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Poor accordance to a DASH dietary pattern is associated with
higher risk of ESRD among adults with moderate chronic kidney
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Abstract

The Dietary Approaches to Stop Hypertension (DASH) diet lowers blood pressure, an important
risk factor for chronic kidney disease (CKD) and end-stage renal disease (ESRD). However, it is
unclear whether adherence to a DASH diet confers protection against future ESRD, especially
among those with pre-existing CKD and hypertension. We examined whether a DASH diet is
associated with lower risk of ESRD among 1,110 adults aged = 20 years with hypertension and
CKD (estimated glomerular filtration rate, eGFR 30-59 ml/min/1.73 m2) enrolled in the National
Health and Nutrition Examination Survey (1988-1994). Baseline DASH diet accordance score
was assessed using a 24-hour dietary recall questionnaire. ESRD was ascertained by linkage to the
U.S. Renal Data System registry. We used the Fine-Gray competing risks method to estimate the
relative hazard (RH) for ESRD after adjusting for sociodemographics, clinical and nutritional
factors, eGFR, and albuminuria. Over a median follow-up of 7.8 years, 18.4% of subjects
developed ESRD. Compared to the highest quintile of DASH diet accordance, there was a greater
risk of ESRD among subjects in quintiles 1 (RH[1.7; 95% CI 1.1-2.7) and 2 (RH 2.2; 95% CI 1.1-
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4.1). Significant interactions were observed with diabetes status and race/ethnicity, with the
strongest association between DASH diet adherence and ESRD risk observed in individuals with
diabetes and in non-Hispanic blacks. Low accordance to a DASH diet is associated with greater
risk of ESRD in adults with moderate CKD and hypertension, particularly in non-Hispanic blacks
and persons with diabetes.

Keywords

CKD:; diet; diabetes; ESRD

RESULTS

The constituents of one’s diet may confer important health benefits, especially among those
with chronic medical conditions. For patients with chronic kidney disease (CKD), estimated
to affect more than 20 million Americans,! dietary approaches to prevent or slow the
progression of CKD are of major interest and potential public health importance. Studies
have suggested that unhealthy dietary patterns may contribute to kidney injury and disease
progression.2~* These consequences may in turn lead to further metabolic derangements and
further deterioration in kidney function that may amplify the risks of cardiovascular
diseases, disability, and mortality.>8

The Dietary Approaches to Stop Hypertension (DASH) diet, a dietary pattern rich in fruits
and vegetables, has been proven to be effective in reducing blood pressure (BP), which is a
primary risk factor for heart disease and stroke. Randomized controlled clinical trials have
demonstrated the clinical efficacy of the DASH diet in lowering BP in high-risk individuals.
910 Although hypertension is a major risk factor for CKD, few studies have examined the
association between a DASH dietary pattern and the risk of CKD progression. A study by
Lin et a/11 found that adherence to a DASH-type dietary pattern was associated with lower
odds of estimated glomerular filtration rate (eGFR) decline among older white women,
suggesting a potential benefit. Furthermore, observations by Goraya et a/12:13 provide
additional support for the hypothesis that diets with high fruit and vegetable components
have favorable effects in patients with early and advanced CKD. However, current CKD
guidelines do not recommend routine adoption of the DASH diet by patients with moderate
kidney disease, likely because the nutritional profile provides higher quantities of
potassium, calcium, phosphorus, and protein than is recommended for patients with CKD
stages 3 to 4. One might speculate that perhaps adults with hypertension and moderate
impairment of kidney function could safely benefit from diets that improve BP without
adverse consequences. Therefore, we undertook this study to examine the association of a
DASH dietary pattern on risk of end-stage renal disease (ESRD) in adults with moderate
CKD and hypertension.

Baseline characteristics

Among adults aged =20 years with moderate CKD (stage 3, defined as eGFR between 30
and 59 ml/min per 1.73 m? calculated using the Modification of Diet in Renal Disease
[MDRD] study equation®) and hypertension, who did not have missing data on dietary
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intake and were not pregnant, the mean age was 70.2 years. The median DASH diet
accordance score, calculated using the method by Mellen et a/., 18 was 3.5 of a possible 9
(25th—75th percentile, 2.0-4.0). Adults in the higher quintiles of DASH diet accordance
were more likely to be older, women, and have a higher body mass index (BMI) than those
in the lower DASH quintiles (all £< 0.05) (Table 1).

DASH diet adherence and risk of ESRD

Among adults with moderate CKD and hypertension, 18.4% developed ESRD over 14.7
years (median follow-up, 7.8 years; interquartile range, 4.7-12.4). The percent of ESRD
events by DASH diet accordance was 24.5% (quintilel), 26.2% (quintile 2), 18.7% (quintile
3), 16.5% (quintile4), and 15.9% (quintile 5) (Table 1). The unadjusted analysis showed a
higher risk of ESRD in people with lower accordance scores compared with those with the
greatest accordance score (quintile 5): relative hazard (RH), 2.6 (95% confidence interval,
1.9-3.8) for quintile 1; 2.1 (95% Cl, 1.3-3.3) for quintile 2; 1.7 (95% Cl, 1.1-2.4) for
quintile 3, and 1.2 (95% ClI, 0.7-1.8) for quintile 4 (Figure 1). Results were similar after
adjustment for demographics (age, gender, race/ethnicity), socioeconomic position (SEP),
diabetes, systolic BP, serum potassium, total caloric intake, BMI, eGFR, and albumin-to-
creatinine ratio (ACR): RH 1.7 (95% Cl, 1.1-2.7) for quintile 1, 2.2 (95% Cl, 1.1-4.1) for
quintile 2, 1.15 (95% CI, 0.6-1.8) for quintile 3, and 1.1 (95% CI, 0.7-1.7) for quintile 4 (P
for trend 0.04; Figure 1). Further adjustment for the use of angiotensin-converting enzyme/
angiotensin-receptor blocker medication did not change the estimates for the association
between DASH accordance score and ESRD (results not shown). The association between
the individual nutrients of the DASH diet and risk of ESRD are presented in Supplementary
Table S1.

Mediation analysis

On performing analyses, to examine mediating factors for the risk, the estimates were
attenuated and the statistical significance was lost in the quintiles with respect to the highest
quintile when dietary potassium and magnesium intake were added to the full model. In case
of dietary potassium intake with respect to the highest quintile, RHs for the subsequent
quintiles were 0.7 (95% CI, 0.4-1.11) for quintile 1; 0.6 (95% CI, 0.3-1.1) for quintile 2;0.4
(95% Cl, 0.2-0.7) for quintile 3; and 0.2 (95% CI, 0.1-0.4) for quintile 4. In case of dietary
magnesium intake RHSs for the subsequent quintiles were 0.7 (95% Cl, 0.4-1.2) for quintile
1,0.9 (95% CI, 0.5-1.8) for quintile 2, 0.3 (95% ClI, 0.1-0.6) for quintile 3, and 0.2 (95% ClI,
0.1-0.4) for quintile 4. On adding dietary acid load (DAL), estimated by using a model by
Remer and Manz,1” and dietary protein to the full model a partial mediation was noted: RH
1.3 (95% ClI, 0.8-2.0) for quintile 1,1.4 (95% CI, 0.7-2.7) for quintile 2; 0.8 (95% CI, 0.5-
1.5) for quintile 3, and 0.7 (95% Cl, 0.4-1.2) for quintile 4 for DAL and 1.2 (95% CI, 0.8—
1.9) for quintile 1, 1.3 (95% CI, 0.6-2.5) for quintile 2, 0.9 (95% CI, 0.5-1.7) for quintile 3,
and 1.1 (95% CI,0.7-1.8) for quintile 4 in case of dietary protein (Supplementary Table S2).

There was effect modification by diabetes status for the relation between DASH score
quintile and ESRD (Pinteraction < 0.001). Effect modification by race/ethnicity for the
relation between DASH score quintile and ESRD was particularly evident when non-
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Hispanic blacks (NHBs) and non-Hispanic whites (NHWSs) were compared (P interaction =
0.02).

Subgroup analyses

For NHBs, DASH accordance score in quintile 1 was significantly associated with greater
risk of ESRD compared with quintile 5 (RH 1.7 [95% Cl, 1.1-2.8]). Among NHWs we did
not observe a significant association between DASH diet accordance score and risk of ESRD
after adjustment for the confounders, although a significant trend was noted (Ptrend = 0.01;
Figure 2a). Analysis stratified by diabetes status showed a higher risk of ESRD with lower
accordance among adults with diabetes (RH 3.5 [95% CI, 1.7-6.5] for quintile 1 and 3.1
[95% CI, 1.3-5.3] for quintile 2) compared with their counterparts in quintile 5 (Figure 2b).
Among those without diabetes, risk of ESRD among adults with lower accordance was
generally not significant.

Sensitivity analyses

Adjustment for smoking and physical activity.—The relationship between DASH
accordance score and risk of ESRD appeared to be stronger on adjusting the model further
for smoking and physical activity. Compared with quintile 5, the RH for the quintiles were
1.76 (95% Cl, 1.10-2.81) for quintile 1, 2.73 (95% ClI, 1.34-5.57) for quintile 2, 1.79 (95%
Cl, 0.94-3.42) for quintile 3, and 1.90 (95% Cl, 0.79-3.47) for quintile 4.

GFR estimated using CKD Epidemiology Collaboration equation.—Of 977 adults
aged = 20 years with moderate CKD and hypertension in the National Health and Nutrition
Examination Survey (NHANES) I11 for whom baseline CKD was defined using the CKD
Epidemiology Collaboration equation,® 18.8% developed ESRD. The results from the fully
adjusted model showed similar risk of ESRD associated with the quintiles of DASH diet
accordance score (compared with quintile 5; RH 2.2 [95% CI, 1.5-3.2] for quintile 1, 1.5
[95% CI, 1.0-2.1] for quintile 2, 1.6 [95% CI, 0.9-3.0] for quintile 3, and 0.99 [95% ClI,
0.5-1.6] for quintile 4; Pfor trend = 0.002) to that estimated using the MDRD equation to
calculate baseline CKD status.

No CKD and no hypertension population.—When we examined the association of
the DASH diet accordance score with incident ESRD in adults without CKD and without
hypertension at baseline (n = 9202) we found1.1% of adults developed ESRD. Baseline
characteristics are presented in Supplementary Table S3. In the multivariable model adjusted
for demographics, SEP, diabetes, systolic BP, serum potassium, total caloric intake, BMI,
eGFR, and ACR, the RH for incident ESRD among adults who had a lower DASH diet
accordance score was 2.32 (95% ClI, 0.60-5.97) for quintile 1, 0.56 (95% CI, 0.20-1.56) for
quintile 2, 1.66 (95% CI, 0.40-4.87) for quintile 3, and 0.66 (95% CI, 0.35-1.69) for quintile
4 (Pfor trend = 0.15) when compared with those with a higher accordance.

DASH diet adherence and mortality.—In competing-risk analyses, results were no
longer significant if death was included as the end point in lieu of treatment as a competing
risk. The number of deaths observed in this cohort were 626. The RH for death in adults
with the lowest accordance was 1.07 (95% Cl, 0.84-1.35) for quintile 1, 0.89 (95% CI,0.65—
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1.23) for quintile 2, 0.87 (95% CI, 0.67-1.12) for quintile 3, and 0.80 (95% ClI, 0.62-1.04)
for quintile 4 (P for trend = 0.03) when compared with adults with CKD having the greatest
accordance.

DISCUSSION

In this nationally representative study we demonstrate for the first time a relationship
between low DASH dietary accordance rates and higher risks of ESRD among individuals
with pre-existing moderate CKD and hypertension. These findings suggest that adults with
moderate CKD and hypertension may derive clinical benefit from a DASH diet in reducing
the risk of CKD progression. In our study the mean age of the study population was
somewhat high, which reflects the average age of people with CKD measured by reduced
eGFR in the United States. Our observations not only extend the findings from cross-
sectional associations that have suggested a link between the DASH diet and lower odds of
CKD?9 but also suggest that the adoption of a DASH diet may be beneficial in reducing
future ESRD risk.

A striking observation is the magnitude of the RH associated with low accordance to a
DASH diet and risk of ESRD. Adults with moderate CKD as defined by the MDRD had an
almost 2-fold higher risk of developing ESRD compared with those who had the greatest
accordance score, even after controlling for covariates. The individual components of the
DASH accordance score may also have a considerable impact on the association of the
DASH accordance score with risk of ESRD. Our exploratory analysis supports dietary K and
Mg as strong mediators of the association between DASH accordance score and risk of
ESRD. Fruits and vegetables are rich in potassium and bicarbonate that may confer kidney
protective effects.1213 The increased level of dietary magnesium in the DASH accordance
score may lead to lower production of inflammatory and proatherogenic cytokines in
endothelial cells, a possible pathway to restore the kidney function.2%:21 Our findings also
suggest that DAL and dietary protein intake might be partial mediators for the association
between accordance to a DASH diet and risk of ESRD. The absolute RHs were slightly
attenuated when both DAL and dietary protein intake were added to the model.

Although recent literature supports diet as an important CKD-related death and progression
risk factor, few dietary studies in adults with CKD have investigated the association between
accordance to a DASH-like dietary pattern and progression of CKD, due to concerns about
its use in patients with CKD stages 3 to 4 (eGFR 15-59 ml/min).14 In contrast to the
potential harm of following a DASH diet among patients with more severe CKD, the
findings from this study suggest a possible benefit associated with adhering to a DASH diet
in adults with moderate (stage 3) CKD and hypertension.

Race/ethnicity-stratified analyses showed that the benefit of adhering to a DASH-like diet is
more evident in NHBs than NHWs. This may be due to the few ESRD events for NHWs.
This disparity may also be related to socioeconomic barriers and cultural factors in eating
habits. Education, income, physical environment, language barriers, disability, immigrant
status, and residence (urban vs. rural) have all been shown to play roles in diet-related
disparities.22-25 For example, lack of access to grocery stores with fresh produce may result

Kidney Int. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Banerjee et al.

Page 6

in lower fruit and vegetable consumption, and the inability to communicate in English or
leave one’s home due to a disability can interfere with ability to comprehend and execute
complex health regimens and better disease self-management, thereby leading to
consumption of less healthy foods. We speculate that the racial/ethnic differences in the
association of dietary patterns and risk of ESRD may be due to genetic differences between
NHBs and NHWSs.26:27 Because of an upregulated intrarenal renin-angiotensinaldosterone
system in blacks,28 hypertensive blacks are more likely to have a greater increase in BP in
response to dietary sodium than whites. Low accordance to a DASH diet, being low in base-
inducing food such as in dietary K and Mg and high in acid-inducing food such as in dietary
protein, may result in metabolic acidosis, particularly in patients with CKD. This may
stimulate aldosterone secretion that has adverse hemodynamic effects and induces renal
fibrosis.28 Additionally, the high-risk apolipoprotein L1 alleles associated with CKD
progression are noted in African Americans, and these alleles may modify the relationship
between lower accordance to a DASH diet and CKD progression.2” Moreover, the DASH
diet is based on a defined set of food choices (rather than nutrients) that reflects a healthy
dietary choice, and the accordance score obscures the food constituents. This may explain
differences in the subgroups where there may be differing cuisine patterns. We believe
further studies are needed to explore the association of a DASH-type dietary pattern with
risk of ESRD in NHBs and NHWs.

In the stratified model we found higher levels of DASH diet accordance may lower the risk
of CKD progression to ESRD among adults with diabetes. The mechanism whereby the
DASH diet could reduce the risk of ESRD in adults with moderate CKD, hypertension, and
diabetes is unclear. Prior research has shown an association between high DAL and CKD
progression.? In industrialized society humans eat diets that are largely hydrogen ion (H*)
inducing, and continued ingestion of dietary H* might increase H* retention that in turn may
activate the renin-angiotensin system. As noted by Wesson et a/.,2? in subjects with
moderately reduced GFR, H* retention increases plasma levels of endothelin and
aldosterone and increases their urine excretion. Consequently, H* retention with increased
kidney endothelin and aldosterone production might contribute to progressive GFR decline
in subjects with moderately reduced GFR.2° Because the DASH diet is rich in fruits and
vegetables, it is likely to be high in dietary K and Mg and low in in Na, which is reflective of
lower DAL than a typical Western diet and hence the lower risk of ESRD that we noted in
our participants. Second, a diet low in base-inducing K and Mg will be higher in acid
precursors, characterized by lower adherence to the DASH diet, and may produce a state of
high endogenous acid production over time that may result in insulin resistance and
metabolic syndrome.30 Insulin resistance syndrome is accompanied by elevated uric acid,
endothelial dysfunction, and CKD progression.31-33 Because foods and nutrients are not
consumed in isolation, our data emphasize the importance of an overall healthy diet high in
dietary K and Mg and low in dietary protein and DAL that may lead to potential strategies
for slowing or preventing the risk of CKD progression among adults with diabetes.
Furthermore, the manipulation of macronutrients, including fat and carbohydrates, in DASH
diet may show additional benefits in slowing risk of CKD progression.

We found that DASH diet accordance was not associated with mortality when it was
included as the endpoint in the competing risk model in those with moderate CKD and
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hypertension. Our findings are in contrast to recent studies that have examined the
association of dietary patterns and mortality in individuals with CKD. A meta-analysis of
cohort studies examining healthy dietary patterns and risk of mortality and ESRD in CKD
found healthy dietary patterns were associated with lower mortality in people with kidney
disease.34 Another study examining adherence to a Mediterranean dietary pattern with risk
of mortality showed greater adherence to this diet independently predicted survival in
patients with CKD.3% We suspect the difference in our findings with other recent studies may
have been due to heterogeneity in how CKD was defined, and the meta-analysis of the
cohort studies involved people with CKD defined as an eGFR < 60 to 70 ml/min per 1.73 m2
or albuminuria. We speculate that the difference in the results could be due to dietary
differences accounted for by individual nutrients. A DASH-type dietary pattern is generally
high in fruits and vegetables, whereas in the Mediterranean diet, apart from the alkali-
inducing fruits and vegetables, the other important components are the high fiber intake,
high polyunsaturated fatty acid, and low saturated fatty acid. High polyunsaturated fatty acid
intake, especially of marine origin, has been considered as renal protective,36:37 whereas
high saturated fatty acid intake may deteriorate kidney function.38

We additionally investigated the association of DASH diet and risk of ESRD in adults with
no CKD and no hypertension. We noted that the total caloric intake in this group was
considerably higher compared with that of the CKD group. This was likely due to the lower
mean age of the participants in the non-CKD group than that in the CKD group that resulted
in a higher caloric intake. Interestingly, our results did not show a risk of ESRD with lower
accordance to DASH dietary pattern. This is possibly because our study was underpowered
to detect these smaller effect sizes. Further studies with larger sample sizes are required to
investigate the association of DASH diet with risk of ESRD in persons without CKD.

Our study has a number of limitations. First, the observational design precludes conclusions
of causation. Second, our study lacked follow-up data on laboratory values including
measures of kidney function. Thus, there is a possibility of misclassification of CKD risk
factors, such as diabetes, hypertension, eGFR, and ACR status that are defined from
measurements at a single time point. Third, DASH diet accordance scores were determined
using a dietary recall questionnaire at baseline only rather than updated data on dietary
intake and may not represent long-term habitual intake relevant to ESRD. Incorporating
changes in diet over time would likely attenuate rather than strengthen observed
associations.3% Moreover, a 24-hour dietary recall is limited in capturing a participant’s
usual dietary intake compared with the other dietary assessment methods such as food
frequency questionnaire and diet records. This is likely the reason we observe the mean total
caloric intake in the overall CKD group and across strata of the DASH accordance score to
be low. Fourth, our results may have been influenced by unmeasured confounders (e.g.,
genetic differences). Fifth, the baseline data analyzed were from 3 decades ago, before the
publication of the DASH trial. Since then there have been many secular changes in food
processing and dietary patterns that may impact our study’s generalizability to current
individuals with CKD. Sixth, NHANES does not differentiate between type 1 and type 2
diabetes. However, limiting our analysis to adults would suggest that most have type 2
diabetes. These limitations, however, are counterbalanced by several major strengths. The
large sample size from a representative sample of the U.S. population gives statistical power
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and makes the results nationally applicable. The extended duration of follow-up allowed us
to examine moderately long-term effects and provided enough ESRD cases to conduct
stratified analyses. Moreover, unlike previous studies, we had outcome data on the
occurrence of ESRD, a major endpoint for the study of CKD progression.

In summary, our findings extend evidence on the possible benefits of high fruit and
vegetable diets, suggesting that accordance to a DASH dietary pattern may reduce the risk of
progression to ESRD among adults with moderate CKD and hypertension, especially among
NHBs and those with diabetes. Clinical trials of sufficient size and diversity may enable
researchers to evaluate the impact of dietary modification on reducing the risk of CKD
progression and long-term ESRD risk.

METHODS

Study population and baseline data

NHANES 11 is a national probability survey of U.S. noninstitutionalized civilians conducted
between 1988 and 1994 by the National Center for Health Statistics. The National Center for
Health Statistics created an NHANES 111 linked ESRD file and Mortality file that contains
information on participants diagnosed with ESRD and mortality follow-up data from the
time of NHANES |11 participation. The ESRD data used was from the Combined ESRD
Patient Profile and Death Notification (form 2746) File. This information was based on the
results from a probabilistic match between NHANES |11 participants and U.S. Renal Data
System administrative records and National Death Index death certificate records, the details
of which are provided elsewhere.4041 We conducted a study of NHANES Il1 participants
with moderate CKD and hypertension linked to the ESRD and mortality files. In this study
we included participants = 20 years of age, eGFR between 30 and 59 ml/min, who had
dietary information, and were not pregnant (n = 1441). We further limited our sample size to
participants who had hypertension (n = 1171), and excluded 61 participants who had
missing data on dietary intake (n = 1110).

Sociodemographic and clinical measurements

Medical history and demographic data were collected through a standardized questionnaire
conducted at the participant’s home followed by a medical examination and laboratory
testing that occurred in a mobile examination center.42 Sociodemographic factors were also
assessed during the interview. Racial/ethnic categories were self-reported by participants and
assigned as NHW, NHB, Mexican American, or other race/ethnicities. Self-reported
information on SEP (i.e., education, income, and sex) were also included. Self-reported
income was assessed using the poverty income ratio, which is a ratio of household income to
the U.S. household poverty level 42

Diabetes (other than during pregnancy) was defined by self-report of the condition or
measured hemoglobin A;¢c = 6.5%.43 Hypertension was defined by self-report of health care
provider diagnosis, a measured average systolic BP = 140 mm Hg or average diastolic BP >
90 mm Hg, or reported use of antihypertensive medications.*4 BMI was calculated as weight
in kilograms divided by the measured height in meters squared.
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Dietary score

Diet history was obtained using a 24-hour recall administered by a trained interviewer in the
mobile examination center. To assess accordance with the DASH dietary pattern, we
generated a DASH score based on work by Mellen er /.16 The 9 target nutrients, namely
total fat, saturated fat, protein, fiber, cholesterol, sodium, calcium, magnesium, and
potassium, identified for the DASH score were indexed to total energy intake, and the DASH
score was generated by the sum of all nutrient targets met. Individuals who met a specific
DASH target for a nutrient received a score of 1, whereas those who achieved the
intermediate target for a nutrient received a score of 0.5 (Table 2). DAL was estimated by net
endogenous acid production (NEAP), which results predominantly from the amount of net
acid (acid minus base) produced by the metabolic system every day.*°

The following algorithm developed by Remer and Manz17 was used to calculate DAL. This
equation estimates the potential renal acid load from average intestinal absorption rates of
ingested protein and additional minerals: potential renal acid load (mEg/d) = 0.49 x protein
(9/d) + 0.037 x phosphorus (mg/d) — 0.021 x potassium (mg/d) — 0.026 x magnesium
(mg/d) — 0.013 x calcium (mg/d). This method of calculation was experimentally validated
in healthy adults and children under controlled conditions.46:47

Measurement and classification of albuminuria and kidney function

Outcomes

Serum creatinine measurements obtained using a kinetic rate Jaffé method in NHANES 11
were recalibrated to standardized creatinine measurements obtained at the Cleveland Clinic
Research Laboratory (Cleveland, OH) as standard creatinine 0.184 + 0.9603 x measured
serum creatinine.® Random spot urine samples were obtained and frozen. Urine albumin
was measured using a solid-phase fluorescence immunoassay, and urine creatinine was
measured using the modified Jaffé kinetic method in the same laboratory. eGFR was
calculated according to the isotope dilution mass spectrometry traceable 4-variable MDRD
study equation for calibrated creatinine.1> Albuminuria, which was calculated as ACR, was
expressed as milligrams of aloumin per gram of creatinine using American Diabetes
Association categories: normal (<30 mg/g creatinine) and albuminuria (=30 mg/g
creatinine).4?

The development of ESRD was defined as entry into the U.S. Renal Data System Registry
from the time of the survey through December 31, 2006. Mortality was ascertained through
the National Death Index*! from the time of the survey through December 31, 2006.

Statistical analyses

We investigated nonlinear associations between the DASH Accordance Score and risk of
ESRD by incorporating restricted cubic splines model. Because of non-linearity, we
presented our results as quintiles of DASH Accordance Score to study the dose—response
relation.

Patient characteristics were compared at baseline across quintiles of scores reflecting the
accordance patterns with a DASH diet using the ? tests for categorical and 1-way ANOVA
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for continuous variables. The Kruskal-Wallis test was used for continuous variables if the
normality assumption of the residuals was not met. The Pvalue computed tests the
difference of the variables across the categories of DASH diet accordance score.

To explore the relationship between adherence to DASH diet and hazard of future ESRD
events, we used multivariable Cox regression to model risk. Covariates hypothesized to
contribute to CKD progression were included in the adjusted models if they were associated
with progression of CKD in univariate analyses (£ < 0.20). The model was adjusted for
demographic characteristics, SEP, diabetes, systolic BP, serum potassium, total caloric
intake, BMI, eGFR, and ACR. SEP was defined as education less than high school or
poverty income ratio < 2. Potential effect modification between DASH diet accordance and
diabetes and race/ethnicity was examined using interaction terms in the adjusted models. To
account for competing risks of death and ESRD, we used the Fine-Gray method model
competing events.>0

We also conducted 3 sets of sensitivity analyses to examine the robustness of our assertions.
First, we reanalyzed associations of DASH diet accordance with outcomes using the CKD
Epidemiology Collaboration equation’8 versus the MDRD® equation for determination of
eGFR in analyses. Second, we performed another analysis in the non-CKD population
without hypertension to explore the analysis of DASH diet accordance score with risk for
ESRD (n = 13,976). Third, in the moderate CKD group with hypertension, we ran additional
analyses for mortality as the primary endpoint and ESRD as a competing risk to determine
whether DASH diet accordance was also a risk factor for mortality.

All analyses included the total NHANES I1I Mobile Examination Center—examined sample
final weight to account for the complex sample design following the analytical guidelines for
NHANES I11 data.5 For variance estimates we used Fay’s balanced repeated replication
procedure, an approach for estimation of SEs for multistage samples that consist of many
sampling units.>2 Results were considered significant if 2< 0.05. All analyses were
performed using SAS 9.2 (SAS Institute, Cary, NC).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 |. Longitudinal association of baseline Dietary Approaches to Stop Hypertension diet
accordance score quintile with progression to end-stage renal disease among U.S. adults aged 20
and over with moderate chronic kidney disease and hypertension, unadjusted and adjusted for
covariates.

Median follow-up, 7.8 years (25th—75th percentiles, 4.7-12.4). (ClI, confidence interval.)
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Figure 2 |.

(a) Association of Dietary Approaches to Stop Hypertension (DASH) diet adherence
score with end-stage renal disease among U.S. adults aged 20 and over with moderate
chronic kidney disease and hypertension, stratified by race/ethnicity. (b) Association of
DASH diet adherence score with end-stage renal disease among U.S. adults aged 20 and
over with moderate chronic kidney disease and hypertension, stratified by diabetes status.
NHB, non-Hispanic black; NHW, non-Hispanic white; CI, confidence interval.
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Table 2 |

DASH diet accordance nutrient intake targets

Nutrient DASH target DASH intermediate target
Saturated fat, % energy <6 <11

Total fat, % energy <27 <32

Protein, % energy =18 >16.5
Cholesterol, mg/1000 kcal <71.4 <107.1

Fiber, g/1000 kcal >14.8 >9.5
Magnesium, mg/1000 kcal =238 =158

Calcium, mg/1000 kcal 2590 2402
Potassium, mg/1000 kcal >2238 >1534

Sodium, mg/1000 kcal <1143 <1286

Page 18

Individuals meeting the DASH target for a nutrient received a score of 1, whereas those who achieved the intermediate target for a nutrient received

a score of 0.5 for that nutrient, for a total possible score of 9.16 DASH, Dietary Approaches to Stop Hypertension.
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