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Abstract

Serum urate is a risk factor for hypertension and gout. The DASH diet and losartan
independently lower blood pressure (BP); however, their effects on serum urate are
understudied. We performed a post-hoc analysis of the DASH-losartan trial, which
randomized participants with hypertension in parallel fashion to the DASH diet or
a standard American diet (control) and in crossover fashion to 4-week losartan or
placebo. Serum urate was measured at baseline and after each 4-week period. Diets
were designed to maintain weight constant. We examined the effects of DASH (vs
control) and/or losartan (vs placebo) on serum urate, overall and among those with
baseline serum urate >6 mg/dL, using generalized estimating equations. Of 55 partic-
ipants (mean age 52 years, 58% women, 64% Black), mean (+SD) baseline ambulatory
SBP/DBP was 146+12/91+9 and mean (+SD) serum urate was 5.2+1.2 mg/dL. The
DASH diet did not significantly reduce urate levels overall (mean difference —0.05
mg/dL; 95%Cl: —0.39, 0.28), but did decrease levels among participants with baseline
hyperuricemia (—0.33 mg/dL; 95%Cl: —0.87, 0.21; P-interaction=0.007 across hyper-
uricemia groups). Losartan significantly decreased serum urate (—0.23 mg/dL; 95%ClI:
—0.40, —0.05) with greater effects on serum urate among adults <60 years old versus
adults >60 years old (—0.33 mg/dL vs 0.16 mg/dL, P interaction = 0.003). In summary,
the DASH diet significantly decreased serum urate among participants with higher
urate at baseline, while losartan significantly reduced serum urate, especially among
younger adults. Future research should examine the effects of these interventions in
patients with hyperuricemia or gout.
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1 | INTRODUCTION

Gout and hyperuricemia commonly occur in persons with hyperten-
sion. Gout is a painful arthropathy affecting 7.7 million adults in the
United States between 2007—2020." Moreover, the prevalence of
gout is rising, mirroring trends in hyperuricemia and cardiovascular
risk factors among the US population.23 Hypertension is a particu-
larly common comorbidity, present among over 70% of adults with
gout.* The co-occurrence of hypertension and gout has driven inter-
est in identifying lifestyle and pharmacologic strategies that might
benefit both hypertension and hyperuricemia. However, prior dietary
recommendations (e.g., a low purine diet) may worsen hypertension,
while some antihypertensive agents (e.g., thiazide diuretics and beta
blockers), may worsen hyperuricemia and gout.”~8

The DASH (Dietary Approaches to Stop Hypertension) diet is a well-
established dietary intervention to lower blood pressure, and it also
has efficacy in lowering serum urate, particularly among adults with
hyperuricemia.® In addition, losartan has known uricosuric effects, but
the magnitude of its effects on serum urate have not been clearly
shown.? Furthermore, it is possible that both the DASH diet and losar-
tan in combination could have even greater effects on serum urate, as
prior work demonstrated that the DASH diet combined with losartan
were additive in lowering blood pressure, an effect magnified in Black
individuals.’® However, the impact of both interventions on serum
urate is unknown.

Using data from the DASH-Losartan trial,’° we examined the
effects, alone and combined, of the DASH diet (vs. a control diet) or
losartan (vs. placebo) on serum urate. The objective of this study was
to determine whether the DASH diet and/or losartan lowered serum
urate levels among individuals with normal or high baseline serum
urate. We hypothesized a priori that the DASH diet and losartan would
lower serum urate levels to a greater extent among participants with

baseline hyperuricemia.

2 | METHODS

DASH-Losartan was an investigator-initiated, multi-center trial con-
ducted in three clinical centers (Baltimore, MD; Boston, MA, and
Durham, NC) between September 1994, and March 1996.1° The
study was designed to test the hypothesis that inhibition of the renin
angiotensin system would mitigate the effects of higher renin levels,
observed with the DASH diet, and thus enhance blood pressure reduc-
tion. The study’s primary results were previously published, however,
the urate data collected at the time of the trial had never been analyzed.
The DASH-losartan trial was an independent trial from the DASH and
DASH-sodium trials conducted at about the same time. The trial pro-
tocol was reviewed and approved by Institutional Review Boards at
each center. All participants provided written informed consent before
entering into the study. The current study was determined by the Insti-
tutional Review Board of Beth Israel Deaconess Medical Center to be

exempt research.

2.1 | Core design

The study was a randomized, placebo-controlled trial that compared
the effects of losartan versus placebo in the context of the DASH diet
or atypical American diet on blood pressure. After screening, there was
a run-in phase that lasted 2 weeks. Then, participants were random-
ized 1:1 following a parallel arm design to one of two diets (a control
diet or the DASH diet) for 8 weeks. Concurrently, within each diet,
participants were randomized in crossover fashion to sequence of med-
ication (losartan, then placebo, or placebo, then losartan) with each
period lasting 4 weeks. While the assignment to losartan or placebo
was blinded, the dietary assignment was not blinded. However, all lab
assessments were blinded to assignment for both drug and dietary

contrasts.

2.2 | Participants

DASH-Losartan enrolled adults aged 22 years and older with a mean
systolic blood pressure (SBP) < 180 mm Hg and mean diastolic blood
pressure (DBP) of 90—109 mm Hg during each of three screening visits.
Participants treated with anti-hypertensive medications underwent
withdrawal of antihypertensive medications prior to screening. Adults
with a prior history of poorly controlled hyperlipidemia, diabetes melli-
tus, cardiovascular disease (e.g., myocardial infarction, coronary artery
bypass graft, angioplasty, symptomatic ischemic heart disease, stroke,
or congestive heart failure), or renal insufficiency were excluded from
the trial. Serum urate was not a factor in the inclusion/exclusion cri-
terion. DASH-Losartan also excluded adults with a BMI > 35 kg/m?,
those requiring antihypertensive agents or insulin during the trial, and
persons consuming more than 14 alcoholic drinks a week. 1011

2.3 | Dietary interventions
Participants received prepared foods for all meals and snacks during
the feeding phase of the study. All participants started a two-week run-
in period on the standard American diet (the control diet) to assess
adherence with the feeding protocol. The control diet was designed
with potassium, magnesium, and calcium levels at the 25th percentile
of U.S. consumption, and was consequently low in fruit, vegetables, and
dairy products. Meanwhile, the macronutrient profile and fiber content
for the control diet were kept at average U.S. consumption levels. By
comparison, the DASH diet was comparatively higher in fruits and veg-
etables, emphasizing low-fat dairy products, whole grains, fish, nuts,
and poultry, with decreased levels of cholesterol and total and satu-
rated fats. Sodium content, ~3 g of sodium per day, was the same in
both the control and DASH diets.

All meals were prepared and provided in metabolic kitchens at
the three clinical centers. One meal/day was required to be con-
sumed on-site during weekdays, while prepared meals were eaten

off-site during weekends. Caloric intake of the meals was adjusted to
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maintain a constant weight. Participants continued their typical base-
line physical activities through the 10-week study. Dietary compliance
was assessed through participants’ daily attendance at weekday, on-
site meals (once a week), attendance at study visits for BP measure-
ment, and self-reported adherence.

24 | Losartan

At the start of the 8-week intervention period, participants were
also randomly assigned to receive 50 mg/day of losartan or placebo
for 4 weeks. Four weeks into the 8-week period, participants were
switched in crossover fashion from losartan to placebo and vice
versa.1011 The half-life of losartan is 2 h with active metabolites having
a half-life of 6—9 h.12

2.5 | Serum urate measurement

The primary outcome measurement for this post hoc study was serum
urate concentration. Serum specimens were obtained following the 2-
week run-in period, at the 4-week crossover period, and at the end
of the 8-week study. Fasting samples were obtained by trained staff
via phlebotomy performed after 30 min of sitting. Serum urate was
measured via spectrophotometry in fresh specimens at the time of the

original DASH-losartan trial. 101113

2.6 | Other covariate measurements and
definitions

Study covariates were ascertained via physical measurements, labo-
ratory specimens, and questionnaires. Blood pressure during screen-
ing visits was measured with participants seated for 5 min using
a random-zero sphygmomanometer. Blood pressure measurements
were obtained at the end of each of the 4-week intervention periods
with ambulatory blood pressure monitoring. High blood pressure at
baseline was defined by a mean systolic blood pressure >140 mm Hg
and/or diastolic blood pressure >90 mm Hg. Body mass index (BMI)

was derived from standardized measurements of height and weight.

2.7 | Statistical analyses

Study population characteristics were described using means (SD) and
proportions. The main outcome of interest in the present study was
the change in serum urate concentration. The main contrasts in our
study were (1) the DASH diet versus the control diet: a parallel contrast
with two follow-up measurements at 4 weeks and 8 weeks; (2) losar-
tan versus placebo: a crossover contrast comparing serum urate after
4 weeks of losartan to serum urate after 4 weeks of placebo; and (3)

DASH-Losartan versus control-placebo: a parallel contrast comparing

TABLE 1 Baseline characteristics according to diet assignment,
mean (SD) or %.
Overall, Control, DASH,
N=55 N=28 N=27
Age, years* 52.3(9.3) 52.0(7.7) 52.7 (10.9)
Age >60 years, %* 20.8 14.8 26.9
Female, % 58.2 50.0 66.7
Black race, % 63.6 64.3 63.0

Mean ambulatory systolic 145.6 (12.2) 145.3(12.9) 145.9(11.6)

blood pressure, mm Hg

Mean ambulatory diastolic 90.5(8.7) 90.9 (7.8) 90.2(9.7)
blood pressure, mm Hg
Body mass index, kg/m?2** 29.0(4.6) 29.6(5.3) 28.5(3.6)
Body mass index 46.3 50.0 42.3
>30 kg/m2**, %
Mean serum urate, mg/dL** 5.2(1.2) 5.4(1.2) 5.0(1.2)
Serum urate >6 mg/dL, %** 27.8 33.3 22.2

*Only 53 had age reported at baseline: 27 among the control group and 26
among the DASH group.

**Only 54 contributed these measurements at baseline. For body mass
index, only 26 had values on the DASH diet. For serum urate only 27 had
serum urate measured at baseline on the control diet.

serum urate after 4 weeks of DASH and losartan to serum urate after
4 weeks of the control diet and placebo. In a sensitivity analysis, we also
compared DASH-Placebo versus control-losartan (a parallel contrast).

We compared serum urate, using generalized estimating equations
with robust standard errors and an exchangeable covariance matrix
to account for correlated measures. These models yield valid standard
errors even if the correlation structure is not as specified.'*

We repeated the DASH versus control and losartan versus placebo
contrasts in strata of age (<60 or >60 years), sex (men or women), race
(non-Black or Black), obesity (body mass index < 30 or >30 kg/m2),
and baseline hyperuricemia (<6 or >6 mg/dL). We assessed for inter-
actions across strata using three-way interaction terms and Wald tests
(for dietary comparisons) or two-way interaction terms for the losar-
tan versus placebo comparisons. In a sensitivity analysis, we further
examined the effect of the interventions by baseline hyperuricemia
among Black participants alone, given the greater synergy of the two
interventions on BP reported elsewhere.’?

Analyses were performed with Stata version 15.1 (Stata Corpo-
ration, College Station, TX, USA). A two-tailed P-value < 0.05 was
considered statistically significant without adjustment for multiple
comparisons.

3 | RESULTS
3.1 | Baseline characteristics

Baseline characteristics for the 55 participants are shown in Table 1.

The mean age of participants was 52 + 9 years; 58% were women,
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TABLE 2

Baseline,
mean (SE)
Overall, N = 55 (161 measurements)
Control, N =28 5.35(0.22)
DASH, N =27 5.00(0.23)
Baseline serum urate < 6 mg/dL, N = 39 (115 measurements)
Control, N=18 4.68(0.17)
DASH,N=21 4.53(0.19)
Baseline serum urate >6 mg/dL, N = 15 (44 measurements)
Control,N=9 6.74(0.14)
DASH,N=6 6.67(0.28)

Effects of dietary assignment on serum urate, overall and by baseline serum urate concentration.

End of Change from DASH versus

period, baseline, mean control, mean

mean (SE) (95% Cl) (95% Cl) P
5.09(0.21) —0.26 (-0.50,-0.02) Referent Referent
4.69(0.18) —-0.31(-0.55,-0.07) —0.05(-0.39,0.28) 0.77
4.54(0.19) —0.13(-0.45,0.18) Referent Referent
4.38(0.17) —0.15(-0.38,0.08) —0.01(-0.41,0.38) 0.95
6.24(0.23) —0.50(-0.78,-0.22) Referent Referent
5.78(0.26) -0.88(—1.34,-0.42) —-0.38(-0.92,0.16)* 0.16

*Using a Wald test to assess for interaction yielded a P-value of 0.0069.

(A) Overall population (B) Baseline serum urate <6 mg/dL (©) Baseline serum urate 26 mg/dL
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FIGURE 1 Mean (95% Cl) serum urate concentrations by dietary assignment at baseline (diamond represents the control diet; circle

represents the DASH diet), after the placebo period, and after the losartan period among participants with (A) the overall population, (B) a baseline

serum urate < 6 mg/dL, or (C) a baseline serum urate >6 mg/dL.

and 64% were Black. Mean baseline ambulatory systolic blood pres-
surewas 146 + 12 mm Hg and ambulatory diastolic blood pressure was
91 + 9 mmHg. Mean serum urate was 5.2 + 1.2 mg/dL; 49% (27 of 55)
had an elevated baseline serum urate > 6 mg/dL.

3.2 | DASH diet comparison

The changes in serum urate on the DASH diet versus control diet
are shown in Table 2 and Figure 1. The DASH diet did not reduce
serum urate overall (mean difference —0.05; 95% Cl: —0.39, 0.28).
Among patients with hyperuricemia at baseline (mean serum urate of
6.7 mg/dL), the DASH versus control diet lowered serum urate with a
mean difference of —0.38 mg/dL (95% Cl: —0.92, 0.16), while among
those without hyperuricemia (mean serum urate of 4.6 mg/dL), the
mean difference was —0.01 (95% Cl: —0.41, 0.38; P-interaction = 0.007
across hyperuricemia groups).

3.3 | Losartan comparison

Compared to placebo, losartan reduced serum urate by 0.23 mg/dL
(95% Cl: —0.40, —0.05) (Table 3). There was no evidence that the
effects of losartan on serum urate differed by baseline hyperuricemia
(P-interaction = 0.31).

3.4 | Combined effect

There was no evidence of a combined effect of DASH-Losartan ver-
sus control-placebo (Table 4). Compared to control-placebo, DASH-
Losartan reduced serum urate by 0.28 mg/dL (95% Cl: —0.65, 0.10).
These effects differed by baseline hyperuricemia with a reduction of
0.90 (95% Cl: —1.68, —0.12) among those with baseline hyperuricemia
versus a reduction of 0.17 (95% Cl: —0.56, 0.22) among those with-

out baseline hyperuricemia (P-interaction = 0.015). There were no
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TABLE 3 Theeffect of losartan on serum urate.

Mean
(SE)
Overall, N = 55 (161 measurements)*
Baseline 5.2(0.2)
Placebo 5.0(0.1)
Losartan 4.8(0.1)
Baseline serum urate < 6 mg/dL, N = 39 (115 measurements)
Baseline 4.6(0.1)
Placebo 4.5(0.1)
Losartan 4.4(0.1)
Baseline serum urate >6 mg/dL, N = 15 (44 measurements)
Baseline 6.7 (0.1)
Placebo 6.3(0.2)
Losartan 5.9(0.2)

WILEY 122

Note: 1 participant did not have a baseline serum urate measurement and thus was excluded from the stratified analysis.
Since the losartan and placebo comparison relied on end of period measurements all 55 were included in the overall comparison.

The P-value for an interaction between diet and losartan was 0.72.
*Test of interaction for losartan versus placebo was 0.31.

TABLE 4 Combined effects of dietary assignment and losartan on serum urate.

Baseline,
mean (SE)
Overall, N = 55 (107 measurements)
Control-placebo, N = 28 5.36(0.22)
DASH-Losartan,N = 27 5.00(0.23)
Baseline serum urate < 6 mg/dL, N = 39 (77 measurements)
Control-Placebo,N =18 4.68(0.17)
DASH-Losartan,N =21 453(0.19)
Baseline serum urate >6 mg/dL, N = 15 (29 measurements)
Control-Placebo,N=9 6.74(0.14)
DASH-Losartan,N=6 6.67 (0.28)

The P-value for an interaction between diet and losartan overall was 0.72.

Placebo or losartan Losartan versus
versus baseline, placebo,
mean (95% Cl) mean (95% Cl) P
Referent - -
—0.17 (-0.35,0.00) Referent Referent
—0.40 (—0.60, —0.20) —0.23(—0.40, —0.05) 0.011
Referent - -
—0.06 (—0.26,0.13) Referent Referent
—0.22 (—0.44,0.00) —0.16 (—0.33,0.02) 0.082
Referent - -
—0.46 (-0.80,-0.12) Referent Referent
—0.85(—1.21,-0.50) —0.39 (—0.84,0.05) 0.081
DASH-Losartan
End of versus
period, Change from baseline, control-placebo,
mean (SE) mean (95% Cl) mean (95% ClI) P
5.19(0.22) —-0.16(-0.40,0.07) Referent Referent
4.56(0.20) —0.44 (-0.73,-0.15) —0.28 (—0.65,0.10) 0.15
4.62(0.19) —-0.05(-0.35,0.24) Referent Referent
430(0.19) —0.22(-0.48,0.03) —0.17 (—0.56,0.22) 0.39
6.38(0.26) —0.37(-0.76,0.02) Referent Referent
5.40(0.47) —1.27(-1.94,-0.59) -0.90(-1.68,-0.12) 0.024

The P-value for an interaction across strata of baseline serum urate using a Wald test was 0.015.

significant differences between DASH-placebo versus control-losartan
(Table ST1).

3.5 | Additional subgroup analyses

There was no evidence that age, sex, Black race, or obesity modified
the effects of the DASH diet versus the control diet on serum urate
(Figures 2). In contrast, losartan had greater effects on serum urate
among adults <60 years-old versus adults >60 years-old (—0.33 mg/dL

vs. 0.16 mg/dL, P-interaction = 0.003). With regards to the combined
effect of DASH and losartan versus control and placebo, effects dif-
fered by participants without obesity versus participants with obesity
(0.21 mg/dL vs. —0.84 mg/dL, P-interaction = 0.03) (Figure SF1).

There was no evidence of effect modification by Black race. How-
ever, the effects of the DASH diet versus the control diet among Black
participants without baseline hyperuricemia was 0.17 mg/dL (95% ClI:
—0.25,0.59) versus —0.39 mg/dL (95% CI: —0.76, —0.02) among Black
participants with baseline hyperuricemia (P-interaction < 0.001) (Table

ST2). Greater reductions in serum urate were also observed among
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(A) DASH diet versus the control diet
'
Characteristic N B (95% C1) H P-Interaction
i
Age !
<60 years 42 0.07 (-0.32, 0.45) '—r°—‘ 0.25
260 years EL -0.52(-1.26,0.22) —— 11
H
Sex H
Men 23 -0.13 (-0.71, 0.45) ——— 0.57
Women 32 -0.05 (-0.47, 0.36) 2
——
[
Race :
Non-black 20 -0.35(-1.04, 0.34) —_— 0.39
Black 35 0.12 (-0.24, 0.47) ._:.
1
Obese i
No 29 0.32(-0.16, 0.80) r—e— 0,058
Yes 25 -0.48 (-0.93, -0.04) % !
1
'
Baseline serum urate 26 mg/dL {
No 39 -0.01 (-0.41, 0.38) —— 0.007
Yes 15 -0.38 (-0.92, 0.16) !
T
i
i
1
Overall 55 -0.05 (-0.39, 0.28) ——
-‘2 -1‘.5 -1 -5 0 5 1
Serum Urate, mg/dL
FIGURE 2

(B) Losartan versus placebo
'
Characteristic N B (95% C1) i P-Interaction
Age i
<60 years 2 -0.33 (-0.53,-0.13) —eH 0.003
260 years 11 0.16 (-0.11, 0.42) | e—i
i
Sex !
Men 23 -0.16 (-0.40, 0.07) ——i 0.54
Women 32 -0.27 (-0.52,-0.02) =i
]
i
Race H
Non-black 20 -0.33(-0.67, 0.01) == 0.45
Black 35 -0.17 (-0.37, 0.02) ——i
1
'
Obese i
No 29 -0.12 (-0.28, 0.04) "r"" 0.23
Yes 25 -0.35(-0.68, -0.02) o
H
1
Baseline serum urate 26 mg/dL !
No 39 -0.16 (-0.33, 0.02) —.— 0.31
Yes 15 -0.39 (-0.84, 0.05) !
T
'
i
1
Overall 55 -0.23 (-0.40, -0.05) gl
2 45 4 5 0o 5 1

Serum Urate, mg/dL

Effects of the DASH diet versus the control diet (A) or losartan versus placebo (B) on mean serum (95% Cl) urate in strata of age,

sex, race, obesity, and baseline hyperuricemia. Comparisons across strata were performed using interaction terms. The diamond represents the
overall contrasts with the vertical dashed line representing the summary estimate.

Black participants for the combined effect of DASH and losartan versus
the control diet and placebo (P-interaction = 0.15; Figure SF1). There
was also no evidence of a difference in losartan versus placebo among
Black adults across hyperuricemia status (Table ST3). While there was
no effect from DASH and losartan on serum urate among all Black
adults, a greater combined effect was noted among Black adults with
hyperuricemia (P-interaction = 0.04) (Table ST4).

4 | DISCUSSION
In this randomized trial of 55 adults with mean DBP of 90—109 mm Hg
and mean SBP < 180 mm Hg, the DASH diet did not reduce serum urate
significantly when compared to a control diet. However, there were
significant reductions in serum urate among participants with baseline
hyperuricemia. In contrast, losartan reduced serum urate overall and
this effect did not differ by baseline hyperuricemia; a significant effect
of losartan on serum urate was observed among adults < 60 years old,
not among those >60 years of age. Like the DASH diet, the combination
of DASH and losartan did not reduce serum urate overall, but signifi-
cantly reduced serum urate among adults with baseline hyperuricemia.
These findings suggest that the DASH diet and losartan might lower
serum urate among adults with hyperuricemia and hypertension.
Other studies have documented that the DASH diet reduces serum
urate.!>16 A DASH dietary pattern has been associated with a lower
risk of gout in observational studies compared to a typical Western
diet.1” Moreover, in both DASH and DASH-Sodium trials, the DASH
diet lowered serum urate by 0.25 mg/dL (95% CI: —0.43, —0.08) and
0.35 mg/dL (95%Cl: —0.65, —0.05) respectively, compared to the con-
trol diet.313 In both of these trials, effects were greater among adults

with baseline hyperuricemia. A similar trend was observed in a study

of 123 African American adults with controlled hypertensioné; in this
trial, there was a significant trend toward greater reductions in serum
urate from DASH-like groceries among adults with higher baseline
urate levels. The present trial is consistent with these previous studies,
showing that the DASH diet reduced serum urate among adults with
baseline hyperuricemia.

Losartan has been considered a preferred antihypertensive agent
among adults with gout, due to its uricosuric effects.” Losartan has
been shown to prevent increases in serum urate levels.2%20 A num-
ber of physiology studies show that losartan and its metabolites
(e.g., E3174) do not inhibit xanthine oxidase activity,”2! but rather
inhibit urate transporter 1 (URAT1)-mediated renal tubule urate
reabsorption,”22 which leads to decreased absorption in the proxi-
mal tubule of the kidney.2®> While several trials have examined the
urate-lowering effects of losartan alone or in combination with other
agents,24"26 the present study is unique in documenting the magni-
tude of the effect of losartan on serum urate in a placebo-controlled
trial. Our results were modest, consistent with a recent trial of high
versus low dose losartan that reduced serum urate by 0.27 mg/dL
among adults with heart failure,2” and did not vary by baseline hyper-
uricemia. Compared to other studies of antihypertensive medications
and serum urate, the magnitude of urate reduction observed was
similar to the effects expected from starting or stopping other anti-
hypertensive agents.>¢ In the Treatment of Mild Hypertension Trial,
compared to baseline, enalapril lowered urate by 0.31 mg/dL and
amlodipine lowered urate by 0.48 mg/dL, while acebutolol (a beta
blocker) increased urate by 0.33 mg/dL and chlorthalidone increased
urate by 1.17 mg/dL.2% Both beta blockers and chlorthalidone are
associated with greater gout risk.>¢ Our findings of modest effects
of losartan on serum urate are informative for practitioners treat-

ing hypertension. Longer-acting angiotensin receptor blockers are
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advantageous for hypertension management compared to losartan
(a shorter-acting agent).2? Moreover, they have also been shown to
inhibit urate uptake receptors,3° but they have not consistently low-
ered serum urate compared to losartan?3! or placebo®? in part due to
agent-specific differences in urate receptor inhibition.3> However, our
study suggests that depending on the degree of hypertension control,
the modest reduction in urate from losartan may not be adequate to
forego the benefits of a longer-acting blood pressure agent.

The greatest reductions in serum urate were observed among par-
ticipants less than 60 years old. Losartan has been shown to decrease
blood pressure regardless of age, kidney function, or liver function.
However, we found that the effects of losartan on serum urate differed
by age. To our knowledge, the impact of age on the effects of losartan
has not been reported in clinical studies; nevertheless, there is a body
of mechanistic evidence, which supports such a relationship. Follow-
ing oral administration, losartan is converted to its active metabolite,
E3174, by the cytochrome P450 pathway in the liver. Both losartan
and E3174 act on URAT-1 in the kidney to induce uricosuria. With age,
adults undergo both a decrease in glomerular filtration rate (GFR) at
a rate of 6.3 mL/min/1.73 m? per decade,** and the liver decreases
in volume and blood flow, affecting cytochrome P450 activity.3> We
speculate that both reduced conversion of losartan to E3174 cou-
pled with decreased glomerular filtration and thus access to URAT1,
may contribute to losartan’s reduced effectiveness in lowering serum
urate among older adults in our study. However, these findings need
replication particularly in a study with a larger number of older adults.

Among Black participants, we found greater urate-lowering effects
from DASH among adults with hyperuricemia. The greater BP lower-
ing effects of the DASH diet among Black adults compared to White
adults has been previously recorded, as has its trend towards decreas-

10.36.37 However, our analyses were limited by

ing serum urate levels.
small sample size.

Our study has limitations. First, our trial was relatively small, and
the majority of participants had normal serum urate levels. Second,
the study duration was short, limiting our ability to determine the
longer-term effects of these interventions on serum urate. This may be
particularly relevant for the effects of the DASH diet on urate, which
have been shown to achieve greater effects with longer durations.3®
Third, participants were not asked about a prior diagnosis of gout, and
this was not an exclusion criterion or a study outcome. Given that
serum urate is a poor correlate of gout flares, it is possible that DASH
or losartan might prevent gout flares despite modest effects on serum
urate. Fourth, our study did not examine other classes of antihyperten-
sive agents that have been observed to modestly lower serum urate
(e.g., calcium channel blockers).> Moreover, the trial only examined one
dose of losartan. Whether effects might be greater at higher doses
should be evaluated further. Fifth, the larger effects from DASH among
adults with hyperuricemia could reflect regression to the mean and
should be replicated in a study focused on adults with hyperuricemia.
Sixth, our stratified analyses were exploratory and given the multiple
comparisons could be susceptible to falsely significant findings. More-
over, small numbers limit our power to detect significant interactions

across subgroups and should be re-examined in a larger population.

Lastly, the crossover design for losartan (vs. placebo) had increased sta-
tistical power compared to the parallel arm design for the DASH (vs.
control) diet.

Strengths of this study include its core design, namely a random-
ized trial with tightly controlled dietary interventions, high follow-up
rates, and standardized data collection procedures. Moreover, the
study enrolled a clinically relevant population of adults with hyper-
tension, that is, a population at higher risk for gout,2 and participants
were diverse, that is, over half Black and over half women. Finally,
measurement of serum urate occurred within six months of collection,
minimizing the effects of sublimation and long-term storage on urate
concentrations.

In conclusion, the DASH diet reduced serum urate among adults
with baseline hyperuricemia, while losartan reduced serum urate
particularly among younger participants. These findings add to the
growing evidence that the DASH diet and losartan lower serum urate.
However, replication among adults with hyperuricemia and gout is

needed.
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