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Key Points

e Sodium reduction over a 4-week period decreased eGFR.

e Combining sodium reduction with the Dietary Approaches to Stop Hypertension diet resulted in larger reductions in eGFR.
e Changes in diastolic BP seem partially responsible for the observed dietary effects.

Abstract

Background A potassium-rich Dietary Approaches to Stop Hypertension (DASH) diet combined with low sodium reduces
BP. However, the effects of sodium reduction in combination with the DASH diet on kidney function are unknown. We
determined the effects of sodium reduction and the DASH diet, on eGFR using cystatin C.

Methods DASH-sodium was a controlled, feeding study in adults with elevated or stage 1 hypertension, randomly
assigned to the DASH or a control diet. On their assigned diet, participants consumed each of three sodium levels for
30 days after a 2-week run-in period of a high sodium-control diet. The three sodium levels were low (50 mmol/d),
medium (100 mmol/d), and high (150 mmol/d). The primary outcome was change in eGFR based on cystatin C.

Results Cystatin C was measured in 409 of the original 412 participants, of which 207 were assigned the DASH diet and 202
to the control diet. Compared with control, the DASH diet did not affect eGFR (8=—0.96 ml/min per 1.73 m?; 95%
confidence interval [CI], —2.74 to 0.83). By contrast, low versus high sodium intake decreased eGFR (8=—2.36 ml/min per
1.73 m?; 95% CI, —3.64 to —1.07). Together, compared with the high sodium-control diet, the low sodium-DASH diet
decreased eGFR by 3.10 ml/min per 1.73 m? (95% CI, —5.46 to —0.73). This effect was attenuated with adjustment for
diastolic BP and 24-hour urinary potassium excretion.

Conclusions A combined low sodium-DASH diet reduced eGFR over a 4-week period. Future research should focus on the
effect of these dietary interventions on subclinical kidney injury and their long-term effect on progression to CKD.
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Hypertension affects nearly half the US population and 1.3  traditionally viewed that increased sodium intake contributes
billion adults worldwide.! Dietary factors, in particular high  to thirst, excess fluid intake, and intravascular fluid retention,
sodium and low potassium intake, are believed to be major  resulting in higher BP, which over time leads to kidney injury
causes of the global hypertension pandemic. It has been and renovascular remodeling.? However, recent evidence
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suggests a larger role for potassium as a potent dietary factor
for BP reduction, particularly in the setting of high sodium
intake.3* Data on the short-term individual and combined
effects of these key micronutrients would inform an under-
standing of the physiologic effects on fluid regulation with
implications for longer-term injury pathways.

The Dietary Approaches to Stop Hypertension (DASH)-
sodium trial was a controlled-feeding study designed to
test the effects, alone or combined, of the DASH diet and
reduced sodium intake on BP. Participants were assigned
each of three sodium intake levels (low, medium, or high)
in the context of two distinct diets—a typical American
diet or a high potassium diet (the DASH diet). Ultimately,
the trial demonstrated that both low (versus high) sodium
intake and the DASH diet significantly decreased BP.5 It
has been speculated that these improvements in BP might
positively affect subclinical kidney function. However, to
date, the effects of sodium reduction and/or higher po-
tassium on eGFR have not been assessed in the DASH-
sodium trial.5

We measured cystatin C in stored specimens of the
DASH-sodium trial, to determine the individual and com-
bined effects of sodium reduction and the DASH diet on
eGFR. We hypothesized that BP reduction from either in-
tervention would favorably increase kidney function to a
magnitude commensurate with the change in BP and that
BP would be the primary pathway by which these micro-
nutrients affect kidney function.

Methods

The DASH-sodium study was a multicenter, randomized
trial conducted from September 1997 through November
1999 at four clinical centers (Baltimore, MD; Boston, MA;
Durham, NC; and Baton Rouge, LA). In brief, DASH-sodium
compared the effects of three different levels of sodium
consumption in combination with the DASH diet or a typical
American diet (control) on BP.5 This study was determined
by the Institutional Review Board of Beth Israel Deaconess
Medical Center to be human subjects exempt research.

Population

The DASH-sodium study enrolled participants age 22
years or older with a mean systolic BP (SBP) of
120-159 mm Hg and diastolic BP (DBP) of 80-95 mm
Hg. The study excluded adults with CKD, defined at the
time of recruitment as urine protein dipstick level =2 or
serum creatinine level >1.2 mg/dl in women or 1.5 mg/dl
in men, unless the eGFR by creatinine using Cock-
croft-Gault formula was >60 ml/min (note cystatin C
results were not available at the time of the original
study). The study also excluded adults with a prior di-
agnosis of heart disease (i.e., myocardial infarction, cor-
onary artery bypass graft, angioplasty, symptomatic is-
chemic heart disease, stroke, or congestive heart
failure), poorly controlled dyslipidemia (i.e., total choles-
terol >6.8 mmol/L), type 1 or poorly controlled type 2
diabetes mellitus (i.e., daily insulin use or hemoglobin Alc
>8.0), or morbid obesity (body mass index >40 kg/m?2).°
Participants taking antihypertensive agents, insulin, or
consuming >14 alcoholic drinks per week were also
excluded.
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Intervention

Participants of the DASH-sodium trial were randomized
to either the DASH diet or a control diet following a parallel
design. While consuming their assigned dietary pattern,
they were also assigned to each of the three sodium levels,
following a crossover design (see Supplemental Table 1 for
the nutrient composition of the dietary interventions). The
three sodium levels were high (150 mmol/d), medium
(100 mmol/d), and low (50 mmol/d) on the basis of their
estimated kilocalorie intake. Estimated kilocalorie require-
ment was monitored throughout the study and was ad-
justed as needed to maintain weight constant. The five
energy levels prepared were 1,600, 2,100, 2,600, 3,100,
and 3600 kcal/d. At the 2100-kcal level, the high sodium
level was consistent with the average US sodium intake
(3450 mg/d), the medium level was based on contempo-
raneous sodium recommendations (2300 mg/d), and the
low sodium intake was based on a level below current
recommendations (1150 mg/d). Differences in sodium level
were achieved with unsalted or salted varieties of foods or
by adding salt to entrees, ensuring similar nutrient profiles.
All meals and snacks were provided to participants by the
research team.

Over a 2-week, run-in period, all participants were given
the high sodium-control diet before they were randomized
to the diet and sodium sequence. Each dietary pattern was
followed for a mean of 30 days, followed by an average 5-
day washout period during which participants could eat
their usual diets (Figure 1). Of note, few adverse events
were reported during the original trial. The most common
side effect was headache reported during the high sodium
period.®

Outcomes

The primary outcome of this post hoc study was eGFR,
measured using the CKD Epidemiology Collaboration
2021 cystatin C equation. Cystatin C is advantageous
among kidney markers because it is not affected by di-
etary macronutrients.” Cystatin C was measured in
stored serum specimens collected at baseline and at
the end of each of the three sodium feeding periods,
using the Dimension Vista Cystatin C assay (Siemens
Healthineers, Malvern, PA). This assay has a within-run
coefficient of variation of 3.5% (corresponding mean of
0.98 mg/L). Additional assay details are described
elsewhere.?

Covariates

Additional covariates were described previously.® Age,
sex, and race (categorized as Black, yes or no) were self-
reported. After the original DASH-sodium trial, seated SBP
and DBP were measured by trained and certified observers
with random zero sphygmomanometers at three visits dur-
ing the screening phase and at two visits during the 2-week,
run-in period. The average of these five measurements
served as a baseline for this study. HDL cholesterol, tri-
glycerides, and total cholesterol were measured using en-
zymatic colorimetry and used to estimate LDL cholesterol.1°
Body mass index was derived from measured height and
weight. Urinary concentration of potassium and sodium as
well as urine volume was quantified using a 24-hour urine
collection.


http://links.lww.com/KN9/A434

DASH Diet, Sodium, Kidney Function, Morales-Alvarez et al.

DASH-Sodium trial

412 participants
enrolled

A 4

High sodium diet
2 weeks run-in period

/\

DASH Diet

A 4

High sodium

Medium sodium

Random order

Low sodium

30 days

5-day washout period

30 days

5-day washout period

30 days

Control Diet

A A

High sodium

Medium sodium

Japio wopuey

Low sodium

v

DASH-Sodium
GFR study

v

409 participants with available
serum cystatin C included

Figure 1. Study overview, participants, and available specimens. DASH, Dietary Approaches to Stop Hypertension.

Weight, BP, total cholesterol, LDL cholesterol, urine vol-
ume, urine potassium, and urine sodium were measured at
baseline and after each sodium feeding period. After ran-
domization, BP was measured at five clinic visits during the
last 9 days (at least two during the final 4 days) of each
sodium intervention period.

Statistical Analyses
Baseline characteristics were described by diet assign-

ment using means (SD) and proportions for the complete,
randomized population, and the 409 participants with cys-
tatin C measurements. The primary outcome of this study
was eGFR. Our analysis had the following three contrasts:
(1) DASH versus control dietary assignments (a parallel
design comparison), (2) low (or medium) sodium intake
versus high sodium intake (a crossover design comparison),

and (3) a combined DASH and low sodium diet versus a
combined control and high sodium diet (a parallel design
comparison).

Comparisons were performed for eGFR or cystatin C
using generalized estimated equation models (normal fam-
ily, identity link, exchangeable working correlation matrix,
and a robust variance estimator). We first plotted mean
eGFR or cystatin C by sodium assignment and by study
week using a diet-by-sodium interaction term and a diet-by-
visit interaction term.

We then assessed for an interaction by sodium and diet
(treating sodium assignment as a continuous variable and diet
as a categorical variable). After confirming the absence of an
interaction, the DASH versus control contrast was performed
with a diet-by-visit interaction term (0 for baseline, 1 for a
follow-up visit). The sodium contrast was performed within
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diet (sodium term only) and across diets (with a sodium-
by-diet interaction term). The low sodium-DASH versus
high sodium-control was implemented similarly to the
dietary contrast above with a diet-by-visit interaction term
but restricted to the corresponding sodium periods.

Finally, we assessed for potential pathways contributing
to the effects of diet on cystatin C and eGFR by repeating
models above with adjustment for related covariates mea-
sured concurrently with the serum collections (both at
baseline and after each of the three sodium feeding periods),
specifically body weight, SBP, DBP, total cholesterol, LDL
cholesterol, urine volume, sodium concentration per
24-hour period, and potassium concentration per 24-hour
period. In supplemental analyses, we also examined the
effect of the interventions on the pathway covariates above.

A two-tailed P value < 0.05 was considered statistically
significant without adjustment for multiple comparisons.
All analyses were conducted using Stata version 15.1 (Stata
Corporation, College Station, TX).

Results
Baseline Characteristics

Baseline clinical and demographic characteristics were
similar across randomized dietary assignments even when
restricted to the group with cystatin C measurements
(Table 1 and Supplemental Table 2).

Effect of the DASH Diet on eGFR

There was no evidence of an interaction between diet and
sodium with respect to eGFR or cystatin C (P values both =
0.15). Neither diet significantly changed eGFR from baseline

(control diet: 8=0.84 ml/min per 1.73 m?; 95% confidence
interval [CI], —0.42 to 2.09; DASH diet: B=—0.12 ml/min
per 1.73 m?; 95% CI, —1.39 to 1.16) (Figure 2 and Table 2).
Moreover, there was no significant difference in eGFR from
DASH compared with the control diet (—0.96;, 95% CI,
—2.74 to 0.83).

Effect of Sodium Intake on eGFR

eGFR trended lower across sodium levels among
participants assigned the DASH diet: 1.45, 0.14, and
—1.97 ml/min per 1.73 m? for high, medium, and low
sodium levels (P-trend < 0.001), but did not differ across
sodium levels among those assigned the control diet (1.18,
1.16, and 0.07 ml/min per 1.73 m? for high, medium, and
low sodium levels; P-trend = 0.27). There was no evidence
of an interaction between dietary assignments. Effects in the
overall population were 1.35, 0.65, and —1.01 ml/min per
1.73 m? (P-trend < 0.001) (Table 3).

Among participants assigned the control diet, low sodium
intake decreased eGFR by 1.12 ml/min per 1.73 m? (95% CI,
—3.15 to 0.91) compared with high sodium intake. Meanwhile,
participants randomized to the DASH diet and low sodium
intake exhibited a net decrease in eGFR from baseline of 3.41
ml/min per 1.73 m? (95% CI, —5.03 to —1.79) compared with
high sodium intake (Table 3). The overall effect from low versiis
high sodium intake was —2.36 (95% CI, —3.64 to —1.07).

Combined Effects

Compared with the high sodium-control diet, the low
sodium-DASH diet changed eGFR by —3.10 ml/min per
1.73 m? (95% CI, —5.46 to —0.73) (Table 4).

Table 1. Baseline characteristics according to diet assignment
Control Diet DASH Diet
Characteristic
n Mean (SD) or 7 (%) n Mean (SD) or n (%)
Age, yr 202 48.9 (10.2) 207 47.3 (9.6)
Women, % 202 55 207 59.4
Black, % 202 56.9 207 57.5
BP, mm Hg
Systolic 202 135.3 (9.4) 207 134.2 (9.6)
Diastolic 202 85.8 (4.1) 207 85.6 (4.8)
Baseline SBP =140 or DBP =90 mm Hg, % 202 40.6 207 411
HDL cholesterol, mg/dl 202 48.0 (13.1) 207 48.5 (12.6)
LDL cholesterol, mg/dl 200 131.8 (31.7) 203 130.7 (29.8)
Total cholesterol, mg/dl 202 93.5 (67.0-141.0) 207 92.0 (67.0-131.0)
Triglycerides, mg/dl 202 202.6 (36.1) 207 202.0 (36.5)
(median, 25th-75th percentile)
BMI, kg/m? 202 29.5 (5.0) 207 28.8 (4.7)
BMI =30, % 202 40.1 207 37.2
Urine volume, ml/24 h (median, 202 1445.0 (1000.0-1925.0) 203 1410.0 (1000.0-1980.0)
25th-75th percentile)
Urine potassium, mmol/24 h 202 49.0 (36.0-64.0) 203 51.0 (39.0-65.0)
(median, 25th-75th percentile)
Urine sodium, mmol/24 h 202 142.5 (97.0-192.0) 203 138.0 (101.0-198.0)
(median, 25th-75th percentile)
Cystatin C, mg/dl 190 0.8 (0.1) 187 0.8 (0.1)
eGFR (cystatin C), ml/min per 1.73 m? 190 105.7 (15.2) 187 106.4 (13.8)
BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic BP; SBP, systolic BP.
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Figure 2. eGFR by sodium level and throughout follow-up. Mean (95% ClI) for eGFR on the basis of cystatin C measured at baseline and after
each of the 4-week sodium feeding periods, presented by (A) high, medium, and low sodium intake levels and (B) study week (baseline, 4, 8,
and 12 weeks). In (B), consistent with the crossover design, about a third of participants would be consuming each of the three sodium levels at
each time point among those assigned either the control or DASH diets. The control diet is depicted by the blue diamonds (N=202), while the
DASH diet is depicted by the green circles (N=207). Cl, confidence interval.

Table 2. Mean baseline, follow-up, and difference on eGFR by diet assignment

eGFR, ml/min per 1.73 m? Baseline Follow-Up Change from Baseline Between Diet Difference
Control 105.7 (1.09) 106.5 (1.00) 0.84 (—0.42 to 2.09) Ref
DASH 106.7 (0.99) 106.6 (0.94) —0.12 (—1.39 to 1.16) —0.96 (—2.74 to 0.83)

Hypertension.

Estimates generated using generalized estimating equations (normal family, identity link, robust variance estimator, exchangeable
working matrix). There was no evidence of an interaction between diet and sodium (P = 0.15). DASH, Dietary Approaches to Stop

Effects on Cystatin C
All analyses were replicated using cystatin C values and
are available in Supplemental Tables 3-5.

Pathway Analysis

The effects of sodium intake on eGFR were independent of
most of the pathways examined with a few notable exceptions
(Supplemental Table 6). In the overall population, the decrease

in eGFR among the low sodium intake group was attenuated
with adjustment for DBP with a similar effect observed among
those assigned the DASH diet, and when comparing low
sodium-DASH versus high sodium-control. Adjustment for
weight seemed to slightly enhance the effect in all groups. Of
note, 24-hour potassium urinary concentration did not affect
eGFR change, except in the low sodium-DASH versus high
sodium-control comparison where the effect was smaller after

Table 3.

Effects of sodium reduction on the absolute change in eGFR from baseline and between diets

Absolute Change from Baseline

Low versus High

P interaction 0.82

Dietary Pattern Baseline
eGFR ml/min High Sodium Medium Sodium Low Sodium Difference P-Trend
per 1.73 m?
Overall 106.2 (0.7) 1.35 (0.20-2.50) 0.65 (—0.49 to 1.79) —1.01 (—2.18 to 0.15) —2.36 (—3.64 to —1.07) <0.001
Control diet 105.6 (1.1) 1.18 (—0.54 to 2.90)  1.16 (—0.27 to 2.60) 0.07 (—1.69 to 1.83) —1.12 (=3.15 to 0.91) 0.27
DASH diet 106.7 (1.0) 145 (—0.10 t0 2.99)  0.14 (—1.62 to 1.90)  —1.97 (=3.50 to —043)  —341 (=503 to —1.79)  <0.001

0.38

0.09

DASH, Dietary Approaches to Stop Hypertension.

Estimates generated using generalized estimating equations (normal family, identity link, robust variance estimator, exchangeable working matrix).
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Table 4. Mean baseline, follow-up, and difference in eGFR by diet assignment

eGFR, ml/min per 1.73 m? Baseline End of Follow-Up Change from Baseline Between Diet Difference
High sodium-control 105.5 (1.10) 106.7 (1.18) 1.17 (=0.59 to 2.93) Ref
Low sodium-DASH 106.7 (0.99) 104.8 (1.08) —1.93 (—3.50 to —0.35) —3.10 (—5.46 to —0.73)

Estimates generated using generalized estimating equations (normal family, identity link, robust variance estimator, exchangeable
working matrix). For comparisons between diet across the same sodium levels, see Table 3. DASH, Dietary Approaches to Stop

Hypertension.

adjustment. Finally, adjustment for 24-hour urine sodium
excretion blunted the individual effect of sodium reduction
for both dietary assignments and overall as well as the com-
bined effect of DASH and sodium reduction on eGFR.

The effects of a combined DASH diet and the three
sodium intake levels on BP and other covariates (weight,
SBP, DBP, total cholesterol, LDL cholesterol, urine volume,
urine potassium, and urine sodium) are shown in Supple-
mental Table 7.

Discussion

In this population of adults with elevated BP or hyper-
tension, we found that a DASH dietary pattern had no effect
on eGFR compared with control. By contrast, 4 weeks of a
lower sodium diet decreased eGFR compared with a higher
sodium diet. Combining both the DASH diet with sodium
reduction resulted in larger reductions in eGFR. Beyond
adjustment for markers of adherence (24-hour sodium and
potassium excretion), adjustment for DBP attenuated, but
did not negate the above observations, suggesting that DBP
was a partial mediator of these dietary effects.

Hypertension remains one of the strongest risk factors for
cardiovascular disease and for progressive CKD. Dietary
strategies to prevent hypertension are considered among
primary lifestyle approaches to prevent progression to
CKD. This is based on observational evidence that DASH
adherence and reduced sodium are associated with a lower
risk of CKD.11.12

Adherence to the DASH diet is inversely associated with
risk of ESKD among adults with a history of mild-to-
moderate CKD (stage 3 or less) and hypertension.!? Beyond
reducing BP, it is believed that DASH lowers dietary acid
load and slows renal injury.!’> DASH is also higher in
magnesium, which lowers the production of inflammatory
and proatherogenic cytokines in endothelial cells.!* Finally,
the high potassium in DASH has a well-known natriuretic
effect potentially mediating some of the reduction in BP,
intraglomerular capillary pressure, and acid load.'® Despite
these mechanisms, we did not observe an effect of the
DASH diet on eGFR over a 3-month period. It is possible
that the study duration was too short for eGFR to change
and that markers of renal injury would better reflect the
short-term effects of diet on autoregulation of afferent ar-
terioles during BP reduction rather than long-term CKD
pathways. Longer-term feeding studies and markers of
injury beyond eGFR should be the focus of subsequent
work.

The effects of sodium intake on kidney function have
been reported with conflicting findings. Previous small
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interventional studies described an increase in eGFR
after a high sodium diet over a short period of time.!6:'”
Similarly, others reported slower progression of CKD
among patients with restricted sodium intake primarily
mediated by reduced BP and proteinuria.'® In a systematic
review of eight studies, McMahon and colleagues evaluated
the short-term effects of low sodium intake (up to 26 weeks)
on kidney function. None of these studies reported a sig-
nificant change in eGFR or creatinine clearance, but two
studies showed an increase in plasma renin activity and
aldosterone levels.!! Another recent systematic review
assessed the association between sodium intake and change
in GFR. Pooled data from 11 cross-sectional and five lon-
gitudinal observational studies along with 20 intervention
trials showed a higher GFR among individuals exposed to
high sodium intake.'®

In line with the existing literature and our a priori hy-
pothesis, our study demonstrated a strong positive rela-
tionship between higher sodium and eGFR. We speculate
that this may be a maladaptive response resulting in glo-
merular hyperfiltration. While the hyperfiltration observed
in our study was reversible, similar states of hyperfiltration
have been observed in other populations and forebode
more rapid progression to CKD over time.?%?! Current
therapeutic approaches targeting this maladaptive re-
sponse by reducing intraglomerular pressure often result
in an acute and acceptable reduction in eGFR. In the long
term, this reduced eGFR slows CKD progression, a phe-
nomena demonstrated with the use of angiotensin-
converting-enzyme inhibitors, angiotensin II receptor
blockers, aldosterone antagonists, and sodium-glucose
cotransporter inhibitors.?>4 However, there may be im-
portant mechanistic differences between sodium reduction
and the agents above. For example, sodium reduction may
solely reduce intravascular volume without directly affect-
ing regulatory systems in the afferent and efferent arteries.
Additional work on the long-term effects of sodium re-
duction on kidney function over time represents an impor-
tant area for future research.

We observed the greatest reduction in eGFR from the low
sodium-DASH diet compared with the high sodium-control
diet. This effect was attenuated with adjustment for DBP,
24-hour urine sodium, and 24-hour urine potassium. While
adjustment for 24-hour urine sodium and 24-hour urine
potassium (both markers of intervention adherence) was
expected, attenuation after adjustment for DBP implies that
DBP may partially mediate the effects of the two dietary
interventions on eGFR. Whether these findings extend to
populations of adults with CKD is unclear. In one trial of
adults with hypertension and advanced CKD, sodium
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reduction affected peripheral DBP, but not central DBP.2
Moreover, the observation that the dietary interventions
significantly reduced eGFR independent of DBP questions
whether these effects purely reflect changes in intraglomer-
ular pressure or are secondary to additional tubuloglomer-
ular feedback effects. Notably, while higher urine volume
and body weight were generally observed in response to
higher sodium intake, these factors seemed to be more
important in the context of the control diet than the DASH
diet, suggesting that hemodynamic changes in volume may
not fully explain the observations above.

Our study has strengths. First, both dietary contrasts and
sodium levels were tightly controlled and randomized.
Moreover, nearly all the original trial participants were
included in this study, allowing for unbiased estimates of
the effect of diet on eGFR. Second, we used cystatin C to
estimate eGFR. This marker is advantageous because it is
not affected by diet composition, a limitation of
creatinine.?®?” Third, the diets were isocaloric, which limits
the effect of weight change on the interventions. Fourth,
repeated measurements with high follow-up rates allowed
for an examination of change over time. Finally, the study
population was over 50% Black, a group disproportionately
affected by kidney disease.

However, our study has limitations. While the dietary
feeding period lasted 12 weeks, the sodium periods only
lasted 4 weeks. As a result, we were unable to observe the
long-term effects of the interventions on eGFR. Similarly, a
5-day washout period might be insufficient to eliminate
the effect of the previous sodium intake level. Moreover,
our population included mostly individuals without CKD,
severe hypertension, cardiovascular disease, uncontrolled
diabetes, or morbid obesity limiting the generalizability of
our findings. In addition, eGFR may not reflect subclinical
kidney injury preventing us from detecting an effect of
dietary patterns on eGFR. We also acknowledge the in-
trinsic limitations of the CKD Epidemiology Collaboration
equation, including less representation of specific popu-
lations such as older or Black adults with higher GFR
during the development and validation process. More
direct measures of injury pathways, such as albuminuria,
are important for future research on diet and CKD
progression.

In conclusion, in this population of adults with high BP,
sodium reduction lowered eGFR in the short-term with
greater effects when combined with the DASH diet. DBP
was a partial driver of these effects. Future research should
focus on the effect of these dietary interventions on sub-
clinical kidney injury and whether these acute changes in
eGFR prevent progression to CKD over time.
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