version 4.0.2)
or SAS (version 9.4) software. Analyses accounted for the
complex survey design including clustering, stratification
2 sample weights which adjusted for the Visit 2 [32].

Results

At baseline, among those free of CKD, the mean age was
41.1years old and 51.5% were women (Table 1). Overall,
7.6% were of Central American, 20.0% of Cuban, 9.7% of
Dominican, 38.0% of Mexican, 15.1% of Puerto Rican,
and 5.0% of South American heritage. Most had an
income less than $30,000 (61.5%), 31.0% has less than a
high school education, 49.3% were married, 22.8% were
born in the US, and 49.7% had health insurance. Similar
proportions of participants can from the four study cent-
ers as follows: Bronx (27.7%), Chicago (16.1%), Miami
(29.5%), and San Diego (26.6%). Of the health behaviors
and clinical risk factors, 19.6% were smokers, and 68.2%
met 2008 physical activity guidelines. On average, adults
drank 5.3 drinks per week, had an average BMI of 29.4,
and average systolic BP of 119.6 mmHg. About 10.7% of
individuals were on hypertension medication. Mean total
cholesterol was 194.7 mg/dl, and 12.0% had diabetes. Of
our three exposures of interest, the mean intake per day
was: 3203 mg for sodium. The mean intake per day of
potassium was 2433 mg. Finally, we found that our sam-
ple had a mean a molar ratio of 2.4 for sodium -to- potas-
sium ratio.

Over an average of 6.2years of follow-up, the age and
sex adjusted incidence of CKD was 10.1 per 1000 PYs
(Fig. 1). The Incidence Rate (IR) did not differ by tertile
of sodium intake. However, compared to the IR (IR=8.6
per 1000 PY, 95% CI=7.1, 10.4) in the highest tertile of
potassium intake (Range=2663mg/day to 11,550 mg/
day), those in the medium (Range=1904mg/day to
2662mg/day), and low (273mg/day to 1903 mg/day)
tertile of potassium intake had a significantly higher IR
(medium IR=11.2 per 1000 PY, 95% CI=9.4, 13.4; and
low IR=11.0 per 1000 PY, 95% CI=7.1, 10.4). The rate
(IR=11.0 per 1000 PY, 95% CI=9.2, 13.2) seen in the
highest tertile of calibrated sodium -to- potassium ratio
(range: 2.85 to 10.9), and the medium tertile (range =1.72
to 2.50, IR=9.4 per 1000 PY, 95% CI=8.0, 11.2) were sig-
nificantly higher compared to those in the lowest sodium
-to- potassium ratio tertile (range =0.14 to 1.72, IR=10.2
per 1000 PY, 95% CI=8.5, 12.3).

In fully adjusted models each 500mg increment of
sodium failed to show a significant association with
CKD (IRR=1.05, 95% CI: 0.99, 1.12) (Table 2). However,
from fully adjusted models, each 500mg decrement of
potassium was associated with an 11% increased risk of
incident CKD (IRR=1.11, 95% CI=1.00, 1.24). Addi-
tionally, each molar increment in sodium -to- potassium
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Table 1 Baseline (2008-2011) characteristics of participants free from chronic kidney disease in 2008-2011, Hispanic Community

Health Study/Study of Latinos. (n =9778)

Unweighted N % or mean Standard error
Socio-demographic Characteristics
Age, mean 411 03
Women 6163 51.5 0.7
Hispanic/Latino heritage
Central American 1023 7.6 0.7
Cuban 1390 20.0 1.6
Dominican 854 9.7 0.7
Mexican 4098 380 1.6
Puerto Rican 1432 15.1 0.8
South American 704 50 0.8
Mixed/Other 268 45 04
Less than high school education 3561 31.0 0.8
Income < $30,000 6194 61.5 1.0
Married 5322 493 1.0
Nativity/years in the US
Foreign born < 10years in the US 2280 288 1.1
Foreign born, 10+ years in the US 5943 484 0.9
US born 1527 22.8 09
Health insured 4834 49.7 1.1
Study Site
Bronx 2128 27.7 1.5
Chicago 2653 16.1 1.1
Miami 2428 29.5 2.1
San Diego 2569 26.6 1.7
Health Behaviors
Current smoker 1734 19.6 0.8
Drinks per week, mean 53 0.2
Meets 2008 physical activity guidelines 6186 68.2 0.8
Sodium intake (recall) (mg/day), mean 32033 293
Potassium intake (recall) (mg/day), mean 24333 17.5
Sodium:Potassium (recall) (mmol/mmol), mean 24 0.0
Clinical risk factors
BMI (kg/m?), mean 294 0.1
Systolic blood pressure (mmHg), mean 119.6 03
Hypertension medication 1473 10.7 04
ACE Inhibitors® 990 7.1 04
Diuretics 860 6.3 03
Total cholesterol (mg/dL), mean 194.7 0.6
Diabetes 1687 12.0 04

2 ACE inhibitors referes to angiotensin-converting enzyme medications

ratio was associated with a 21% increased risk of CKD
(IRR=1.21, 95% CI=1.04, 1.45). We tested whether the
association between each 24-h recall exposure of interest
and CKD differed based on: hypertension, diabetes, or
obesity status and found statistically significant interac-
tions (p <0.10) for diabetes with sodium and potassium
intake. Stratified results displayed in Fig. 2 showed that

among those with diabetes, every 500 mg/day increment
of sodium (from 24-h recall) was associated with a 9%
increase in risk of CKD (IRR=1.10, 95% CI=1.02, 1.19),
with no association detected among persons without dia-
betes. The interaction between diabetes and potassium
intake was significant at p <0.10, however the IRRs for
the association between potassium intake and incident
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95%
Confidence Tertile
Rate interval * Range

Overall rate (weighted) 10.1 (8.9,11.2)

10.2 (8.4,12.3) (3,275, 15,975)

Sodium -

|
105  (86,127)  Ref| (210,2177)
8.6 (71,104)  Ref| (2,663,11,550)
|

10.1 (8.5, 12.0) (2,177, 3,275)

Dietary intake

Potassium — | 1.2 (9.4,13.4) * | (1,904, 2,662)

11.0 (7.1,10.4) * | (273,1,903)

11.0 (9.2,13.2) * (2.50, 10.9)

Sodium: Potassium (molar ratio) - 9.4 (8.0,11.2) * (1.72, 2.50)

10.2 8.5,12.3) Ref (0.14,1.72)

0 2 4 6 8 10
Cases per 1,000 PY

| Tertile M Low [1 Medium M High

Fig. 1 Age and sex adjusted incidence of chronic kidney disease* by tertile of sodium and potassium intake, The Hispanic Community Health
Study/Study of Latinos, 2008-2017. fincident chronic kidney disease is defined as eGFR < 60 ml/min/1.73m2 and/or aloumin to creatinine
ratio >30mg/g. PY refers to person years. *Rate significantly different than reference group p <0.05

Table 2 Associations between dietary sodium, potassium, and sodium to potassium ratio (2008-2011) with incident chronic kidney
disease® (2014-2017), Hispanic Community Health Study/Study of Latinos

Model 1 Model 2 Model 3 Model 4

Incidence Density Ratio Incidence Density Ratio Incidence Density Ratio Incidence Density Ratio

(95% CI) (95% Cl) (95% Cl) (95% Cl)
Sodium (500 mg increment) 1.00 (0.97,1.04) 1.01(0.97,1.05) 1.01 (0.96, 1.07) 1.05(0.99,1.12)
Potassium (500 mg decrement) 1.05(1.00, 1.10) 1.04 (1.00, 1.09) 1.08 (0.99,1.17) 1.11(1.00, 1.24)
Sodium: Potassium (molar ratio) 1.12(1.00, 1.24) 1.11(1.00, 1.22) 1.23(1.05, 1.44) 1.21(1.04,1.42)

? Incident chronic kidney disease is defined as eGFR <60 ml/min/1.73 m2 with > 1 ml/min/1.73 m2 decline and/or albumin to creatinine ratio > 30 mg/g. Model 1

is adjusted for: age, sex, time between visits, and Hispanic/Latino heritage group, with the potassium model adjusted for sodium intake and the sodium model is
adjusted for potassium intake; Model 2 is additionally adjusted for: education, income, marital status, nativity/years in the US, study site, and health insurance; Model
3 is additionally adjusted for: smoking, drinking, and physical activity; Model 4 is additionally adjusted for: body mass index, systolic blood pressure, hypertension
medication, total cholesterol, and diabetes

CKD did not achieve statistical significance at p <0.05 with incident CKD, (Supplementary Table 1) neither
when we stratified our models by diabetes status. In our  the associations for sodium intake nor potassium intake
analysis examining whether meeting recommended cut-  were significant, although the association for potassium
offs for dietary intakes of these nutrients was associated  intake was similar in direction to those found in our main
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Sodium (500 mg increment)** -

Potassium (500 mg decrement)** -

Dietary Intake

Sodium: Potassium (molar ratio) -

o™

mq*

H—e—

1.06

0.0 0.2

0.4

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Incidence Rate Ratio
| Diabetes ~ # Present 4 Absent

Fig. 2 Incidence Density Ratios of chronic kidney disease* by sodium and potassium intake, stratified by diabetes status at baseline: The Hispanic
Community Health Study/Study of Latinos, 2008-2017. fIncident chronic kidney disease is defined as eGFR <60 ml/min/1.73m2 and/or albumin
to creatinine ratio > 30mg/g. *Incidence Densiity Ratio significant at p < 0.05. **P value for interaction <0.10. ***All models are adjusted for: age,
sex, time between visits, Hispanic/Latino heritage group, education, income, marital status, nativity/years in the US, health insurance, study site,
smoking, drinking, physical activity, body mass index, systolic blood pressure, hypertension medication, and total cholesterol. The sodium model is
additionally adjusted for potassium intake and the potassium model is additionally adjusted for sodium intake

analysis. From our sensitivity analysis using tertiles of
each nutrient, in fully adjusted models, compared with
the lowest tertile of sodium -to- potassium ratio, tertile
2 was associated with a lower risk of CKD (IRR=0.65,
95% CI=0.43, 0.99), with no significant associations for
tertile 3 compared with the lowest tertile (IRR=1.21,
95% CI=0.80, 1.84). In our sensitivity analysis examining
the associations between each nutrient of interest with
incident decreased eGFR and incident albuminuria (as
distinct outcomes), we found that that greater sodium,
lower potassium, and greater sodium to potassium ratio
were associated with increased risk of albuminuria but
not decreased eGFR.

Results using calibrated measures

Using biomarker calibrated nutrients, neither sodium,
potassium, nor sodium -to- potassium ratio were statisti-
cally significantly associated with CKD (Table 3). How-
ever, the effect size for the sodium -to- potassium ratio

Table 3 Associations between dietary sodium, potassium, and
sodium (2008-2011) to potassium ratio with incident chronic
kidney disease¥ (2014-2017), Hispanic Community Health Study/
Study of Latinos, using nutrient calibration equations

Incidence Density 95% Cl

Ratio
Sodium 500 mg® 1.02 (0.98, 1.06)
Potassium 500 mg decrement @ 1.05 (0.98,1.11)
Sodium: Potassium (1 M ratio) ° 1.93 (0.61,6.07)

2 Incident chronic kidney disease is defined as eGFR <60 ml/min/1.73 m2 with
>1ml/min/1.73 m2 decline and/or albumin to creatinine ratio > 30 mg/g. All
models are adjusted for: age, sex, time between visits, Hispanic/Latino heritage
group, education, income, marital status, nativity/years in the US, language
preference, study site, health insurance, supplement use, smoking, drinking,
physical activity, body mass index, systolic blood pressure, hypertension
medication, total cholesterol, and diabetes. The potassium model is adjusted for
sodium intake and the sodium model is adjusted for potassium intake. °Models
are additionally adjusted for overall resturant score and fast food resturant score
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was similar in direction and greater in magnitude to that
using our 24-h recall measure of sodium -to- potassium
ratio. In sensitivity analyses using our biomarker-cali-
brated nutrients restricted to individuals not on diuret-
ics or not on ACEI (Supplementary Table 2), results were
largely consistent in direction and magnitude compared
with our final adjusted models, although not statistically
significant.

Discussion

In a population-based cohort of diverse US Hispanics/
Latinos followed for an average of 6years, lower potas-
sium and higher sodium -to- potassium ratio were asso-
ciated with increased risk of CKD. Additionally, the
association between sodium and CKD differed by dia-
betes status with higher sodium associated with greater
risk of CKD among those with existing diabetes at base-
line. Our results were particularly strong for sodium
-to- potassium ratio which was associated with a 21%
increased risk of CKD with every one-unit increment
in the molar ratio. These results emphasize the impor-
tance of considering the ratio of sodium -to- potassium
as a dietary factor in preventing the development of CKD
among healthy adults.

Consistent with prior studies [18, 27], sodium alone
was not a significant predictor of incident CKD in our
main models. For example, among young participants of
the Coronary Artery Disease In young Adults (CARDIA)
study, mean 24-h sodium was not associated with the
development of CKD over 20years [17]. One potential
explanation for these null results is the inability to accu-
rately measure usual and habitual sodium intake—as diet
varies over time [51]. Additionally, other research dem-
onstrates that among persons with hypertension, a more
complex nonlinear “U shaped” relationship between die-
tary sodium and CKD, in which both very high or very
low sodium is associated with CKD [22]. For sodium
and potassium, we did not find evidence of a nonlinear
relationship with risk of CKD. However, for sodium -to-
potassium ratio, we did find that risk of CKD was low-
est in the middle tertile of sodium -to- potassium ratio
suggesting the possibility of a “U shaped” association.
Though we emphasize that these findings should be inter-
preted with caution and warrant further investigation. In
our study, we found higher sodium to be associated with
the development of CKD among individuals with pre-
existing diabetes, but not persons without diabetes. This
finding supports dietary recommendations urging indi-
viduals with diabetes to consider further sodium restric-
tion to intake levels below the USDA recommendations
[47]. In contrast, in another study conducted among indi-
viduals with diabetes and normal kidney function, lower
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potassium, but not higher sodium was associated with
kidney and cardiovascular outcomes [28].

In our study, low potassium intake was associated
with the development of CKD. This finding corroborates
results from black and white young adult participants
of the CARDIA study that showed that every 1g incre-
ment of 24-h urinary potassium excretion was associ-
ated with a 29% reduction in risk of albuminuria in the
subsequent 25years [18]. However, in our calibrated
models, we did not find an association between potas-
sium and CKD. We propose that this may be explained
by the variability added to the measured values through
the calibration modeling process. Though our calibrated
estimate for the association between potassium and CKD
was stronger than our estimate using 24-h recall potas-
sium (IDR=1.20 vs IDR=1.09), it did not achieve sta-
tistical significance due to the high variance (depicted
with the wide confidence bands). Further examination
of this important research question with more objec-
tive and repeated measurements may be required to
fully elucidate the association between potassium and
kidney function. For example, in research conducted in
a population-based sample in Switzerland, high sodium
and high sodium -to- potassium ratio but not low potas-
sium was associated with greater decline in eGFR [19].
This is in contrast to our findings which did not show
any independent associations between sodium, potas-
sium, or the sodium -to- potassium ratio with decreased
eGFR, though we caution against over-interpretation of
these differences. We note that our study was conducted
in a US Hispanic/Latino population with unique char-
acteristics and with different measures of each nutrient
of interest. Finally, we highlight that our general find-
ings showing that higher sodium and higher sodium -to-
potassium ratio, and lower potassium are associated with
a worsening of kidney function are consistent with other
studies conducted in population-based samples [18, 19].
Further, among individuals with CKD, there are a num-
ber of studies showing mixed findings with respect to
the relationship between potassium intake and contin-
ued eGFR decline [20, 21]. For example, research from a
clinic based retrospective cohort study of CKD patients
in Japan showed that high potassium intake was associ-
ated with CKD progression [21]. However, research from
the Chronic Renal Insufficiency Cohort (CRIC) study
in the United States showed that among individuals
with CKD, higher potassium intake was associated with
slower eGFR decline [20]. We emphasize that our study
was conducted in a population based sample free from
CKD, and our findings are therefore most relevant for the
prevention of CKD rather than the management of CKD.

To our knowledge, this is the first study to demon-
strate associations between the ratio of dietary sodium
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-to- potassium intake and CKD in a population of His-
panics/Latinos who are relatively free from multiple
comorbid conditions. Our research builds on previous
evidence suggesting that the ratio of sodium -to- potas-
sium intake may be an important predictor of CKD [8,
17, 18], eGER decline [19] and other chronic diseases [52]
in addition to dietary sodium [18, 19, 22] or potassium
[17, 27] intake alone. Our results build on these findings
by demonstrating this association with CKD among a
population with most participants free of comorbid con-
ditions. Our results are also consistent with a larger body
of research demonstrating the importance of the sodium
-to- potassium ratio with other chronic disease out-
comes, such as hypertension [52, 53] and general CVD
outcomes [54, 55]. Our results emphasize that diets such
as the Dietary Approaches to Stop Hypertension Diet
(DASH) [56], which have been demonstrated to reduce
risk for CKD [57], continue to be important for CKD pre-
vention because these diets simultaneously emphasize
decreased sodium and increased potassium intake.

There are several mechanistic pathways by which low
dietary potassium and high dietary sodium -to- potas-
sium ratio may lead to decreased kidney function.
Higher sodium intake is a risk factor for elevated blood
pressure [58], and hypertension is in turn a risk factor
for CKD [59]. Diets higher in potassium are thought to
reduce vascular resistance [60, 61], lowering the risk for
hypertension and also directly lowering the risk of kid-
ney dysfunction by increasing eGFR [61, 62]. Diets high
in potassium intake may also directly improve kidney
function through increased kallikrein expression which
has been demonstrated to reduce kidney injury in animal
models [63].

This study is not without limitations. First, our pri-
mary dietary exposure measures were ascertained
using two 24-h dietary recalls, which may be inaccurate
[64]. However, we were able to collect two dietary recall
surveys on 94% of participants, accounting for within
person variability. Studies that have compared 24-h die-
tary recall to 24-h urine collection (the gold-standard
assessment of sodium) [65] have found sodium to be
underreported, particularly among those with higher
BMI [64]. To address this limitation, we also included
calibrated measures of sodium and potassium intake,
which were designed to correct for this measurement
error using data from 24h urinary sodium and potas-
sium excretion measurements taken from a subsample
of HCHS/SOL participants [36]. In this analysis, we
found an effect size similar in direction and stronger in
magnitude to that of our primary measure for sodium
-to- potassium ratio. However, these results were not
significant, possibly due to the variability that cali-
bration added to our models. Finally, our use of the
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composite CKD outcome makes it difficult to examine
the relationships between each nutrient and incident
decreased eGFR (<60ml/min/1.73m2 with >1ml/
min/1.73 m2 decline) or incident albuminuria (albumin
to creatinine ratio >30mg/g) independently. Our sen-
sitivity analysis as seen in Supplementary Table 4 sug-
gests that greater sodium, lower potassium, and greater
sodium -to- potassium ratio are associated with albu-
minuria (albumin to creatinine ratio > 30 mg/g) but not
incident decreased eGFR (<60ml/min/1.73m2 with
>1ml/min/1.73m2 decline). Though surprising, these
results are consistent with other findings showing that
sodium or potassium is associated with albuminuria
but not decreased eGFR [18].

The relatively short six-year follow-up time in this
cohort presents another limitation. CKD develops over
decades throughout the life course and diet varies over
time as well, due to changes in individual preferences in
diet and secular changes in food availability [66]. We rec-
ommend that future studies examine this association in
cohorts with repeated measures of dietary exposure and
more follow-up time. We were unable to examine the
associations between sodium and potassium with CKD
according to clinically relevant cut points of sodium and
potassium, making it harder to detect nonlinear relation-
ships. Only 21.3 and 0.6% of HCHS/SOL participants
met recommendations for sodium and potassium respec-
tively [30]. Given this, sample sizes for individuals who
met dietary recommendations were too small for mean-
ingful comparisons. This limitation may be difficult to
address in other US cohorts given that most of the US
population fails to meet dietary guidelines for sodium or
potassium [67]. Finally, there are some medications that
can interfere with urinary excretion of sodium and potas-
sium, thus contributing bias to our calibrated measures.
To address these potential biases, we also conducted our
sensitivity analyses among persons not taking diuretics
or ACEL In these analyses our results were consistent in
magnitude and direction with our main analyses, how-
ever they were not statistically significant.

Our study also includes notable strengths. To our
knowledge, associations between dietary intake of
sodium, potassium, and CKD have not been demon-
strated in a large sample of Hispanics/Latinos, so our
findings have important implications for generalization
to an understudied ethnic minority population. The large
sample size of the HCHS/SOL study and the diversity
of countries of origin strengthened our ability to detect
associations that are both statistically significant and clin-
ically meaningful. While previous research demonstrated
the importance of the sodium -to- potassium-ratio
for CKD among obese persons [8], and in a European
population [19], our study builds on those findings by
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demonstrating this association among Hispanic persons
living in the US with and without comorbid conditions.
In conclusion, our findings support dietary approaches
to the prevention of CKD that focus simultaneously on
limiting sodium and increasing potassium intake, rather
than more simplistic approaches focused on individual
nutrients. Potassium is a known marker of diets high in
fruits and vegetables [68], so we believe our results fur-
ther underscore the importance of diets high in fruits and
vegetables in the prevention of chronic disease.
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