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Introduction: The objective of this study was to identify the possible effect 
of thiazide and thiazide-like diuretic use on the relationship between uric acid 
and cognitive function in geriatric patients with normal renal function.

Method: Serum uric acid levels and Mini-Mental State Examination scores 
of 238 patients (age ≥65 years) treated in an outpatient geriatric clinic were 
evaluated in this observational, cross-sectional, retrospective study. The effect 
of thiazide diuretic use on Mini-Mental State Examination score was also 
assessed.

Results: Compared to patients that are not currently taking thiazide 
diuretics (non-thiazide group) serum uric acid was significantly higher in 
patients using thiazide and thiazide-like diuretics (thiazide group) (5.27±0.12 
vs 6.09±0.20; P< 0.001). Although the serum uric acid levels were higher in the 
thiazide group the Mini-Mental State Examination scores were similar to the 
non-thiazide group. There was a strong positive correlation between serum 
uric acid levels and Mini-Mental State Examination score in both groups (P< 
0.001). The Mini-Mental State Examination score was significantly lower in the 
lowest serum uric acid quartile in both groups (P< 0.001). 

Conclusions: Low serum uric acid levels are associated with cognitive 
impairment; a slight but significant increase of serum uric acid due to thiazide 
diuretic use does not seem to enhance cognitive function in geriatric patients.

Keywords: Dementia; Cognitive Dysfunction; Geriatric Assessment; Uric 
Acid; Sodium Chloride Symporter Inhibitors; Aged.

ABSTRACT

https://orcid.org/0000-0002-6447-2352
https://orcid.org/0000-0002-7555-2657
https://orcid.org/0000-0001-9061-146X
https://orcid.org/0000-0002-9704-9737
https://orcid.org/0000-0001-5457-901X
https://orcid.org/0000-0001-9281-2492
https://orcid.org/0000-0003-2583-4709
mailto:drozgekayhankocak@gmail.com


THE EFFECTS OF THIAZIDE AND THIAZIDE-LIKE DIURETICS ON THE RELATIONSHIP BETWEEN 
NORMAL SERUM URIC ACID LEVELS AND COGNITIVE FUNCTION

527

INTRODUCTION
Cognitive impairment has become one of the most 
urgent health problems in the world because of the 
rapid aging of its population (1). Reports from the 
World Health Organization indicate that cognitive 
impairment incidence will double every 20 years, 
especially in developing countries (2). Efforts to find 
new strategies to alleviate, slow, or delay the de-
cline in cognitive function are ongoing.

Studies have revealed contradictory results on 
the correlation between serum uric acid (SUA) lev-
els and cognitive functions. Du et al. discovered 
that higher SUA levels were associated with a low-
er risk of cognitive impairment and a decrease in 
dementia incidence (3). Contrary to this, in a pop-
ulation-based cohort study, Latourte et al. report-
ed that the risk of dementia, especially vascular or 
mixed dementia, may be increased with high SUA 
levels in older adults (4), whereas Cao et al. followed 
89 multiple system atrophy (MSA) patients for 2.5 
years and found that low levels of SUA could be a 
predictor for cognitive decline in MSA patients (5).

Thiazide and thiazide-like diuretics are among 
the most commonly prescribed medications for 
the treatment of hypertension. Thiazide treatment 
is associated with a positive calcium balance and 
an increase in cortical bone mineral density (6), 
this feature might contribute to their selection as 
an antihypertensive agent in the elderly. Indeed, 
thiazide diuretics are frequently used in geriatric 
patients with hypertension (7). However, thiazide 
diuretics are known to cause SUA elevation (8). The 
correlation between the Mini Mental State Exami-
nation (MMSE) and SUA has been studied previous-
ly, but the results have been contradictory (9). It is 
not known whether thiazide-induced SUA elevation 
has beneficial or detrimental effects on cognitive 
function. Thus, we investigated the possible effect 
of thiazide and thiazide-like diuretic use on the re-
lationship between SUA and the MMSE in geriatric 
patients with normal renal function.

MATERIALS AND METHOD
 Study population and data collection

A total of 615 patients, aged 65 years or above 
and treated in the outpatient geriatric clinic of the 
Faculty of Medicine from November 2015 to De-
cember 2017, were evaluated in this observational, 
cross-sectional, retrospective study. The associated 
factors for predicting cognitive decline in relation to 
SUA are metabolic, nutritional, and genetic factors, 
as well as related diseases (diabetes mellitus, cor-
onary heart disease) and lifestyle (10). Accordingly, 
patients were excluded from the study if they had 
acute or chronic renal failure (glomerular filtration 
rate <60 ml/min/1.73 m2); gout; hematological or 
oncological malignancy; previously confirmed de-
mentia diagnosis; psychotic diseases (schizophre-
nia, affective disorder, refractory major depressive 
disorder, and similar diagnoses); New York Heart 
Association (NYHA) stage 3 or stage 4 heart failure; 
serious health conditions, such as sepsis, acute cor-
onary syndrome, acute delirium, cerebrovascular 
event, gastrointestinal bleeding; hypothyroidism, 
hyperthyroidism or hyperparathyroidism;  deafness; 
difficulty with verbal expression or mental retarda-
tion; hyponatremia or hypernatremia; hypokalemia 
or hyperkalemia (11); malnutrition (Mini Nutritional 
Assessment Short Form Scores < 7); and patients 
using drugs known to affect SUA levels (allopurinol, 
losartan, fenofibrate, acetylsalicylic acid, penicillin, 
levothyroxine, propylthiouracil, and alcohol abuse), 
with the exception of thiazide and thiazide-like diu-
retics. Patients treated with 12,5-25 mg/day hydro-
chlorothiazide or 1,25-5 mg/day indapamide for at 
least 6 months were included. Patients who died 
before giving informed consent were also exclud-
ed. After the exclusion of 377 patients due to the 
aforementioned reasons, 238 geriatric patients (158 
females and 80 males) were included in this study. 

Comprehensive geriatric assessment is routinely 
performed for each patient in our geriatric outpa-
tient clinic. MMSE is one of the major components 
of comprehensive geriatric assessment. Patients’ 
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cognitive functions were assessed with the MMSE 
test. The MMSE includes 11 questions to evaluate 
five areas of cognitive function: orientation, memory, 
computation, language, and visual space (12). The 
highest score was 30 points, and cognitive functions 
were categorized as normal: 27-30, mild cognitive 
impairment: 24-26, moderate cognitive impairment: 
18-23, and severe cognitive impairment: 0-17 (13). 
The MMSE score, blood biochemistry results, de-
mographic and clinical data, were obtained retro-
spectively from patients’ medical records.

Biochemical assessments 
Laboratory tests were performed in the Depart-

ment of Clinical Biochemistry Laboratory at the Fac-
ulty of Medicine, which is an accredited laboratory 
conforming to ISO 15189 standards. 

Ethics
Authors complied with Good Clinical Practice 

standards throughout the study. This study is ap-
proved by the Ethics Committee for Clinical Re-
search of Faculty of Medicine at Ege University 
(70198063-050.06.04) and is conducted according 
to the World Medical Association Declaration of 
Helsinki. Informed consent was obtained from all 
individual participants included in the study.

Statistical analysis
The database was constructed using Excel. Con-

tinuous variables were expressed as means ± SEM. 
Patients were divided into two subgroups: patients 
taking thiazide and thiazide-like diuretics (the thi-
azide group) and patients that are not currently 
taking thiazide diuretics (the non-thiazide group). 
The two groups were compared using the t-test. 
Nominal values (such as sex) in the two groups were 
compared using the Chi-square test. The correla-
tion between the MMSE score and SUA levels was 
determined using Pearson correlation coefficient. 

Analysis of variance, followed by Tukey, were used 
for comparing SUA quartiles. All statistical tests 
were performed using R software (ver. 3.4.3). P ≤ 
0.05 was considered statistically significant. 

RESULTS
Demographic characteristics

This study included 238 geriatric patients (158 fe-
males and 80 males). Hypertension was found in 164 
(57.1%) patients, 84 (51.2%) of the patients with hy-
pertension were taking thiazide diuretics. There was 
no statistically significant difference in age between 
the non-thiazide group and the thiazide group. 
There were no differences in demographic charac-
teristics between these groups (Table 1). 

Effect of thiazide diuretics on laboratory 
values

Parenchymal disease of the liver, renal disease, 
and serum sodium and potassium levels are known 
to affect uric acid metabolism (14). To determine 
the possible confounding effect of these factors on 
SUA levels, total and direct bilirubin, alanine ami-
notransferase (ALT), aspartate aminotransferase 
(AST), serum creatinine, serum sodium, and potas-
sium values were compared. There was no signif-
icant difference in these parameters between the 
non-thiazide group and the thiazide group (Table 1). 
Normal SUA level ranges from 4,0 to 8,5 mg/dL for 
adult males and 2,7 to 7,3 mg/dL for adult females, 
and a slight increase in these values may occur in 
the elderly. The SUA levels of all of the patients 
included in this study were within the reference 
range. Compared to the non-thiazide group, SUA 
levels were significantly higher in the thiazide group 
(5,265 ± 0,1214 vs 6,094 ± 0,1977 mg/dL, P<0.001; 
Table 1). Similarly, serum urea levels were also signif-
icantly higher in the thiazide group (37,27 ± 0,8607 
vs 42,38 ± 1,444 mg/dL, P<0.05; Table 1).

Serum uric acid levels and their correlation 
with the MMSE score
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As SUA levels were found to be higher in the 
thiazide group, the correlation between the MMSE 
score and SUA levels was computed separately. 
There was a strong positive correlation between 
SUA levels and the MMSE score in both groups 
(P<0.001; Figure 1). However, there was no signifi-
cant difference in the MMSE score between the thi-
azide group and the non-thiazide group (P=0.2351).

To compare the MMSE scores of patients that 
had different SUA values, we evaluated the MMSE 
scores according to SUA quartiles. ANOVA and 
post-hoc analysis showed that the mean MMSE 
score of the <25th SUA quartile was significantly 
lower than other quartiles in both groups (Figure 2). 

DISCUSSION
In this observational, cross-sectional, retrospective 
study, we evaluated the association of SUA levels 
and the cognitive function of geriatric patients in 

the outpatient geriatric clinic. Patients with diseases 
affecting uric acid metabolism and previously con-
firmed dementia diagnosis were not included in the 
study. Our results showed that the SUA levels were 
higher in the thiazide group. In elderly patients with 
normal renal function, the SUA levels were positive-
ly correlated with cognitive function; however, there 
was no difference in cognitive function between pa-
tients who were using thiazide diuretics and those 
who were not. 

Our findings regarding the relationship between 
SUA and cognitive function are consistent with the 
results of other studies. In a prospective popula-
tion-based cohort study, higher SUA levels were 
associated with a decreased risk of dementia (15). 
Molshatzki et al. followed SUA levels and cognitive 
function in patients with pre-existing cardiovascu-
lar disease for 10 years and reported that low SUA 
levels are associated with poorer cognitive function 
(16). Likewise, low SUA levels are related to poor 

Table 1. Demographic characteristics and laboratory values of patients. 

Non-thiazide group
(n=166)

Thiazide Group
(n=72) P

Sex Female 108 50

0.5526Male 58 22

Age 77.69 ± 0.59 75.81 ± 0.79 0.0708

MMSE score 24.21 ± 0.45 25.18 ± 0.69 0.2351

Serum Uric Acid (mg/dL) 5.27 ± 0.12 6.09 ± 0.20 0.0003 ***

Urea (mg/dL) 37.27 ± 0.86 42.38 ± 1.44 0.0018 ***

Creatinine (mg/dL) 0.85 ± 0.03 0.85 ± 0.02 0.9785

Sodium (mEq/L) 140.30 ± 0.25 140 ± 0.40 0.5970

Potassium (mEq/L) 4.52 ± 0.04 4.52 ± 0.05 0.9451

Total bilirubin (mg/dL) 0.60 ± 0.07 0.49 ± 0.02 0.2816

Direct bilirubin (mg/dL) 0.23 ± 0.02 0.38 ± 0.18 0.2293

ALT (U/L) 15.48 ± 0.58 14.51 ± 0.59 0.3105

AST (U/L) 19.13 ± 0.54 17.27 ± 0.50 0.0748

** P≤0.005, *** P≤0.001; Student’s t-test.
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cognitive scores in our study; the mean MMSE score 
of the <25th SUA quartile was significantly lower 
than those of the other quartiles (Figure 2). In pa-
tients with normal renal function, a higher SUA lev-
el was associated with a higher MMSE score and a 
lower risk of cognitive impairment. This may be due 
to the antioxidant effect of SUA. The pathophysiol-
ogy of cognitive impairment is associated with an 
increase in oxidative stress factors, such as reactive 
oxygen species (ROS), and a decrease in antioxi-
dant levels, such as nitric oxide (NO) (17). SUA has 
both prooxidative effects (inhibition of endothelial 
NO synthase) and antioxidative effects (inhibition 
of nitrite-mediated nitrification and iron-depend-
ent oxidative damage on the vascular system) and 

could have free-radical scavenging activity in brain 
tissues (18).

On the other hand, Suzuki et al. showed that 
high SUA levels can lead to a microinflammatory 
state and produce oxidative stress, resulting in mi-
crovascular disease, increased cerebral ischemia, 
and hypoxia, increasing the risk of cognitive impair-
ment (19). There are some contradictory data about 
SUA and cognitive impairment: one study with 247 
chronic renal failure (CRF) patients has shown that 
increased SUA levels may be associated with worse 
cognitive function (20). The study was designed 
with CRF patients whose SUA levels were between 
13.4 mg/dL and 17.7 mg/dL. SUA has paradoxical 
biological effects; it acts as an antioxidant in an ex-

Figure 1. Correlation between serum uric acid and MMSE Score by Pearson test. 

A. The non-thiazide group (n=166), B. The thiazide group (n=72). 
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tracellular environment and a prooxidant in an in-
tracellular environment. UA in the kidney triggers 
oxidative stress (21). Also, CRF is an independent 
risk factor for cognitive impairment (22). Thus, the 
conflicting results of Afsar et al. about the nega-
tive relationship between high SUA and cognitive 
function might be due to the presence of CRF and 
pathological SUA levels (23).

Thiazide diuretics are frequently used in geriat-
ric patients with hypertension (24); however, there 
are limited studies investigating the correlation be-
tween SUA and cognitive impairment in patients 
using these drugs. Several clinical studies have 
reported that thiazide diuretics reduce the risk of 
dementia. In our study, as expected, we found that 
SUA levels were higher in patients using thiazide 
diuretics. There was a strong positive correlation 
between SUA levels and the MMSE scores in both 
groups. To compare the MMSE scores of patients 
that have different serum UA values, we evaluated 

MMSE scores according to quartiles of SUA, and 
the mean MMSE score of the > 50th-75th UA quartile 
was significantly higher than others (Figure 2). Al-
though the SUA level was higher in thiazide diuret-
ic users, the correlation between the MMSE scores 
and SUA levels was similar in both groups. Koçyiğit 
et al. demonstrated that 26-week thiazide therapy 
was not related to any changes in the MMSE scores 
in older hypertensive adults. However, the SUA was 
not elevated by thiazides in this study (25). A 26-
week follow-up period may not be enough to cause 
a significant increase in SUA, resulting in no altera-
tion in the MMSE scores; therefore, a direct com-
parison with our results would be futile.

This study has several limitations. First, it was 
conducted retrospectively; a randomized con-
trolled trial design would have been more suitable 
to assess the causality of the relationship between 
SUA and cognitive outcomes more thoroughly. 
Although the MMSE is still the most commonly 

Figure 2. Mean MMSE scores according to serum uric acid quartiles. 
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A) The non-thiazide group: <25th quartile (n=43) < 4 mg/dL; 25th-50th quartile (n=43) 4-5.2 mg/dL; 50th-75th quartile (n=40) 5.2-6.2 mg/
dL; >75th quartile (n=40) >6.2 mg/dL; B) The thiazide group <25th quartile (n=18): < 4.97 mg/dL; 25th-50th quartile (n=21) 4.97-6.3 mg/
dL; 50th-75th quartile (n=15) 6.3-7.23 mg/dL; >75th quartile (n=18) >7.23 mg/dL. ANOVA followed by Tukey. ** P≤0.005, *** P≤0.001 vs < 
25th quartile; +++ P≤0.001 vs 25th-50th quartile.
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used tool for cognitive screening, other neuropsy-
chiatric scales and neuroimaging tests could have 
been used to support our findings. The etiology of 
cognitive impairment could not be identified for all 
patients in our study, and the inclusion of different 
dementia types might contribute to controversial 
results among studies. Only patients with normal 
SUA levels were included in this study, thus the rela-
tionship between cognitive functions and SUA was 
only evaluated within normal SUA limits. The effect 
of high  SUA levels was not investigated. This study 

included both normotensive and hypertensive pa-
tients. Therefore, the groups were not matched for 
hypertension, which increases the risk of dementia. 

In summary, in geriatric patients with normal re-
nal function, there is a positive correlation between 
SUA levels and MMSE scores, indicating that SUA 
may play a protective role against cognitive impair-
ment. However, the SUA-elevating effect of thiazide 
diuretics does not seem to enhance the preserva-
tion of cognitive function.
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