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Abstract

Background and aims Chronic kidney disease (CKD) is a public health concern worldwide and has been
recognized as a significant risk factor for cardiovascular disease. The elevated level of uric acid (hyperuricemia) has
been suggested to be associated with obesity, hypertension, cardiovascular disease and diabetes. However, there is
limited information on the relationship between hyperuricemia and CKD. Therefore, this study aimed to estimate the
prevalence of CKD and assess its relationship with hyperuricemia in Bangladeshi adults.

Methods In this study, blood samples were collected from 545 participants (398 males and 147 females) aged > 18
years. Biochemical parameters such as serum uric acid (SUA), lipid profile markers, glucose, creatinine and urea were
measured by colorimetric methods. The estimated glomerular filtration rate (eGFR) and CKD were determined based
on serum creatinine levels with existed formula. Multivariate logistic regression analysis was performed to evaluate
the association between SUA and CKD.

Results The overall prevalence of CKD was 5.9% with 6.1% in males and 5.2% in females. Hyperuricemia

was prevalent in 18.7% of participants with 23.2% in males and 14.6% in females. An increasing trend of CKD
prevalence was observed with increasing age in the groups. The mean eGFR level was significantly lower in male
(95.1+31.8 ml/min/1.73m?) than in female (109.3 +77.4 ml/min/1.73m?) subjects (p < 0.01). The mean level of
SUA was significantly higher (p<0.01) in participants having CKD (7.1 + 1.9 mg/dL) than in participants without
CKD (5.7 +1.6 mg/dL). A decreasing trend for eGFR concentration and an increasing trend for CKD prevalence was
observed across the SUA quartiles (p<0.001). In regression analysis, a significant positive association was found
between hyperuricemia and CKD.

Conclusion This study showed an independent association between hyperuricemia and CKD in Bangladeshi adults.
Further mechanistic studies are needed to explore the potential link between hyperuricemia and CKD.
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Background
Chronic kidney disease (CKD) is a public health con-
cern, associated with cardiovascular disease and other
complications [1]. The prevalence of CKD or kidney dys-
functions and its associated complications are increasing
worldwide, especially in developing countries [2, 3].
Serum uric acid (SUA) is the final oxidation product of
purine nucleotides [4]. Its overproduction and decreased
excretion via kidneys are the major reasons for hyper-
uricemia [5]. More than 90% of all cases of hyperuri-
cemia are the results of the impaired renal excretion of
uric acid[6]. Hyperuricemia has long been recognized
as a cause of gout development [7]. Recent experimental
and clinical studies reported that elevated SUA is closely
associated with obesity, dyslipidemia, liver dysfunction,
diabetes, hypertension, metabolic syndrome and renal
dysfunction [8-15]. It has also been reported that even
hyperuricemia is associated with the progression of kid-
ney disease in patients with normal kidney function [16].
The elevated level of SUA is considered an important
marker for reduced renal function and likely has a causal
role in the development of hypertension and cardiovas-
cular disease [17]. In the United States, an increased
prevalence of CKD was observed in 1999-2004 than in
1988-1994 [18]. Both experimental and epidemiological
evidence indicates the role of SUA not only as a marker
of decreased renal function and cardiovascular disease
but also as a causal risk factor for CKD development and
progression [19, 20]. In two large epidemiologic studies,
elevated SUA has been found as an important predictor
of renal disease, although, none of these studies deter-
mined its role as an independent risk factor [21, 22]. The
effects of hyperuricemia on CKD development remain
still an issue of active debate. Moreover, the mecha-
nism of uric acid regulation and the association between
uric acid and kidney and cardiovascular disease remain
unclear [23]. Elucidating the link between SUA level and
CKD would be valuable to increase our understanding of
SUA-mediated kidney disease. It has been suggested that
early diagnosis and treatment of modifiable risk factors
for CKD are significant steps to prevent CKD progres-
sion [24]. Although some recent studies have estimated
the prevalence of hyperuricemia and determined its rela-
tionship with obesity, diabetes, hypertension, metabolic
syndrome, and liver dysfunction in Bangladeshi adults
there is no information about the association between
hyperuricemia and CKD in the country’s population.
Therefore, we conducted a cross-sectional study to esti-
mate the prevalence of CKD and its relationship with
hyperuricemia in Bangladeshi adults.
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Methods

Study area and study population

The study consisted of 545 participants (398 males and
147 females, aged>18 vyears). The participants were
enrolled from the Sylhet region of Bangladesh includ-
ing University staff, adult students and general city
adults. The participants were randomly invited, we
invited about two times of the participants, and how-
ever, a large number of female participants did not show
interest to participate in the study due to some social
and personal restrictions. Inclusion criteria: both gen-
ders and participants aged >18 years. Exclusion criteria:
pregnant women, lactating mothers, individuals with a
history of drug addiction and alcohol consumption and
participants with anti-hyperuricemic drug intake were
excluded from the study. We also excluded participants
with self-reported hepatic diseases, hypothyroidism,
and any infectious diseases. The ethics committee exists
at the Department of Biochemistry and Molecular Biol-
ogy, SUST approved all the procedures (Reference no 02/
BMB/2019). Informed consent was obtained from the
participants before inclusion in the study. All procedures
of the study were performed in accordance with relevant
guidelines and regulations.

Anthropometric data collection

Anthropometric data including age, sex, height, weight,
waist circumference (WC) and hip circumference (HC)
were recorded in a structured questionnaire form follow-
ing the standard procedures described elsewhere [25-
31]. Height was measured to the nearest 0.1 cm using a
measuring tape and weight was measured to the near-
est 0.1 kg by a digital electronic LCD weighing machine
(Beurer 700, Germany). Blood pressure (BP) was mea-
sured 3 times at 5 min intervals by a digital BP machine
(Omron M10, Tokyo, Japan). The first BP measurement
was discarded and the average value of the 2nd and 3rd
measurements was considered for systolic blood pressure
(SBP) and diastolic blood pressure (DBP). All the mea-
surements were taken by trained personnel. Body mass
index (BMI) was calculated as weight in kg divided by
height in meters squared (kg/m?).

Blood sample collection and biochemical analysis

Fasting blood samples were collected from the partici-
pants by venipuncture after overnight fasting. After col-
lection, the blood samples were immediately placed on
the icebox and transported to the laboratory. The blood
samples were centrifuged by an ultracentrifuge machine
(Sorvall ST 8R Centrifuge, Thermo Scientific, Germany)
and serum samples were stored at —20 °C at the Depart-
mental laboratory until biomarker analysis. Serum level
of uric acid (SUA), fasting blood glucose (FBG), serum
creatinine (SCr), serum albumin (SA), serum urea
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(SU), serum total protein (STP), triglyceride (TG), total
cholesterol (TC), low-density lipoprotein (LDL) and
high-density lipoprotein (HDL) were measured by colori-
metric method using commercially available kits (Human
Diagnostic, Germany) with the biochemistry analyzer
(Humalyzer 3000, USA) [32-34]. The accuracy of the
measurements was maintained with regular standard
calibration.

Diagnostic criteria

Hyperuricemia was defined as SUA concentra-
tion>7.0 mg/dL (416.4 pmol/L) in men and >6.0 mg/dL
(356.9 umol/L) in women [35, 36]. An estimate of the glo-
merular filtration (GFR) rate was obtained by the Modifi-
cation of Diet in Renal Disease (MDRD) equation: 175 X
(Scr) 115 x (age)*?Bx (multiply by 0.742 if female) [18].
Kidney dysfunction or chronic kidney disease (CKD)
was defined as GFR<60 mL/min per 1.73 m? and non-
CKD was defined as >60 mL/min per 1.73 m?. CKD was
also categorized as Stage 1 (normal GFR>90 ml/min),
stage 2 (mild decrease in GFR 59-89 ml/min), stage 3
(moderately decrease in GFR 30-59 ml/min), stage 4
(severe decrease in GFR 15-29 ml/min and kidney fail-
ure GFR<15 ml/min [37]. Hypertension was defined by
SBP 2140 mm Hg and/or, DBP>90 mm Hg and/or, intake
of anti-hypertensive drugs during data collection [28, 38].
Diabetes was defined according to the American Diabe-
tes Association 2020 as a fasting blood plasma glucose
level=126 mg/dL (7 mmol/L), non-fasting plasma glu-
cose>200 mg/dL (11.1 mmol/L) [39], or self-reported
recent use of insulin or hypoglycemic drugs. Physical
activity was classified as low (comfortable housework and
official work), medium (walking, swimming and house-
hold stuff cleaning) and adequate/high (carrying, jogging,
lifting, and/or sports). Smoking status was defined as a
never-smoker and a present smoker.

Statistical analysis

IBM SPSS statistical software (version 25.0) was used
to analyse the data. SUA was divided into four quar-
tiles by frequency test based on its concentration range:
Q1 (£4.7 mg/dL), Q2 (4.8-5.8 mg/dL), Q3 (5.9-6.7 mg/
dL), and Q4 (>6.7 mg/dL). An independent sample t-test
(two-tailed) was used to assess the differences between
gender groups and CKD and without CKD groups.
One-way ANOVA was done to assess the differences
in age groups and SUA quartiles. Correlations of eGFR
with SUA and BUN were assessed by Pearson’s correla-
tion coefficient test. Linearity assumption was checked
between SUA and eGFR before Pearson’s correlation test.
Multivariate logistic regression was applied to determine
the association between hyperuricemia and CKD. Dif-
ferences and correlations were indicated as significant at
p<0.05.
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Results

Baseline characteristics of the study subjects

The baseline characteristics of the study subjects are
summarized in Table 1. Among 545 participants, 398
were males and 147 were females. The mean age and
BMI for overall participants were 41.8+13 years and
24.8+3.7 kg/m?, respectively, with no significant differ-
ences between the gender groups. A significant differ-
ence was found for TC, HDL, LDL and SCr between the
gender groups (p<0.05 at least for all cases). The mean
level of SUA for all participants was 5.8+1.6 mg/dL
with a significant difference between male (6.1£1.8 mg/
dL) and female (4.5+1.8 mg/dL) participants (p<0.01).
The mean eGFR value of overall participants was
98.6+47.7 ml/min/1.73m? with a significant difference
between males (95.1£31.8 ml/min/1.73m?) and females
(109.3+77.4 ml/min/1.73m?) (p<0.01). The overall prev-
alence of CKD was 5.9%, where male participants had a
comparatively high prevalence of CKD (6.1%) than female
participants (5.2%). When participants were divided into
three groups, the prevalence of CKD was 3.2%, 10.9%
and 11.5% in the healthy control, hypertensive and dia-
betic groups, respectively (Fig. 1). This prevalence was
even higher in participants who were both hypertensive
and diabetic (14.29%). There was an increasing trend
for eGER in the age groups (Fig. 2), which indicated the
prevalence of CKD was higher in aged groups compared
to younger groups. A significant negative correlation was
observed for eGFR with SUA (p<0.01) (Fig. 3), which
suggested an increased prevalence of CKD with the
increased level of SUA.

Baseline characteristics between CKD and without control
groups

The baseline characteristics of the study participants
between CKD and control (participants without CKD)
groups are shown in Table 2. Overall, 27 subjects had
CKD according to the definition. The mean difference
for SBP, FBG, SCr and SU was significant between the
CKD and control groups (p<0.05 at least for all cases).
The average level of SUA was higher in the CKD group
(7.1£1.9 mg/dL) compared to the control 5.7 + (1.6 mg/
dL) group (p<0.001). There was also a significant dif-
ference in BUN between the CKD and control groups
(p<0.001).

Baseline characteristics of the study subjects in the SUA
quartiles

The participants were also characterized according to
the SUA quartiles (Table 3). A significant difference was
found in the mean of SBP and SCr across the SUA quar-
tiles (p<0.05 at least for all cases). The mean level of
eGFR was lower in the fourth quartile compared to other
SUA quartile groups and the decreasing trend of eGFR
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Table 1 Baseline characteristics of the study subjects by gender

Variables Overall Male Female P-value
N 545 398 147 -
Age (years) 41.8+13(85) 415+129 425+13.1 0464
(85) (76)
BMI (kg/m?) 248437 247435 25.1+44 0.286
(40) (38.5) (40)
WC (cm) 853+11.3 86.0+11.4 83.6+11.1 0.064
(165) (165) (113)
HC (cm) 913+85 915+83 90.7+9.0 0407
(114) (114) (113)
SBP (mmHg) 12754155 1276+£150 1271+£170 0743
(216) (216) (190)
DBP (mmHg) 834+94 833+95 835+9.1 0.892
(118) (118) (112)
FBG (mg/dL) 73%38 70x£36 84+4.2 0.000
(26.9) (26.9) (26.4)
TG (mg/dL) 193.1£1178 1954+1128 1862+1322 0466
(812.6) (726.6) (812.6)
TC (mg/dL) 2060+792 1998+745 2247+89.7 0.003
(584) (561.9) (584.0)
HDL (mg/dL) 33.6+123 328+129 359+10.1 0.020
(112.4) (112.4) (67.8)
LDL (mg/dL) 1354+£726 129.7+£652 1523+896 0.004
(517) (514.9) (517.2)
SUA (mg/dL) 58+16 6.1+18 45+1.8(9.9) 0.000
(11.8) (11.8)
SCr (mg/dL) 09+03(29 1.0£03(29 0.7£03(2.3) 0.000
SA (g/L) 487+144 488+13.3 481+£175 0.726
(107.2) (107.2) (100.5)
STP (g/L) 7994272  800+275  798+262 0955
(190.1) (190.1) (167.9)
SU (mg/dL) 262+103 263+9.2 259+135 0.821
(105.4) (62.7) (105.4)
BUN (mg/dL) 122+48 123+43 121+£6.3 0.821
(49.2) (29.3) (49.2)
eGFR 986+477 9514318  1093+774 0.006
(ml/min/1.73m?) (236) (269) (269)
Hyperuricemia ~ 18.7 232 14.6 0.101
(%)
CKD (%) 59 6.1 52 0516
Smoking status 0.000
(%)
Yes 22.8 29.2 0
No 772 70.8 100
Physical activity 0.335
(%)
Low 216 20.1 26.2
Medium 69.6 69.8 68.9
High 8.8 10.1 49

Values are presented as mean+SD. Maximum values are indicated in the
parenthesis. CKD: Chronic kidney disease, SCr: Serum Creatinine, SA: Serum
Albumin, STP: Serum Total Protein, BUN: Blood Urea Nitrogen, SUA: Serum Uric
Acid, SU: Serum Urea. P-values were obtained from the independent sample
t-test for differences in continuous variables. Chi-square test was done to derive
p-values for categorical variables. CKD was defined as eGFR<60ml/min/1.73m?.
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Fig. 2 Levels of eGFR in different age groups. P-value was obtained from
one-way ANOVA.

within the quartiles was significant (p<0.001). The preva-
lence of CKD was higher in the fourth quartile (9.7%)
compared to the first (2.1%), second (2.7%) and third
quartile (3.1%) and this prevalence difference within the
quartile groups was significant (p <0.001).

Regression analysis to evaluate the association between
hyperuricemia and CKD

In regression analysis, three models were applied to
assess the relationship between elevated SUA and CKD
(Table 4). Model 1 was adjusted for age (years) and sex
(male and female), model 2 was adjusted for model 1 and
lipid profile markers (mg/dL) and model 3 was adjusted
for model 2, serum albumin (g/L) and serum total protein
(g/L). In all models, elevated SUA showed a significant
positive association with CKD (p<0.01 for models 1-2
and p<0.05 for model 3).
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Table 2 Baseline characteristics of the study based on eGFR

Variables Overall CKD Normal P-val-
(eGFR<60) (eGFR=60) ues

N 545 33 512 -

BMI (Kg/mz) 246+36 239+42 247+36 0.247
(38.5) (32.8) (38.5)

WC (cm) 846+114 857493 84.5+116 0.629
(165) (104) (165)

HC (cm) 90.9+85 90.0+86 90.9+85 0.593
(114) (109) (114)

SBP (mmHg) 1275+156 133.7+£22.7 127.1+15.0 0.033
(216) (180) (216)

DBP (mmHg) 835+96 84.0+10.2 834496 0.528
(118) (1030 (118)

FBG (mg/dL) 71436 99+57 6.9+34 0.000
(26.9) (26.4) (26.9)

TG (mg/dL) 1920+118 186.8+106.1 1923+1188 0816
(812.6) (463.6) (812.6)

TC (mg/dL) 2035+756 1984+76.6 203.8+75.6 0.717
(584) (354) (584)

HDL (mg/dL) 3344121 323+£182 335+11.7 0614
(1124) (67.2) (112.4)

LDL (mg/dL) 1333+693 1287+658 13361696  0.721
(517.2) (267.9) (517.2)

SUA (mg/dL) 58+16 71+£19 57+16 0.000
(11.8) (10.6) (11.8)

SCr (mg/dL) 09+03 1.7£05(29) 08+£02(14) 0.000
(2.9)

SA (g/L) 496+142  450+128 500+143 0.150
(107.2) (78.9) (107.2)

STP (g/L) 81.2+265 695+17.6 8224270 0.051
(169.4) (113) (169.4)

U (mg/dL) 262+103 3294205 254+83 0.000

(105.4) (105.4) 62.7)

BUN (mg/dL) 122+48 19.05+10.13 119439 0.000
(49.2) (49.2) (29.3)

Values are presented as mean+SD. Maximum values are indicated in the
parenthesis. P-values were obtained from an independent sample t-test

Discussion

In the present study, we estimated the prevalence of CKD
and evaluated its relationship with hyperuricemia. To the
best of our knowledge, this is the first study that evalu-
ated the association between hyperuricemia and CKD in
Bangladeshi adults.

In our study, the overall prevalence of CKD was 5.9%,
slightly higher in males than in females. This prevalence
of CKD was higher in participants who were both dia-
betic and hypertensive. A high prevalence of CKD was
also found in the Canadian population who were both
diabetic and hypertensive [40]. In our analysis, a sig-
nificant decreasing trend for eGFR was found in the age
groups, which indicates that CKD prevalence is higher
in aged people. Our finding is consistent with a previ-
ous study that reported a decreasing trend of eGFR, i.e.,
increasing prevalence of CKD in the aged population in
Indonesia [41]. In the present study, the overall preva-
lence of hyperuricemia was 18.7% with 23.2% in males
and 14.6% in females. A recent study in Bangladesh also
reported a similar prevalence of hyperuricemia among
Bangladeshi adults (16.6%), with 21.3% in males and
8.3% in females [9]. The prevalence of hyperuricemia has
also been reported in some other Asian countries. For
example, the prevalence of hyperuricemia in mainland
China was 13.3% (19.4% in males and 7.9% in females)
and 25.8% (34.5% in males and 11.6% in females) in Japan
[19].

In this study, a significant negative association was
found between eGFR and SUA among participants. We
observed a decreasing trend for eGFR across the SUA
quartiles. The prevalence of CKD was increased with an
increased concentration of SUA in the quartile groups.
Elevated SUA showed a positive and independent asso-
ciation with CKD. This association remained after adjust-
ment for sex, age, serum albumin, serum total protein
and lipid markers. Consistent with our findings, a pre-
vious study by Zoppini et al. reported hyperuricemia
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Table 3 Characteristics of the participants in the SUA quartiles
Variables SUA quartiles P-val-
Q1 (<4.7) Q2 (4.8-5.8) Q3 (5.9-6.7) Q4 (>6.7) ues
N 139 135 137 134
BMI (kg/mz) 24.5+4.0 (40) 245+34(384) 24.7+35(37.5) 25.2+3.8(385) 0.406
WC (cm) 85.1+£109(113) 84.6+10.0(116) 835+11.1(111) 84.3+9.6 (109) 0.853
HC (cm) 91.7+83(111) 90.7+8.1(113) 90.8+8.2(114) 90.0£8.0 108.0 0.654
SBP (mmHg) 126.0+14.2 (190) 127.1+14.9(180) 125.8+14.1 (184) 131.7+£193(216) 0.020
DBP (mmHg) 81.8+8.0(103) 83.9+10.7 (115) 833+94(112) 84.7+9.8(118) 0.139
FBG (mg/dL) 8.7+44(269) 72+3.7(49) 6.3+2.8(18.9) 6.7+34(264) 0.000
TG (mg/dL) 171.7+£107.5(675.2) 2089+147.4(812.6) 180.5+104.2 (562) 194.3+87.5 (429) 0.097
TC (mg/dL) 2085+74.8 (518.6) 208.1+£81.9 (584) 194.0+63.5 (562.8) 198.6+79.7 (561.9) 0425
HDL (mg/dL) 34.2+10.7 (74.1) 345+153(1124) 31.6+9.3(62.5) 34.1+£12.8(68.7) 0334
LDL (mg/dL) 141.3+70.7 (459.7) 131.1+73.5(506.5) 1293+61.2(517.2) 1288+74.2(514.9) 0.567
SCr (mg/dL) 0.78+0.24 (2.0 0.85+0.24 (2.0) 0.92+0.25 (2.5) 1.00+£033(2.9) 0.000
SA (g/L) 49.7+18.0(107.2) 4714113 (81.6) 47.14+11.5(90.5) 49.0+14.0(92.5) 0.680
STP (g/L) 752+265(167.9) 82.8+252(190.1) 772+20.2 (165.6) 86.0+32.0(169.4) 0.098
SU (mg/dL) 24.0+6.0(37.6) 264+8.7(52.3) 26.0+10.8 (62.7) 29.3+15.2(105.4) 0.152
BUN (mg/dL) 11.3+28(17.5) 124+40 (24.4) 122451 (293) 13.8+7.2(49.2) 0.155
eGFR 105.84+38.0 (269.0) 97.3+30.5 (261.2) 92.7 4256 (266.6) 86.6+26.7 (235.9) 0.000
(ml/min/1.73 m)
CKD (%) 2.1 2.7 3.1 9.7 0.000

Values are presented as mean=SD. Maximum values are indicated in the parenthesis. P-values were obtained from one-way ANOVA. For categorical variables

p-values were derived from chi-square test

Table 4 Association between hyperuricemia and CKD

B SE Wald df OR 95% ClI P-
Lower Upper value
Model 1 0441 0.156 7953 1 1.554 1.144 2112 0.005
Model 2 0.493 0.162 7.344 1 1.551 1.129 2131 0.007
Model 3 0.601 0.284 4475 1 1.824 1.045 3.183 0.034

Multivariate logistic regression analysis was done to evaluate the association between elevated SUA and CKD. Here, CKD was the dependent variable (yes) and
elevated SUA (mg/dL) was an independent variable. The reference category was normal (non-CKD). Model 1: adjusted for age (years) and gender (male and female).
Model 2: model 1+BMI, blood pressure, blood glucose and lipid profile markers (mg/dL) Model 3: model 2+serum albumin (mg/dL) and serum total protein (mg/dL)
and physical activity. OR: odds ratio, Cl: confidence interval and SE: standard error

as an increased risk of CKD after adjusting for sex, age,
BMI, smoking status, diabetes, blood pressure and albu-
min[42]. Another study by Bellomo et al. also showed a
significant association between elevated SUA and CKD
in multivariable analyses adjusting for several confound-
ers [43]. Hyperuricemia has also been indicated as an
independent risk factor for CKD in middle-aged and
elderly adults in the Taiwanese population [44]. In an
observational study in the Thai army population, the ele-
vated level of SUA was independently associated with an
increased prevalence of CKD [7]. Although there are sev-
eral previous studies on this topic but most of these were
conducted on a small scale and confounders were not
counted in their analysis. Therefore, some recent stud-
ies mentioned above and our study, raise the possibility
that hyperuricemia may mediate kidney disease and its
progression.

As is known, elevated blood pressure is associated
with kidney disease [45]. Our data showed that subjects
with higher SUA levels had a higher mean value of SBP.

There are some potential pathways through which hyper-
uricemia can induce hypertension such as via endothe-
lial dysfunction, vascular smooth muscle hypertrophy,
glomerular hypertrophy, and activation of the renin-
angiotensin system [46—48]. However, the underlying
mechanisms of SUA-mediated CKD are not well estab-
lished yet. Some possible pathways may be involved in
the association of hyperuricemia with CKD. For example,
increasing uric acid levels can induce oxidative stress by
forming urate crystals [49]. Urate crystals are very reac-
tive compounds that may cause endothelial dysfunc-
tions, resulting in elevated renal vascular resistance and
reduced renal blood flow and GFR [49]. Vascular and
endothelial dysfunctions are known to have a major role
in driving CKD [50]. An elevated SUA level has also been
reported to be associated with endothelial dysfunction
[51]. In animal studies, increased blood pressure and
tubulointerstitial injury in rats were prevented by using
SUA-level lowering agents [46] which suggests an asso-
ciation of hyperuricemia with hypertension and renal
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dysfunction. Although these lines of evidence suggest
an association between hyperuricemia and CKD, further
mechanistic studies are needed to elucidate the potential
link between them.

The major strength of this study was that data were col-
lected from participants of a wide age range. We applied
the specified method for the analysis of SUA and serum
creatinine and all assays were performed in one labora-
tory. However, there were some limitations to our study.
First, the cross-sectional nature of this study cannot
determine the causal link between hyperuricemia and
CKD. Second, we had no data on other kidney function
tests such as haematuria, proteinuria, and imaging of
the kidneys. Third, our study sample size was relatively
small, thus the study cannot cover the entire popula-
tion of Bangladesh. Fourth, we had no information about
diuretic therapy and renin-angiotensin-aldosterone sys-
tem inhibitors (RAASi) from the participants. As diuret-
ics are one of the most important causes of secondary
hyperuricemia and RAASi was found to be associated
with the slow progression of CKD. Therefore, it would be
valuable to extrapolate these factors to determine a more
accurate association between hyperuricemia and CKD.
In addition, we did not have information on the individu-
al’s dietary habits that can affect serum creatinine levels.
Despite several limitations, this study findings would be
worth reference for future studies in Bangladesh.

Conclusion

The present study showed a positive and independent
association between hyperuricemia and CKD in the Ban-
gladeshi adults and this association remained significant,
even after adjusting for several confounders. National
health promotion activities in Bangladesh should be
increased as well as intensive screening and routine mea-
surement of SUA may contribute to reducing the burden
of hyperuricemia and associated complications in the
general population in Bangladesh. Further mechanistic
studies are required to explore the potential link between
hyperuricemia and CKD.

Acknowledgements
The authors are thankful to all participants for their active participation and
cooperation in the study.

Author Contribution

N.A. made a significant contribution to the conception, design, execution,
interpretation, manuscript writing and revision. ZB contributed to data and
sample collection, performed experiments and results analysis and drafted the
initial version of the manuscript. M.H, RM and A.D.M, helped in experiments
and data analysis. JM.H, AD.T, and FM. assisted in sample collection. All
authors read and approved the submitted version.

Funding
This study did not receive any external funding.

Page 7 of 8

Data Availability
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The ethics committee existed at the Department of Biochemistry and
Molecular Biology, SUST approved all the procedures (Reference no 02/
BMB/2019). Informed consent was obtained from the participants before
inclusion in the study.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Received: 19 September 2022 / Accepted: 15 February 2023
Published online: 21 February 2023

References

1. Levey AS, Coresh J, Bolton K, Culleton B, Harvey KS, Ikizler TA et al. K/DOQI
clinical practice guidelines for chronic kidney disease: evaluation, classifica-
tion, and stratification. Am J Kidney Dis. WB Saunders Ltd; 2002;39:i-ii+.

2. Nugent RA, Fathima SF, Feigl AB, Chyung D. The burden of chronic kidney
disease on developing nations: a 21st century challenge in global health.
Nephron Clin Pract Karger Publishers. 2011;118:c269-77.

3. Zhang L, Wang F,Wang L, Wang W, Liu B, Liu J, et al. Prevalence of chronic
kidney disease in China: a cross-sectional survey. The lancet Elsevier.
2012;379:815-22.

4. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. Uric acid and oxida-
tive stress. Curr Pharm Des Bentham Science Publishers. 2005;11:4145-51.

5. Remedios C, Shah M, Bhasker AG, Lakdawala M. Hyperuricemia: a reality in
the indian obese. Obes Surg Springer. 2012;22:945-8.

6.  Richette P Bardin T, Gout. Lancet Lond Engl. 2010;375:318-28.

7. LiuR,Han C,Wu D, Xia X, Gu J, Guan H et al. Prevalence of hyperuricemia and
gout in mainland China from 2000 to 2014: a systematic review and meta-
analysis. BioMed Res Int. Hindawi; 2015;2015.

8. AliN,Mahmood S, Islam F, Rahman S, Haque T, Islam S, et al. Relationship
between serum uric acid and hypertension: a cross-sectional study in bangla-
deshi adults. Sci Rep. 2019;9:9061.

9. AliN, Miah R, Hasan M, Barman Z, Mou AD, Hafsa JM, et al. Association
between serum uric acid and metabolic syndrome: a cross-sectional study in
bangladeshi adults. Sci Rep. 2020;10:7841.

10. Al N, Perveen R, Rahman S, Mahmood S, Rahman S, Islam S, et al. Prevalence
of hyperuricemia and the relationship between serum uric acid and obesity:
a study on bangladeshi adults. PLoS ONE. 2018;13:e0206850.

11, AliN,Rahman S, Islam S, Haque T, Molla NH, Sumon AH, et al. The relationship
between serum uric acid and lipid profile in bangladeshi adults. BMC Cardio-
vasc Disord. 2019;19:42.

12. AliN, Sumon AH, Fariha KA, Asaduzzaman M, Kathak RR, Molla NH, et al.
Assessment of the relationship of serum liver enzymes activity with general
and abdominal obesity in an urban bangladeshi population. Sci Rep.
2021;11:6640.

13.  Satirapoj B, Supasyndh O, Chaiprasert A, Ruangkanchanasetr P, Kanjanakul
I, Phulsuksombuti D, et al. Relationship between serum uric acid levels with
chronic kidney disease in a southeast asian population. Nephrol Wiley Online
Libr. 2010;15:253-8.

14. Haque T, Rahman S, Islam S, Molla NH, Ali N. Assessment of the relationship
between serum uric acid and glucose levels in healthy, prediabetic and
diabetic individuals. Diabetol Metab Syndr. 2019;11:49.

15. Molla NH, Kathak RR, Sumon AH, Barman Z, Mou AD, Hasan A, et al. Assess-
ment of the relationship between serum uric acid levels and liver enzymes
activity in bangladeshi adults. Sci Rep. 2021;11:20114.

16. Iseki K, Oshiro S, Tozawa M, Iseki C, Ikemiya Y, Takishita S. Significance
of hyperuricemia on the early detection of renal failure in a cohort of



Barman et al. BMC Endocrine Disorders

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(2023) 23:45

screened subjects. Hypertens Res The Japanese Society of Hypertension.
2001;24:691-7.

Feig DI. Uric acid-a novel mediator and marker of risk in chronic kidney
disease? Curr Opin Nephrol Hypertens. NIH Public Access. 2009;18:526.
Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence
of chronic kidney disease in the United States. Jama Am Med Association.
2007;298:2038-47.

Nagahama K, Iseki K, Inoue T, Touma T, lkemiya Y, Takishita S. Hyperuricemia
and cardiovascular risk factor clustering in a screened cohort in Okinawa,
Japan. Hypertens Res The Japanese Society of Hypertension. 2004;27:227-33.
Kang D-H, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, et al. A role

for uric acid in the progression of renal disease. J Am Soc Nephrol Am Soc
Nephrol. 2002;13:2888-97.

Domrongkitchaiporn S, Sritara P, Kitiyakara C, Stitchantrakul W, Krittaphol V,
Lolekha P, et al. Risk factors for development of decreased kidney function in
a southeast asian population: a 12-year cohort study. J Am Soc Nephrol Am
Soc Nephrol. 2005;16:791-9.

Obermayr RP, Temml C, Gutjahr G, Knechtelsdorfer M, Oberbauer R, Klauser-
Braun R. Elevated uric acid increases the risk for kidney disease. J Am Soc
Nephrol Am Soc Nephrol. 2008;19:2407-13.

Feig DI, Kang D-H, Johnson RJ. Uric acid and cardiovascular risk. N Engl J Med.
2008;359:1811-21.

Bakris GL, Williams M, Dworkin L, Elliott WJ, Epstein M, Toto R, et al. Preserv-
ing renal function in adults with hypertension and diabetes: a consensus
approach. Am J Kidney Dis Elsevier. 2000;36:646-61.

AliN, Mahmood S, Manirujjaman M, Perveen R, Al Nahid A, Ahmed S, et

al. Hypertension prevalence and influence of basal metabolic rate on

blood pressure among adult students in Bangladesh. BMC Public Health.
2017;18:58.

Kathak RR, Sumon AH, Molla NH, Hasan M, Miah R, Tuba HR, et al. The
association between elevated lipid profile and liver enzymes: a study on
bangladeshi adults. Sci Rep. 2022;12:1711.

Mou AD, Barman Z, Hasan M, Miah R, Hafsa JM, Das Trisha A, et al. Prevalence
of preeclampsia and the associated risk factors among pregnant women in
Bangladesh. Sci Rep. 2021;11:21339.

Rahman S, Islam S, Haque T, Kathak RR, Ali N. Association between serum liver
enzymes and hypertension: a cross-sectional study in bangladeshi adults.
BMC Cardiovasc Disord. 2020;20:128.

Islam S, Rahman S, Haque T, Sumon AH, Ahmed AM, Ali N. Prevalence of ele-
vated liver enzymes and its association with type 2 diabetes: a cross-sectional
study in bangladeshi adults. Endocrinol Diabetes Metab. 2020;3:e00116.

Ali N, Mahmud F, Akter SA, Islam S, Sumon AH, Barman DN, et al. The preva-
lence of general obesity, abdominal obesity, and hypertension and its related
risk factors among young adult students in Bangladesh. J Clin Hypertens
Greenwich Conn. 2022;24:1339-49.

Ali N, Mohanto NC, Nurunnabi SM, Haque T, Islam F. Prevalence and risk
factors of general and abdominal obesity and hypertension in rural and
urban residents in Bangladesh: a cross-sectional study. BMC Public Health.
2022,22:1707.

Ali N, Samadder M, Kathak RR, Islam F. Prevalence and factors associated with
dyslipidemia in bangladeshi adults. PLoS ONE. 2023;18:¢0280672.

Hasan M, Fariha KA, Barman Z, Mou AD, Miah R, Habib A, et al. Assessment of
the relationship between serum xanthine oxidase levels and type 2 diabetes:
a cross-sectional study. Sci Rep. 2022;12:20816.

Miah R, Fariha KA, Sony SA, Ahmed S, Hasan M, Mou AD, et al. Association of
serum xanthine oxidase levels with hypertension: a study on bangladeshi
adults. Sci Rep. 2022;12:21727.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Page 8 of 8

Sui X, Church TS, Meriwether RA, Lobelo F, Blair SN. Uric acid and the
development of metabolic syndrome in women and men. Metabolism.
2008;57:845-52.

You L, Liu A, Wuyun G, Wu H, Wang P. Prevalence of hyperuricemia and the
relationship between serum uric acid and metabolic syndrome in the asian
mongolian area. J Atheroscler Thromb. 2014;21:355-65.

Stigant C, Stevens L, Levin A. Nephrology: 4. Strategies for the care of adults
with chronic kidney disease. Cmaj Can Med Assoc. 2003;168:1553-60.
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et al.
Seventh report of the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure. Hypertension. Am Heart
Assoc. 2003;42:1206-52.

American Diabetes Association. 2. Classification and diagnosis of diabetes:
Standards of Medical Care in Diabetes—2020. Diabetes Care. 2019:43:14-31.
Arora P, Vasa P, Brenner D, Iglar K, McFarlane P, Morrison H, et al. Prevalence
estimates of chronic kidney disease in Canada: results of a nationally repre-
sentative survey. Cmaj Can Med Assoc. 2013;185:E417-23.

Chonchol M, Shlipak MG, Katz R, Sarnak MJ, Newman AB, Siscovick DS, et al.
Relationship of uric acid with progression of kidney disease. Am J Kidney Dis
Elsevier. 2007;50:239-47.

Zoppini G, Targher G, Chonchol M, Ortalda V, Abaterusso C, Pichiri |, et

al. Serum uric acid levels and incident chronic kidney disease in patients
with type 2 diabetes and preserved kidney function. Diabetes Care.
2012;35:99-104.

Bellomo G, Venanzi S, Verdura C, Saronio P, Esposito A, Timio M. Association of
uric acid with change in kidney function in healthy normotensive individuals.
Am J Kidney Dis Off J Natl Kidney Found. 2010;56:264-72.

Chang H-Y, Tung C-W, Lee P-H, Lei C-C, Hsu Y-C, Chang H-H, et al. Hyperurice-
mia as an independent risk factor of chronic kidney disease in middle-aged
and elderly population. Am J Med Sci. 2010;339:509-15.

Ekart R, Hojs R, Bevc S, Balon BP. Asymptomatic atherosclerosis and hyper-
tension in nondiabetic patients with chronic kidney disease. Artif Organs.
2008;32:220-5.

Mazzali M, Kanellis J, Han L, Feng L, Xia Y-Y, Chen Q, et al. Hyperuricemia
induces a primary renal arteriolopathy in rats by a blood pressure-indepen-
dent mechanism. Am J Physiol Renal Physiol. 2002;282:F991-997.

Nakagawa T, Mazzali M, Kang D-H, Kanellis J, Watanabe S, Sanchez-Lozada LG,
et al. Hyperuricemia causes glomerular hypertrophy in the rat. Am J Nephrol.
2003;23:2-7.

Kang D-H, Han L, Ouyang X, Kahn AM, Kanellis J, Li P, et al. Uric acid causes
vascular smooth muscle cell proliferation by entering cells via a functional
urate transporter. Am J Nephrol. 2005;25:425-33.

Sénchez-Lozada LG, Soto V, Tapia E, Avila-Casado C, Sautin YY, Nakagawa T, et
al. Role of oxidative stress in the renal abnormalities induced by experimental
hyperuricemia. Am J Physiol-Ren Physiol American Physiological Society.
2008;295:F1134-41.

Baylis C. Nitric oxide deficiency in chronic kidney disease. Am J Physiol Renal
Physiol. 2008;294:F1-9.

Ho W-J, Tsai W-P, Yu K-H, Tsay P-K, Wang C-L, Hsu T-S, et al. Association
between endothelial dysfunction and hyperuricaemia. Rheumatol Oxf Engl.
2010;49:1929-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between hyperuricemia and chronic kidney disease: a cross-sectional study in Bangladeshi adults
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study area and study population
	﻿Anthropometric data collection
	﻿Blood sample collection and biochemical analysis
	﻿Diagnostic criteria
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the study subjects
	﻿Baseline characteristics between CKD and without control groups
	﻿Baseline characteristics of the study subjects in the SUA quartiles
	﻿Regression analysis to evaluate the association between hyperuricemia and CKD

	﻿Discussion
	﻿Conclusion
	﻿References


