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Abstract

Objective: To determine whether the Dietary Approaches to Stop Hypertension (DASH) diet or
an alternative, simplified diet, emphasizing high fiber fruit and vegetables, lowers serum urate
(SV).

Methods: We conducted a secondary study of the DASH feeding study, a 3-arm, parallel-design,
randomized trial of 459 adults with systolic blood pressure (SBP) <160 mmHg and diastolic blood
pressure (DBP) of 80-95 mmHg, not on BP medications. Participants were randomized to 8 weeks
of monitored feeding and ate one of three diets: 1) a typical American diet (control), 2) a fruit and
vegetable (FV)-rich diet but otherwise similar to control, or 3) the DASH diet which was rich in
fruit, vegetables, and low-fat dairy products, and reduced in fat, saturated fat and cholesterol. Body
weight was kept constant throughout the study. SU was measured at baseline and after 8-weeks of
feeding.

Results: Of the 327 participants with available specimens (mean age 45.4+11.0 years, 47%
women, 50% black), mean baseline SU was 5.7+1.5 mg/dL. Compared to the control diet, the FV
diet reduced SU by 0.17 mg/dL (95%Cl: —0.34, 00; P=0.051) and DASH reduced SU by 0.25
mg/dL (95%Cl: —0.43,-0.08; £=0.004). These effects increased with increasing baseline SU levels
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(<5, 5-5.9, 6-6.9, 7-7.9, and =8 mg/dL) with DASH (0.08, 0.12, 0.42, 0.44, and 0.73 mg/dL; ~-
trend=0.04), but not with FV.

Conclusions: The DASH diet reduced SU, particularly among those with hyperuricemia. These
findings support the growing need for a dedicated trial to test DASH among patients with
hyperuricemia and gout.
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Methods

Dietary patterns are viewed as important determinants of elevated serum urate (SU) levels
and risk for gout (1). Dietary recommendations for gout have traditionally focused on
reduced consumption of purines, which are precursors to uric acid (2-4). However, low
purine (i.e., low protein) diets have limited palatability and sustainability. Furthermore, the
reduction in protein consumption can lead to a compensatory higher intake of carbohydrates
(including fructose) and fats (including trans or saturated fats), which can in turn worsen
cardiovascular (CV) risk factors, such as blood pressure and serum lipids, which are
frequently elevated in adults with hyperuricemia and gout (5). Recent evidence suggests that
the Dietary Approaches to Stop Hypertension (DASH) diet, a dietary strategy shown to
lower both BP and lipids, may lower SU and gout risk (6,7) as well as CV risk. However,
these findings have not been confirmed in an independent trial (8). Furthermore, the extent
to which the SU reduction from DASH is simply attributed to greater consumption of fruits
and vegetables is unknown.

The DASH trial was a parallel arm, 8-week feeding study conducted in adults with elevated
blood pressure (BP) or hypertension (9). Participants were fed one of three diets: 1) a typical
American diet, 2) a fruit and vegetable (FV) diet, or 3) the DASH diet, which combined
greater consumption of high-fiber fruit and vegetables with low-fat dairy and reduced
saturated fat and total fat. This landmark study demonstrated that the DASH diet lowered BP
and low density lipoprotein-cholesterol compared to a typical American diet and beyond
fruit and vegetables alone (10). However, whether the DASH diet also reduced SU has not
been reported.

In the present study, we measured SU in stored specimens from the DASH trial to determine
the effect of the DASH diet or the FV diet on SU compared with the typical American diet.
We hypothesized that the DASH diet would lower SU beyond fruits and vegetables
consistent with its effects on CV risk factors.

The DASH trial was initiated and sponsored by the National Heart, Lung, and Blood
Institute. It was conducted between September 1994 and March 1996 at four clinical centers
within the United States (Baltimore, Maryland; Boston, Massachusetts; Durham, North
Carolina; Baton Rouge, Louisiana). The study’s primary results were published (9). In
summary, DASH compared the effects of three different diets on blood pressure (BP) in 459
adults with elevated blood pressure. Participants were randomized within each site to 1) a
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control diet that was typical of what many Americans eat, 2) the FV diet, or 3) the DASH
diet. Prior to enrollment, all participants provided written, informed consent for specimen
storage. The present study utilized serum curated by the NHLBI BioLINCC repository to
measure urate. Notably one of the four research centers did not provide any specimens,
resulting in the reduced sample for our study. Institutional Review Boards (IRBs) at each of
the 4 research sites institution approved the original study protocol. Use of the publically
available data was considered by IRBs of Mass General Hospital and Beth Israel Deaconess
to be exempt research.

Participants in the DASH trial were aged 22 years and older with an average SBP between
120 to 159 mm Hg and an average diastolic BP (DBP) between 80 to 95 mm Hg. Exclusion
criteria were diabetes mellitus, a recent CV event (within the previous six months), a body
mass index >35 kg/m?, renal insufficiency, use of antihypertensive medications, and self-
reported alcoholic beverage intake of more than 14 drinks per week.

Dietary Interventions

Participants were randomized to one of three diets, following a parallel design: a control
diet, the FV diet, or the DASH diet (called “the combination diet” in the original

publication; Supplement Table ST1). The control diet was designed after a typical American
diet with potassium, magnesium, and calcium levels matching the 25t percentile of U.S.
consumption, and macronutrient profiles and fiber reflecting the average intake levels in the
U.S. (9). In contrast, the FV diet included potassium and magnesium at the 75t percentile of
U.S. consumption and provided higher amounts of fiber. This diet had more fruits and
vegetables with fewer snacks and sweets than the control diet.

The DASH diet was similar to the FV diet, providing potassium and magnesium at levels
reflecting the 75! percentile of U.S. consumption, and was higher in fiber and protein (9). In
addition, the DASH diet provided calcium at the 75™ percentile of U.S. consumption. It also
emphasized fat-free or low-fat dairy products and included whole grains, poultry, fish, and
nuts while restricting saturated fat, total fat, cholesterol, sweets, and sugar-containing
beverages consumption. All three diets provided a comparable amount of sodium (~3 g/day)
in this trial.

Each diet was isocaloric and administered as part of a seven-day menu cycle, which included
3 meals per day at four kilocalorie levels (1600, 2100, 2600, and 3100 kcal). Each weekday,
participants ate 1 main meal (lunch or dinner) on site. The remaining weekday meals and all
weekend meals were provided to participants and consumed offsite. Both feeding
compliance and participants’ weights were closely monitored, and adherence was high, with
participants attending over 95% of person-days at scheduled on-site meals and adhering to
the study protocol offsite (all study foods and no non-study foods) over 93% of person-days.
In addition, objective biomarkers also confirmed high adherence as well (9).
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Primary outcomes

Covariates

The primary outcome measure of the present post-hoc study was SU measured in 2018 from
available stored specimens from three of the four clinical centers. Serum specimens were
collected in participants at baseline (N=327) and after the conclusion of the 8-week feeding
periods (N=327) for each of the three diets. All specimens (baseline and 8-week) were
collected after a 12-hour fast. Serum was stored at =70°C and underwent at least 1 freeze-
thaw cycle for the present measurements. SU was measured using a standard automated
uricase enzymatic assay on the Roche P Modular system (Roche Diagnostics - Indianapolis,
IN).

Additional participant characteristics were determined via questionnaire, laboratory
specimens, and physical examination. Sex was self-reported, and race was examined in
categories of black and non-black. Body mass index (BMI) was derived from measured
height and weight with obesity defined as a BMI =30 kg/m?. Seated SBP and DBP were
measured using random-zero sphygmomanometers. Baseline BP was calculated as the
average of three pairs of measurements during screening and four pairs during the run-in
phase, while BP at follow-up was calculated as the average of four or five pairs of
measurements during weeks 7 and 8 of the intervention phase. Hypertension in the DASH
trial was defined as SBP =140 mm Hg or DBP =90 mm Hg. Low density lipoprotein
cholesterol (LDL-cholesterol) was estimated (11) from total cholesterol, high density
lipoprotein cholesterol, and triglycerides, measured using enzymatic colorimetry.

Statistical analysis

We summarized population characteristics at baseline according to diet assignment using
means (SD) and proportions. The distribution of baseline change in SU was examined using
kernel density plots. We determined the mean (SD) SU concentration at baseline and 8
weeks according to diet and compared the change from baseline via t-tests.

We compared SU across dietary assignments with adjustment for baseline serum
concentrations, using the following contrasts: FV versus control, DASH versus control, and
DASH versus FV. In addition, we performed a concurrent change analysis adjusting for
change in baseline SBP, DBP, LDL-c or all three CVD risk factors. All dietary comparisons
and concurrent change analyses were performed using linear regression models.

We also compared baseline change in SU with baseline change in SBP, DBP, and LDL-c
using scatter plots, Lowess curves, and linear regression models. In addition, we determined
the association of baseline change in SU with baseline change in SBP, DBP, and LDL-c
using linear regression with adjustment for age, sex, black race, and dietary assignment.

In addition, we performed pre-specified subgroup analyses of the effects of the FV diet
versus control or the DASH diet compared to control in strata of age (< 50 years, = 50
years), sex (men, women), race (non-black, black), baseline hypertension (baseline SBP >
140 or DBP = 90 mm Hg), baseline obesity (BMI = 30 kg/m?), baseline hyperuricemia
(baseline SU > 6 mg/dL for women or > 7 mg/dL for men), and categories of baseline SU (<
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5,5-5.9, 6-6.9, 7-7.9, and = 8 mg/dL). These subgroups are largely consistent with our
prior work (6). Comparisons across categories were performed using interaction terms. For
categories of baseline SU, the interaction term was determined by treating the median SU
value of each category as a continuous variable. This interaction term represents the Pfor
trend. As a sensitivity analysis we also examined the following categories of baseline SU: (<
5,5-5.9, 6-6.9, and = 7 mg/dL).

All analyses were performed with Stata version 15.1 (Stata Corporation, College Station,
TX, USA). Missing data (primarily from unavailable specimens) were evenly distributed
across dietary assignments.

Baseline characteristics

Baseline characteristics of the 327 participants of the DASH trial with stored serum are
shown in Table 1. Characteristics were similar across dietary assignments. Notably, the 132
original participants that were excluded were more likely to be female, black, and
hypertensive (Supplement Table ST2).

Change in Serum Urate from Baseline

Mean baseline levels of SU were similar across diet assignments (Table 2). We observed
significant changes from baseline SU among those on the FV diet (-0.17 mg/dL; 95% CI:
-0.28, -0.06) and the DASH diet (-0.22 mg/dL; 95% CI: —0.35, —0.08) (for complete
distributions of change from baseline see Supplement Figure SF1). There was no change in
mean SU from baseline among those assigned the control diet.

Between-Diet Comparisons & Concurrent Change Analysis

Compared to the control diet, the FV diet reduced SU by 0.17 mg/dL (95% CI: —0.34, 0.00)
and the DASH diet reduced SU by 0.25 mg/dL (95% CI: -0.43, -0.08) (Figure 1). There
was no difference in SU changes between the DASH and FV diets.

Adjustment for changes in blood pressure or LDL-cholesterol had little impact on the effects
observed from the FV diet compared with the control diet (Table 3). Similarly, adjustment
for blood pressure did not alter the effects of the DASH diet on SU compared with the
control diet. However, adjustment for LDL-cholesterol did attenuate the effects of DASH on
SU. Despite our reduced sample (327 vs 459), the effects of the diets on SBP, DBP, and
LDL-cholesterol were consistent with the main study (Supplement Table ST3).

We also compared the association between baseline change in SU and change in baseline
SBP, DBP, or LDL-cholesterol (Table 4; Supplement Figure SF2). Changes in SBP or DBP
from baseline were not significantly associated with changes in SU from baseline; however,
for SBP there was evidence of an interaction across diets. In contrast, change in LDL-
cholesterol from baseline was strongly associated with change in SU from baseline (0.49
mg/dl per 1 mg/dL change in LDL-cholesterol; 95% CI: 0.16, 0.81) independent of dietary
assignment.
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Subgroup Analysis

The effects of the FV diet on SU compared to the control diet were not modified by strata of
age, sex, race, baseline hypertension, baseline obesity, or baseline SU levels (Figure 2A). In
contrast, the DASH diet had greater effects on SU in adults without baseline hypertension
(P-interaction = 0.02) (Figure 2B). Furthermore, there was an incrementally greater
reduction in SU among adults with higher SU at baseline (~-trend = 0.04), such that the
DASH diet reduced SU by 0.08, 0.12, 0.42, 0.44, and 0.73 mg/dL with increasing baseline
SU levels (<5, 5-5.9, 6-6.9, 7-7.9, and =8 mg/dL). Findings were unaltered when we used
alternative categories of baseline SU levels (Supplement Table ST4).

Discussion

In this secondary analysis of the DASH trial, compared to a typical American diet, the
DASH diet significantly reduced SU after an 8-week intervention period. These effects were
significantly greater in those with higher SU concentrations at baseline. Furthermore, the
observed effects were strongly associated with change in LDL-cholesterol, but not change in
BP. In contrast, while the FV diet lowered SU, the urate-lowering effects were of borderline
significance. Overall, our findings suggest that merely increasing fruit and vegetable
consumption is less efficacious for SU reduction than adopting the complete DASH diet,
particularly its features that optimize reduction in LDL-cholesterol.

Diet has been implicated as a determinant of hyperuricemia for thousands of years largely
anecdotally or in observational studies (1). Nutrition recommendations for gout have
predominantly focused on the purine scavenger pathway as a means of reducing urate
precursors (2-4). However, the sustainability and benefits of a conventional low purine (i.e.,
low protein) approach has been called into question, even among those with hyperuricemia
and gout. When reducing the intake of one macronutrient (e.g., protein), there must be a
compensatory increase in one or both of the remaining macronutrients (e.g., carbohydrates
and fats). Given the prevalence of Western-style diets and deterioration of healthy eating
habits (12), there is a concern that protein-restriction may result in substitution of foods that
are rich in refined carbohydrates (including fructose) and saturated or trans fats. These
changes could further exacerbate insulin resistance, leading to higher plasma levels of
glucose and lipids, thereby contributing to the development and worsening of metabolic
syndrome and its complications in patients with hyperuricemia and gout (13,14).
Meanwhile, the DASH diet has been shown to lower BP and LDL-cholesterol (9), two CV
risk factors often elevated in adults with gout (5,15). Recently, we demonstrated in the
DASH-Sodium trial that the DASH diet lowered SU by about —0.35 mg/dL, with a greater
magnitude observed (i.e., —1.3 mg/dL) among adults with a baseline SU =7 mg/dL (6). In a
later translational trial, Five Plus Nuts and Beans, we showed that while $30/day of high
potassium fruits and vegetables modeled after DASH did not lower SU, there was a
significant trend toward greater reduction among adults with a baseline SU > 8 mg/dL (8).
Furthermore, longitudinal studies found that higher adherence to the DASH diet was
associated with a lower risk of gout (7). The present study adds to these previous findings by
showing that the DASH diet reduces SU, particularly among adults with hyperuricemia,
which was not apparent with the FV diet.
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Nutrition experts have questioned the necessity of the whole DASH diet for SU reduction.
Indeed, an emphasis on one of its subcomponents, for example increased fruit and
vegetables, represents a simplified public health prevention strategy that could promote
greater adherence. However, our study shows that a diet which only increases fruit and
vegetable servings may not achieve the same magnitude of urate reduction as the DASH
diet, particularly among those with hyperuricemia. Given that the DASH diet differed from
the FV diet in several ways, it is difficult to isolate the exact feature that was responsible for
the greater effects of DASH. Nevertheless, we suspect that the DASH emphasis on low fat
and fat free dairy may be contributory, as dairy protein has been shown to lower SU in other
clinical trials (16). Although it is important to note that the effects of the FV diet on SU did
not differ significantly from DASH, suggesting a need for further research on dietary pattern
for SU reduction. In addition, these diets were isocaloric such that weight was maintained
during the duration of the trial. Studies have shown that weight loss diets, even those that are
high in protein, may lead to reduction in SU (14,17) by lowering adiposity and insulin
resistance, thereby enhancing uric acid excretion (13,18,19). Thus, further research on the
total effect of diet, including both dietary composition and weight loss, on SU is warranted.

Multiple studies demonstrate a strong relationship between hyperlipidemia and
hyperuricemia (5,20). Our study further showed that changes from baseline in LDL-
cholesterol were associated with changes in SU. Moreover, adjustment for change in LDL-
cholesterol attenuated the effects of the DASH diet on SU. These observations imply that
dietary interventions that target LDL-cholesterol reduction may also reduce SU. This may be
an important consideration in future dietary studies to optimize SU reduction. Notably,
change in SBP and SU were less consistently associated across dietary interventions. We
have observed similar differences previously with dietary sodium intake (21). This may
suggest that dietary strategies targeting BP reduction may be less reliable for SU reduction.

Our study has limitations. First, specimens from all randomized participants were not
available. Of the 132 individuals with missing data, 114 (i.e., 86%) were from one site.
However, given that participants were randomized by site, these missing samples were not
related to trial compliance or dietary assignment. Further, despite the reduced sample in our
study, we were adequately powered to observe differences in SU between the dietary
assignments. Second, the trial did not focus on enrolling persons with gout. Further, the
presence of gout at baseline and the incidence of gout attacks during the trial was not
assessed. Third, since this trial tested dietary patterns, it is challenging to isolate specific
food groups or micronutrients that may account for the distinct SU effects. Likewise, we are
not able to differentiate whether the diet-associated change in SU was due to decreased
endogenous production or increased renal clearance of urate. Nevertheless, the differential
effects of DASH on SU suggest that micronutrients or food groups unique to DASH (versus
the FV or control diets) are likely causally involved. Fourth, the original DASH trial
intentionally adjusted kilocalories to minimize weight loss. It is possible that this might
underestimate the full impact of diet on SU in the setting of weight loss. Fifth, our subgroup
analyses should be viewed cautiously in light of the multiple comparisons performed. Sixth,
the magnitude of SU reduction was small even among the hyperuricemic subgroup relative
to pharmacologic urate lowering therapy. While small SU reductions are important for
population-wide, prevention strategies, our findings should not be viewed as a replacement
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for urate lowering therapy especially among patients with gout. Seventh, the study
population did not focus on adults with gout and excluded a number of conditions (e.g.,
diabetes, heavy alcohol drinkers) that are prototypical of patients with gout. Further research
is needed to confirm these findings in a gout population. Finally, our association analyses
between change in LDL-cholesterol and SU are observational.

Our study also has several strengths. First, dietary interventions were tightly controlled and
administered in a randomized fashion, allowing for inferences in a diverse population of
adults with CVD risk factors often encountered among adults with hyperuricemia or gout.
Second, we measured SU, the therapeutic target for preventing gout flares. As a result, the
observed effects on SU are generalizable to the primary prevention of gout; although, these
findings should be confirmed in a gout population. Third, our isocaloric design isolated the
effects of diet from weight change and its effects on SU. Finally, having three dietary
patterns with some overlap, allows for greater insights as to which components of diet might
be important for reducing SU. In our study, the complete DASH diet seems to be important
for urate reduction, which is informative for subsequent dietary intervention studies.

In conclusion, the DASH diet lowered SU particularly among adults with hyperuricemia.
This reduction in SU was highly correlated with reductions in LDL-cholesterol. DASH may
represent the optimal dietary approach to lower SU as an adjunct to urate lowering therapy
in adults with hyperuricemia and gout; however, a definitive trial in adults with
hyperuricemia and gout is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Contrast

Fruit & vegetable vs control

DASH vs control

DASH vs fruit & vegetable

Figure 1.
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Mean Difference (95% Cl) P
-0.17 (-0.34, 0.00) L 0.051
-0.25 (-0.43,-0.08) ¢ A g 0.004
-0.08 (-0.25, 0.09) ' ° 0.34

5 -25 0 25

Mean Difference in SU, mg/dL

Mean difference in serum urate (mg/dL) between diets, comparing the fruit and vegetables
diet versus control diet, the DASH (Combination) diet versus the control diet, and the DASH

(Combination) diet versus the fruit and vegetables diet. All comparisons represent the

difference in week 8 measurements adjusted for baseline measurements.
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A. Fruit and vegetable diet versus the control diet

Characteristic N B (95% CI) P-Interaction
Age '
<50 years 147 -0.15 (-0.37, 0.07) ——i 0.79
250 years 70 -0.20 (-0.47, 0.07) ——
Sex :
Men 122 -0.17 (-0.44, 0.09) —e— 0.80
Women 95 -0.15 (-0.35, 0.05) —e—
Race H
Non-black 111 -0.29 (-0.54, -0.04) —e— 0.36
Black 106 -0.04 (-0.29, 0.20) —a—
Baseline hypertension !
No 158 -0.27 (-0.48, -0.07) e 0.053
Yes 59 0.10 (-0.20, 0.41) —o—
Baseline obesity !
No 138 -0.19 (-0.43, 0.04) o1 0.80
Yes 79 -0.15 (-0.39, 0.10) —et
Baseline hyperuricemia* i
No 165 -0.20 (-0.39, -0.01) —e—t 0.81
Yes 52 -0.15 (-0.53, 0.22) ———
Baseline serum urate, mg/dL H
<5 60 -0.07 (-0.35, 0.21) —e—i 0.69
5-5.9 58 -0.24 (-0.57, 0.09) —e—o
6-6.9 52 -0.26 (-0.67, 0.15) ———
7-7.9 32 -0.19 (-0.58, 0.21) —e——
28 15 -0.08 (-1.03, 0.86) —_——————
i
|
Overall 217 -0.17 (-0.34, 0.00) i
-2 -1‘5 -'1 -‘5 0 ‘5 1

*Defined as >6 mg/dL for women or >7 mg/dL for men

Figure 2.

Serum Urate, mg/dL.

Page 12
B. DASH (Combination) diet versus the control diet
Characteristic N B (95% CI) P-Interaction
Age '
<50 years 147 -0.28 (-0.50, -0.06) '—4‘-‘ 0.62
>50 years 70 -0.19 (-0.45, 0.07) L i
Sex i
Men 113 -0.31 (-0.59, -0.03) —e—i 0.32
Women 104 -0.15 (-0.34, 0.04) Ho—
Race H
Non-black 105 -0.30 (-0.55, -0.04) —e— 0.60
Black 112 -0.21 (-0.44, 0.03) ——
Baseline hypertension H
No 161 -0.37 (-0.58, -0.17) —eH 0.02
Yes 56 0.08 (-0.23, 0.39) —e—
Baseline obesity !
No 138 -0.37 (-0.60, -0.14) — 0.08
Yes 79 -0.06 (-0.30, 0.19) n——i
Baseline hyperuricemia* :
No 167 -0.17 (-0.36, 0.02) "7.— 0.048
Yes 50 -0.56 (-0.94, -0.18) ——
Baseline serum urate, mg/dL H
<5 74 -0.08 (-0.33, 0.17) —el— 0038
5-5.9 54 -0.12 (-0.46, 0.22)
6-6.9 45 -0.42 (-0.85, 0.01)
7-7.9 28 -0.44 (-0.86, -0.01)
>8 16 -0.73 (-1.66, 0.20)
'
1
Overall 217 -0.25 (-0.43,-0.08) ——
2 s 4 -5 0 5

*Defined as >6 mg/dL for women or >7 mg/dL for men

Serum Urate, mg/dL.

Mean difference in serum urate (mg/dL) between diets, comparing (A) the fruit and
vegetables diet versus control diet and (B) the DASH (Combination) diet versus the control
diet in strata of demographic groups and relevant comorbidities. All comparisons represent
the difference in week 8 measurements adjusted for baseline measurements. Note that
baseline hyperuricemia is defined as a baseline serum urate > 6 mg/dL for women or > 7

mg/dL for men.
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Table 4.

Association of baseline changes with change in serum urate from baseline

Serum Urate, mg/dL

Change from baseline in CVD risk factor N Mean Difference (95% CI) P

Systolic blood pressure, mm Hg 327 0.07 (-0.97,1.12) 0.90
Diastolic blood pressure, mm Hg 327 0.34 (-1.15,1.86) 0.65
LDL cholesterol, mg/dL * 324 0.48 (0.15,0.80) 0.004

Adjusted for age, sex, black race, diet assignment

*
Note some LDL cholesterol values were missing
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