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PURPOSE. The purpose of this study was to investigate the relationship between high
intraocular pressure (IOP) and uric acid.

METHODS. In a retrospective cross-sectional study, 19,147 participants were included in
2018. Serum uric acid (SUA) was cut to four groups as Q1 to Q4, according to the quar-
tiles. The odds ratio (OR) and 95% confidence interval (CI) of different SUA levels were
estimated by a binomial logistic regression model in men and women. A restrictive cubic
spline method was used to estimate the dose-response relationship between uric acid
and high IOP. Subgroup analysis was performed to find the gender-specific association
between uric acid and high IOP.

RESULTS. In women, after adjusting for confounding factors, the Q3 and Q4 of SUA levels
were significantly associated with the risk of high IOP. The OR with 95% CI for Q3 and Q4
were 1.77 (1.22, 2.57) and 1.51 (1.01, 2.26), respectively, Q1 as a reference. For men, SUA
levels were not associated with the incidence of high IOP. Moreover, the spline analysis
found an inverted U-shaped relationship between uric acid and high IOP in women
(P = 0.0171).

CONCLUSIONS. Elevated levels of SUAwere independently associated with an increased risk
of high IOP in women, but not in men. In addition, uric acid had an inverse U-shaped
nonlinear dose-response relationship with high IOP in women.

Keywords: intraocular pressure, serum uric acid, a cross-sectional study, logistic regres-
sion analysis

I ntraocular pressure (IOP) is determined by the balance of
aqueous humor secretion and outflow.1 The increase in

IOP is caused by an increase in trabecular meshwork resis-
tance leading to an decrease in aqueous humor outflow.2

Intraocular pressure (IOP) is one of the important diag-
nostic basis for glaucoma, and it is also the only control-
lable method and target for the prevention and treatment of
glaucoma.3 Glaucoma is a chronic ocular neurodegenerative
disease, characterized by visual field damage, optic nerve
head cupping, and elevated IOP.4 It is the leading cause
of global irreversible blindness.5 Studies had reported that
elevated IOP was a risk factor for glaucoma.6–8 In addition,
emerging evidence demonstrated that lowering IOP might
reduce the risk of glaucoma in individuals with elevated
IOP.7 Therefore, it is of important practical clinical signif-
icance to understand the potential risk factors of IOP for
glaucoma prevention and prognosis.

Many previous studies had shown that elevated IOP was
clearly associated with some cardiovascular risk factors,
such as hypertension, diabetes, obesity, and metabolic
syndrome.9–11 One study had shown that systemic inflamma-
tion reflected by serum C-reactive protein levels were asso-
ciated with high IOP.12 Therefore, chronic inflammation may
increase IOP.13 It had been reported that there was a statisti-
cally significant correlation among human trabecular mesh-
work DNA damage, visual field damage, and IOP. Moreover,
oxidative stress could cause degeneration of human trabec-
ular meshwork, favoring an IOP increase, thus causing the
glaucoma pathogenetic cascade.14

Serum uric acid (SUA) is the end product of purine
metabolism.15 Epidemiological studies had shown that SUA
was a predictor for cardiovascular events, kidney disease,
and metabolic syndrome.16–19 Uric acid is an antioxidant
in the extracellular environment, which may prevent aging
and oxidative stress. Studies had shown that uric acid had

Copyright 2020 The Authors
iovs.arvojournals.org | ISSN: 1552-5783 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

mailto:tangzx@suda.edu.cn
mailto:huijie&#x005F;2020@163.com
https://doi.org/10.1167/iovs.61.11.10
http://creativecommons.org/licenses/by-nc-nd/4.0/


Uric Acid and High Intraocular Pressure IOVS | September 2020 | Vol. 61 | No. 11 | Article 10 | 2

FIGURE 1. Describe the sample flow chart for screening studies for statistical analysis.

a protective effect on primary angle-closure (PACG) glau-
coma.20 However, it also is an oxidant in cells. One study
had shown that uric acid levels were elevated in patients
with glaucoma.21 Researches on the relationship between
uric acid and glaucoma were still controversial. However,
there was no research on uric acid and high IOP. We hypoth-
esized that chronic inflammation, reflected by SUA levels,
had an effect on elevating IOP.

Therefore, we analyzed the relationship between SUA and
high IOP in the Chinese population by a retrospective cross-
sectional study, and explored whether there was a dose
response relationship between them.

MATERIALS AND METHODS

Study Population

This study analyzed data from The First Affiliated Hospi-
tal of Soochow University. A total of 54,634 participants
underwent health examination in 2018. Among them, 4616
participants with cataract or glaucoma, and 105 participants
with gout were excluded. Estimated glomerular filtration
rate (eGFR) < 30 mL/min/1.73 m2 were also excluded. Also
removed were those who lacked uric acid, body mass index
(BMI), and had not tested for IOP. Finally, 19,147 partici-
pants (11,009 men and 8138 women) aged 18 to 93 years
were included in this study. Data clean steps are presented
in Figure 1. This study was approved by the Ethical Commit-
tee and the Institutional Review Board of The First Affili-
ated Hospital of Soochow University, Suzhou. The informed
consent was waived and the need for waiving the informed
consent was also supported by the Ethical Committee. All
methods were performed in accordance with the Declara-
tion of Helsinki and the relevant guidelines.

Assessment of SUA

Serum uric acid (SUA) levels were determined at the First
Affiliated Hospital of Soochow University laboratory with
Uricase Method by Siemens ADVIA 2400. The SUA levels
were categorized into four groups (Q1–Q4) according to the
quartiles of gender-specific distribution: Q1: < 237.30; Q2:
237.30 to 273.05; Q3: 273.06 to 316.30; and Q4: > 316.30 μ
mol/L for women; Q1: < 335.40; Q2: 335.40 to 382.00; Q3:
382.01 to 435.20; and Q4: > 435.20 μ mol/L for men.

Questionnaire Data

A standard questionnaire was conducted by trained staff to
obtain information about demographic characteristics (age
and gender). The interview included questions related to the
diagnosis and treatment of diabetes, hypertension, cataract,
glaucoma, and gout.

Anthropometrics Measurement

When measuring height and weight, the participants stood
upright, wearing a single layer of clothing, without wear-
ing a hat or shoes. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height in
meters (kg/m2), taking rest for 5 minutes before measuring
blood pressure. Hypertension was defined as blood pres-
sure ≥ 140/90 mmHg or a self-reported physician diagnosed
with hypertension, or an individual currently using antihy-
pertensive drugs.22 Diabetes was defined as fasting glucose
level ≥ 7.0 mmol/L, or a self-reported physician diagno-
sis of diabetes, or taking oral hypoglycemic medication or
insulin.23

Laboratory Testing

After fasting for at least 8 hours, blood samples were
collected from the anterior cubital vein in the morning. Fast-
ing blood glucose levels were determined by a hexokinase
method (Siemens ADVIA 2400). Enzymatic methods were
used to measure creatinine, total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein (LDL), and high-density
lipoprotein (HDL; Siemens ADVIA 2400). The eGFR was esti-
mated by using the Modification of Diet in Renal Disease
(MDRD)-4 equation: eGFR = 186 × serum creatinine−1.154 ×
age−0.203 × 0.742 (in women) × 1.212.24

Definition of High Intraocular Pressure

An eye examination was performed by a trained ophthal-
mologist. Fundus photography was completed following
a standardized protocol.25 The IOP values of the left
and right eyes were measured by a professional ophthal-
mologist and recorded (TOMEY FT-1000, Non-Contact
Tonometer). The IOP was normally measured between
8:00 AM and 10:30 AM. The left IOP > 21 mm Hg or
the right IOP > 21 mm Hg or the physicians recorded



Uric Acid and High Intraocular Pressure IOVS | September 2020 | Vol. 61 | No. 11 | Article 10 | 3

T
A
B
L
E
1
.

C
h
ar
ac
te
ri
st
ic
s
o
f
th
e
St
u
d
y
P
ar
ti
ci
p
an

ts
A
cc
o
rd
in
g
to

Se
ru
m

U
ri
c
A
ci
d
Q
u
ar
ti
le
s
b
y
G
en

d
er

M
al
es

Fe
m
al
es

C
h
ar
ac

te
ri
st
ic
s

Q
1

Q
2

Q
3

Q
4

p
T
re
n
d

Q
1

Q
2

Q
3

Q
4

p
T
re
n
d

N
(p
ar
ti
ci
p
an

ts
,
%
)

27
52

(2
5.
0)

27
50

(2
5.
0)

27
49

(2
4.
9)

27
58

(2
5.
1)

20
34

(2
5.
0)

20
35

(2
5.
0)

20
31

(2
5.
0)

20
38

(2
5.
0)

A
ge

,
y

47
(3
8,

55
)

46
(3
6,

55
)

44
(3
6,

54
)

43
(3
4,

53
)

<
0.
00

01
40

(3
4,

48
)

40
(3
3,

49
)

41
(3
2,

51
)

47
(3
4,

57
)

<
0.
00

01
U
ri
c
ac
id
,
μ
m
o
l
/L

30
3.
5
(2
77

.1
,
32

0.
9)

35
9.
0
(3
47

.1
,
37

0.
4)

40
7.
0
(3
94

.1
,
41

9.
9)

47
5.
0
(4
52

.7
,
50

8.
9)

<
0.
00

01
21

3.
9
(1
96

.3
,2
27

.0
)
25

5.
9
(2
47

.6
,
26

4.
8)

29
1.
8
(2
81

.8
,
30

3.
5)

34
9.
9
(3
29

.7
,
38

1.
5)

<
0.
00

01
B
M
I,
k
g/
m

2
23

.8
(2
1.
9,

25
.8
)

24
.6

(2
2.
7,

26
.5
)

25
.1

(2
3.
3,

27
.0
)

26
.1

(2
4.
3,

28
.0
)

<
0.
00

01
21

.3
(1
9.
7,

23
.1
)

21
.8

(2
0.
1,

23
.6
)

22
.3

(2
0.
5,

24
.3
)

23
.6

(2
1.
6,

26
.0
)

<
0.
00

01
SB

P,
m
m

H
g

12
3
(1
14

,
13

5)
12

4
(1
14

,
13

5)
12

5
(1
15

,
13

5)
12

6
(1
17

,
13

7)
<
0.
00

01
11

3
(1
04

,
12

5)
11

4
(1
05

,
12

7)
11

5
(1
06

,
12

9)
12

2
(1
10

,
13

8)
<
0.
00

01
D
B
P,

m
m

H
g

76
(6
9,

84
)

77
(7
0,

85
)

78
(7
0,

85
)

79
(7
2,

87
)

<
0.
00

01
69

(6
2,

76
)

69
(6
2,

77
)

70
(6
3,

78
)

73
(6
6,

82
)

<
0.
00

01
FB

G
,
m
m
o
l/
L

5.
1
(4
.8
,
5.
6)

5.
1
(4
.8
,
5.
5)

5.
2
(4
.8
,
5.
6)

5.
2
(4
.9
,
5.
6)

<
0.
00

01
4.
9
(4
.6
,
5.
2)

4.
9
(4
.7
,
5.
2)

5.
0
(4
.7
,
5.
3)

5.
1
(4
.7
,
5.
4)

<
0.
00

01
C
re
at
in
in
e,

μ
m
o
l/
L

72
.1

(6
5.
7,

78
.7
)

74
.0

(6
8.
5,

80
.4
)

75
.8

(6
9.
9,

82
.3
)

78
.4

(7
1.
5,

86
.0
)

<
0.
00

01
51

.2
(4
6.
7,

55
.6
)

53
.2

(4
8.
6,

58
.1
)

54
.6

(4
9.
9,

59
.5
)

56
.6

(5
1.
3,

62
.6
)

<
0.
00

01
eG

FR
,
m
L/
m
in
/1
.7
3
m

2
10

9.
2
(9
2.
9,

12
6.
7)

11
1.
5
(9
5.
8,

12
9.
0)

11
3.
3
(9
6.
3,

13
2.
2)

11
5.
8
(9
7.
8,

13
6.
6)

<
0.
00

01
10

9.
9
(9
6.
0,

12
5.
3)

10
8.
0
(9
4.
2,

12
3.
5)

10
6.
4
(9
1.
4,

12
3.
0)

10
2.
9
(8
5.
3,

12
3.
2)

<
0.
00

01
T
G
,
m
m
o
l/
L

1.
3
(0
.9
,
1.
8)

1.
5
(1
.0
,
2.
1)

1.
6
(1
.1
,
2.
3)

1.
9
(1
.3
,
2.
8)

<
0.
00

01
0.
9
(0
.7
,
1.
2)

0.
9
(0
.7
,
1.
3)

1.
0
(0
.8
,
1.
5)

1.
3
(0
.9
,
1.
9)

<
0.
00

01
T
C
,
m
m
o
l/
L

4.
8
(4
.2
,
5.
3)

4.
8
(4
.3
,
5.
4)

4.
9
(4
.3
,
5.
5)

5.
0
(4
.5
,
5.
6)

<
0.
00

01
4.
6
(4
.1
,
5.
2)

4.
7
(4
.2
,
5.
3)

4.
8
(4
.2
,
5.
4)

5.
0
(4
.4
,
5.
6)

<
0.
00

01
H
D
L,

m
m
o
l/
L

1.
2
(1
.0
,
1.
4)

1.
1
(1
.0
,
1.
3)

1.
1
(1
.0
,
1.
3)

1.
1
(0
.9
,
1.
2)

<
0.
00

01
1.
5
(1
.3
,
1.
7)

1.
4
(1
.2
,
1.
7)

1.
4
(1
.2
,
1.
6)

1.
3
(1
.1
,
1.
5)

<
0.
00

01
LD

L,
m
m
o
l/
L

2.
7
(2
.3
,
3.
2)

2.
8
(2
.3
,
3.
3)

2.
9
(2
.4
,
3.
4)

2.
9
(2
.4
,
3.
4)

<
0.
00

01
2.
4
(2
.0
,
2.
9)

2.
5
(2
.1
,
3.
0)

2.
6
(2
.2
,
3.
1)

2.
8
(2
.3
,
3.
4)

<
0.
00

01
H
yp

er
te
n
si
o
n
,
N

(%
)

<
0.
00

01
<
0.
00

01
Y
es

79
6
(2
8.
9)

80
3
(2
9.
2)

84
5
(3
0.
7)

10
23

(3
7.
1)

22
8
(1
1.
2)

27
8
(1
3.
7)

36
4
(1
7.
9)

62
3
(3
0.
6)

N
o

19
56

(7
1.
1)

19
47

(7
0.
8)

19
04

(6
9.
3)

17
35

(6
2.
9)

18
06

(8
8.
8)

17
57

(8
6.
3)

16
67

(8
2.
1)

14
15

(6
9.
4)

D
ia
b
et
es
,
N

(%
)

<
0.
00

01
<
0.
00

01
Y
es

31
3
(1
1.
4)

20
5
(7
.4
)

14
7
(5
.3
)

16
5
(6
.0
)

40
(2
.0
)

28
(1
.4
)

52
(2
.6
)

10
9
(5
.3
)

N
o

24
39

(8
8.
6)

25
45

(9
2.
6)

26
02

(9
4.
7)

25
93

(9
4.
0)

19
94

(9
8.
0)

20
07

(9
8.
6)

19
79

(9
7.
4)

19
29

(9
4.
7)

H
ig
h
in
tr
ao

cu
la
r

p
re
ss
u
re
,
N

(%
)

0.
00

15
0.
00

46

Y
es

96
(3
.5
)

93
(3
.4
)

10
7
(3
.9
)

14
0
(5
.1
)

48
(2
.4
)

62
(3
.0
)

84
(4
.1
)

75
(3
.7
)

N
o

26
56

(9
6.
5)

26
57

(9
6.
6)

26
42

(9
6.
1)

26
18

(9
4.
9)

19
86

(9
7.
6)

19
73

(9
7.
0)

19
47

(9
5.
9)

19
63

(9
6.
3)

C
u
t-
p
o
in
ts
:
Se

ru
m

u
ri
c
ac
id

q
u
ar
ti
le
s
(Q

1–
Q
4)

in
m
en

(Q
1:

<
33

5.
40

;
Q
2:

33
5.
40

–3
82

.0
0;

Q
3:

38
2.
01

–4
35

.2
0;

an
d
Q
4:

>
43

5.
20

μ
m
o
l/
L
o
r
Q
1:

<
5.
63

;
Q
2:

5.
63

–6
.4
2;

Q
3:

6.
43

–7
.3
1;

an
d
Q
4:

>
7.
31

m
g/
d
L)
.I
n
w
o
m
en

(Q
1:

<
23

7.
30

;Q
2:

23
7.
30

–2
73

.0
5;

Q
3:

27
3.
06

–3
16

.3
0;

an
d
Q
4:

>
31

6.
30

μ
m
o
l/
L
o
r
Q
1:

<
3.
99

;Q
2:

3.
99

–4
.5
9;

Q
3:

4.
60

–5
.3
1;

an
d
Q
4:

>
5.
31

m
g/
d
L)
.

B
M
I„

b
o
d
y
m
as
s
in
d
ex

;
SB

P,
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
;
D
B
P,

d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
;
FB

G
,
fa
st
in
g
b
lo
o
d
gl
u
co

se
;
eG

FR
,
es
ti
m
at
ed

gl
o
m
er
u
la
r
fi
lt
ra
ti
o
n
ra
te
;
T
G
,
tr
ig
ly
ce
ri
d
es
;
T
C
,
to
ta
l

ch
o
le
st
er
o
l;
LD

L,
lo
w

d
en

si
ty

li
p
o
p
ro
te
in
;
H
D
L,

h
ig
h
d
en

si
ty

li
p
o
p
ro
te
in
.
*C
o
n
ti
n
u
o
u
s
va

ri
ab

le
s
ar
e
ex

p
re
ss
ed

as
m
ed

ia
n
(i
n
te
rq
u
ar
ti
le

ra
n
ge

).
C
at
eg

o
ri
ca
l
va

ri
ab

le
s
ar
e
ex

p
re
ss
ed

as
fr
eq

u
en

cy
(p
er
ce
n
t)
.



Uric Acid and High Intraocular Pressure IOVS | September 2020 | Vol. 61 | No. 11 | Article 10 | 4

TABLE 2. OR and 95% CI for Changes in SUA for High Intraocular Pressure Incidence According to Quartiles of SUA

Model 1 Model 2 Model 3

Variable OR, 95% CI P Value OR, 95% CI P Value OR, 95% CI P Value

Males
Q1 1.00 (refer) - 1.00 (refer) - 1.00 (refer) -
Q2 0.97 (0.72, 1.29) 0.8282 0.91 (0.68, 1.22) 0.5319 0.92 (0.68, 1.23) 0.5573
Q3 1.12 (0.85, 1.48) 0.4271 1.00 (0.75, 1.33) 0.9780 0.99 (0.74, 1.33) 0.9576
Q4 1.48 (1.14, 1.93) 0.0038 1.10 (0.83, 1.45) 0.5229 1.06 (0.79, 1.42) 0.7058

p for trend 0.0015 0.3839 0.5630
Females
Q1 1.00 (refer) - 1.00 (refer) - 1.00 (refer) -
Q2 1.30 (0.89, 1.91) 0.1780 1.27 (0.87, 1.87) 0.2163 1.31 (0.89, 1.93) 0.1675
Q3 1.79 (1.25, 2.56) 0.0016 1.69 (1.18, 2.43) 0.0046 1.77 (1.22, 2.57) 0.0025
Q4 1.58 (1.10, 2.28) 0.0146 1.42 (0.97, 2.09) 0.0716 1.51 (1.01, 2.26) 0.0438

p for trend 0.0045 0.0315 0.0174
Total
Q1 1.00 (refer) - 1.00 (refer) - 1.00 (refer) -
Q2 1.08 (0.86, 1.36) 0.5177 1.03 (0.82, 1.30) 0.8011 1.04 (0.82, 1.31) 0.7459
Q3 1.34 (1.08, 1.67) 0.0089 1.22 (0.97, 1.52) 0.0855 1.23 (0.98, 1.54) 0.0799
Q4 1.51 (1.22, 1.88) 0.0002 1.20 (0.96, 1.50) 0.1193 1.19 (0.94, 1.50) 0.1511

p for trend < 0.0001 0.0554 0.0771

Notes: Serum uric acid quartiles (Q1–Q4) in MEN (Q1: < 335.40; Q2: 335.40–382.00; Q3: 382.01–435.20; and Q4: > 435.20 μ mol/L or
Q1: < 5.63; Q2: 5.63–6.42; Q3: 6.43–7.31; and Q4: > 7.31 mg/dL). In women (Q1: < 237.30; Q2: 237.30–273.05; Q3: 273.06–316.30; and Q4:
> 316.30 μ mol/L or Q1: < 3.99; Q2: 3.99–4.59; Q3: 4.60–5.31; and Q4: > 5.31 mg/dL). BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate; TG, triglycerides; TC, total cholesterol;
LDL, low density lipoprotein; HDL, high density lipoprotein.

Model 1: Unadjusted.
Model 2: Adjusted for age, gender, BMI, SBP, DBP, FBG, diabetes, and hypertension.
Model 3: Adjusted for age, gender, BMI, SBP, DBP, FBG, diabetes, hypertension, eGFR, TG, TC, LDL, and HDL.
No adjustment for gender in men and women.

participants with right/left IOP > 21 mm Hg as high
IOP.9

Statistical Analyses

All participants were classified according to the quartiles
of SUA. The baseline characteristics were compared across
the SUA quartiles of men and women. Baseline characteris-
tics of the participants were reported as medians (quartile
intervals) for continuous variables (the continuous variables
were not normally distributed) and numbers (percentages)
for categorical variables. Kruskal–Wallis tests were used to
compare continuous variables, whereas categorical variables
were compared by χ2 trend tests. Univariate and multivari-
ate logistic regression analysis were used to estimated odds
ratios (ORs) and 95% confidence intervals (CIs) for changes
in SUA in men and women.

To detect any possible linear or nonlinear dependency
in regression models and to allow for flexible interpreta-
tion of the relationship between continuous covariates and
study outcomes, continuous changes in SUA were assessed
through shape-restricted cubic spline regression models
with knots at the 5th, 35th, 65th, and 95th percentiles, and
with the 12.5th percentile as the reference category.26

To explore the consistency of the observed association
between SUA and high IOP, we performed subgroup analy-
ses of participants according to age (≤ 50 and > 50 years),
BMI (≤ 25 and > 25 kg/m2), hypertension (yes or no), and
diabetes (yes or no) in different populations. Statistical anal-
yses were performed with SAS version 9.4 (SAS Institute,
Cary, NC, USA). A two-sided p value < 0.05 was considered
to be statistically significant.

RESULTS

Characteristics of Study Population

Baseline characteristics of participants in men and women
are shown in Table 1. Men had higher levels of SUA than
women. Among men, participants with higher SUA levels
tended to be younger, had higher BMI, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), fasting blood
glucose (FBG), TG, TC, LDL, the incidence of hyperten-
sion and high IOP, and had lower HDL, and the incidence
of diabetes than those with lower SUA. Among women,
compared with those with lower SUA levels, age, BMI, SBP,
DBP, FBG, TG, TC, LDL, the incidence of hypertension,
diabetes, and high IOP were higher, whereas HDL were
lower in participants with higher SUA levels (see Table 1).

Relationship Between SUA and the Incidence of
High Intraocular Pressure

As what was shown in Table 2, we found that, in women,
SUA quartiles were an independent risk of increasing high
IOP incidence after adjustment for age, BMI, SBP, DBP,
FBG, diabetes, hypertension, eGFR, TG, TC, LDL, and HDL,
compared with the first quartile of SUA level. The OR with
95% CI for Q2 to Q4 were 1.31 (0.89, 1.93) with P = 0.1675,
1.77 (1.22, 2.57) with P = 0.0025, and 1.51 (1.01, 2.26) with
P = 0.0438, respectively. In men, the OR with 95% CI for
Q2 to Q4 were 0.92 (0.68, 1.23) with P = 0.5573, 0.99 (0.74,
1.33) with P = 0.9576 and 1.06 (0.79, 1.42) with P = 0.7058,
respectively. The association between SUA and high IOP was
different in men and women. Elevated levels of serum uric
acid were independently associated with an increased risk
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FIGURE 2. Association of SUA with the incidence of high intraocular pressure according to restricted cubic spline regressions using four
knots in men and women (percentiles 5, 35, 65, and 95), with the reference point set at percentile 12.5. (a, b) Odds ratios were adjusted for
age, BMI, SBP, DBP, FBG, hypertension, diabetes, eGFR, TG, TC, LDL, and HDL, respectively.

of high IOP in women, but not in men. There was no statisti-
cally significant relationship between uric acid and high IOP
in the total population.

Figure 2 shows the dose–response relationships between
SUA and the risk of high IOP. The association between
SUA and the incidence of high IOP was modeled through
multivariable-adjusted spline regression models with four
knots, and revealed nonlinear dose–response relationships
between SUA and high IOP in women (P = 0.0171).
However, there was no significant linear or nonlinear dose–
response relationship in men (P = 0.1433 or P = 0.3906). As
can be seen from Figure 2, there was an inverted U-shaped
nonlinear dose–response relationship between uric acid and
high IOP in women.

Subgroup Analysis for Association of SUA with
Incident High Intraocular Pressure

In subgroup analysis stratified by age, BMI, hypertension,
and diabetes, there were statistically significant differences
in the association between SUA and the incidence of high
IOP among women. However, in men, there was no statisti-
cally significant difference in each subgroup analysis.

Table 3 shows the analysis of the relationship between
SUA and high IOP by age, BMI, hypertension, and diabetes
subgroup analysis in different groups. We could find that in
women age ≤ 50 years, after adjusting for BMI, SBP, DBP,
FBG, hypertension, diabetes, eGFR, TG, TC, LDL, and HDL,
the Q3 and Q4 of SUA were independent risk factors for
the incidence of high IOP, Q1 as a reference. The OR with
95% CI for Q2 to Q4 were 1.45 (0.94, 2.22) with P = 0.0914,
1.79 (1.18, 2.73) with P = 0.0066 and 1.67 (1.05, 2.64) with
P = 0.0291, respectively. There were no statistically signifi-
cant differences in the association between SUA and the inci-
dence of high IOP in women age > 50 years, men age ≤ 50
years, and men age > 50 years. In the age subgroup analysis,
there was a gender difference in the relationship between
SUA and the incidence of high IOP, which was statistically
significant in women and not statistically significant in men.

In women, BMI ≤ 25 kg/m2, after adjusting for age, SBP,
DBP, FBG, hypertension, diabetes, eGFR, TG, TC, LDL, and

HDL, the Q3 of SUA was an independent risk factor for the
incidence of high IOP, Q1 as a reference. The OR with 95%
CI for Q2 to Q4 were 1.28 (0.85, 1.93) with P = 0.2443, 1.59
(1.07, 2.39) with P = 0.0235 and 1.50 (0.97, 2.33) with P
= 0.0700, respectively. In women, BMI > 25 kg/m2, after
adjusting for age, SBP, DBP, FBG, hypertension, diabetes,
eGFR, TG, TC, LDL, and HDL, the Q3 of SUA was an inde-
pendent risk factor for the incidence of high IOP, Q1 as a
reference. The OR with 95% CI for Q2 to Q4 were 1.61 (0.53,
4.87) with P = 0.3968, 2.82 (1.03, 7.72) with P = 0.0440, and
1.73 (0.63, 4.78) with P= 0.2883, respectively. There were no
statistically significant differences in the association between
SUA and the incidence of high IOP in men’s BMI ≤ 25 kg/m2

and BMI > 25 kg/m2. In the BMI subgroup analysis, there
was a gender difference in the relationship between SUA and
the incidence of high IOP, which was statistically significant
in women and not statistically significant in men.

In women in the without hypertension subgroup, after
adjusting for age, BMI, SBP, DBP, FBG, diabetes, eGFR, TG,
TC, LDL, and HDL, the Q2 and Q3 of SUA were independent
risk factors for the incidence of high IOP, Q1 as a reference.
The OR with 95% CI for Q2 to Q4 were 1.53 (1.00, 2.32) with
P = 0.0485, 1.79 (1.18, 2.71) with P = 0.0064 and 1.70 (1.08,
2.68) with P = 0.0214, respectively. There were no statisti-
cally significant differences in the association between SUA
and the incidence of high IOP in women in the with hyper-
tension subgroup, and in men in the with or without hyper-
tension subgroups. In the hypertension subgroup analysis,
there was a gender difference in the relationship between
SUA and the incidence of high IOP, which was statistically
significant in women and not statistically significant in men.

In women in the without diabetes subgroup, after adjust-
ing for age, BMI, SBP, DBP, FBG, hypertension, eGFR, TG,
TC, LDL, and HDL, the Q3 of SUA was an independent risk
factor for the incidence of high IOP, Q1 as a reference. The
OR with 95% CI for Q2 to Q4 were 1.26 (0.85, 1.85) with
P = 0.2502, 1.72 (1.19, 2.50) with P = 0.0043, and 1.47
(0.98, 2.20) with P = 0.0635, respectively. There were fewer
women in the subgroup with diabetes, so no analysis was
available. There were no statistically significant differences
in the association between SUA and the incidence of high
IOP in men in the with or without diabetes subgroups. In
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TABLE 3. Subgroup Analysis of Adjusted ORs (95% CIs) of High Intraocular Pressure Incidence According to Uric Acid Quartiles

Uric Acid (μ mol /L)

Q1 Q2 Q3 Q4

Subgroup OR OR, 95% CI P Value OR, 95% CI P Value OR, 95% CI P Value p Trend p Interaction

Males
Age, y 0.6978

≤ 50 1.00 0.89 (0.62, 1.27) 0.5107 0.98 (0.69, 1.39) 0.9130 1.11 (0.79, 1.56) 0.5632 0.4011
> 50 1.00 1.03 (0.61, 1.75) 0.9046 1.18 (0.69, 2.01) 0.5482 1.26 (0.73, 2.18) 0.3999 0.3503

BMI, kg/m2 0.7425
≤ 25 1.00 1.09 (0.72, 1.65) 0.6869 1.10 (0.71, 1.70) 0.6596 1.32 (0.83, 2.08) 0.2398 0.2736
> 25 1.00 0.79 (0.52, 1.21) 0.2758 0.97 (0.65, 1.44) 0.8710 1.02 (0.70, 1.48) 0.9168 0.5406

Hypertension 0.3119
Yes 1.00 1.37 (0.84, 2.24) 0.2128 1.43 (0.87, 2.33) 0.1580 1.39 (0.86, 2.24) 0.1804 0.0684
No 1.00 0.72 (0.50, 1.05) 0.0891 0.80 (0.56, 1.16) 0.2398 0.89 (0.61, 1.29) 0.5361 0.6978

Diabetes 0.6724
Yes 1.00 0.97 (0.44, 2.12) 0.9391 0.82 (0.32, 2.10) 0.6723 0.63 (0.25, 1.60) 0.3316 0.3224
No 1.00 0.91 (0.66, 1.26) 0.5815 1.02 (0.75, 1.40) 0.8893 1.10 (0.81, 1.51) 0.5446 0.3818

Females
Age, y 0.1005

≤ 50 1.00 1.45 (0.94, 2.22) 0.0914 1.79 (1.18, 2.73) 0.0066 1.67 (1.05, 2.64) 0.0291 0.0134
> 50 1.00 1.13 (0.46, 2.73) 0.7943 2.18 (0.99, 4.79) 0.0538 1.66 (0.74, 3.74) 0.2230 0.1276

BMI, kg/m2 0.4563
≤ 25 1.00 1.28 (0.85, 1.93) 0.2443 1.59 (1.07, 2.39) 0.0235 1.50 (0.97, 2.33) 0.0700 0.0316
> 25 1.00 1.61 (0.53, 4.87) 0.3968 2.82 (1.03, 7.72) 0.0440 1.73 (0.63, 4.78) 0.2883 0.3778

Hypertension 0.1735
Yes 1.00 0.53 (0.19, 1.54) 0.2441 1.56 (0.68, 3.55) 0.2926 0.99 (0.42, 2.33) 0.9718 0.5805
No 1.00 1.53 (1.00, 2.32) 0.0485 1.79 (1.18, 2.71) 0.0064 1.70 (1.08, 2.68) 0.0214 0.0147

Diabetes 0.6367
Yes 1.00 - - - - - - NA

No 1.00 1.26 (0.85, 1.85) 0.2502 1.72 (1.19, 2.50) 0.0043 1.47 (0.98, 2.20) 0.0635 0.0230

Notes: Serum uric acid quartiles (Q1–Q4) in men (Q1: < 335.40; Q2: 335.40–382.00; Q3: 382.01–435.20; and Q4: > 435.20 μ mol/L or
Q1: < 5.63; Q2: 5.63–6.42; Q3: 6.43–7.31; and Q4: > 7.31 mg/dL). In women (Q1: < 237.30; Q2: 237.30–273.05; Q3: 273.06–316.30; and Q4:
> 316.30 μ mol/L or Q1: < 3.99; Q2: 3.99–4.59; Q3: 4.60–5.31; and Q4: > 5.31 mg/dL). BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate; TG, triglycerides; TC, total cholesterol;
LDL, low density lipoprotein; HDL, high density lipoprotein.

Model: Adjusted for age, BMI, SBP, DBP, FBG, diabetes, hypertension, eGFR, TG, TC, LDL, and HDL. Corresponding factors were not
adjusted for each subgroup.

the diabetes subgroup analysis, there was a gender differ-
ence in the relationship between SUA and the incidence of
high IOP, which was statistically significant in women and
not statistically significant in men.

There was no statistically significant difference between
the interaction of various subgroup variables with uric acid
and the incidence of high IOP (P interaction > 0.05 all).

In the age subgroup analysis, which revealed linear dose–
response relationships between uric acid and high IOP in
women age < 50 years (P = 0.0416). In women age >

50 years, there were nonlinear dose–response relationships
between uric acid and high IOP (P = 0.0286; Fig. 3). In
women, the dose–response relationship between uric acid
and high IOP was inverted U-shaped and this relationship
might be affected by age.

In the BMI subgroup analysis, which revealed no linear
dose–response relationships between SUA and high IOP in
men BMI ≤ 25 kg/m2 and BMI > 25 kg/m2 (P = 0.1484 and
P = 0.1255), and in women BMI ≤ 25 kg/m2 and BMI > 25
kg/m2 (P = 0.1933 and P = 0.8763; Fig. 4).

In the hypertension subgroup analysis, which revealed no
linear dose–response relationships between SUA and high
IOP in men with or without hypertension (P = 0.1170 and

P = 0.7106), and in women with or without hypertension (P
= 0.5376 and P = 0.0513; Fig. 5).

In the diabetes subgroup analysis, which revealed nonlin-
ear dose–response relationships between uric acid and high
IOP in women without diabetes (P = 0.0156; Fig. 6).
In women without diabetes, there was a nonlinear dose–
response relationship between uric acid and high IOP, and
showing an inverted U-shape.

DISCUSSION

In this large retrospective cross-sectional study from hospi-
tal medical examination data, we found that the incidence
of high IOP was positively association with SUA levels. Our
study demonstrated that elevated SUA levels were an inde-
pendent risk factor for high IOP after adjustment for other
potential confounding risk factors in women. Moreover,
there was an inverted U-shaped nonlinear dose–response
relationship between higher SUA levels and the incidence
of high IOP in women. These findings provided pivotal
evidence that elevated SUA might increase high IOP risk
and represented a potential therapeutic target in the primary
prevention of high IOP.
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FIGURE 3. In the age subgroups, association of SUA with the incidence of high intraocular pressure according to restricted cubic spline
regressions using four knots in men and women (percentiles 5, 35, 65, and 95), with the reference point set at percentile 12.5. (a–d) Odds
ratios were adjusted for BMI, SBP, DBP, FBG, hypertension, diabetes, eGFR, TG, TC, LDL, and HDL, respectively.

Although the pathological mechanisms between systemic
inflammation and IOP were unclear,13 studies have
suggested that glaucoma was associated with oxidative
stress, mitochondrial damage, inflammation, endothelial
dysfunction, and hypoxia.27 In vitro and in vivo findings
suggested that uric acid may contribute to endothelial
dysfunction by inducing antiproliferative effects on endothe-
lium and impairing nitric oxide production.28,29 Endothelial
dysfunction was characterized by the alteration of the vascu-
lar lining, was prone to prothrombotic, pro-inflammatory,
and proconstrictive.16 In addition, the collagen bundles of
the trabecular meshwork were covered by endothelial cells,
and the extracellular matrix (ECM) filled the space between
the beams.30 Mucopolysaccharides of endothelial cells were
related to macrophage function and were involved in the
components of the ECM.12 The change in the ECM might
lead to an increase in the resistance of the trabecular
meshwork, resulting in a decrease in outflow,31,32 which
might induce high IOP. Our results supported the view that
systemic inflammation might lead to increased IOP. Previous
studies have shown that there were important associations
between systemic endothelial dysfunction and open-angle
glaucoma.33 Our study found that the possible mechanism
of the relationship between uric acid and IOP was related to
uric acid-induced endothelial dysfunction.

Uric acid induced hepatic fat accumulation and insulin
resistance through NLRP3 inflammasome activation.34

Recent studies have shown that insulin resistance, obesity,

and hepatic steatosis were independent risk factors for
elevated IOP.35,36 In addition, insulin resistance might
contribute to an explanation that would account for many
previous findings concerning the association among IOP
and obesity, hypertension, and diabetes.37 Therefore, we
speculated that the possible mechanism of the association
between elevated uric acid and high IOP might include fatty
liver degeneration and insulin resistance, except inflamma-
tion and endothelial dysfunction.

Previous studies have shown that the prevalence of glau-
coma in men was higher than that in women.38 This study
was consistent with previous research results in which the
incidence of high IOP was 3.96% in men and 3.31% in
women. Although studies have shown that IOP was associ-
ated with cardiovascular risk factors,11,39,40 the results were
inconsistent. Most studies have shown a positive correla-
tion between age and IOP.41 In contrast, studies have found
that IOP tended to decrease with age.42–44 Other studies
suggested that there was an inverted U-shaped relation-
ship between age and IOP.45 In our study, the incidence
of high IOP also decreased with aging, and there was a
gender difference in the relationship between elevated SUA
and high IOP only in women. Our results were consis-
tent with previous studies.46 Although IOP was affected by
age, in order to exclude the effect of age on high IOP, we
adjusted the age in the statistical analysis and also performed
a subgroup analysis of age. We found that there was no
interaction between age and uric acid for high IOP. There-

induce
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FIGURE 4. In the BMI subgroups, association of SUA with the incidence of high intraocular pressure according to restricted cubic spline
regressions using four knots in men and women (percentiles 5, 35, 65, and 95), with the reference point set at percentile 12.5. (a–d) Odds
ratios were adjusted for age, SBP, DBP, FBG, hypertension, diabetes, eGFR, TG, TC, LDL, and HDL, respectively.

fore, we could suggest that there was an association between
elevated SUA and high IOP in women age ≤ 50 years. The
mechanism of the association between uric acid and high
IOP in women age ≤ 50 years is not clear, it may be the effect
of different dietary habits, lifestyle, and hormones, and more
research is needed to confirm this result.

Previous studies have found that IOP was higher in
women than in men,39,47 but the converse was reported in
some studies of Asian populations.9 In our study, although
the incidence of high IOP in men was higher than that
in women, after adjusting for cardiovascular risk factors,
gender was not an independent factor for IOP. Moreover, we
found that elevated SUA was an independent factor for high
IOP in women but not in men. We suggested that there was
a gender difference in the association between uric acid and
high IOP. Hormone differences may play a role in gender
differences in the association between uric acid and IOP.

Several studies have shown a relationship between
BMI and IOP, however, the results have been inconsis-
tent.11,43,44,48 Some studies have shown that BMI was associ-
ated with high IOP,11 but other studies have shown that BMI
was not related to high IOP.48 In our study, we performed
BMI subgroup analysis, and, after adjusting other confound-
ing factors, the Q3 of uric acid was an independent risk
factor for high IOP in women, not in men. Although, we
found that there was no interaction between BMI and uric
acid on the incidence of high IOP. Therefore, we could
suggest that there was an association between elevated SUA

and high IOP in women BMI ≤ 25 kg/m2 or BMI > 25 kg/m2,
and the association between uric acid and high IOP was not
affected by BMI. Because there are few studies on the rela-
tionship between uric acid and IOP, the specific mechanism
is not yet clear, and more studies are needed to confirm this
result.

Several studies showed that the high IOP was associ-
ated with diabetes mellitus and systemic hypertension.9,10

Therefore, during the statistical analysis, we adjusted for
confounding factors, such as hypertension, diabetes, BMI,
blood lipids, and further performed subgroup analysis. We
found that there was a statistically significant association
between elevated uric acid and high IOP in women with-
out diabetes or without hypertension, this association was
not found in other subgroups, because there was no previ-
ous study on uric acid and IOP, and only few researches on
uric acid and glaucoma. Then we thought possible expla-
nations were that uric acid was a risk factor for metabolic
and cardiovascular diseases,16,17,49 and metabolic syndrome
was a risk factor for high IOP.9 Metabolic syndrome is an
important intermediate factor. Therefore, we suggested that
there were several possible mechanisms between uric acid
and IOP, such as inflammation, oxidative stress, endocorti-
cal dysfunction, and insulin resistance. Moreover, our study
found that the relationship between uric acid and high IOP
was statistically significant, and there were gender differ-
ences. It could provide practical significance for the clinic.
At the same time, more attention should be paid to the uric
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FIGURE 5. In the hypertension subgroups, association of SUA with the incidence of high intraocular pressure according to restricted cubic
spline regressions using four knots in men and women (percentiles 5, 35, 65, and 95), with the reference point set at percentile 12.5. (a–d)
Odds ratios were adjusted for age, BMI, SBP, DBP, FBG, diabetes, eGFR, TG, TC, LDL, and HDL, respectively.

acid levels of nondiabetic or nonhypertensive women and
further IOP examinations should be performed in the physi-
cal examination population. Furthermore, it can also provide
reference value to the prevention and control of glaucoma.

This study finally included 19,147 people, which was
including 5781 people who had IOP values. Others were
recorded as high IOP. As there was good correlation between
the measurements in both eyes, only the readings from the
right eye were used for analysis (r = 0.7798, P < 0.0001).
Among men, the mean value of the right IOP was 14.75 ±
4.26 mm Hg, and the range of right IOP was 7.00 to 43.00
mm Hg. The median (interquartile range) right IOP of the
participants was 14.00 mmHg (11.00, 18.00 mm Hg). Among
women, the mean value of the right IOP was 14.33 ± 4.16
mm Hg, and the range of right IOP was 7.00 to 31.00 mm Hg.
The median (interquartile range) right intraocular pressure
of the participants was 14.00 mm Hg (11.00, 17.00 mmHg;
Supplementary Table S1). We used right IOP as a continu-
ous variable to analyze the relationship between uric acid
and IOP, and the results are shown in Supplementary Table
S2. The results of linear regression were basically consistent
with the results in our paper. However, the IOP values were
skewed distribution, and the residuals in the linear model
were non-normally distributed in men, women, and total
(all normality test P < 0.01). The distribution of age and
right IOP in the total population are shown in Supplemen-
tary Figure S1 and Figure S2. Therefore, our study was not

suitable for multiple linear regression analysis with contin-
uous IOP values.

We classified 5781 people with IOP values into two cate-
gories, and the right IOP > 21 mm Hg was defined as
high IOP. The univariate and multivariate logistic regression
results between high IOP and uric acid are shown in Supple-
mentary Table S3. This result was consistent with the result
in our paper. In addition, among people with IOP, there was
also an inverted U-shaped relationship between uric acid
and high IOP in women (Supplementary Fig. S3).

There were still some limitations in this study. First, given
the cross-sectional design, we could not establish a causal
relationship between SUA elevation and high IOP. Second,
the study results obtained from a retrospective observational
analysis, uric acid measurements, and questionnaire-based
information might have inaccuracies. Third, our research
data did not include corneal thickness, which may have
some influences on the relationship between uric acid and
high IOP. Moreover, our participants were from healthy
medical examiners with a large sample size, men and women
were analyzed separately, which ensured sufficient parame-
ters and accurate results, and drew a solid conclusion that
there was a difference between men and women. Finally, a
future prospective study is needed to determine whether the
serum uric acid level is an independent predictor of long-
term high IOP outcomes, and whether its reduction could
reduce the occurrence of adverse high IOP events.
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FIGURE 6. In the diabetes subgroups, association of SUA with the incidence of high intraocular pressure according to restricted cubic spline
regressions using four knots in men and women (percentiles 5, 35, 65, and 95), with the reference point set at percentile 12.5. (a–c) Odds
ratios were adjusted for age, BMI, SBP, DBP, FBG, hypertension, eGFR, TG, TC, LDL, and HDL, respectively.
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