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The prevalence of chronic kidney disease (CKD) is increasing and dietary interventions may be a strategy to reduce this burden. In the general
population, higher potassium intake is considered protective for cardiovascular health. Due to the risk of hyperkalemia in CKD, limiting potassium
intake is often recommended. However, given that poor cardiovascular function can cause kidney damage, following a low-potassium diet may
be deleterious for patients with CKD. The aim of this systematic review was to summarize the evidence on dietary potassium intake and CKD
progression. Multiple databases were searched on 7 June 2019 and data were managed with Covidence. No intervention trials met the inclusion
criteria. Eleven observational studies met the inclusion criteria (10 post hoc analyses, 1 retrospective cohort), representing 49,573 stage 1-5
predialysis patients with CKD from 41 different countries. Of the 11 studies, 6 studies reported exclusively on early CKD (stage 1-2), 4 studies
separately reported analyses on both early and late (stage 3-5) CKD, and 2 studies reported exclusively on late CKD. A total of 9 studies reported
risk of disease progression in early CKD; in 4 studies high potassium intake was associated with lower risk, while in 2 studies the low intake showed
a higher progression of risk, and 3 studies reported no relation. In late CKD, results are mixed: 2 studies suggested benefit of higher potassium
intake and 1 suggested benefit of lower potassium intake, whereas 3 studies were neutral. These results should be interpreted with caution, as
considerations preventing firm conclusions include 7) the overall low range of dietary potassium intake, with all studies reporting an average intake
below the 2004 Kidney Disease Outcomes Quality Initiatives guidelines, and 2) the method used to assess potassium intake in most studies (i.e,,
urine) in late stages of CKD. Ideally, well-controlled intervention studies are needed to understand how dietary potassium intake is linked to CKD
progression. Adv Nutr 2020;11:1002-1015.
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Introduction this growth (1). Potassium is a considered a vital nutrient for
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human health (2). In the general population, higher dietary
potassium intake reduces cardiovascular risk factors (3-5).
A systematic review of randomized controlled trials found
that higher potassium intake from fruits and vegetables was
cardioprotective (6). Additionally, in a cross-sectional study
in >500,000 older adults in free-living conditions, the highest
quartile of potassium intake (5.5 g/d) was associated with
the lowest risk of experiencing death from a renal cause
(7). Potassium positively affects cardiovascular function and
hypertension through the following: 1) potassium’s role in
vasodilation and 2) by reducing the intravascular volume
of blood plasma through reduced sodium reabsorption (2).
Additionally, lower dietary acid load is hypothesized to be
protective for kidney health (8-10) and a higher potassium
intake lowers dietary acid load.
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There is a well-defined bidirectional relation between
cardiovascular and renal health (11). Reduced cardiac
function increases the risk of renal hypoperfusion and
congestion, which are associated with reduced kidney func-
tion over time. Reduced kidney function increases the risk
of atherosclerosis and atherosclerotic and cardiomyopathy
disease (11). Additionally, both cardiovascular and renal
disease have common risk factors such as diabetes and
hypertension (11). Given this relation, it could be hypoth-
esized that improving cardiovascular health and other risk
factors through higher potassium intake could lower CKD
progression rates. Despite this, the optimal level of potassium
intake that would delay or impact CKD progression is
currently not known. No intervention trials have specifically
investigated the impact of dietary potassium intake on CKD
progression.

A vital consideration for potassium intake in CKD is
knowing the importance of maintaining normal serum
potassium concentrations to reduce mortality risk (12). A
2018 meta-analysis concluded that hyperkalemia increases
the risk of all-cause mortality, cardiovascular mortality,
and end-stage renal disease in both the general and CKD
population (12). Decreased kidney function is considered
the primary risk factor for hyperkalemia, with prevalence
rates of hyperkalemia reported to be as high as 11.6% when
estimated glomerular filtration rate (eGFR) is <40 mL -
min~! - 1.73 m~2, compared with <1.6% when eGFR is >40
mL - min~! - 1.73 m™2 (13). As decreased kidney function is
a risk factor for hyperkalemia, and given the serious health
consequences of hyperkalemia (13) in addition to changes in
medications, management of glycemic concentrations, and
acidosis, dietary potassium restriction is often advised for the
CKD population (14-17).

Current recommendations for dietary potassium intake
mainly focus on restriction when hyperkalemia is present, yet
there is no consensus on the target dietary potassium intake.
The 2004 Kidney Disease Outcomes Quality Initiatives
(KDOQI) guidelines recommend that patients with CKD
stage 3-5 limit potassium to 2-4 g/d (16). The 2010 Academy
of Nutrition and Dietetics CKD guidelines recommend
that patients with CKD stage 3-5 who have hyperkalemia
limit their dietary potassium intake to <2.4 g/d (17).
The 2013 Caring for Australians with Renal Impairment
guidelines do not stipulate a dietary potassium target but
recommend that patients with hyperkalemia lower their
potassium intake with the assistance of a dietitian (15).
The 2015 Dietitians of Canada Practice-Based Evidence in
Nutrition guideline recommends reducing dietary potassium
intake to 2 g/d when hyperkalemia is present (14). In
2019, Kidney Disease Improving Global Outcomes (KDIGO)
released executive conclusions on potassium management
in the CKD population; they highlight the lack of evidence
on potassium intake and CKD outcomes (18). Furthermore,
they concluded that routine potassium restriction to manage
serum concentrations may prevent patients from the benefits
of potassium-rich foods (18). In summary, most guidelines
recommend limiting potassium intake, although the target is

not consistent and a lower limit for potassium intake is rarely
specified.

To the best of our knowledge, there is currently no
review reporting the findings of studies regarding restriction
of potassium intake in CKD and its impact on delay-
ing disease progression, improving hyperkalemia rates, or
reducing mortality. The primary outcome was to under-
stand how different amounts of potassium intake impact
CKD progression in both early CKD (stage 1-2) and
late CKD (stage 3-5). The secondary outcomes were to
investigate how potassium intake in CKD impacts mortal-
ity and serum potassium concentrations or hyperkalemia
rates.

Methods

This review followed the guidelines for Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
(19) and used Covidence, a platform provided by Cochrane
to standardize systematic reviews, track screening, and
manage literature. The PRISMA diagram is presented in
Figure 1.

Study eligibility criteria

This review included studies that investigated the association
between dietary potassium intake and CKD progression
in adults as the primary outcome. If the studies included
information on mortality, serum potassium concentrations,
or hyperkalemia rates, this information was collected as
the secondary outcome. Study inclusion criteria were as
follows: the amount of dietary potassium intake was re-
ported, the population had predialysis CKD, and biomarkers
of kidney function were provided [e.g., serum creatinine
concentrations, eGFR or measured glomerular filtration
rate (mGFR), or proteinuria]. Studies were not excluded
based on medications taken by the subjects, including renin
angiotensin aldosterone system inhibitors (RAASi) or min-
eralocorticoid receptor antagonists, even though these are
known to influence serum potassium concentrations through
decreased potassium excretion in the kidney. Exclusion
criteria were dialysis, transplant, a pediatric population, and
animal studies.

Search strategy

A systematic search of the literature was conducted using
multiple databases: MEDLINE, Cumulative Index to Nursing
and Allied Health Literature (CINAHL), and EMBASE in the
order listed. The search terms included potassium, kidney
and disease progression, and all potential synonyms. For the
full list of search terms see Supplemental Tables 1-3. No lim-
its were activated during the search to avoid omission of any
relevant publications. The database searches were conducted
by KP on 7 June 2019. Duplicates found in multiple databases
were excluded. Two authors (KP and MIBS) independently
screened the titles and abstracts for relevance to the review.
Full texts were then reviewed to assess eligibility based on diet
intervention, population, and outcomes. Multiple articles
published on the same trial were retrieved and reference lists

Dietary potassium and chronic kidney disease progression 1003



2404 studies imported

671 duplicates

for screening

1733 studies

removed

1645 studies

screened

86 full text studies assessed

irrelevant

75 studies excluded.

for eligibility

11 studies
included

FIGURE 1

were assessed in order to report on all relevant outcomes.
Two authors (KP and MIBS) compared the results and came
to a consensus on the final list of papers to include in the
review.

Quality assessment for risk of bias within studies

There were no intervention trials found related to this
topic. Among the 11 reference articles analyzed in this
systematic review, 10 were cross-sectional post hoc analyses
of cohort studies (6 prospective longitudinal, 3 randomized
controlled trials, and 1 case-control) (20-30). One was
a retrospective observational cohort specially designed to
assess the association between potassium intake and renal
outcomes in patients with diabetes (28). We used the National
Heart, Lung, and Blood Institute Quality Assessment Tool
for Observational Cohort, Cross-sectional Studies, and Case-
Control Studies to assess the quality of each study. Studies
were graded in 3 broad categories: the definition and
representativeness of the studied population, definition and
measurement of exposure and outcome, and data analysis.
Each category was broken down into subcategories, with
1 point awarded per subcategory if clearly presented in the
article. The maximum score was 20 points, and a score
>16 (80%) was defined as high quality (Supplemental
Table 4).
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Reasons:

. 19 CKD disease progression not reported

. 18 Wrong study design (review
articles/perspectives)

. 17 Dietary potassium intake not reported

. 11 Wrong outcome (NEAP studies)

. 6 Abstract only

. 3 Duplicate articles

. 1 Wrong patient population

PRISMA diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Results

Data extraction

Data were independently extracted from each study by KP
and MIBS using a standard form determined a priori, which
included subject characteristics as summarized in Table 1.
The outcomes of interest were changes in glomerular filtra-
tion rate (GFR), serum creatinine, or proteinuria and initia-
tion of dialysis or transplant to evaluate disease progression.
The secondary outcome measures were all-cause mortality
and serum potassium concentrations or hyperkalemia rates.

Study selection

From the original 2404 articles retrieved from the search,
1733 abstracts were screened once the duplicates were
removed. Eighty-six full-text articles were reviewed. Eleven
studies were included that met the inclusion criteria.

Patient demographics and CKD

All of the studies included in the final analysis were post
hoc analyses (n = 10) or retrospective studies (n = 1), as
summarized in Table 1. The studies ranged from 6 mo to
11 y of follow-up. The overall quality of the studies was
good, with 10 out of 11 studies scoring >16 out of 20 on
the risk-of-bias assessment tool (Supplemental Table 5 and
Supplemental Figure 1). Four studies provided subanalyses
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based on CKD stage—reporting separate analyses for late-
stage CKD (24, 28-30). The studies included a total of
49,573 stage 1-5 predialysis CKD patients from 41 different
countries. Most of the participants (n = 33,555) had stages
1-2 CKD and the remaining participants (n = 16,018) had
stage 3-5 CKD based on the mean reported GFR. Only Kim
et al. (24), specifically provided the numbers of participants
across all stages of CKD and reported including 115 stage 5
CKD patients. Smyth et al. (30) reported including 390 stage
4-5 CKD patients, defined as having an eGFR <30 mL -
min~! - 1.73 m~2. Baseline Chronic Renal Insufficiency
Cohort (CRIC) participant characteristics were reported as
including 18% stage 4, 70% stage 3, and 11% stage 2 CKD
patients (31). The mean ages across the studies ranged from
40.4 to 66.5 years, 37.2-70.6% of study participants were
male, and the mean BMI (in kg/m?) ranged from 23.6 to 32.7.

Methods used to assess dietary potassium intake

To estimate dietary potassium intake a variety of methods
were used. Deriaz et al. (22) and Smyth et al. (30) estimated
24-h urine excretion using a single-spot urine collection from
the Kawasaki formula (32). Kim et al. (24) predominantly
used spot urine collections as well, although they reported
on a subset (n = 855 from the total 1821) of 24-h urine
collections, which they used to validate the results from the
spot collections. Araki et al. (20), Chang et al. (21), and
Nagata et al. (28) used a single 24-h urine sample. Li et al.
(26) had 24-h urine collection results at baseline and 1 and
2 y and compared the differences in these excretion values
during periods of GFR decline and periods of GFR stability.
He et al. (23) and Leonberg-Yoo et al. (25) used repeated
24-h urine samples. Mun et al. (27) and Sharma et al. (29)
used dietary recall to estimate potassium intake.

Dietary potassium intake and disease progression in
early-stage CKD

Out of the 9 studies conducted in patients in early CKD (stage
1 and 2), 6 reported either a protective effect of high dietary
potassium intake on CKD progression or a harmful effect
of low potassium intake on CKD progression (20, 24, 27—
30); 3 reported a neutral association (21, 22, 26) (Table 2,
Figure 2A). Dietary potassium intakes in the highest
quartile/quintile averaged >2500 mg/d, whereas the low-
est quartile/quintile had an average potassium intake of
~1500 mg/d. For studies that reported a protective effect of
dietary potassium on CKD progression when comparing the
highest quartile with the lowest quartile, the HR ranged from
0.33 to 0.74 (20, 27, 28, 30).

The Premier trial reported by Chang et al. (21) was the
shortest study, with a 6-mo follow-up, and compared only
2 measures of kidney health at baseline and again at 6 mo.
Additionally, Chang et al. (21) used the outcome measure
of albuminuria, while all other studies monitored disease
progression using the GFR. In the CoLaus study reported by
Deriaz et al. (22), their CKD outcome measure was annual
rate of eGFR decline as opposed to a specific eGFR change
target (i.e., 15-50% GFR decline as set out by all the other

studies that found a protective benefit). In the study by Li et al.
(26), a subsample of participants from the African American
Study of Kidney Disease (AASK) trial were analyzed; in
this study, no association between potassium excretion and
mGFR stability or decline was found, although they had
the smallest sample size (i.e., 74 participants) of the studies
included in this review (26).

Dietary potassium and disease progression in
later-stage CKD

In later-stage CKD, inconsistent results were reported for
the relation between dietary potassium intake and CKD
progression (Table 3, Figure 2B). However, He et al. (23) was
the only study to report a deleterious effect of high dietary
potassium intake on CKD progression, with the highest
quartile of potassium having the highest risk of disease
progression (adjusted HR: 1.46; 95% CI: 1.14, 1.86). Smyth
et al. (30) ran 2 separate analyses for patients with stage 3a
CKD only and patients with stage 3b—5 CKD. In their analysis
of stage 3a CKD, their results were neutral, while in their
analysis of stage 3b-5 CKD, they reported an increased risk
in the lowest tertile of intake. Two additional studies were
neutral (25, 28), and 1 additional study agreed with Smyth
et al. (30), reporting an increased risk with low potassium
intake (24). Of note, Kim et al. (24) reported potassium intake
as a ratio to creatinine and observed a significant association
between a >50% decline in eGFR with the lowest quartile of
potassium intake as a ratio of creatinine (<35.1 mmol/g: HR:
1.95; 95% CI: 1.05, 3.62) (results not shown in Figure 2B).

Dietary potassium intake and mortality

Results for dietary potassium intake and all-cause mortality
were either positive or neutral as presented in Table 4. Four
studies investigated dietary potassium intake and mortality,
reporting either a benefit of high potassium intake (20, 25, 28)
or no association (23). Of note, no studies reported a higher
risk of mortality with increased potassium intake.

Dietary potassium intake and serum potassium
concentrations or hyperkalemia rates

With regard to the relation between dietary potassium intake
and serum potassium concentrations or hyperkalemia rates,
4 studies reported on this outcome. Studies unanimously
reported no association between potassium intake and serum
potassium or hyperkalemia rates (Table 5). Smyth et al. (30)
reported a higher OR for hyperkalemia with increased potas-
sium intake; however, the association became nonsignificant
after adjusting for known risk factors (including age, sex,
eGFR, urine albumin-to-creatinine ratio, diabetes, RAASI,
diuretic use, BMI, smoking, and urine sodium excretion; OR:
1.16; 95% CI: 0.99, 1.36).

Discussion

The overall aim of this systematic review was to investigate
the impact of dietary potassium intake on CKD progression
in nondialysis CKD patients. In an effort to manage and pre-
vent hyperkalemia in the CKD population, dietary potassium
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(A)

Araki etal (20)a -
(1720-2320 mg/day) -
(2330-2900 mg/day) -

(>2900 mg/day)

Mun et al (27)b -
(1302-1766 mg/day) -
(1766-2364 mg/day) -

(>2364 mg/day) -

Nagata et al (28) -
(1500-2000 mg/day) -
(2000-2500mg/day) -
(2500-3000 mg/day) -

(>3000 mg/day) -

Sharma et al (29)d -
(<1737mg/day) -
(1738-2455 mg/day) -
(2456-3341 mg/day) -
Smyth et al (30)e -
(Median 2700 mg/day) -

M significant; O not significant

(B)

Heetal (23)f |
(1537-2032 mg/day) |
(2033-2613 mg/day)

(>2613 mg/day) |

Leonberg- Yoo et al (25)g |
(1410+ 270 mg/day)
(2010+140 mg/day)

(2540+200 mg/day)

Nagata et al (28)h |
(1500-2000 mg/day) |
(2000-2500 mg/day) |
(2500-3000 mg/day) |

Smyth et al (30)i
(Median 2700 mg/day)*
(Median 2700 mg/day)**

0.2

0.4 0.6 0.8 1 12 1.4 1.6 1.8 2

M significant; [J not significant

0]

0]

0 02 04 06 08 1

T T T T T T

12 14 16 1.8 2 22 24 26 28 3 32

FIGURE 2 Potassium intake in early (A) and late (B) CKD and risk of disease progression Legend: significant—95% Cl does not cross 1; not
significant—95% Cl crosses 1 NOTE: The potassium intake (mg/day) used by each author to determine the HR or OR of 1.0 was: 1 <1720, 2
<1302, 3 <1500, 4 >3342, 5 median=1700, 6 <1537, 7 36001660, 8 <1500, 9 median=1700. *Displaying OR of the highest tertile
(median 2700mg) compared to lowest tertile (median 1700mag) for participants with eGFR between 45-60 mL/(min - 1.73 m?).
**Displaying OR highest tertiles (median 2700mg) compared to the lowest tertile (median 1700mg) for participants with eGFR below 45

mL/(min - 1.73 m?).
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intake is often restricted (14). Yet, the evidence supporting
the current nutrition recommendations in CKD patients is
scarce, with several limitations (18).

CKD progression and dietary potassium intake in early
CKD

In stage 1-2 CKD, findings from this systematic review
point toward an overall protective effect of higher potassium
intakes on CKD progression (20, 24, 27-30). Although many
factors could explain this association, high-potassium diets
are generally associated with a lower risk of cardiovascular
disease (CVD) and mortality in the general population
(5). By improving CVD health this could prevent CKD
progression. The 3 studies that reported a neutral association
(21, 22, 26) between potassium intake and CKD progression
all used a different measure to assess CKD progression—that
is, none of them used a percentage of GFR decline compared
with the studies that reported benefit. Given the progressive
nature of CKD, some GFR decline will be anticipated in these
patients. Using percentage of GFR decline over time allows
for the identification of those who are declining at a faster
rate. Moreover, the Chang et al. (21) study was the only
study that used urinary albumin excretion as the marker of
disease outcome/progression. In addition to differences in
measuring disease progression, Li et al. (26) and Chang et al.
(21) had the smallest 2 sample sizes of the 11 studies included
in the review with 74 and 481 participants, respectively.
Therefore, the neutral association might be attributable to
the fact that those post hoc analysis studies were under-
powered to detect a significant association. The difference
in sample size and method of assessing CKD progression
may, in part, explain the difference in reported results
between studies.

CKD progression and dietary potassium in late CKD
The results for dietary potassium intake and CKD progres-
sion in stage 3-5 are inconsistent. One explanation for the
variability in these results could be related to how CKD
etiologies differ in a given CKD population and how this
affects potassium handling at later stages of the disease.
For example, polycystic kidney disease (PCKD) increases
trans-tubular potassium excretion, resulting in lower rates of
hyperkalemia and higher concentrations of urine potassium
(33). This may, in part, explain why the study reported
by Leonberg-Yoo et al. (25), which had 23.8% of patients
with PCKD, showed no association. Conversely, CRIC as
reported by He et al. (23) excluded PCKD patients and
had a high percentage of patients with diabetes (46.6%)
and found deleterious effects of high potassium intake.
Diabetes is known to be an important risk factor for
CKD progression (34). While this is yet to be explored,
an interesting hypothesis could be that the ideal dietary
potassium intake may depend on the etiology of CKD.
Variability in the results may also be related to other
mechanisms that impact potassium handling, such as insulin
and aldosterone (35). Insulin maintains potassium in the
intracellular space through stimulation of Nat/K*™ATPase
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pumps in muscle and liver tissues; if glucose concentrations
are high or insulin concentrations are low more potassium
will be found in the extracellular space (35). Patients
with diabetic nephropathy are more likely to experience
hypoinsulinemia and hyperglycemia, which may increase
this population’s risk of hyperkalemia and make them more
sensitive to high-potassium diets.

Aldosterone is a key potassium homeostasis hormone
and alters the amount of urinary potassium excretion
(36). Medications that compete with aldosterone binding
sites (including angiotensin-converting enzyme inhibitors,
angiotensin-II receptor antagonist, and mineral-corticoid
receptor antagonists) are more likely to reduce potassium
elimination. Patients with hypertension- or diabetes-related
kidney damage may be more likely to be prescribed these
agents, which theoretically could make them more sensitive
to higher potassium intake (34). In late CKD, the analyzed
studies in this review reporting the association between
potassium intake and disease progression also described the
frequency of RAASI and diurectic usage. Smyth et al. (30)
and Kim et al. (24) reported the highest use of RAASi, >80%.
He et al. (23) reported RAASi use ranging from 64% to 71%
across the quartiles of potassium intake. Leonberg-Yoo et al.
(25) reported one of the lowest rates of RAASi use, at only
36.1%. Given the variability in RAASi use across studies,
the use of these agents alone cannot explain the variability
in these results. However, it is interesting to note that He
et al. (23) had the highest rates of diuretic use at 56-62%
across quartiles, while Smyth et al. (30), Kim et al. (24), and
Leonberg-Yoo etal. (25) all reported use in the 30-40% range.
Unfortunately, the articles did not describe which type of
diuretics were used—either potassium sparing or potassium
wasting. While all models corrected for the use of RAASI
and diuretics in their models, given how these medications
impact urinary potassium excretion and that these studies
relied on urine markers for intake may, in part, explain the
controversial results.

Regardless of the underlying mechanisms, given the
current nutrition guidelines, an interesting finding in this
review is the number of studies reporting no association
between disease progression and potassium intake at the later
stages of the disease. Both Kim et al. (24) and Leonberg-
Yoo et al. (25) included dialysis initiation as part of their
disease progression outcome. Given that unmanageable
serum potassium (chronic hyperkalemia >5.5 mmol/L)
concentrations can be an indication for dialysis, these results
may suggest that those consuming more potassium are not
necessarily experiencing persistent hyperkalemia requiring
dialysis initiation. Conversely, that lower potassium excre-
tion was found to be neither protective nor harmful may
suggest a need to consider whether dietary restrictions are
necessary or if patients may be able to consume potassium
ad libitum.

Taken together, several factors could explain the vari-
ability in the results. Ultimately, to understand the relation
between potassium intake and CKD progression at later
stages, more studies are needed that include different CKD



"3DUBIZJWINDIID ISIBM ‘DA UORIOXS UIS104d 3ULIN ‘JOIdN ‘UONRIDXS WNIPOS

SULIN ‘JeNN ‘O11J SUIUIIEID O WNIPOS SULIN 4)/BN/( {UOISIOXS SUIUIIESID SULIN ‘JSID( {UOIIBIIXS UILING[E SULIN ‘M ‘O1RJ SUIUIIESID UIWNG e SULIN ‘YD ||0I21S3|0YD [B101 ‘D) S[11J3) | ‘9DUSI9)a] ‘Jal ‘SIONGIYUI WSISAS SUOISISOP|e Uoisualolbue
Ulua1 ISy ‘@|nuInb Jo ajiienb ‘D ‘onel suluieald uieiold 10d ‘Auanoe [ed1sAyd ‘vd ‘2inssaid [elalie ueaw gy ssew Apoq uea) ‘Ng ‘puouioy ploiAyiesed 19e1ul ‘H] d1 /019159104 TdH ‘D-1aH ‘uigojboway paiedA|b 2| yagH ‘uondwnsuod
|0YOD[e 'HOIR ‘2seasIp (Ul 9DeIS-PUS ‘QYST ‘218) UOIRIY JBINISWO|D PRIRWIISS ‘Y453 'SNHI[|BW S232qeIP N 258SIP JB|NISRAOIPIRD ‘GAD [UIR10Id 3A11DR3I-D dyD) '2SeasIp ASUpIY DIUOIYD ‘gXD ‘Winidjed ‘8D launssaid poolq dg ‘uiwinge ‘qly

(CEG1-€58°0 1D %56)

€11 YO 'L "SA €1 uruoissaiboid @y

JO S {[opow pa1sn[pe Ul auedyiubls
|ED11S1Ie1S 9ASIYDe 10U S20p jelinaN

(£8'1-10'L) LT'L YH passnipe Ainy

‘3eds boj uo (weib Jad sajouwl||iu)

Ol1eJ SulUNe12-01-wnisselod Ateurn
10ds JamMo| S-1 Jad ‘|njuiiey Si ¥ JamoT

(85'L-¥60) CC'L YH parsnipe

ANy i(p£71=11'1) 6€'L YH parsnipeun

YO 'SA LD Ul uoissaiboid gy JO st

‘]opow paisnipe Ajjny ur aouedyIubis
[BD1IS11R1S 9ASIYDE 10U S90P :[einaN

©8'1-¥L'L)or'L
YH paisnlpe ANy (207-67'1) ¥9'L YH
pa1sn(peun 0 SA | Ul uoissaibold
@D JO ¥SU 1SIMO] ‘[BIDYRUIG S| Y JOMOT

(€86'0-190 1D %S6) €82°0 O *LLSA
€1 Ul Sppo paonpai y Jaybly Jo 1wauag

(¥S'9-20) 99'L YH parsnipe Ainy
SO SA LD Ul uoissauboid gy JO St
‘|spow paisnipe Ajjny ul aouedyIubIs

UOII210X3 WINIPOS PUe ISy Apnis-uo
40O 3sN ‘asn dpaunIp ‘Bupows ‘g
'S9190_IP ‘YDVN Ul-Unl Y499 3M-9

‘AIDIUYID ‘X35 ‘abe 10y paisn(pe [9polN
(1D 9%56) HO
$212INIP ISYVY
‘sunes g7 pue 3eNn Y-+ 1D/eNN
wopues e ‘gl ‘H1d! d¥D ‘JoidN Y-¢
‘Onel IDd "4499 dvW ‘AAD ‘WA 'TWg
‘Bupyows ‘xas ‘abe jopow paisn(pe A|jn4
(ID %56) 4H

(ID %56) YH
JeNN ‘4499 ‘suopedipaw
dg 49410 1Sy ‘son=unip ‘aad
'WQ 'spidi] 'vd 'HOR ‘en1eb ‘g
NGT DA “UOREINPS ‘B11S DIUID ‘FaIDN
'3oe1 X35 ‘abe jspow paisnipe A|jn4
(ID %S56) YH

UOI1210X3 WNIPOS PUB ISy Apnis-uo
4O 25N ‘asn dn_INIp ‘Bupows ‘NG
's912qeIp YOV Ul-Uni §499 3M-9

‘A1D1UY1D ‘X35 ‘abe 1oy paisnipe [9poy
(ID %56) HO

3eNN Y-#¢ ‘IVN Y-+ D-1aH DL 'Poe
1N Y492 D1 YgH dg ‘Ayredounar Na
‘aND ‘NG X35 ‘obe ;[apow parsnipe Ajjn4

004 €L
‘oolecL
00411l

T/jI0Ww 019 < YO
1/10WW 69°19-56'St :€0
1/10WW 6'S—66'€€ -CO

T/oWw6'€E> 11D
0l1eJ DUIUIIR3ID O} WIN|SSLI0d

990 F 09°€ ¥O
0T0F ¥SC €0
1’0 FLOCCO
0/ZF0l¥L 10O

€19C< %0
‘€197-€€0T €0
‘Te0C-LESL O

‘L€S1>110

00/c €L
‘ooleTl
00411l
000€< SO
‘000€-00ST YO
‘005¢-000C €O
‘00020051 :¢O

sisAjelp 21uoIyd 1o
% 0¢ < QUl]29P Y499

uondNpal
499 %05 10
QyS3 J0 9ouspdU|

1ue|dsuesy 1o
sisAep Jo uoneniy|

uononpail
H4D2 9605 10
@453 40 32uspIdY|

S|sAelp d1uoIyd 1o
% 0€ < SUIP9p Y499

uonouny

(Sv>

4499 siskjeue dnoibgns)

(0€) |2 3 YAWS

(Sv>

4499 siskjeue dnoibgns)

(#2) 18 1= Wiy
G-g¢ abeig

(57) '|e 19 0OA-BiaquoaT

(€7) 1e19°H
G-e¢ abeig

(09-S¥ Y499 sishjeue
dnoibgns) (0€) [e 38 Yikws

(09 pue

0€ U29M13Q H4D3 Sisk|eue

[P211S11E1S 9ASIYDE JOU S0P :[eJINaN (D %S6) YH ‘00S1>:1D [eUS Ul 3UIP3P 9%0E dnoibgns) (87) ‘|e 19 e1ebEN
Ajuo ¢ abexs
s}nsay 10} paisnfpe pue pazAjeuy p/6w ‘@yejur winissejod Aielaiqg 3W011N0 |euay (324) Apmis

L@XD @1€| Ul uoissaiboid aseasip pue axelul wnisselod Aievlg € I19VL

1011

Dietary potassium and chronic kidney disease progression



TABLE 4 Dietary potassium intake and mortality’

Study (reference)

Summary of results

Statistics as provided by the article

Araki et al. (20)

Higher potassium is beneficial; highest quartile had lowest all-cause mortality

HR (95% Cl): 0.71 (0.56, 0.90)

He et al. (23)

crossed 1

Leonberg-Yoo et
al. (25)

Nagata et al. (28)

Neutral; not associated with all-cause mortality; 95% Cl across all quartiles

Lower potassium is harmful; all-cause mortality average follow-up 19.2'y
(10.8-20.6 y); lower quartiles higher risk for mortality
Moderate potassium is beneficial; death—comparing reference category of

HR (95% Cl) Q4 vs. Q1:0.89 (0.64, 1.23)

HR (95% CI) Q1 vs. Q4: 1.71 (1.23,2.38)

HR (95% Cl): 0.36 (0.19, 0.70)

<15gt02.0-25gand2.5-3 g, lowest risk in higher quintiles

1Q, quartile or quintile.

etiologies and medication regimes while also distinguishing
between stages 3, 4, and 5.

Mortality, serum potassium concentrations, and dietary
potassium intake

In earlier stages of CKD, higher dietary potassium intake was
found to be associated with lower mortality rates (20, 28).
This may have occurred for 2 reasons. First, high-potassium
diets are beneficial for CVD, the main cause of mortality in
CKD. Second, as demonstrated in this review, in the early
stages, higher potassium intake is associated with a lower
rate of CKD disease progression, which, in and of itself, may

TABLE5 Dietary potassium intake and serum potassium
concentrations or hyperkalemia rate'

Study
(reference)

Araki et al. (20)

Hyperkalemia (>5.5

Serum potassium, mEq/L mmol/L)

Overall: 44 + 0.3 Not reported

Q1:43+04
02:434+03
Q3:44+03
Q4:44+04
Kim et al. (24) Overall: 46 + 0.6 Reported as rates, n (%)
Q1:47 £ 06 Overall: 160 (9)
Q2:46+06 Q1:52(12)
03:46+06 Q2:37(9)
Q4:46+0.5 Q3:3709
04:34(8)
Nagata et al. (28) Overall: 444 £ 037 Not reported
Q1:4314+039
Q2:442 4+ 036
03:4.48 £0.39
Q4:4.50 +£ 037
Q5:451 +£0.31

Smyth et al. (30) Not reported OR: 1.16 (0.99-1.36) in high
vs. low potassium intake

adjusted for known risk

factors including age, sex,

ethnicity, 6-wk eGFR,
run-in urine albumin
creatinine ratio, diabetes,
BMI, smoking, use of
on-study
renin-angiotension
aldosterone system
blockade, diuretic use,
and sodium excretion

TeGFR, estimated glomerular filtration rate; Q, quartile or quintile.
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improve mortality rates. In late CKD, none of the results
suggest that lower potassium intake is associated with lower
mortality risk. Theoretically, given that hyperkalemia rates
increase in later stages of CKD (13) and that hyperkalemia
is associated with an increase in mortality (12) one could
have expected to see higher potassium intake associated
with higher mortality, although this was not found in this
systematic review.

Another interesting finding is that, despite hyperkalemia
being a concern for CKD patients, of the studies included
in this review only 4 reported either serum potassium
concentrations or hyperkalemia rates across the quartiles
of dietary potassium intake. All 4 studies (20, 24, 28, 30)
reported no association between potassium intake and
serum potassium concentrations or hyperkalemia rates.
However, understanding these results is challenging; none
of the studies included information on whether additional
medications to manage serum potassium concentrations
were used, such as potassium-wasting diuretics or
sodium polystyrene sulfonate in the different quartiles.
Additionally, it is unknown if patients who presented
with hyperkalemia were counseled to lower their dietary
potassium, such that serum potassium concentrations
normalized.

Considerations in evaluating the evidence

Another finding from this systematic review is how much
potassium CKD patients are consuming (Tables 2 and 3).
The highest quartiles/quintiles reported intake in the
3000-mg range, which falls within the potassium-restricted
diet definition provided by KDOQI. Aside from potential
limitations of methodology, which are discussed in detail
below, this finding highlights several unknown factors about
these patients. First, it is unknown if patients who were
included in this review were already following potassium-
restricted diets. Second, even if patients were consuming
potassium ad libitum, potassium intake may be impacted if
they were following other dietary restrictions, such as low
protein, low sodium, and/or low phosphorus, which are all
components of diet therapy to protect kidney health (17).
Additionally, as none of the authors commented on overall
nutritional status, it is possible that better overall nutritional
intake and lower rates of malnutrition in the top quartile for
potassium intake contributed to the beneficial effects seen in



the higher quartiles. Thus, this lack of information may limit
the interpretation of these results.

Underestimation of potassium intake from the urine
samples or diet tools may also be a factor. For studies using
urine samples, consideration of potassium bioavailability
may be important. Naismith and Braschi (37) published
a review of 3 trials comparing the results of 24-h urine
collections with known dietary potassium intake data. In
their analysis, potassium recovery from a diet high in
whole fruits and vegetables was only 76.8%, while potassium
recovery from a diet high in animal foods and processed
fruits and vegetables was 96.3% (37). Urinary potassium
recovery from additives in processed food is 90% (38). For
studies using diet recalls, one consideration is how changes in
food regulations impact the amount of potassium additives
in processed foods. As food manufacturers change recipes
and increase potassium in processed foods, databases may
not be keeping pace. This was documented in 2018 by Parpia
et al. (39), who analyzed 91 meat, fish, and poultry products
and compared them with the potassium content listed in
the Canadian Nutrient File (whose main data source is the
USDA). In their sample, 40% of analyzed items had >2
SDs from the mean differences for the posted potassium
content (39). However, underestimation alone is not likely
the sole cause of the low reported potassium intake. Data
from the NHANES 2009-2010, which used dietary recalls,
reported that mean potassium intake among American men
and women was 3172 mg and 2408 mg, respectively (40),
which is higher than the potassium intake reported in the
CKD cohorts of this review.

Strengths and limitations of the study

A strength of this review was the rigorous searching
method in reviewing the literature. However, all the studies
performed on the topic to date are cohort studies where
cause-and-effect relations cannot be established. Therefore,
there is an urgent need for well-controlled intervention trials
to determine the optimal amount of potassium intake to
recommend to CKD patients. The low number of studies and
the lack of intervention trials is surprising considering that
dietary potassium restriction recommendations are universal
in all guidelines on nutrition and kidney disease. Another
strength is the average length of follow-up in these studies,
with 9 of the 11 studies following patients for a mean of 5-
11y (20, 22-28, 30). Given the slowly progressing nature of
CKD, trials lasting many years are required to understand
how dietary potassium exposure impacts the progression of
the disease.

A significant limitation of the studies conducted in this
area is that the majority of studies used a single sample
of urine to estimate potassium intake at baseline to assign
potassium quartiles for disease progression follow-up (20-
22, 24, 28, 30). In 2018, Engberink et al. (41) examined
541 participants who had repeated 24-h urine collections.
They found that 43% of participants changed tertiles for
potassium excretion when their baseline and follow-up data
were compared and concluded that one 24-h urine collection

was not sufficient to understand long-term dietary intake
and disease risk (41). In this review, the studies that used
repeated urine potassium measures (23, 25, 26), reported
different results [for early-stage CKD, neutral (26); for later-
stage CKD, 1 beneficial (25) and 1 harmful (23)], which may
suggest that the assessment methods were not the sole cause
of variability.

Two of the 11 studies used dietary recalls to estimate
potassium intake, Mun et al. (27) and Sharma et al. (29). Mun
etal. (27) used a 106-question food-frequency questionnaire
(FFQ). Sharma et al. (29), reporting on NHANES, used
a 24-h diet recall completed with each participant twice.
Validation of diet recalls for potassium was reviewed in
2015 by Freedman et al. (42). In their review, they reported
good concordance rates between the FFQ and 24-h diet
recall and 24-h urine potassium excretions in the general
population, with underreporting rates of 5-6% and 0-4%,
respectively. Results from both studies using dietary recalls
suggest a beneficial effect of higher potassium intake and
CKD progression (42). However, as validation is done against
a single biomarker of urine, it is important to consider the
limitations of the biomarker at assessing intake as well.

Another limitation is how to fully adjust for physiological
changes in potassium handling at later stages of CKD.
In 2016, Ueda et al. (43) studied how urinary potassium
excretion changes across stage 1-5 CKD. In their results,
decreased urinary potassium excretion started in stage 3b
CKD (eGFR <45 mL - min~' - 1.73 m~2) and further
decreased with increasing CKD stage, reaching a maximum
decrease of 25 mEq/d or 1000 mg/d (43). While all the
statistical models corrected for GFR differences across the
quartiles, it would be impossible to fully correct the change
that occurs with decreased potassium excretion as a result
of reduced kidney function. Although 3 studies documented
collecting dietary intake in their cohorts (21, 23, 25), none
of them considered nutritional data in their model. In the
CKD population, there would be an inherent strength in
using both diet intake and urine excretion data to ensure that
potassium intake was accurately estimated. Ideally, a well-
designed diet intervention trial in CKD patients is needed
to provide insight into dietary potassium intake and disease
progression.

Although no intervention trials have directly assessed
potassium intake and disease progression, 2 feeding tri-
als investigating high-potassium diets in CKD have been
conducted. In 1 study, acidosis was the outcome, and in
the other study, blood pressure was the outcome (44, 45).
Tyson et al. (44) investigated the Dietary Approaches to Stop
Hypertension (DASH) diet, providing 4700 mg of potassium
to moderate-stage CKD patients and found very little changes
in serum potassium concentrations. Goraya et al. (45)
significantly increased fruits and vegetable consumption
(including high-potassium fruits and vegetables such as
bananas and potatoes) in the diet of stage 4 CKD patients to
correct metabolic acidosis and reported minimal impact on
serum potassium concentrations. There is also an ongoing
trial using potassium supplements in CKD (46) to examine
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renal outcomes. Results of this study are not yet reported;
however, pending their findings of serum concentrations,
this may also help establish safety protocols. Therefore, while
high-potassium diets may pose some risk of hyperkalemia,
preliminary evidence suggests that the risk of hyperkalemia
may be low with a high-potassium diet. Yet, studies aiming at
determining the ideal potassium intake in different stages of
CKD are required.

Conclusions

The ideal amount of dietary potassium intake for patients
with CKD at different stages of the disease is unknown.
Due to the risk of hyperkalemia in this population, dietary
potassium intake is often restricted. In early stages of CKD,
higher potassium intake appears to be protective against
disease progression, while in late stages, results are unclear.
Important considerations that prevent firm conclusion are
as follows: I) the overall low range of dietary potassium
intake, with all studies reporting an average intake below
the 2004 KDOQI guidelines, and 2) the method used to
assess potassium intake in most studies (i.e., urine) in late
stages of CKD. Therefore, well-designed intervention feeding
trials are required in different stages of CKD using multiple
approaches to accurately assess dietary potassium intake
while also following renal function over time to understand
the cause-and-effect relation between potassium intake and
CKD progression.
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