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Uric acid may be protective against cognitive impairment in older adults,
but only in those without cardiovascular risk factors
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Uric acid (UA) may not only prevent development of cognitive dysfunction owing to its antioxidant efficacy, but
also may worsen cognitive functions by gaining pro-oxidant character. The present study attempts to uncover
this paradoxical association between UA and cognitive impairment in elderly. 1374 elderly patients were retro-
spectively evaluated and included in the study. Participants underwent determination of circulating UA levels
and comprehensive geriatric assessment. A serum UA concentration > 7.0 mg/dL in males and >5.7 mg/dL in fe-
males were considered hyperuricemia. The mean age of patients was 76.72 + 8.76 years. The prevalence of hy-
peruricemia was 36.6%. Significant differences was determined between the patients with and without
hyperuricemia in terms of age, gender, body mass index, score of Charlson Comorbidity Index (CCI), triglyceride
level, and the prevalence of dementia, diabetes, hypertension and Congestive Heart Failure (CHF) (p < 0.05).
When the effect of diabetes, hypertension and CHF between the groups has been statistically adjusted, the prev-
alence of dementia was significantly higher in those with lower UA in the absence of effect of DM, HT and CHF
(p<0.05). Higher UA is associated with better cognitive performance in the absence of cardiovascular risk factors,
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and these risk factors may potentially suppress this protective effect of higher UA in the older adults.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Identifying risk factors for dementia, which are frequently seen
among older adults, and taking early preventive measures or
descelerating progression of cognitive disorders primarily Alzheimer
Disease (AD), has been one of the significant goals of scientific world.
After the studies, particularly those conducted in 1990s, demonstrating
that AD is the disease with the highest treatment failure rate, determi-
nation of modifiable risk factors has gained much more importance
(Solomon et al., 2014; Isik, 2010). The major risk factors include cardio-
vascular diseases such as diabetes, hypertension, obesity, and high cho-
lesterol level; and accordingly, the hypothesis “What's good for the
heart is good for the brain” has arisen (Solomon et al., 2014; Isik, 2010).

Hyperuricemia is one of the numerous cardiovascular risk factors;
however, biological effects of uric acid are debatable (Feig et al., 2008).
Uric acid is a natural antioxidant compound with beneficial characteris-
tics, but preclinical studies have demonstrated that it is also a pro-in-
flammatory compound and elevated uric acid level has been found to
be associated with the risk of myocardial infarction, stroke and
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cardiovascular mortality (Ruggiero et al., 2009). The potential mecha-
nisms that explain this relation include stimulation of vascular smooth
muscle cell proliferation induced by uric acid, proinflammatory charac-
teristic of soluble uric acid, and uric acid mediated endothelial dysfunc-
tion by impairing nitric oxide production (Mazza et al., 2001; Johnson et
al., 2003; Niskanen et al., 2004). Nevertheless, uric acid reduces oxida-
tive stress in plasma owing to this property and may play a preventive
role against the development of neurodegenerative processes that
cause dementia by means of its antioxidant characteristic, which
removes free oxygen radicals (Miller et al., 1993; Breteler, 2000).
Earlier studies demonstrated lower uric acid levels in patients with
mild cognitive impairment (MCI) and AD as compared to the control
group; (Rinaldi et al., 2003; Kim et al., 2006) on the contrary, some ep-
idemiological studies reported that hyperuricemia was associated with
the situations that lead to dementia (Ruggiero et al., 2009; Niskanen et
al., 2004; Breteler, 2000). While experimental studies reveal that uric
acid displays neuroprotective character against stroke, (Yu et al.,
1998) other studies have concluded that high uric acid level is a predic-
tive marker for stroke despite its default beneficial characteristic
(Hozawa et al., 2006). As the consequence, effect of uric acid on cogni-
tive functions has not been clarified because of its variable character.
Enlightening the potential beneficial or harmful effects of uric acid
on cognitive functions in older adults may provide hints in developing
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efficient therapies for dementia. For this purpose, the present study
aimed to assess the association between serum uric acid level and cog-
nitive functions in older adults.

2. Method
2.1. Patients

Medical records of 1622 patients that presented to the geriatrics
clinic between January 2014 and February 2016 and underwent com-
prehensive geriatric assessment (CGA) were reviewed. A total of 1374
patients,who were available for study design, had no exclusion criteria,
and had complete medical records, were retrospectively enrolled. The
study was compliant with the Declaration of Helsinki and was approved
by the local ethics committee.

2.2. Inclusion criteria

2.2.1. Patients with dementia

Dementia was diagnosed according to DSM-IV criteria. The diagnosis
of cognitive impairment (CI), including Mild cognitive impairment
(MCI), AD, dementia with Lewy body (DLB), behavioral variant
Frontotemporal Dementia (bvFTD), Vascular Dementia (VaD), Normal
pressure hydrocephalus (NBH),and Parkinson's Disease Dementia
(PDD) was established according to diagnostic criteria (McKhann et
al., 1984; Mc Keith et al., 2005; Rascovsky et al., 2011; Lopez et al.,
1994; Relkin et al., 2005; Martinez-Martin et al., 2011). In addition,
each of these patients was evaluated via Magnetic Resonance Imaging.

2.3. Exclusion criteria

Exclusion criteria:
Patients,

- who were in delirium state at evaluation

who had psychotic diseases (schizoaffective disorder, etc.)

- who had treatment-refractory major depressive disorder

with the history of diseases that may seriously impair their general
health status such as acute cerebrovascular event, gastrointestinal
bleeding, sepsis, acute renal failure, acute coronary syndrome,
acute hepatic failure, or acute respiratory distressor history of
staying in an intensive care unit in the last month;

with alcohol and substance abuse

with diseases that are likely to cause both hyperuricemia and cogni-
tive disfunction such as myelo-lymphoproliferative disease, malig-
nancy, end-stage renal failure, or hyperparathyroidism

who took allopurinol treatment

with mixed dementia or MCI

2.4. Comprehensive geriatric assessment (CGA): (Soysal P et al., 2014)

Socio-demographic characteristics of the participants including age,
gender, education and living environment were recorded. All patients
were examined to determine whether they have cataract, hearing loss,
hypertension, diabetes mellitus, coronary artery disease, congestive
heart failure, peripheral vascular disease, hyperlipidemia, cerebrovascu-
lar disease, depression, dementia, or polypharmacy in their medical his-
tory. Besides, comorbidity status of the patients was assessed using
Charlson comorbidity index. Cognitive functions of the patients were
evaluated by Cognitive State Test (COST) Mini-Mental State Examina-
tion (MMSE) and the Montreal Cognitive Assessment (MOCA) test
(Babacan-Yildiz et al., 2013). In addition, scores of the Geriatric Depres-
sion Scale (GDS) and basic and instrumental Activities of Daily Living
(BADL and IADL, respectively) indexes were also recorded for each
patient.

2.5. Laboratory findings

Results of routine laboratory analyses were recorded to determine
biochemical, metabolic and nutritional states of the patients. Serum
uric acid concentration was studied together with other biochemical
analyses on Beckman Coulter AU5800 Autoanalyzer in the Dokuz Eylul
University Central Laboratory. Serum uric acid concentration was mea-
sured by colorimetric spectrophotometric method. A serum uric acid
concentration >7.0 mg/dL in males and >5.7 mg/dL in females was con-
sidered hyperuricemia (De Giorgi et al., 2015).

2.6. Statistical analysis

Continuous variables were expressed as mean + standard deviation.
Kolmogorov-Smirnov test was used to analyze continuous variables in
terms of suitability for normal distribution. Continuous variables with
normal distribution were analyzed by Independent Sample t-test,
whereas continuous variables without normal distribution were ana-
lyzed by Mann-Whitney U test and Kruskal-Wallis test. Differences in
proportions were analyzed using chi-square test. The relation between
the parameters was analyzed by Pearson's correlation analysis. Proba-
bilities <0.05 were considered significant. Statistical analyses were
done using SPSS 15.0 (SPSS Inc.) package program. The stratified chi
square test was used in adjustment for age, age, gender, body mass
index, Charlson Comorbidity Index and comorbidities.

3. Results

The mean age of 1374 patients was 76.72 + 8.76 years, and 64.1% of
them were female. The prevalence of hyperuricemia was 36.6% (41.4%
in females, and 28.3% in males). Of these patients, 255 (18.5%) had
been diagnosed with dementia (133 CE, 16 VaD, 27 FID, 33 LBD, 31
NBH, 15 PDD). Significant differences were determined between the pa-
tients with and without hyperuricemia in terms of age, gender, body
mass index (BMI), score of Charlson Comorbidity Index (CCI), triglycer-
ide level, and the prevalence of dementia, DM, HT and CHF (p < 0.05)
(Table 1).

The difference between the groups in terms of dementia continued
when adjusted for age (p < 0.05), but disappeared when adjusted for
gender and BMI (p > 0.05). When the patients were dichotomized as
CCI <1 and CCI > 2 and were adjusted accordingly, the relation between
dementia and hyperuricemia continued in those with low index score,
whereas there was no relation between these parameters in those
with high index score. When the effect of DM, HT and CHF between
the groups has been adjusted statistically, it was determined that
there is no difference between the groups in terms of dementia. Further-
more, the prevalence of dementia is significantly higher in those with
lower uricemia in the absence of these comorbidities (p < 0.05)
(Table 2).

Serum uric acid concentration in the patients with and without de-
mentia was 5.43 + 2.07 mg/dL and 5.78 + 1.82 mg/dL, respectively
and the results were significantly different (p < 0.05). However, there
was no difference between the types of dementia and hyperuricemia
or serum uric acid concentration (p > 0.05) (Table 3).

No correlation was determined between serum uric acid concentra-
tion and MMSE, COST, MOCA, BADL, IADL and YGDS in the patients ei-
ther with or without dementia (p > 0.05).

4. Discussion

The present study has demonstrated that serum uric acid concentra-
tion is lower in older adults with dementia without cardiovascular risk
factors but that this interrelation disappear in those with cardiovascular
risk factors.

Worldwide prevalence of hyperuricemia changes between 2.6% and
36% depending on mean age, race, living environment and the cut-off
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Table 1
Characteristics of the participants in the groups with and without hyperuricemia.

HU (—) 871 HU (+) 503 Pvalue
Age 76.21 £ 9.00 78.46 £+ 7.95 <0.001
Female (%) 58.7 71.8 <0.001
Education (years) 7.11 + 4.70 6.39 + 4.51 0.013
BMI (kg/m?) 27.50 £+ 5.26 29.94 £+ 533 <0.001
Number of using drugs 543 + 3.46 535 + 3.36 0.684
CcI 0.96 + 1.04 12+ 115 0.006
Comorbidities (%)
Dementia 215 133 0.029
Depression 313 334 0438
Cerebrovascular disease 8.8 10.9 0.250
Diabetes Mellitus 27.6 335 0.026
Hyperlipidemia 18.9 19.7 0.760
Hypertension 62.9 81.1 <0.001
Coronary artery disease 18.5 183 0.923
Congestive heart failure 6.5 115 0.002
Peripheral vascular disease 3.0 4.0 0.344
COPD 8.8 9.5 0.676
Hypothyroidism 17.8 21.1 0.148
Geriatric assessment
MMSE 24.21 + 6.00 24.69 + 5.22 0.303
COST 22.84 £ 5.90 22.39 £ 5.93 0.481
MOCA 22.84 + 5.09 22.69 + 4.69 0.796
YGDS 341 £+ 3.50 3.36 &+ 3.41 0.821
MNA 10.8 + 2.2 110 + 22 0.117
BADL 87.07 + 20.39 87.07 £+ 19.56 0.998
IADL 1091 + 5.53 10.89 + 6.46 0.939
Laboratory data
CRP (mg/L) 13.96 + 33.19 16.35 + 36.53 0.461
TSH (ulU/mL) 1.75 + 245 2.07 £ 5.39 0.184
25(0H)D (ng/ml) 18.84 + 17.46 17.40 + 13.82 0.162
Vitamin B12 (pmol/L) 489.84 4 383.68 506.12 £ 394.94 0.490
Folic acid (ng/mL) 9.41 4+ 15.28 9.10 + 5.85 0.697
Triglycerides (mg/dL) 131.06 + 67.92 148.66 + 67.36 <0.001
HDL-kol (mg/dL) 5413 + 1448 52.58 + 13.78 0.087
LDL-kol (mg/dL) 128.98 + 37.90 127.29 + 38.96 0.486
HbA1c (%) 7.33 +3.83 6.78 + 1.14 0.062

110.74 + 45.15 112.05 + 36.23 0.621

BADL: Basic Activity Of Daily Living (0 [worst]-100 [best]); CCI: Charlson Comorbidity
Index, COPD: Chronic Obstructive Pulmonary Disease; CRP:C-Reactive Protein; HDL-C:
High- density lipoproteins cholesterol, LDL-C: Low-density lipoproteins cholesterol;
TSH: Thyroid - stimulating hormone; COST: Cognitive State Test (0 [worst]-30 [best]);
IADL: Instrumental activity of daily living (0 [worst]-23 [best]); MMSE: Mini-Mental
State Examination (0 [worst]-30 [best]); MNA: Mini Nutritional Assessment (0 [worst]-
14 [best]); YGDS: Yesavage Geriatric Depression Score (15 [worst]-0 [best]); 25(OH)D:
25hydroxyvitamin D.

Fasting blood glucose (mg/dL)

value accepted for hyperuricemia (Lin et al., 2015). In the present study,
the prevalence of hyperuricemia in the patients was 36.6%, which is
higher than the prevalence of hyperuricemia in the general population
of Izmir province (12.1%) (Sari et al., 2009). We attributed this differ-
ence to the facts that study population consisted of older adults and
the cut-off value used to diagnose hyperuricemia was lower (Sari et
al., 2009). Additionally, different from many of the earlier studies, it
was demonstrated that hyperuricemia is more prevalent in females in
this study (Ruggiero et al., 2009). This may have resulted from females'
accounting for the majority of study population and having higher mean
BMI and higher prevalence of HT.

Previous studies have failed to clearly demonstrate the presence of a
relation between uric acid concentration and cognitive functions. In
these studies, it was reported that uric acid may either protect against
harmful effects of free radicals and may prevent development of cogni-
tive dysfunction owing to its antioxidant efficacy or may worsen cogni-
tive functions by gaining pro-oxidant character under certain conditions
(Mazza et al., 2001; Johnson et al., 2003; Niskanen et al., 2004; Rinaldi et
al., 2003). The studies conducted to date have suffered from several
methodological limitations such as small sample size, lack of informa-
tion about confounders, and limited neuropsychological evaluation.
Therefore, it has been made to eliminate such limitations and aimed

Table 2

Comparison of the groups with and without hyperuricemia in terms of dementia after
adjusting for age, gender, body mass index, Charlson Comorbidity Index and
comorbidities.

HU (—) n:871% HU (+) n:503% p value
Age
65-74 144 6.8 0.02
75-84 235 135 0.04
>85 32.8 29.0 0.50
Gender
Female 135 123 0.61
Male 224 17.7 0.27
Body mass index
<20 32.8 244 0.23
20-25 20.4 13.0 0.07
>25 16.5 14.7 0.65
Charlson comorbidity index
<1 20.7 14.5 0.014
22 27.8 25.2 0.69
Diabetes mellitus
(+) 141 17.7 033
(=) 24.1 15.7 0.03
Hypertension
(+) 184 16.0 0.35
(=) 28.6 193 0.04
Congestive heart failure
(+) 17.2 185 0.87
(=) 21.7 16.0 0.02
Triglyceride level
<200 mg/dL 16.2 123 0.08
2200 mg/dL 15.2 15.7 0.98

to eliminate this parodoxic effect of uric acid on cognitive functions in
this study.

Ruggiero et al. reported that high serum uric acid concentration may
be associated with poor cognitive status in a cross-sectional study. How-
ever, they considered those with MMSE score < 26 were cognitively
healthy, excluded those who had mild ADL or IADL disabilities due to
cognitive impairment, and performed neuroimaging in none of the pa-
tients with dementia. Moreover, it has not been explained according
to which criteria the cut-off values >7.5 mg/dL in males and > 6.2 mg/dL
in females have been determined (Ruggiero et al., 2009). Due to all
these concerns especially related to patients selection, certain doubts
have arisen concerning the results of that study. Another study with
similar outcomes has used the data from Brisighella Heart Study and en-
rolled the patients who had no history of cardiovascular disease (CVD)
and chronic drug use; (Cicero et al., 2015) however, it was not explained
the rationale of evaluating cognitive functions of the participants ac-
cording to the MMSE score's being under or over 27; and it was obvious
that there was significant difference between the cases in terms of age,
systolic blood pressure and fasting blood glucose. Furthermore, due to
the including only the patients without CVD and chronic drug use the
results of that study are difficult to adapt to daily practice. In the other
study, Perna et al. analyzed 1144 geriatric patients also according to
the presence of CVD, and they reported that elevated uric acid concen-
tration is associated with cognitive impairment in the presence of CVD
(Perna et al,, 2016). However, in that study, all the patients only evalu-
ated with Cognitive Telephone Screening Instrument which does not
allow evaluation of basic cognitive dimensions such as visiospatial func-
tions, agnosia, apraxia and naming (Kliegel et al., 2007). Despite of their
limitations, all of the above-mentioned studies have concluded that hy-
peruricemia is a modifiable risk factor for cognitive impairment.

On the other hand, the Rotterdam study has already reported that
high uric acid concentration is associated with white matter lesions
and atrophy and cognitive impairment due to vascular injury,
(Verhaaren et al., 2013) and a current meta-analysis was concluded
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Table 3
Comparison of types of dementia according to hyperuricemia and to serum uric acid concentrations.
Dementia HU (_7) n:188 HU (té) n:67 p* Serum uric acid (mg/dL) p**
AH (n:133) 52.6 50.7 5.58 + 2.06
FTD (n:27) 11,1 8,6 572 + 241
LBD (n:33) 13.8 104 513 £ 2.25
VAD (n:16) 48 104 0.730 632 + 3.05 0.558
NBH (n:31) 11.7 134 570 + 1.41
PDD (n:15) 5.8 6.0 4.66 + 1.88

p*: Comparison according to the presence of hyperuricemia.
p**: Comparison according to the blood uric acid.

that the relationship between blood uric acid concentration and cogni-
tive impairment may differ especially in patients with VaD compared
to other dementia subtypes; (Khan et al., 2016) whereas, Molshatzki
et al. reported that there was an association between low uric acid
and cognitive impairment in the patients with cardiovascular disease
in a 10-year follow-up period (Euser et al., 2009). When it is considered
the higher uric acid is a risk factor for cardiovascular disease, it seems
that all these results may be accepted for vascular cognitive impairment.
Accordingly, highest serum uric acid concentration was determined in
16 patients with vascular dementia in the present study, even though
it was not statistically significant and the number of patients was insuf-
ficient. For this reason, it might have been helpful to design the studies
and to determine the subtypes of dementia using comprehensive geri-
atric assessment including neuroimaging and neuropsychological eval-
uation; and thus, longitudinal studies are required.

While in another outcome derived from the data of Rotterdam study,
baseline uric acid concentration of the participants without dementia
were interrelated to their cognitive functions after 10 years; adjusting
only for CVD risk factors and it was reported that high uric acid concen-
tration may be protective against dementia, (Euser et al., 2009) it was
concluded that the relationship between blood uric acid concentration
and cognitive impairment was not consistent across all kinds of demen-
tia despite the heterogeneity and risk of various biases of the studies in-
cluded in the meta-analysis mentioned before (Khan et al., 2016). In the
present study, it is demonstrated that the cognitive impairment or de-
mentia is associated with low uric acid in the absence of cardiovascular
comorbidities such as DM, HT and CHF. So it seems that interrelations
between higher uric acid and cognitive impairment is no more paradox-
ically than higher uric acid is associated with better cognitive perfor-
mance in the absence of effect of cardiovascular risk factors. These risk
factors may lead to supress this protective effect of higher uric acid in
the older adults.

In the light of these studies, it can be said that uric acid plays a pro-
inflammatory role in the presence of vascular risk factos by interacting
with these factors and impairs oxidative balance in favor of pro-oxi-
dants, causes cerebral hypoperfusion by enhancing development of ath-
erosclerosis due to endothelial dysfunction, and thus have negative
impact on cognitive functions (Cervellati et al., 2014). On the contrary,
low serum uric acid concentration in AD patients without these risk fac-
tors is striking (Al-khateeb et al., 2015). Uric acid is an antioxidant that
neutralizes 60% activity of free radicals in human circulation. Therefore,
inflammation may be triggered and destructions may be seen in many
tissues such as brain due to exposure to the toxicity of these radicals
in the patients with low serum uric acid concentration (Ames et al.,
1981). All these results support the hypothesis that oxidative stress
and inflammation may play a role in cognitive impairment primarily
in AD.

The powerful aspects of the present study include high sample size,
all the participants' being over the age of 65 years, and all the partici-
pants’ having undergone comprehensive geriatric assessment. In addi-
tion, comorbidities and laboratory parameters such as serum vitamin
D, vitamin B12 and folic acid concentrations, as well as thyroid func-
tions, which are known to influence cognitive functions and the

deficiency of which is frequently encountered in older adults, were
also investigated and information about subtypes of dementia has
been given. Retrospective and cross-sectional design is the limitation
of the present study. In addition, limited number of patients in other
subtypes of dementia excluding AD, exclusion of the patients with
mixed dementia and MCI, and not investigating the relation between
uric acid and subdimensions of cognitive functions are the other
limitations.

In conclusion, serum uric acid concentration is lower in older adults
with dementia without cardiovascular risk factors. This result supports
the hypothesis that oxidative injury may play a role in the pathogenesis
of dementia and that uric acid may be protective against cognitive im-
pairment owing to its anti-oxidant characteristic. However, favorable
association between uric acid and cognitive functions may disappear
in those with cardiovascular risk factors and its effect on oxidative bal-
ance may probably be impaired in favor of pro-oxidant.
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