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Urinary Potassium Excretion and Renal and
Cardiovascular Complications in Patients with
Type 2 Diabetes and Normal Renal Function

Shin-ichi Araki,* Masakazu Haneda,† Daisuke Koya,‡ Keiko Kondo,§ Sachiko Tanaka,| Hisatomi Arima,¶ Shinji Kume,*
Jun Nakazawa,* Masami Chin-Kanasaki,* Satoshi Ugi,* Hiromichi Kawai,* Hisazumi Araki,* Takashi Uzu,*
and Hiroshi Maegawa*

Abstract
Background and objectivesWe investigated the association of urinary potassium and sodium excretion with the
incidence of renal failure and cardiovascular disease in patients with type 2 diabetes.

Design, setting, participants, &measurementsAtotal of 623 Japanese type 2diabetic patientswith eGFR$60ml/min
per 1.73 m2 were enrolled in this observational follow-up study between 1996 and 2003 and followed-up
until 2013. At baseline, a 24-hour urine sample was collected to estimate urinary potassium and sodium
excretion. The primary end point was renal and cardiovascular events (RRT, myocardial infarction, angina
pectoris, stroke, andperipheral vascular disease). The secondary renal endpointswere the incidence of a 50%decline
in eGFR, progression to CKD stage 4 (eGFR,30 ml/min per 1.73 m2), and the annual decline rate in eGFR.

Results During the 11-year median follow-up period, 134 primary end points occurred. Higher urinary
potassium excretionwas associatedwith lower risk of the primary end point, whereas urinary sodium excretion
was not. The adjusted hazard ratios for the primary end point in Cox proportional hazards analysis were
0.56 (95% confidence interval [95% CI], 0.33 to 0.95) in the third quartile of urinary potassium excretion (2.33–
2.90 g/d) and 0.33 (95% CI, 0.18 to 0.62) in the fourth quartile (.2.90 g/d) compared with the lowest quartile
(,1.72 g/d). Similar associations were observed for the secondary renal end points. The annual decline rate
in eGFR in the fourth quartile of urinary potassium excretion (–1.3 ml/min per 1.73 m2/y; 95% CI, –1.5 to –1.0)
was significantly slower than those in the first quartile (–2.2; 95% CI, –2.4 to –1.8).

Conclusions Higher urinary potassium excretion was associated with the slower decline of renal function and
the lower incidence of cardiovascular complications in type 2 diabetic patients with normal renal function.
Interventional trials are necessary to determine whether increasing dietary potassium is beneficial.

Clin J Am Soc Nephrol 10: 2152–2158, 2015. doi: 10.2215/CJN.00980115

Introduction
Patients with type 2 diabetes mellitus are at a high risk
for progression to ESRD and incidence of CVD, both of
which are life-threatening complications of diabetes (1).
Hyperglycemia, hypertension, and dyslipidemia are
well recognized as conventional risk factors for ESRD
and CVD, and their intensive management could re-
duce the risk for these complications in patients with
type 2 diabetes (2,3). Despite these efforts, however,
numerous patients still suffer from these disorders,
which emphasizes that additional therapeutic targets
should urgently be explored.

In terms of lifestyle interventions of diabetes care,
clinical guidelines recommend a restriction in total
energy intake and an appropriate intake of specific
nutrients (1,4). In particular, reducing dietary sodium
intake for patients with diabetes, and the general pop-
ulation, has been recommended to prevent renal dys-
function, CVD onset, and premature death (5–7).

However, findings from observational studies evaluat-
ing the association between sodium intake and mortal-
ity have been conflicting (8,9). High potassium intake is
also recommended for most of the population who do
not have impaired renal handling of potassium as a
measure to prevent and control hypertension and
stroke (10). However, there were few reports regarding
the effect of potassium intake on preventing renal func-
tion and CVD onset in patients with diabetes. There-
fore, we explored the association of urinary sodium and
potassium excretion, which closely correlates with their
intake amounts, with renal dysfunction and CVD onset
in patients with type 2 diabetes mellitus.

Materials and Methods
Study Population
This study is part of the ongoing Shiga Prospec-

tive Observational Follow-up Study, with the aims to
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explore novel biomarkers and genetic and clinical risk
factors for diabetic complication in Japanese patients with
diabetes (11–13). Participants in this study were enrolled
from among those with type 2 diabetes who registered in
our prospective cohort between 1996 and 2003. Patients
with an apparent history of CVD and those using any
diuretics were excluded from this study. After obtaining
written informed consent, each individual provided 24-
hour urine and fasting blood samples at baseline. The se-
rum and urine samples were immediately used to measure
all laboratory variables at the Shiga University of Medical
Science Hospital. Hemoglobin A1c (HbA1c) levels were
presented as National Glycohemoglobin Standardization
Program values, according to the recommendations of
the Japanese Diabetes Society (14). Serum and urinary con-
centrations of creatinine were measured via an enzymatic
method. eGFR was calculated using the simplified predic-
tion equation proposed by the Japanese Society of Nephrol-
ogy (15). In this study, patients with eGFR$60 ml/min per
1.73 m2 were eligible because patients with eGFR,60 ml/min
per 1.73 m2 may have already received education about
dietary therapy, including restricting potassium and so-
dium intake. Finally, 623 patients with eGFR$60 ml/min
per 1.73 m2 were enrolled and followed-up until the end
of 2013 or the occurrence of the primary end point. Dur-
ing the follow-up, the participants had an annual medical
examination, and we checked their medical records to
identify the onset of primary end points at each year.
All patients continuously received appropriate diabetes
care and education, including diabetes dietary advice
during the follow-up period. This study was conducted
with adherence to the Declaration of Helsinki. The study
protocol and informed consent procedure were approved
by the Ethics Committee of Shiga University of Medical
Science.

Follow-Up Evaluation
The primary end point was the first occurrence of any of

the renal and cardiovascular events, which were as follows:
initiation of RRT for chronic renal failure and the occur-
rence of myocardial infarction, angina pectoris, stroke,
peripheral vascular disease (PAD), and death from cardio-
vascular causes (13). Myocardial infarction was defined
as a clinical presentation characterized by angiographic
evidence of coronary thrombosis. Angina pectoris was de-
fined as the presence of responsible lesions detected by
imaging studies. Stroke, including ischemic stroke and ce-
rebral hemorrhage, was defined as a persistent focal neu-
rologic symptom, not caused by trauma or a tumor, and
where the responsible lesion was detected by imaging
studies. PAD was defined as revascularization with typical
symptoms, such as cold feet or intermittent claudication.
In fatalities, the medical record was reviewed to identify
the cause of death. If the cause of death was unclear, it was
not counted as a death as caused by cardiovascular events.
In evaluating the secondary outcomes, we separately

assessed CVD events and renal secondary outcomes. In
regard to secondary renal outcomes, we assessed two
categorical outcomes, a 50% decline in eGFR from baseline
and the progression to CKD stage 4 (eGFR,30 ml/min/
1.73 m2), and one outcome as a continuous variable, the
annual rate of decline in eGFR over the study period. In

the analysis of secondary renal outcomes, only data mea-
sured at annual medical examination were used, but the
data after the onset of the primary end point were ex-
cluded because the onset of these disorders may influence
renal function.

Statistical Analysis
Data are expressed as mean6SD or median (interquartile

range), where appropriate. In comparing the two groups,
the chi-squared test was applied for categorical variables,
whereas the unpaired t test was used for normally distrib-
uted variables and the Mann–Whitney U test was used for
variables with skewed distributions. Statistical significance
of the differences among quartile subgroups was deter-
mined using a chi-squared test for categorical variables
and ANOVA followed by the Tukey–Kramer test or the
Kruskal–Wallis test. The incidence rate per 1000 person
years for each outcome was calculated. In this study, we
analyzed urinary sodium and potassium excretion at base-
line as both quartile categories and continuous variables
(grams per day). The hazard ratio (HR) for each outcome
was evaluated by using a Cox proportional hazards re-
gression model. The follow-up time was censored if any
primary end point occurred or if the patient was unavail-
able for follow-up. In this analysis, the adjusted cardiovas-
cular risk factors were age, sex, body mass index (BMI),
HbA1c, total cholesterol, triglycerides, HDL-cholesterol,
LDL-cholesterol, systolic BP, use of renin-angiotensin sys-
tem (RAS) inhibitors, hypertension, current smoking, uri-
nary albumin excretion rate (UAER), and eGFR at baseline.
Non-normally distributed variables were log-transformed
and used in the analysis. Hypertension was defined as
BP$140/90 mmHg or on the use of antihypertensive
drugs. Obesity was defined as BMI$30 kg/m2. The cumu-
lative incidences were estimated by using the Kaplan–
Meier method and were compared with the log-rank
test. The linear mixed models were used to estimate the
annual rate of decline in eGFR and the change in urinary
potassium and sodium excretions over time and to com-
pare each difference between groups.
In the sensitivity analysis, we evaluated the association

of urinary potassium excretion with the outcomes, in-
cluding the primary end points and all-cause mortality, to
examine the competing risk of urinary potassium excretion
with mortality versus the primary end points. In addition,
estimating the amount of sodium and potassium intake
from a single 24-hour urine collection has limitations.
During the follow-up, the data of urinary potassium and
sodium excretions in the 24-hour urine collection from a
median of 6 samples per participant (interquartile range: 3–
9) were available. In addition, the data of age, BMI,
HbA1c, total cholesterol, triglycerides, HDL-cholesterol,
LDL-cholesterol, systolic BP, use of RAS inhibitors, hyper-
tension, UAER, and eGFR were also available at the same
annual medical examination that 24-hour urinary samples
were measured (Supplemental Table 1). Using these vari-
ables measured during the follow-up, the associations be-
tween the primary end points and urinary potassium
excretion as the time-dependent covariate were investi-
gated with the use of the time-dependent Cox proportional
hazards model. This model was adjusted for baseline sex,
current smoking and time-dependent covariates during
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the follow-up, including age, BMI, HbA1c, total choles-
terol, triglycerides, HDL-cholesterol, LDL-cholesterol, sys-
tolic BP, use of RAS inhibitors, hypertension, UAER,
eGFR, and urinary sodium excretion. In this model, the
last observation carried forward was used when there
were missing covariates in the annual data. Pearson cor-
relation coefficient was used to analyze the correlation be-
tween the mean levels during the follow-up and baseline
levels of urinary potassium and sodium excretion.
All analyses were performed with IBM SPSS Statistics

(version 22; IBM, Armonk, NY) or SAS (version 9.4; SAS
Institute, Cary, NC) for the time-dependent Cox propor-
tional hazards model. A two-sided P value ,0.05 was con-
sidered statistically significant.

Results
The baseline characteristics of 623 patients, and two groups

stratified by the occurrence of any of the primary end points,
are presented in Table 1. During a 11-year median follow-up
(interquartile range: 8–16 years), 134 primary end points (19
patients presented with chronic hemodialysis, 48 patients
presented with myocardial infarction, 25 patients presented
with angina pectoris, 36 patients presented with stroke, and
six patients presented with PAD) occurred. The incidence

rate per 1000 person years of the primary end point was
19.1 in all participants (total: 7024 person years). Interest-
ingly, urinary potassium excretion in patients with the oc-
currence of any primary end points was significantly lower
than in those without it, whereas urinary sodium excretion
levels were not different between them.

Primary End Points
The clinical characteristics in patients stratified by the

quartile categories of urinary potassium excretion at
baseline are shown in Table 2. There was a gradient of
higher incidence of the primary end points among patients
in the lower quartiles of urinary potassium excretion (Fig-
ure 1) (P for trend=0.004). The adjusted risk for the pri-
mary end point was 0.56 (95% confidence interval [CI],
0.33 to 0.95) in the third quartile and 0.33 (95% CI, 0.18
to 0.62) in the fourth quartile when compared with the first
quartile (Table 3), respectively. On the other hand, the cu-
mulative incidence (P for trend=0.98) and adjusted HRs
(Table 3) of the primary end points were not different
among the quartile subgroups stratified by urinary sodium
excretion levels. There was no interaction between urinary
potassium and sodium excretions (P=0.42).
In the Cox proportional hazards model using continu-

ous variables, instead of quartile categories, there was a

Table 1. Baseline clinical characteristics of all patients with type 2 diabetes and of the two subgroups stratified according to the
occurrence of primary outcomes

Variable All
Primary End Point

P Valuea
None Occurrence

n 623 489 134
Male (%) 57.8 54.2 70.9 0.001
Age (yr) 59610 58610 62610 ,0.001
Body mass index (kg/m2) 23.563.3 23.463.3 23.963.3 0.07
Obesity, $30 kg/m2 (%) 4.5 4.1 6.0 0.35
Duration of diabetes (yr) 10 (5–16) 9 (4–16) 11 (7–18) 0.001
Diet/OHA/insulin (%) 23/54/23 26/54/20 10/57/33 ,0.001
HbA1c (%) 7.661.1 7.561.0 7.961.3 ,0.001
Total cholesterol (mg/dl) 214635 214636 213630 0.78
HDL-cholesterol (mg/dl) 55 (46–65) 56 (47–66) 52 (43–62) 0.03
LDL-cholesterol (mg/dl) 132631 133632 132629 0.65
Triglycerides (mg/dl) 100 (72–151) 96 (70–147) 112 (81–155) 0.02
Systolic BP (mmHg) 134618 132618 139618 ,0.001
Diastolic BP (mmHg) 77610 76610 78610 0.11
Hypertension (%) 46.9 41.7 65.7 ,0.001
Using RAS inhibitors (%) 15.4 13.7 21.6 0.02
Current smoking (%) 28.3 27.2 32.1 0.27
Urinary AER (mg/min) 12 (6–29) 10 (6–23) 23 (10–89) ,0.001
eGFR (ml/min per 1.73 m2) 89619 89619 84618 0.010
Urinary sodium excretion (g/d) 5.362.2 5.362.2 5.362.3 0.96
Urinary potassium excretion (g/d) 2.460.9 2.460.9 2.261.0 0.02
Urinary sodium to potassium ratio 4.161.6 3.961.6 4.461.7 0.006
Serum sodium (mEq/L) 14162 14162 14162 0.83
Serum potassium (mEq/L) 4.460.3 4.460.3 4.460.4 0.19

Data are expressed as mean6SD for normally distributed continuous variables, median (interquartile range) for skewed continuous
variables, or as otherwise indicated. OHA, oral hypoglycemic agent; HbA1c, hemoglobin A1c; RAS, renin-angiotensin system; AER,
albumin excretion rate.
aDifferences between the two subgroupswere comparedwith a chi-squared test for categorical variables, t test for normally distributed
continuous variables, and Mann–Whitney U test for skewed continuous variables.
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gradient of lower incidence of the primary end point in
patients with higher urinary potassium excretion (grams
per day) (adjusted HR, 0.69; 95% CI, 0.53 to 0.90), whereas
urinary sodium excretion (gram/day) was not associated
(adjusted HR, 1.01; 95% CI, 0.92 to 1.12). Higher urinary
sodium to potassium ratio was also significantly associated
with the higher risk for the primary end point (adjusted
HR, 1.11; 95% CI, 1.01 to 1.22).

Secondary Renal End Points
The adjusted HRs for the secondary renal categorical

outcomes were significantly lower in the highest quartile
subgroup (fourth quartile) of urinary potassium excretion
(Table 4). As well, the annual rate of decline in eGFR was
significantly different among the quartiles stratified by uri-
nary potassium excretion levels (Table 4).

Sensitivity Analysis
During follow-up, 26 patients without the primary end

points died. Higher urinary potassium excretion (grams
per day) was associated with a lower risk for the outcomes,
including the primary end points and all-cause mortality
(adjusted HR, 0.71; 95% CI, 0.56 to 0.90).
The urinary excretion levels of potassium (–0.02 g/d per y;

95% CI, –0.04 to –0.01) and sodium (–0.09 g/d per y;
95% CI, –0.11 to –0.07) gradually decreased over time;
however, the mean levels of urinary potassium or sodium
excretion during the follow-up were tightly correlated

with the respective baseline data (r=0.80, P,0.001 for uri-
nary potassium excretion and r=0.80, P,0.001 for urinary
sodium excretion). However, higher urinary potassium

Table 2. Baseline clinical characteristics of quartile subgroups stratified according to the levels of urinary potassium excretion

Variable
Quartiles of Urinary Potassium Excretion (g/d)

P Valuea
Q1 (,1.72) Q2 (1.72–2.32) Q3 (2.33–2.90) Q4 (.2.90)

n 156 156 156 155
Male (%) 46.2 51.3 64.1 69.7 ,0.001
Age (yr) 59612 59611 59610 5968 0.98
Body mass index (kg/m2) 23.463.5 23.663.6 23.263.0 23.763.1 0.58
Duration of diabetes (yr) 9 (4–16) 10 (6–16) 11 (5–18) 10 (5–17) 0.52
Diet/OHA/insulin (%) 24/50/26 21/58/21 20/56/24 25/54/21 0.25
HbA1c (%) 7.761.3 7.661.0 7.661.2 7.461.0 0.29
Total cholesterol (mg/dl) 211634 219632 216638 209634 0.04
HDL-cholesterol (mg/dl) 55 (47–65) 54 (47–64) 56 (46–66) 54 (45–66) 0.88
LDL-cholesterol (mg/dl) 129630 137630 134635 129629 0.07
Triglycerides (mg/dl) 106 (73–153) 103 (78–147) 101 (75–160) 93 (66–144) 0.41
Systolic BP (mmHg) 138619 135618 130618 132618 0.001
Diastolic BP (mmHg) 78610 77610 75611 77610 0.07
Hypertension (%) 58.3 51.9 37.2 40.0 ,0.001
Using RAS inhibitors (%) 20.0 17.3 11.5 19.9 0.15
Current smoking (%) 26.9 28.2 30.1 27.7 0.94
Urinary AER (mg/min) 11 (5–28) 11 (6–24) 12 (6–35) 13 (7–37) 0.17
eGFR (ml/min per 1.73 m2) 89622 89619 87616 87616 0.44
Urinary sodium excretion (g/d) 3.761.6 5.061.7 5.761.8 6.962.3 ,0.001
Urinary potassium excretion (g/d) 1.460.3 2.060.2 2.660.2 3.660.6 ,0.001
Urinary sodium to potassium ratio 4.862.1 4.261.5 3.861.2 3.361.1 ,0.001
Serum sodium (mEq/L) 14162 14162 14162 14062 0.54
Serum potassium (mEq/L) 4.360.4 4.360.3 4.460.3 4.460.4 0.001

Data are expressed as mean6SD for normally distributed continuous variables, median (interquartile range) for skewed continuous
variables, or as otherwise indicated. Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile; OHA, oral
hypoglycemic agent; HbA1c, hemoglobin A1c; RAS, renin-angiotensin system; AER, albumin excretion rate.
aDifferencesbetweenquartile subgroupswere comparedwitha chi-squared test for categorical variables andANOVAfor continuousvariables.

Figure 1. | Kaplan–Meier curves for cumulative incidences of primary
end points in the quartile subgroups stratified by urinary potassium
excretion. Short dashed line represents Q1 (,1.72 g/d); short dashed/
dotted line represents Q2 (1.72–2.32 g/d); long dashed line represents
Q3 (2.33–2.90 g/d); and solid line represents Q4 (.2.90 g/d). Differ-
ences amonggroupswerecomparedbya log-rank test.Q1,first quartile;
Q2, second quartile; Q3, third quartile; Q4, fourth quartile.
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excretion (grams per day) as the time-dependent covariate
was similarly associated with the lower risk for the primary
end point (adjusted HR, 0.64; 95% CI, 0.49 to 0.84) in the
time-dependent Cox proportional hazards model, whereas
the urinary sodium excretion (grams per day) was not (ad-
justed HR, 1.01; 95% CI, 0.89 to 1.13).

Discussion
This study demonstrated that the higher urinary potas-

sium excretion, but not urinary sodium excretion, was
associated with the lower risk for renal dysfunction and
incidence of cardiovascular complications in type 2 di-
abetic patients with normal renal function. In clinical
practice of diabetes care, reducing energy intake while
maintaining a healthful eating pattern is recommended.
This may result in reduced potassium intake. Therefore,
our study suggests an increase of potassium intake, with
restricting total energy, may be recommended to prevent
renal and cardiovascular complications in patients with
diabetes.
Recently, urinary potassium excretion and the urinary

sodium to potassium ratio, rather than urinary sodium
excretion, have been reported to have an association with
mortality and CVD onset in the nondiabetic population
(16–18). More recently, a large, international, prospective
cohort study including .100,000 participants, only 9.1% of
whom were diabetes, reported an estimated high potas-
sium intake was associated with a lower risk of death
and cardiovascular outcomes (19). Smyth et al. also reported
urinary potassium excretion, but not urinary sodium excre-
tion, predicted the progression to CKD stage 4 or chronic
dialysis in a post hoc analysis of the ongoing telmisartan
alone and in combination with ramipril global endpoint
trial and telmistartan randomized assessment study in
ACE intolerant subjects with cardiovascular disease
studies (20). Our findings in patients with diabetes are
consistent with these previous results. Taken together,
these results suggest the high potassium intake may be a
clinically beneficial measure for the decline of renal
function and the incidence of CVD in individuals with
normal renal function, regardless of the coexistence of
diabetes.
In diabetes care, the restriction of total energy intake

receives the most attention. In addition, restricting salt
intake is also recommended in patients with diabetes,
especially for individuals with hypertension (1,4,21). With
these dietary restrictions for patients with diabetes, the in-
take of other nutrients, including potassium, which has a
beneficial effect against renal and cardiovascular risk,
tends to reduce in parallel. In fact, potassium and sodium
urinary excretion levels correlated with each other in this
study. This may be a plausible explanation for why some
cohort studies, especially in patients with diabetes, have
not shown the renal and cardiovascular benefits of low
sodium intake (7,8).
What might be the underlying mechanism by which the

high urinary potassium excretion is associated with the low
risk for renal and cardiovascular outcomes in patients with
type 2 diabetes mellitus? High urinary potassium excre-
tion is reported to be associated with low BP (22,23). In
this study, the higher quartile subgroups showed lower
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systolic BP than the lower quartile subgroup. This result
suggests that the beneficial effect of higher urinary potas-
sium excretion on renal and cardiovascular outcomes is
attributed to the BP-lowering effect of potassium. Addi-
tionally, the high urinary potassium excretion may be as-
sociated with other factors or direct effects on the renal
and cardiovascular systems, which may be independent
of, but additive to, its effect on BP (24) because this asso-
ciation was observed even after adjusting systolic BP and
hypertension. High urinary potassium excretion is gener-
ally recognized as correlating with consuming high
amounts of potassium-rich food items, such as fresh veg-
etables and fruits. These foods are known to have antiox-
idant and anti-inflammatory effects (25–27). In addition, a
high potassium intake is reported to increase endothelium-
dependent nitric oxide production and decrease salt-
induced TGF-b production (28). These high potassium
intake effects may encourage vascular protection against
atherosclerosis, which might result in preventing renal and
cardiovascular complications. However, we did not have
any information regarding other dietary and lifestyle fac-
tors, which may influence urinary potassium excretion. In
addition, our study design was not adequate to address
the possibilities as to whether this association is indepen-
dent of its effect on BP. Further studies are required to
elucidate the mechanisms by which the higher urinary po-
tassium excretion is associated with the lower risk for re-
nal dysfunction and cardiovascular disease.
There are some limitations to this study that must be

addressed. Our study was designed as an observational
follow-up study and not an intervention trial; therefore, we
were not able to assess causality. Further, the main data in
this study were from a single urine collection at baseline;
however, all data on urinary potassium excretionmeasured
during the follow-up as the time-dependent covariate were
also analyzed with the use of the time-dependent Cox
proportional hazards model, and its beneficial association
was similar with the two methods. During the long-term
follow-up period, the therapeutic strategy in diabetes

management changed, and several new drugs were in-
troduced in this field. For example, the prescription rate of
RAS inhibitors at baseline, mainly in the late 1990s, was
only 15%, but it is now .40%. These drugs may have re-
duced the number of patients that progress to ESRD and
experience the onset of CVD. In addition, some patients
have newly added some medicines, including diuretics,
during the follow-up; this would affect the levels of uri-
nary potassium and sodium excretion. The dietary therapy
used, including the restriction of potassium and salt in-
take, could be changed according to the progression of
diabetic nephropathy or increased risk for CVD. However,
these were not reflected in this analysis. Further, this study
enrolled only Japanese patients from a single center, who
tend to have a higher salt intake than whites (29). Some
clinical characteristics in our population were somewhat
different from typical white patients with type 2 diabetes,
such as lower prevalence of obesity and hypertension.
Therefore, we need to confirm the findings of this study
in other ethnic groups.
In conclusion, higher levels of urinary potassium excretion

are associated with a lower risk for renal and cardiovascular
complications in type 2 diabetic patients with normal renal
function. Interventional clinical trials are necessary to de-
termine whether increasing dietary potassium is beneficial
for these complications.
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Table 4. Adjusted hazard ratios for secondary end points and annual decline rate in eGFR in quartile subgroups stratified according to
the levels of urinary potassium excretion

Secondary End Points
Quartiles of Urinary Potassium Excretion (g/d)

Q1 (,1.72) Q2 (1.72–2.32) Q3 (2.33–2.90) Q4 (.2.90)

CVD events (n=115)a 1 (Reference) 0.82 (0.50 to 1.34) 0.69 (0.40 to 1.19) 0.42 (0.22 to 0.81)
50% decline in
eGFR (n=68)a

1 (Reference) 0.78 (0.40 to 1.51) 0.71 (0.35 to 1.43) 0.24 (0.08 to 0.70)

Progression to CKD
stage 4 (n=32)a

1 (Reference) 0.69 (0.25 to 1.92) 0.50 (0.18 to 1.40) 0.08 (0.01 to 0.50)

Annual decline rate in
eGFRb

22.2 (22.4 to 21.8) 21.9 (22.0 to 21.8) 21.7 (22.0 to 21.5) 21.3c (21.5 to 21.0)

CVD, cardiovascular disease; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile.
aValues are adjusted hazard ratios (95% confidence intervals). Hazard ratios are adjusted for the baseline data, including age, sex, body
mass index, hemoglobin A1c, total cholesterol, log triglyceride, log HDL-cholesterol, LDL-cholesterol, systolic BP, renin-angiotensin
system inhibitor, hypertension, log urinary albumin excretion rate, eGFR, current smoking, and urinary sodium excretion, in the Cox
proportional regression analysis.
bData are expressed as ml/min per 1.73 m2 per year (95% confidence intervals).
cP,0.01 versus Q1 and Q2.
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