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Abstract. Uric acid, a waste metabolite among humans, was linked to various cognitive outcomes. We describe sex and age-
group specific associations of baseline serum uric acid (SUAbase) and significant change in SUA (�SUA: 1 versus 0 = decrease
versus no change; 2 versus 0 = increase versus no change) with longitudinal annual rate of cognitive change among a large
sample of urban adults. Data from the Healthy Aging in Neighborhoods of Diversity across the Life Span study, 2004–2009
(visit 1) and 2009–2013 (visit 2) were used. Of 3,720 adults selected at baseline (age range: 30–64 y), complete data were
available for N = 1,487–1,602 with a mean repeat of 1.5–1.7 visits/participant. Cognitive test domains spanned attention,
processing speed, learning/memory, executive function, visuo-spatial/visuo-construction ability, language/verbal, and global
cognitive function. SUA was measured at both visits. Multiple mixed-effect regression analyses were conducted. In the
total population, a higher SUAbase was associated with a faster annual rate of decline on a measure of visual memory/visuo-
construction ability (the Benton Visual Retention Test) by � = 0.07 with a standard error of 0.02, p < 0.001. Among older men,
a significant increase in SUA was associated with slower decline on a test of attention/processing speed, namely Trailmaking
test, Part A, measured in seconds to completion (� = –6.91 ± 1.73, p < 0.001). In sum, a higher SUAbase was associated with
faster cognitive decline over-time in a visual memory/visuo-construction ability test. �SUA had particular beneficial effects
of an increasing �SUA on the domain of attention/processing speed among older men. More longitudinal studies are needed
to examine cognitive domain-specific effects of over-time change in SUA within sex and age groups.
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INTRODUCTION27

Uric acid, a waste metabolite among humans, trig-28

gers development of gout and kidney stones if present
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at elevated levels in serum, increasing risk for hyper- 29

tension, cerebrovascular and renal disease [1, 2]. 30

Although a diet low in uric acid has little influence 31

on its serum levels, a Mediterranean dietary pattern 32

rich in antioxidants and anti-inflammatory agents is 33

linked to a reduced risk of hyperuricemia [3]. 34

Previous studies have examined the association 35

between SUA with various cognitive outcomes 36

among middle-aged and older adults [4–19]. Some 37

report a potentially adverse effect of hyperuricemia 38
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on cognitive outcomes over time [5–13], while others39

suggest a beneficial effect on cognitive performance40

or slower rate of cognitive decline [14–19]. Prior41

study limitations included exposure measurement42

error [14], selection bias [14], small sample sizes43

(<200 subjects), and/or lack of generalizability [6, 7,44

17, 18]. Moreover, many assessed only global cogni-45

tive outcomes [9, 11, 15, 16, 18].46

Recent studies point to the importance of examin-47

ing sex-specific associations between hyperuricemia48

and cognitive performance or change [5]. First, SUA49

is more strongly associated with cardiovascular dis-50

ease incidence and all-cause mortality among women51

thanmen,particularlyamongpostmenopausalwomen52

[20–22]. Secondly, a study by Heo et al. [23] uncov-53

ered a dose-response relationship between SUA and54

brain infarction only among women. Finally, higher55

SUA was linked to slower rate of Parkinson’s disease56

progression in men, but faster progression in women57

[24]. Finally, in most studies reviewed as well as an58

earlier report,SUAwashigher inolder individualsand59

within each age group, was higher in men compared to60

women [25]. Most of this evidence suggests that SUA61

may have a beneficial or no significant cognitive effect62

amongmen,whilehavingapotentialdeleteriouseffect63

among women, particularly older women. Moreover,64

none of the previous studies testing the effect of SUA65

oncognitiveoutcomeshaveexaminedchangesinSUA66

over-time and its concurrent relationship with cogni-67

tive change.68

Thus, our present study examines the sex- and age-69

specific associations of SUA at baseline (SUAbase)70

and change over time (�SUA) with longitudinal71

cognitive change among a sample of urban US72

adults residing in Baltimore city. We hypothesize73

that the association SUA and cognitive outcomes74

is an adverse one among women, particularly older75

women, while being null or protective among men.76

MATERIALS AND METHODS77

Database and study participants78

The Healthy Aging in Neighborhoods of Diver-79

sity across the Life Span (HANDLS) study is a80

prospective cohort study initiated in 2004. The study81

used area probability sampling to recruit a socioe-82

conomically diverse and representative sample of83

African American and white urban adults (30–6484

years old) residing in Baltimore, Maryland [26].85

Written informed consent was obtained from all par-86

ticipants who were provided with a protocol booklet 87

and a video explaining study procedures. Approval 88

of materials was completed by MedStar Institu- 89

tional Review Board. Data for the present study were 90

derived from baseline visit 1 (2004–2009) and the first 91

follow-up examination (visit 2; 2009–2013). Follow- 92

up time ranged from <1 y to ∼8 y, with a mean of 93

4.64 ± 0.93 y. 94

HANDLS initially recruited 3,720 participants 95

(Phase I, visit 1). Given that only Phase II had 96

in-depth data including biochemical indices and cog- 97

nitive performance measures, SUAbase was available 98

for 2,502 participants. Reliable cognitive test data 99

were complete for N = 2,088 for the California Ver- 100

bal learning test-free delayed recall (CVLT-DFR) to 101

2,700 for the Clock Drawing Test at visit 1, and for 102

2,630 in the case of Mini-Mental State Examination 103

(MMSE) at visit 1. Similarly, at the follow-up visit 104

(visit 2), those sample sizes ranged from 1,728 (Trail- 105

making Test, Part B) to 1,846 (CVLT-DFR). In the 106

final analytic models which combined both waves, 107

complete data on outcomes at either visit, as well 108

as SUAbase and covariates at baseline (e.g., dietary 109

variables and depressive symptoms) were available 110

for N = 1,487–1,602 with a mean repeat of 1.5–1.7 111

visits/participant and a total number of visits rang- 112

ing from 2,275 to 2,753. Similar sample sizes were 113

available when exposure was �SUA. Supplemen- 114

tary Figure 1 describes sample selection in more 115

details. 116

Cognitive assessment 117

Cognitive performance was assessed with 7 tests 118

yielding 11 test scores and covering 7 domains 119

(Global, attention, learning/memory, executive func- 120

tion, visuo-spatial/visuo-construction ability, psy- 121

chomotor speed, language/verbal): The Mini-Mental 122

State Examination (MMSE), the California Ver- 123

bal Learning Test (CVLT) immediate (List A) and 124

Delayed Free Recall (DFR), Digit Span Forward and 125

Backwards tests (DS-F and DS-B), the Benton Visual 126

Retention Test (BVRT), Animal Fluency test (AF), 127

Brief Test of Attention (BTA), Trails A and B, and the 128

Clock Drawing Test (CDT) (Supplementary Material 129

1). All participants were judged capable of informed 130

consent and were probed for their understanding of 131

the protocol. Although no formal dementia diagnosis 132

was conducted, all participants were given mental sta- 133

tus tests, which they completed successfully. In every 134

case, low mental status performance was due to low 135

literacy level without any sign of dementia.
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Serum uric acid assessment136

SUA measurements are useful in the diagnosis and137

treatment of renal and metabolic disorders, including138

renal failure, gout, leukemia, psoriasis, starvation or139

other wasting conditions, and in patients receiving140

cytotoxic drugs. Using 1 ml of fasting blood serum,141

uric acid was measured using a standard spectro-142

photometry method. The reference range for adult143

men is 4.0–8.0 mg/dL, whereas for women, this range144

is cited as 2.5–7.0 mg/dL (http://www.questdiag145

nostics.com/testcenter/TestDetail.action?ntc=905).146

Other reference ranges were also recently suggested147

and depend on the menopausal status of women.148

Those reference ranges are based on predictive value149

for gout outcomes among healthy individuals and150

do not necessarily predict other pathologies. Thus,151

based on recent research evidence, a “normal” SUA152

value is suggested to be <6.0 mg/dL for all healthy153

adult individuals [27]. Two main exposures were154

examined in the analysis: (1) SUAbase (visit 1),155

continuous; (2) Standardized annual rate of change156

in SUA between the two visits (1 and 2), categorized157

as significant decline (z<–1.645), non-significant158

change (–1.645≤z≤+1.645) and significant increase159

(z>+1.645); termed �SUA. The annual rate of160

change is estimated using a mixed-effects regression161

model that is described in further detail in Supple-162

mentary Material 2. The categorization of the annual163

rate of change in SUA was made due to the high level164

of kurtosis found in the distribution whereby the165

vast majority of participants had a stable SUA with166

only the upper and lower tails showing significant167

increase or decrease, respectively.168

Covariates169

Covariates included age, sex, race (White versus170

African American), marital status, educational attain-171

ment (<High School (HS); HS,>HS), poverty income172

ratio (PIR<125% for “poor”), measured body mass173

index (BMI, kg/m2), opiate, marijuana or cocaine174

use (“current” versus “never or former”), smoking175

status (“current” versus “never or former”) and the176

Wide Range Achievement Test (WRAT) letter and177

word reading subtotal scores to measure literacy (see178

Supplementary Material 1). To assess depressive179

symptoms with focus on affective, depressed mood,180

the 20-item CES-D was used. Baseline CES-D total181

score was included in the analysis as a potential con-182

founder in the association between SUA and cognitive183

change or baseline performance (see Supplementary184

Material 1). The Healthy Eating Index (HEI-2010), 185

based on two 24-h recalls administered at baseline, 186

was used as a measure of overall dietary quality. Steps 187

for calculating HEI-2010 are made available by the 188

National Cancer Institute’s Applied Research (http:// 189

appliedresearch.cancer.gov/tools/hei/tools.html) and 190

the HANDLS websites (http://handls.nih.gov/06 191

Coll-dataDoc.htm). Total and component HEI-2010 192

scores were calculated for each recall day (day 1 and 193

day 2) and then averaged to obtain the mean HEI-2010 194

total and component scores, thus combining both 195

days. Only total HEI-2010 score was included in 196

analyses. 197

Statistical analysis 198

All analyses were conducted using Stata 13.0. 199

First, using survey commands that accounted for 200

sampling weights yielded population estimates of 201

means and proportions. Means across key binary 202

variables were compared using svy:Reg, whereas 203

design-based F-tests were carried out to examine 204

the relationship between categorical variables using 205

svy:Tab. Second, mixed-effects regression models 206

with 11 continuous cognitive test score(s) as alter- 207

native outcomes were conducted. In these models 208

the time variable was interacted with a number of 209

covariates including the main exposure variables, 210

namely SUAbase concentration and �SUA. The mod- 211

els assume missingness at random for the outcomes 212

of interest, given that not all observation had two 213

complete cognitive scores at the two time points 214

(∼1.5–1.7 visits/person). Moderating effect of sex 215

and age groups was tested by adding interaction 216

terms to separate multivariable mixed-effects regres- 217

sions (3-way interactions Time × exposure × sex 218

or Time × exposure × Age; and 4-way interaction 219

terms: Time × exposure × sex × Age) and stratifying 220

by sex and age to examine relationships among the 221

following groups: (1) Younger men, (2) Older men, 222

(3) Younger women, (4) Older women, whenever at 223

least one 4-way interaction was deemed statistically 224

significant. Supplementary Material 2 describes the 225

approach used in detail. Our choice of age and sex 226

as stratifying variables were guided by the previous 227

literature, which has shown that the effect of uric acid 228

on cognitive decline was mostly seen in older women 229

[5]. Variable time of follow-up is accounted for in 230

the mixed-effects regression model as annual rate of 231

change in the outcome was of primary interest. 232

Moreover, selection bias may occur due to the 233

non-random selection of participants with complete 234

http://www.questdiagnostics.com/testcenter/TestDetail.action?ntc=905
http://www.questdiagnostics.com/testcenter/TestDetail.action?ntc=905
http://appliedresearch.cancer.gov/tools/hei/tools.html
http://appliedresearch.cancer.gov/tools/hei/tools.html
http://handls.nih.gov/06Coll-dataDoc.htm
http://handls.nih.gov/06Coll-dataDoc.htm
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data from the target study population. Thus, in each235

mixed-effect regression model, a 2-stage Heckman236

selection process was conducted, by running a pro-237

bit model to compute an inverse mills ratio at the first238

stage (derived from the predicted probability of being239

selected, conditional on the covariates in the probit240

model, mainly baseline age, sex, race, poverty sta-241

tus, and education). At the second stage, this inverse242

mills ratio was then entered as a covariate in the final243

mixed-effects regression model, as was done in a244

previous study [28].245

The key parameter of interest was the interaction246

between time and the main exposures of inter-247

est (i.e., Time × SUAbase, Time × �SUAdecrease,248

Time × �SUAincrease). A familywise Bonferroni pro-249

cedure was used to correct for multiple testing by250

accounting only for cognitive tests and assuming251

that SUA exposures related to separate substantive252

hypotheses [29]. Therefore, the critical p-value was253

reduced to 0.05/11 = 0.004. Due to their lower sta-254

tistical power, 3-way and 4-way interaction terms255

between Time, exposure, age group and sex had their256

critical p-values set to 0.05 [30]. Several sensitivity257

analyses were conducted: A) Baseline use of diuretics258

was added into the mixed-effects regression model259

to examine potential attenuation of effects due to260

the known positive relationship between diuretics261

and SUA; B.1, B.2) For Trails A versus change in262

SUA among older men two other sensitivity analyses263

were done whereby change in HEI-2010 and in BMI264

over time were added to the model. Mixed-effects265

regression models with the time variable were used266

to obtain the empirical Bayes estimators of change267

in HEI-2010 and BMI over time, which were then268

entered into the main model alternatively to assess269

confounding effects.270

RESULTS271

Table 1 displays participant characteristics baseline272

(visit 1). This sub-set of participants had complete273

MMSE scores and the analysis is stratified by age274

groupandsex.Overall,youngerparticipantshadmean275

difference in age of ∼16 y compared to older par-276

ticipants (41 y versus 57 y). Compared to younger277

men,agreaterproportionofwomen(bothyoungerand278

older) were living below poverty, whereas younger279

women were less likely to be currently married. How-280

ever, both older men and women had significantly281

higherproportions >HSand <HSeducationcompared282

to younger men whereas lower literacy level was only283

found in older men when compared to younger men. 284

The highest prevalence of current smoking was found 285

among younger men and were lowest among older 286

women.Similarly,youngermenhadthehighestpreva- 287

lence of illicit drug use compared to all other sex-age 288

groups. BMI was also lowest in younger men, baseline 289

2010-HEI total score indicated better dietary quality 290

among older men and women, compared to younger 291

men. Both younger and older women had higher mean 292

CES-D score compared to younger men. SUAbase was 293

significantly lower in women of both age groups com- 294

pared to younger men whereas the reverse was true 295

for older men. SUAbase≥6.0 mg/dL prevalence is esti- 296

matedat33%inthissample,witholdermenhaving the 297

higher proportion of hyperuricemia defined as such 298

(59%) and younger women having the lowest (17%); 299

(p < 0.001, design-based F-test for difference by age 300

group and sex). However, the distribution of propor- 301

tions in each category of �SUA did not differ by sex 302

and age group. 303

Table 2 shows that in addition to some age group 304

and sex differentials in cognitive performance, only 4 305

out of 11 cognitive tests changed markedly between 306

visits, with verbal and visual memory scores (3 of 4) 307

declining over time for all age-sex groups. In contrast, 308

a possible learning effect was observed for the global 309

cognitive measure MMSE, among study participants 310

with available data. 311

Table 3 displays associations between SUAbase 312

and longitudinal cognitive change, based on mixed- 313

effects regression analyses. However, a higher SUA 314

at baseline was associated with significant increase 315

over time in the number of errors committed on the 316

BVRT test, indicative of faster annual rate of decline 317

by � = 0.07 with SEE = 0.02, p = 0.001. When testing 318

for interaction by sex and age groups, effects were 319

largely homogenous across the four groups (4-way 320

interaction terms in a separated mixed-effects regres- 321

sion model, p > 0.05). Thus, stratum-specific findings 322

were not presented, for simplicity. Figure 1A depicts 323

predictive margins from the mixed-effects regression 324

model with BVRT test score as the outcome, given 325

pre-set values of baseline SUA, with emphasis on dif- 326

ferences in the predicted slopes. The observed BVRT 327

test scores across time are also presented for three 328

observed levels of baseline SUA, namely 3, 6, and 9, 329

in Fig. 1B, using both scatter plots and a LOWESS 330

smoothing technique. The results confirm that the rate 331

of increase in BVRT is faster when baseline SUA is 332

higher. 333

When examining the concurrent association 334

between �SUA and longitudinal cognitive change, 335
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Table 1
Selected baseline (Visit 1) study participant characteristics by age group and sex for HANDLS participants with complete and reliable

baseline MMSE scores (n = 2,630)a

All Older Older Younger Younger pb

women men women men (≤50y), Sex × Age group

(>50y) (>50y) (≤50y) referent

21.3 ± 1.2 18.4 ± 1.1 33.3 ± 0.2 27.0 ± 1.6
N = 2,630 N = 686 N = 525 N = 802 N = 617

Age at baseline, y 47.0 ± 0.3 56.7 ± 0.3c 56.6 ± 0.3c 40.6 ± 0.4 40.7 ± 0.4 <0.001
(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)

Married, % 35.0 ± 1.7 34.8 ± 3.4 38.8 ± 3.3 30.0 ± 2.9c 38.9 ± 3.4 0.11
(N = 2,447) (N = 616) (N = 474) (N = 770) (N = 586)

Education, %
<HS 4.3 ± 0.6 6.6 ± 1.5c 7.6 ± 1.6c 2.5 ± 0.6 2.4 ± 0.7 0.01
HS 52.8 ± 1.7 45.4 ± 3.1 46.4 ± 3.2 55.8 ± 3.3 59.9 ± 3.4
>HS 38.5 ± 1.7 43.4 ± 3.2 41.9 ± 3.4 38.0 ± 3.2 32.9 ± 3.2
Missing 4.4 ± 0.8 4.6 ± 1.2 4.0 ± 1.2 3.7 ± 1.5 5.5 ± 2.0

(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)

Literacy (WRAT score) 43.2 ± 0.2 42.7 ± 0.4 42.0 ± 0.6c 43.7 ± 0.4 43.6 ± 0.5 0.05
(N = 2,616) (N = 682) (N = 522) (N = 798) (N = 614)

PIR < 125%, % 19.6 ± 1.0 22.5 ± 2.2c 17.0 ± 1.7 22.1 ± 2.1c 16.1 ± 1.6 0.026
(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 616)

Current smoking status, % 0.005
Currently smoking 43.7 ± 1.7 33.0 ± 3.1c 43.1 ± 3.3 42.4 ± 3.2 54.1 ± 3.4
Missing 4.9 ± 1.7 7.4 ± 2.0 4.4 ± 1.4 5.0 ± 1.6 3.2 ± 1.5

(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)

Current use of illicit drugs, %
Used any type 48.4 ± 1.7 30.4 ± 3.1c 54.2 ± 3.2c 43.2 ± 3.3c 65.1 ± 3.2 <0.001
Missing 7.8 ± 0.8 10.0 ± 2.1 8.6 ± 1.8 8.0 ± 1.6 5.3 ± 1.1

(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)

Body mass index, kg.m–2 29.7 ± 0.3 31.8 ± 0.6c 28.9 ± 0.4c 30.7 ± 0.6c 27.5 ± 0.4 <0.001
(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)

HEI-2010 total score 43.8 ± 0.4 47.5 ± 0.9c 44.2 ± 0.8c 42.6 ± 0.7 42.2 ± 0.7 <0.001
(N = 2,045) (N = 521) (N = 394) (N = 649) (N = 481)

Depressive symptoms
CES-D score 10.5 ± 0.3 11.3 ± 0.5c 9.7 ± 0.4 11.1 ± 0.6c 9.5 ± 0.5 0.08

(N = 2,079) (N = 549) (N = 409) (N = 638) (N = 483)

Baseline serum uric acid 5.41 ± 0.05 5.28 ± 0.09c 6.26 ± 0.10c 4.71 ± 0.08c 5.78 ± 0.08 0.97
(SUAbase), continuous, mg/dL (N = 2,502) (N = 659) (N = 496) (N = 760) (N = 587)

Baseline serum uric acid
(SUAbase), categorical, mg/dL

<6 mg/dL 67.0 ± 1.6 72.9 ± 2.8c 40.5 ± 3.3c 83.2 ± 2.6c 60.7 ± 3.4 <0.001
≥6 mg/dL 33.0 ± 1.6 27.1 ± 2.8 59.4 ± 3.3 16.8 ± 2.6 39.3 ± 3.4

(N = 2,502) (N = 659) (N = 496) (N = 760) (N = 587)

Annual rate of change in
serum uric acid (� SUA), mg/dL

Stable: 92.2 ± 0.9 90.3 ± 1.7 91.3 ± 1.9 94.2 ± 2.0 92.0 ± 1.7 0.61
[Range: 0.00;+0.11,

Mean ± SD:+0.05 ± 0.02]
Significant decrease: 3.3 ± 0.7 2.9 ± 1.0 3.5 ± 1.4 3.0 ± 1.5 3.8 ± 1.3
[Range:–0.24;0.00,

Mean ± SD: –0.02 ± 0.03]
Significant increase: 4.5 ± 0.7 6.8 ± 1.4 5.2 ± 1.3 2.8 ± 1.3 4.3 ± 1.2
[Range:+0.11;+0.35,
Mean ± SD:+0.14 ± 0.03] (N = 2,585) (N = 679) (N = 515) (N = 785) (N = 606)

CES-D, Center for Epidemiologic Studies-Depression; MMSE, Mini-Mental State Examination; PIR, poverty income ratio; WRAT, Wide
Range Achievement Test. aValues are weighted mean ± SEM or percent ± SEP. bp-value was based on linear regression models when row
variable is continuous (svy:Reg) with sex/age group coded as continuous variable (0 = younger men, 1 = younger women, 2 = older men,
3 = older women) and design-based F-test when row variable is categorical (svy:Tab). cp < 0.05. p-value was based on linear regression
models when row variable is continuous (svy:Reg) and design-based F-test when row variable is categorical (svy:Tab), comparing each of
the sex/age categories to the referent category of younger men.
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Table 2
Cognitive performance test scores at visits 1 and 2, by age group and sex for HANDLS participants with complete and reliable baseline

MMSE scoresa

All Older Older Younger Younger
women (>50y) men (>50y) women (≤50y) men (≤50y)

Mini-Mental State Exam, total score
Visit 1 27.83 ± 0.07 27.76 ± 0.16 27.26 ± 0.16b 28.15 ± 0.12 28.02 ± 0.13

(N = 2,630) (N = 686) (N = 525) (N = 802) (N = 617)
Visit 2 28.04 ± 0.06 27.96 ± 0.09 27.59 ± 0.18b 28.18 ± 0.11 28.18 ± 0.11

(N = 1,934) (N = 505) (N = 341) (N = 653) (N = 434)
p (Visit2-Visit1) 0.028 0.27 0.16 0.44 0.36

California Verbal
Learning Test (CVLT), List A

Visit 1 25.0 ± 0.26 24.95 ± 0.39 22.56 ± 0.40b 27.07 ± 0.49b 24.17 ± 0.59
(N = 2,172) (N = 563) (N = 426) (N = 670) (N = 513)

Visit 2 20.08 ± 0.26 19.86 ± 0.46 16.46 ± 0.50b 21.86 ± 0.52b 20.21 ± 0.48
(N = 1,976) (N = 509) (N = 358) (N = 650) (N = 459)

p (Visit2-Visit1) <0.001 <0.001 <0.001 <0.001 <0.001

CVLT, free delayed recall
Visit 1 7.34 ± 0.12 7.08 ± 0.18 6.34 ± 0.20b 8.21 ± 0.24b 7.16 ± 0.25

(N = 2,088) (N = 543) (N = 413) (N = 645) (N = 487)
Visit 2 5.82 ± 0.13 5.68 ± 0.21 4.20 ± 0.28b 6.48 ± 0.25 6.04 ± 0.25

(N = 1,846) (N = 481) (N = 327) (N = 606) (N = 432)
p (Visit2-Visit1) <0.001 <0.001 <0.001 <0.001 <0.001

Benton Visual Retention Test
Visit 1 5.66 ± 0.16 6.79 ± 0.36b 6.21 ± 0.30b 5.57 ± 0.30b 4.51 ± 0.32

(N = 2,594) (N = 671) (N = 516) (N = 794) (N = 613)
Visit 2 7.65 ± 0.18 9.10 ± 0.34b 8.87 ± 0.37b 7.32 ± 0.33b 6.08 ± 0.32

(N = 2,085) (N = 532) (N = 382) (N = 692) (N = 479)
p (Visit2-Visit1) <0.001 <0.001 <0.001 <0.001 <0.001

Brief Test of Attention
Visit 1 6.72 ± 0.08 6.53 ± 0.16 6.44 ± 0.17 7.04 ± 0.17 6.66 ± 0.16

(N = 2,247) (N = 583) (N = 458) (N = 684) (N = 522)
Visit 2 6.64 ± 0.09 6.62 ± 0.12 6.25 ± 0.22 6.79 ± 0.17 6.74 ± 0.18

(N = 1,907) (N = 486) (N = 347) (N = 632) (N = 442)
p (Visit2-Visit1) 0.55 0.67 0.50 0.30 0.72

Animal Fluency
Visit 1 19.19 ± 0.20 18.18 ± 0.32b 18.77 ± 0.30b 19.01 ± 0.39b 20.49 ± 0.44

(N = 2,695) (N = 705) (N = 550) (N = 813) (N = 627)
Visit 2 19.46 ± 0.24 18.55 ± 0.41b 19.19 ± 0.38b 19.26 ± 0.42b 20.68 ± 0.59

(N = 2,139) (N = 548) (N = 403) (N = 696) (N = 492)
p (Visit2-Visit1) 0.38 0.48 0.40 0.66 0.80

Digits Span, Forward
Visit 1 7.42 ± 0.07 7.03 ± 0.12 7.43 ± 0.16 7.58 ± 0.14b 7.52 ± 0.15

(N = 2,579) (N = 661) (N = 519) (N = 791) (N = 608)
Visit 2 7.50 ± 0.09 6.97 ± 0.15b 7.23 ± 0.18b 7.74 ± 0.17 7.76 ± 0.20

(N = 1,971) (N = 499) (N = 372) (N = 643) (N = 457)
p (Visit2-Visit1) 0.52 0.76 0.41 0.48 0.33

Digits Span, Backward
Visit 1 5.79 ± 0.07 5.63 ± 0.15 5.90 ± 0.15 5.90 ± 0.13 5.90 ± 0.16

(N = 2,561) (N = 653) (N = 516) (N = 787) (N = 605)
Visit 2 5.78 ± 0.08 5.63 ± 0.16 5.39 ± 0.17b 5.91 ± 0.13 6.00 ± 0.17

(N = 1,965) (N = 499) (N = 370) (N = 642) (N = 454)
p (Visit2-Visit1) 0.96 0.99 0.35 0.95 0.67

Clock, command
Visit 1 8.79 ± 0.04 8.59 ± 0.08 8.88 ± 0.07 8.82 ± 0.08 8.86 ± 0.10

(N = 2,700) (N = 701) (N = 545) (N = 820) (N = 634)
Visit 2 8.78 ± 0.05 8.70 ± 0.10b 8.74 ± 0.10 8.78 ± 0.09 8.88 ± 0.09

(N = 2,104) (N = 539) (N = 386) (N = 692) (N = 487)
p (Visit2-Visit1) 0.87 0.40 0.25 0.75 0.89

(Continued)



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

M.A. Beydoun et al. / Uric Acid and Cognition in US Adults 7

Table 2
(Continued)

All Older Older Younger Younger
women (>50y) men (>50y) women (≤50y) men (≤50y)

Trailmaking test, Part A
Visit 1 34.86 ± 0.59 41.40 ± 1.89b 39.77 ± 1.15b 30.43 ± 0.76 31.7 ± 0.85

(N = 2,557) (N = 672) (N = 496) (N = 789) (N = 600)
Visit 2 36.48 ± 1.39 44.38 ± 5.46 41.03 ± 1.55b 30.90 ± 0.82 34.74 ± 2.52

(N = 1,874) (N = 492) (N = 339) (N = 619) (N = 424)
p (Visit2-Visit1) 0.61 0.61 0.51 0.67 0.26

Trailmaking test, Part B

Visit 1 138.77 ± 4.57 169.16 ± 9.38b 166.05 ± 10.72b 113.0 ± 6.61 127.69 ± 10.42
(N = 2,556) (N = 672) (N = 496) (N = 788) (N = 600)

Visit 2 127.87 ± 5.79 136.44 ± 9.39 154.35 ± 13.86b 120.20 ± 10.81 114.18 ± 11.53
(N = 1,728) (N = 445) (N = 306) (N = 578) (N = 399)

p (Visit2-Visit1) 0.14 0.014 0.50 0.57 0.39
aMost cognitive test scores were in the direction of higher score = better performance, except for BVRT (total errors), and Trailmaking Test
both parts (expressed in seconds). bp < 0.05 for null hypothesis of no difference in means of cognitive test scores by sex and Age group
within each visit (referent category: Younger men). Wald test from svy: Reg command.

several findings emerged, considering a type I error336

of 0.05. However, after correction for multiple test-337

ing (type I error reduced to 0.004), only one key338

finding remained. In particular, among older men,339

a significant increase in SUA was associated with340

slower decline on a test of attention/processing speed,341

namely Trailmaking test, Part A, measured in seconds342

to completion (� = –6.91 ± 1.73, p < 0.001) (Table 4,343

Fig. 2). Results from the first sensitivity analysis344

(A) indicated that baseline use of diuretics did not345

have a confounding effect on our key findings (i.e.,346

BVRT versus SUAbase (total population) and Trails347

A versus increase in SUA (older men)). It is worth348

noting that around 7.5% of HANDLS participants349

were using diuretics at baseline. Similarly, for Trails350

A versus change in SUA among older men two other351

sensitivity analyses were done whereby change in352

HEI-2010 and in BMI over time were added to the353

model. The results were not substantially altered (data354

not shown).355

DISCUSSION356

Using data from a large bi-racial cohort study357

of middle-aged adult men and women, our present358

study revealed that a higher SUAbase was associ-359

ated with faster annual rate of decline on the Benton360

Visual Retention Test (i.e., visual memory/visuo-361

construction ability) by � = 0.07 with a standard362

error of 0.02, p < 0.001 in the total population.363

Among older men, a significant increase in SUA364

was associated with slower decline on a test365

of attention/processing speed, namely Trailmaking366

test, Part A, measured in seconds to completion 367

(� = –6.91 ± 1.73, p < 0.001). 368

Uric acid is a substance that accumulates in the 369

kidney as a result of purine metabolism, specifi- 370

cally when xanthine is degraded enzymatically. The 371

paradoxical relationship between uric acid and neu- 372

rodegenerative diseases is complex and may involve 373

its dual antioxidant (primarily in plasma) and pro- 374

oxidant (primarily intracellular) function in neurons 375

[31]. Uric acid is a natural antioxidant aiding the 376

removal of superoxide (O2–) by preventing the 377

degradation of superoxide dismutase, the enzyme 378

responsible for its clearing [32]. Removal of O2–
379

helps to prevent its reaction with nitric oxide, block- 380

ing the formation of peroxynitrite (ONOO–), a 381

biological oxidant associated with many patholo- 382

gies, [33], including neurodegenerative diseases (e.g., 383

multiple sclerosis) [34, 35], optic neuritis [36], 384

Parkinson’s disease [37], and Alzheimer’s disease 385

(AD) [38]). In these conditions, a low level or over- 386

time reduction in SUA may not be able to prevent the 387

toxicity generated by peroxynitrite, resulting in nitra- 388

tion of amino acids such as tyrosine and cysteine [39], 389

DNA damage and mitochondrial dysfunction leading 390

to cell death, necrosis, and apoptosis [32]. Therefore, 391

despite the fact that chronic elevations in SUA are 392

associated with increased risk of stroke mortality or 393

outcomes after stroke [40, 41], acute elevations of 394

SUA can provide anti-oxidant protection by scaveng- 395

ing ONOO-and acting upon astroglia, upregulating 396

protein levels of EAAT-1, a glutamate transporter 397

which can protect spinal cord and cortical neurons 398

against focal ischemic brain injury [42, 43]. 399
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Table 3
Longitudinal annual rate of cognitive change by baseline serum uric acid concentration: Mixed-effects linear regression models

Intercept Time (SUAbase) × Time

�±SEE p � ± SEE p � ± SEE p

Mini-Mental State +26.70 ± 0.25 <0.001 +0.12 ± 0.07 0.08 –0.01 ± 0.01 0.45
Exam, total score

N’ = 2,594
N = 1,583
k = 1.6

California Verbal +24.33 ± 0.90 <0.001 –1.19 ± 0.21 <0.001 –0.01 ± 0.03 0.64
Learning Test (CVLT), List A

N’ = 2,376
N = 1,516
k = 1.6

CVLT, free delayed recall +7.37 ± 0.43 <0.001 –0.36 ± 0.10 0.001 –0.01 ± 0.01 0.55
N’ = 2,275
N = 1,487
k = 1.5

Benton Visual Retention Test +9.74 ± 0.66 <0.001 +0.03 ± 0.16 0.84 +0.07 ± 0.02 0.001
N’ = 2,678
N = 1,597
k = 1.7

Brief Test of Attention +6.26 ± 0.31 <0.001 –0.03 ± 0.08 0.69 –0.01 ± 0.01 0.27
N’ = 2,498
N = 1,548
k = 1.6

Animal Fluency +17.06 ± 0.71 <0.001 –0.06 ± 0.15 0.70 –0.01 ± 0.02 0.78
N’ = 2,753
N = 1,602
k = 1.7

Digits Span, Forward +6.69 ± 0.29 <0.001 +0.07 ± 0.06 0.25 –0.01 ± 0.01 0.19
N’ = 2,628
N = 1,596
k = 1.6

Digits Span, Backward +1.31 ± 4.59 0.76 +1.13 ± 1.13 0.32 –0.01 ± 0.02 0.63
N’ = 2,612
N = 1,595
k = 1.6

Clock, command +8.93 ± 0.17 <0.001 –0.09 ± 0.05 0.043 +0.00 ± 0.01 0.86
N’ = 2,749
N = 1,600
k = 1.7

Trailmaking test, Part A +39.1 ± 4.92 <0.001 +1.13 ± 1.44 0.43 +0.23 ± 0.19 0.22
N’ = 2,644
N = 1,566
k = 1.7

Trailmaking test, Part B +212.80 ± 54.21 <0.001 –0.09 ± 12.68 0.99 +0.51 ± 0.55 0.35
N’ = 2,550
N = 1,554
k = 1.6

BVRT, Benton Visual Retention Test; CES-D, Center for Epidemiologic Studies-Depression; CVLT, California Verbal Learning Test;
HANDLS, Healthy Aging in Neighborhoods of Diversity across the Life Span; MMSE, Mini-Mental State Examination; N, number of
participants; N’, number of visits; k, mean visits per person; WRAT, Wide Range Achievement Test. aMultiple mixed-effects linear regression
models adjusted for baseline age, sex, race/ethnicity, marital status, education, WRAT total score, poverty income ratio, current smoking
status, current use of illicit drugs, body mass index, CES-D total score and 2010-HEI. Models are stratified and presented by sex and age
group when in a separate model, the four-way interaction Time × exposure × sex × Age had at least one term that is statistically significant
at the type I error level of 0.05. bMost cognitive test scores were in the direction of higher score = better performance, except for BVRT (total
errors), and Trailmaking Test both parts (expressed in seconds).

Despite the evidence of an antioxidant effect,400

each uric acid molecule produced through enzymatic401

degradation of xanthine generates O2–, which when402

produced in acute conditions such as ischemia [44] 403

can overwhelm ONOO- production and override uric 404

acid’s neuro-protective effects [12]. 405
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SUAbase×Time:
+0.07±0.02, p=0.001
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Fig. 1. A) Baseline serum uric acid (SUAbase) and it association with longitudinal cognitive change over-time on the BVRT number of errors:
Mixed-effects regression model, HANDLS, 2004–2013. B) Scatterplot and LOWESS curves of observed BVRT number of errors by time
at two observed level of serum uric acid (SUAbase, lowest quintile (Q1) and uppermost quintile (Q5)). HANDLS, 2004–2013. Q1:1.6–4.1
mg/dL; Q5:6.8–14.2 mg/dL.

Our findings are in line with previous stud-406

ies reporting that higher SUAbase concentrations407

are associated with poorer performance on several408

domains of cognitive function, a decline over time409

in performance as well as dementia and mild cog-410

nitive impairment (MCI) [5–13]. Most recently, a411

cohort study of 423 cognitively healthy community-412

dwelling older women participating in the Women’s413

Health and Aging Study (WHAS II) observed that a 414

higher SUAbase was associated with poorer working 415

memory, with a trend toward slower manual speed 416

and dexterity, after adjusting for several potential 417

demographic and health confounders [5]. This pattern 418

of association was replicated when a study showed 419

that higher SUAbase correlated with greater white 420

matter atrophy [13] and cerebral ischemic burden 421
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Table 4
Longitudinal annual rate of cognitive change by annual rate of change in serum uric acid (0 = Stable, 1 = Significant decrease, 2 = Significant

increase): Mixed-effects linear regression models

Intercept Time (�SUA) × Time

� ± SEE p � ± SEE p � ± SEE p

Mini-Mental State
Exam, total score

(N’ = 2,716; N = 1,651; k = 1.6)
1 versus 0 +26.82 ± 0.13 <0.001 +0.09 ± 0.05 0.08 –0.01 ± 0.05 0.78
2 versus 0 – – –0.07 ± 0.04 0.09
California Verbal

Learning Test (CVLT), List A
Total population
(N’ = 2,482; N = 1,581; k = 1.6)
1 versus 0 +25.57 ± 0.68 <0.001 –1.25 ± 0.16 <0.001 +0.09 ± 0.17 0.61
2 versus 0 – – –0.21 ± 0.14 0.12
Older women
(N’ = 637; N = 402; k = 1.6)
1 versus 0 +26.78 ± 2.36 <0.001 –1.71 ± 0.33 <0.001 +0.18 ± 0.34 0.60
2 versus 0 – – –0.30 ± 0.24 0.21
Older men
(N’ = 466; N = 307; k = 1.5)
1 versus 0 +22.06 ± 1.33 <0.001 –1.71 ± 0.33 <0.001 –0.46 ± 0.38 0.22
2 versus 0 – – –0.49 ± 0.25 0.05
Younger women
(N’ = 818; N = 507; Visits/person=)
1 versus 0 +23.66 ± 2.93 <0.001 –0.66 ± 0.65 0.31 +0.51 ± 0.33 0.13
2 versus 0 – – –0.80 ± 0.35 0.023
Younger men
(N’ = 561; N = 365; k = 1.5)
1 versus 0 +24.87 ± 1.87 <0.001 –0.94 ± 0.49 0.06 –0.05 ± 0.33 0.89
2 versus 0 – – +0.51 ± 1.38 0.78
CVLT, free delayed recall
Total population
(N’ = 2,377; N = 1,551; k = 1.5)
1 versus 0 +7.91 ± 0.32 <0.001 –0.40 ± 0.08 <0.001 +0.01 ± 0.08 0.87
2 versus 0 – – –0.04 ± 0.07 0.34
Older women
(N’ = 619; N = 396; k = 1.6)
1 versus 0 +7.68 ± 0.74 <0.001 –0.38 ± 0.18 0.030 +0.19 ± 0.15 0.19
2 versus 0 – – –0.21 ± 0.10 0.045
Older men
(N’ = 442; N = 297; k = 1.5)
1 versus 0 +6.33 ± 0.64 <0.001 –0.50 ± 0.17 0.004 –0.08 ± 0.20 0.71
2 versus 0 – – –0.04 ± 0.13 0.74
Younger women
(N’ = 779; N = 498; k = 1.6)
1 versus 0 +7.71 ± 0.65 <0.001 –0.43 ± 0.14 0.002 –0.06 ± 0.16 0.73
2 versus 0 – – –0.33 ± 0.17 0.049
Younger men
(N’ = 537; N = 360; k = 1.5)
1 versus 0 +7.25 ± 0.79 <0.001 –0.40 ± 0.23 0.09 +0.01 ± 0.17 0.94
2 versus 0 – – +0.30 ± 0.16 0.06
Benton Visual Retention Test
(N’ = 2,803; N = 1,665; k = 1.7)
1 versus 0 +8.80 ± 0.51 <0.001 –0.38 ± 0.13 0.003 –0.01 ± 0.13 0.94
2 versus 0 – – +0.10 ± 0.11 0.37
Brief Test of Attention
Total population
(N’ = 2,803; N = 1,665;k = 1.7)
1 versus 0 +6.52 ± 0.24 <0.001 –0.10 ± 0.06 0.12 –0.05 ± 0.06 0.36
2 versus 0 – – +0.02 ± 0.05 0.68

(Continued)
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Table 4
(Continued)

Intercept Time (�SUA) × Time

� ± SEE p � ± SEE p � ± SEE p

Older women
(N’ = 662; N = 405; k = 1.6)
1 versus 0 +6.95 ± 0.52 <0.001 –0.07 ± 0.12 0.55 +0.01 ± 0.10 0.92
2 versus 0 – – +0.03 ± 0.08 0.68
Older men
(N’ = 500; N = 317; k = 1.6)
1 versus 0 +6.09 ± 0.51 <0.001 –0.10 ± 0.14 0.45 –0.24 ± 0.16 0.11
2 versus 0 – – –0.18 ± 0.10 0.08
Younger women
(N’ = 850; N = 514; k = 1.7)
1 versus 0 +5.98 ± 0.47 <0.001 +0.07 ± 0.10 0.50 +0.01 ± 0.10 0.96
2 versus 0 – – –0.03 ± 0.13 0.82
Younger men
(N’ = 590; N = 375; k = 1.6)
1 versus 0 +6.67 ± 0.60 <0.001 –0.15 ± 0.17 0.39 +0.01 ± 0.12 0.94
2 versus 0 – – +0.24 ± 0.10 0.019
Animal Fluency
(N’ = 2,879; N = 1,670; k = 1.7)
1 versus 0 +17.58 ± 0.54 <0.001 –0.08 ± 0.11 0.47 –0.13 ± 0.66 0.25
2 versus 0 – – +0.05 ± 0.09 0.57
Digits Span, Forward
Total population
(N’ = 2,749; N = 1,664; k = 1.7)
1 versus 0 +6.85 ± 0.22 <0.001 +0.01 ± 0.05 0.81 +0.05 ± 0.05 0.34
2 versus 0 – – +0.04 ± 0.04 0.30
Older women
(N’ = 697; N = 421; k = 1.7)
1 versus 0 +6.60 ± 0.46 <0.001 +0.05 ± 0.10 0.64 –0.01 ± 0.10 0.85
2 versus 0 – – +0.10 ± 0.07 0.13
Older men
(N’ = 542; N = 331; k = 1.6)
1 versus 0 +6.67 ± 0.46 <0.001 –0.14 ± 0.09 0.12 +0.12 ± 0.10 0.24
2 versus 0 – – –0.08 ± 0.11 0.50
Younger women
(N’ = 883; N = 526; k = 1.7)
1 versus 0 +6.42 ± 0.43 <0.001 –0.14 ± 0.09 0.12 +0.12 ± 0.10 0.24
2 versus 0 – – –0.08 ± 0.11 0.50
Younger men
(N’ = 627; N = 386; k = 1.6)
1 versus 0 +7.62 ± 0.57 <0.001 +0.03 ± 0.13 0.81 +0.22 ± 0.10 0.034
2 versus 0 – – +0.03 ± 0.08 0.68
Digits Span, Backward
(N’ = 2,733; N = 1,663; k = 1.6)
1 versus 0 1.24 ± 4.55 0.79 +0.78 ± 1.06 0.46 –0.02 ± 0.05 0.66
2 versus 0 – – +0.07 ± 0.04 0.06
Clock, command
Total population
(N’ = 2,878; N = 1,668; k = 1.7)
1 versus 0 +8.83 ± 0.13 <0.001 –0.09 ± 0.04 0.011 +0.02 ± 0.04 0.52
2 versus 0 – – –0.03 ± 0.03 0.28
Older women
(N’ = 741; N = 425; k=)
1 versus 0 +8.71 ± 0.28 <0.001 –0.20 ± 0.08 0.009 +0.17 ± 0.07 0.019
2 versus 0 – – –0.07 ± 0.05 0.16
Older men
(N’ = 554; N = 326; k = 1.7)
1 versus 0 +9.00 ± 0.27 <0.001 –0.06 ± 0.09 0.45 +0.01 ± 0.09 0.91
2 versus 0 – – –0.06 ± 0.06 0.30

(Continued)
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Table 4
(Continued)

Intercept Time (�SUA) × Time

� ± SEE p � ± SEE p � ± SEE p

Younger women
(N’ = 926; N = 527; k = 1.8)
1 versus 0 +9.20 ± 0.24 <0.001 –0.11 ± 0.06 0.08 –0.12 ± 0.06 0.06
2 versus 0 – – +0.13 ± 0.07 0.06
Younger men
(N’ = 657; N = 390; k = 1.7)
1 versus 0 –0.00 ± 0.10 0.97 –0.00 ± 0.10 0.97 +0.10 ± 0.08 0.17
2 versus 0 – – –0.03 ± 0.06 0.65
Trailmaking test, Part A
Total population
(N’ = 2,771; N = 1,634; k = 1.7)
1 versus 0 +34.52 ± 3.95 <0.001 +2.14 ± 1.14 0.06 +0.08 ± 1.16 0.94
2 versus 0 – – –1.59 ± 0.97 0.10
Older women
(N’ = 720; N = 420; k = 1.7)
1 versus 0 +10.40 ± 11.5 0.37 +7.06 ± 4.02 0.08 –1.09 ± 3.50 0.76
2 versus 0 – – +0.39 ± 2.48 0.88
Older men
(N’ = 514; N = 311; k = 1.7)
1 versus 0 +33.39 ± 8.23 <0.001 +3.69 ± 2.35 0.12 –0.28 ± 2.37 0.91
2 versus 0 – – –6.91 ± 1.73 <0.001
Younger women
(N’ = 906; N = 522; k = 1.7)
1 versus 0 +35.11 ± 4.03 <0.001 –0.46 ± 0.8 0.59 +1.43 ± 0.61 0.020
2 versus 0 – – +0.15 ± 0.72 0.71
Younger men
(N’ = 631)c

1 versus 0 36.34 ± 10.28 <0.001 +1.27 ± 3.45 0.37 –0.50 ± 2.87 0.86
2 versus 0 – – –1.08 ± 2.28 0.80
Trailmaking test, Part B
(N’ = 2,674; N = 1,620; k = 1.7)
1 versus 0 +202.0 ± 53.4 <0.001 +2.95 ± 12.50 0.82 +4.80 ± 3.41 0.16
2 versus 0 – – +5.60 ± 2.66 0.035

BVRT, Benton Visual Retention Test; CES-D, Center for Epidemiologic Studies-Depression; CVLT, California Verbal Learning Test;
HANDLS, Healthy Aging in Neighborhoods of Diversity across the Life Span; MMSE, Mini-Mental State Examination; N, number of
participants; N’, number of visits; k, mean visits/person; WRAT, Wide Range Achievement Test. aMultiple mixed-effects linear regression
models adjusted for baseline age, sex, race/ethnicity, marital status, education, WRAT total score, poverty income ratio, current smoking
status, current use of illicit drugs, body mass index, CES-D total score and 2010-HEI. Models are stratified and presented by sex and age
group when in a separate model, the four-way interaction Time × exposure × sex × Age had at least one term that is statistically significant
at the type I error level of 0.05. bMost cognitive test scores were in the direction of higher score = better performance, except for BVRT
(total errors), and Trailmaking Test both parts (expressed in seconds). cMixed-effects regression model for younger men when outcome was
Trailmaking test, Part A did not converge. Thus, an OLS model was conducted.

using volume of hyperintense signal on T2-weighted422

brain MRI scans as a marker among older adults423

[12]. The latter studies indicated that the relation-424

ship between higher SUA and cognitive dysfunction425

may be mediated by white matter atrophy and cere-426

bral ischemia [7]. Similarly, a recent cross-sectional427

study in 288 healthy elderly subjects found that SUA428

was linked to poorer performance on MMSE [11].429

This finding was replicated in another cross-sectional430

study of 247 subjects with chronic kidney disease431

and showed that SUA is a stronger predictor of432

cognitive dysfunction independently of age, educa-433

tional status, and presence of cerebrovascular disease434

[9]. Similarly, Ruggiero et al. concluded that SUA 435

concentration among a sample of 1,016 community- 436

dwelling older adults was positively related with 437

the prevalence of dementia, independently of other 438

potential confounders [8]. Finally, a case-control 439

study that included MCI (N = 103), Alzheimer’s dis- 440

ease (AD, N = 89), and vascular dementia (N = 54) 441

cases that were compared to 48 controls, found 442

that individuals with simultaneously high levels of 443

homocysteine and SUA had a high probability to be 444

affected by vascular dementia (OR = 10.50; 95% CI: 445

2.33–47.2) but not AD compared to normal controls 446

[10]. The association between a higher SUAbase and 447
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Fig. 2. Stable, decreased and increased serum uric acid (�SUA) and their association with longitudinal cognitive change over-time on
Trailmaking, Part A (sec.), (older men): Mixed-effects regression model, HANDLS, 2004–2013.

a decline in visual memory performance over time448

may be mediated by increased brain infarction which449

was shown to occur only in women as a response450

to elevated SUA [23]. However, further studies are451

needed to elucidate the potential brain-level medi-452

ating factors. Nevertheless, some of our sex- and453

age-specific findings suggested an increasing SUA454

over time is a protective factor against decline in455

certain domains, particularly attention among older456

men. This is consistent with studies suggesting that457

higher levels of SUA had beneficial cognitive effects,458

[14–19] ranging from a small case-control study of459

AD (N = 41) versus controls (N = 40) comparing SUA460

between the two groups [17], to a large prospec-461

tive cohort study of 4,618 participants 55 y or older462

followed-up for 11.1 y for dementia that found an463

inverse relationship between SUA and risk of demen-464

tia after controlling for several cardiovascular risk465

factors [14]. The remaining four studies were cross-466

sectional in design with the exception of one that467

was a cohort study of 446 men which found that the468

lowest quintile of SUA was associated with poorer469

global cognitive performance as well as poorer per-470

formance in domains of memory, executive function,471

visuo-spatial, and attention. These associations were472

slightly attenuated when adjusting for cerebrovas-473

cular and cardiovascular measures [19]. This study474

[19] replicated our findings with respect to the pro-475

tective effect of SUA on the domain of attention in476

particular, and among older men. Similarly, Li and477

colleagues found that only among men higher SUA478

showed an inverse correlation with the risk of cog- 479

nitive impairment [15]. Genetic studies add evidence 480

of an association between uric acid transporter gene 481

(SLC2A9) and memory performance. In fact, the 482

Lothian Birth Cohort supports a genetic mechanism 483

behind a possible association between higher SUA 484

concentrations and better cognitive performance in 485

later life [45]. 486

Thus, the relationships between SUA and vari- 487

ous domains of cognition in our study were mixed. 488

Specifically a deleterious effect of SUA was seen in 489

the case of visual memory in the total population as 490

opposed to a potentially beneficial effect in the case 491

of attention among older men. Cerebrovascular and 492

cardiovascular factors, including white matter atro- 493

phy, cerebral ischemia, or infarction may be at play 494

in both cases [7, 12, 13, 19]. As stated earlier, recent 495

evidence suggests that SUA may have a beneficial 496

or no significant cognitive effect among men, while 497

having a potential deleterious effect among women, 498

particularly older women [5, 20–24]. The deleteri- 499

ous effect observed between SUA at baseline and 500

decline in visual memory overall, may be driven by 501

brain infarction occurring mainly among women in 502

specific regions of the brain related to visual mem- 503

ory [23]. Despite the lack of effect modification by 504

sex or by sex and age group, this association was in 505

fact restricted to women (p < 0.05 for older women, 506

p < 0.01 for younger women). However, more studies 507

are needed to replicate those findings. Antioxidant 508

effects of SUA through the efficient removal of 509
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O2– and blocking of the formation of peroxynitrite510

(ONOO–) [33] may have a major role on the attention511

domain only in older men [38]. Future human neu-512

roimaging studies among others should shed some513

light as to the effect of SUA on various regions of514

the brain that are linked to those cognitive domains.515

Genetic studies may also uncover uric acid trans-516

porter gene effects on various domains of cognition.517

Our study has several important strengths. The518

large sample size of the HANDLS cohort and its sym-519

metry by age, sex, race, and poverty status, allows for520

adequate power when examining relationship within521

demographic strata, including age group and sex. The522

study’s prospective cohort design allows ascertain-523

ing temporality of associations with a rich battery524

of cognitive tests available spanning key domains of525

cognition. Our analyses also controlled for impor-526

tant potentially confounding covariates, namely key527

socio-demographic, lifestyle, and health-related fac-528

tors. Since SUA can be influenced by diet, particularly529

meat consumption [46, 47] it is important to con-530

trol for overall dietary quality as was done in the531

present study. Advanced multivariable techniques532

were used including mixed-effects regression models533

which took into account sample selectivity. More-534

over, the descriptive part of the analysis accounted535

for unequal probability of sampling by including536

sampling weights in order to obtain means and pro-537

portions that are representative of Baltimore city.538

Nevertheless, our findings should be interpreted539

with caution in light of some important limitations.540

First, despite control for major confounding factors,541

residual confounding cannot be ruled out given that542

this was an observational non-randomized study. Sec-543

ond, SUA is affected not only by diet and body mass544

index among other factors that were controlled for,545

but also by physical activity which was not measured546

at baseline in the HANDLS cohort. Third, due to lack547

of factorial invariance across race, gender and poverty548

status with respect to the structure of the cognitive test549

battery, we were not able to compute valid cognitive550

domains from the available test scores. Finally, avail-551

ability of two cognitive test scores at baseline and the552

follow-up visit versus having only 1 test score may be553

dependent on unmeasured selection factors related to554

health status of participants.555

In sum, a higher SUAbase was associated with faster556

cognitive decline over time in a visual memory/visuo-557

construction ability test. �SUA exhibited mixed558

associations with cognition. After correction of559

multiple testing, an increasing �SUA was potentially560

beneficial for the domain of attention only among561

older men, compared to no change over time. More 562

longitudinal studies are needed to examine cognitive 563

domain-specific effects of over-time change in SUA 564

within sex and age groups. 565
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