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ABSTRACT

Objective Women in different age phases have

different metabolism and hormone levels that influence
the production and excretion of uric acid. We aimed

to investigate the prevalence and related factors of
hyperuricaemia among women in various age phases.
Study design Observational, cross-sectional study.
Setting Data were obtained from women at three health
check-up centres in Shanghai.

Participants Adult women from three health check-up
centres were recruited. Exclusion criteria were individuals
with pregnancy, cancer, incomplete information. Finally, 11
601 participants were enrolled.

Results The prevalence rates of hyperuricaemia of total
subjects were 11.15% (95% Cls 10.57% to 11.72%). The
prevalence of hyperuricaemia in 18-29, 30-39, 4049, 50—
59, 60—69 and >70 years old was 6.41% (95% Cl 4.97%

10 7.86%), 5.63% (4.71% t0 6.55%), 6.02% (5.01%% to
7.03%), 11.51% (10.19% to 12.82%), 16.49% (15.03% to
17.95%) and 23.98% (21.56% to 26.40%), respectively.
Compared with 18—29 years old, the ORs for hyperuricaemia
in other age phases were 0.870 (95% Cl 0.647 to 1.170,
p=0.357), 0.935 (0.693 to 1.261, p=0.659), 1.898 (1.444
10 2.493, p<0.001), 2.882 (2.216 t0 3.748, p<0.001) and
4.602 (3.497 t0 6.056, p<0.001), respectively. During the
18-29 years old, the related factors for hyperuricaemia
were obesity and dyslipidaemia. During the 30-59 years old,
the related factors were obesity, dyslipidaemia, hypertension
and chronic kidney disease (CKD). Over the 60 years old,
the occurrence of hyperuricaemia was mainly affected by
obesity, dyslipidaemia and CKD, while hypertension cannot
be an impact factor for hyperuricaemia independently of
obesity and dyslipidaemia.

Conclusion After 50 years old, the prevalence of
hyperuricaemia in Shanghai women has increased
significantly and reaches the peak after 70. Obesity

and dyslipidaemia are two main related factors

for hyperuricaemia during all ages, while diabetes

mellitus and nephrolithiasis have no relationship with
hyperuricaemia throughout. CKD is an independent impact
factor for hyperuricaemia after 30 years old.

INTRODUCTION
Uric acid is the end product of purine metab-
olism in human body, which is produced

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We conducted a multicentre study with large sam-
ple size, which ensured sufficient power in obtaining
the accurate prevalent rate and related factors of
hyperuricaemia.

= The prevalence of hyperuricaemia, obesity, hyper-
tension, diabetes mellitus, dyslipidaemia, chronic
kidney disease, nephrolithiasis as well as related
factors of hyperuricaemia was analysed in various
age phases.

= It was a cross-sectional study and the results could
not identify the causative relationship between
hyperuricaemia and other metabolic and renal
disorders.

= The data were from three databases of check-up
centres that lacked details in pharmacotherapy,
menopausal status, economic, lifestyles and diet,
which might affect the deviations of some clinical
outcomes.

mainly in the liver and intestines while
excreted mostly in the kidney.' Xanthine
oxidoreductase catalyses two enzymatic reac-
tions, hypoxanthine to xanthine and xanthine
to uric acid.” Several conditions can increase
the concentration of serum uric acid (SUA)
and occurrence of hyperuricaemia (HUA),
including increased uric acid production, for
example purinerich food intake and cyto-
toxic drugs, and decreased uric acid excre-
tion, for example chronic kidney disease
(CKD)."??

In patients with HUA, deposition of urate in
joints and kidney promotes the development
of gouty arthritis and uric acid nephrolithi-
asis.* 5 Uric acid also causes oxidative stress,
inflammation and endothelial dysfunction
in a crystalindependent way." Besides that,
there is a growing body of evidence to show
that HUA or elevated SUA level is associated
with obesity, hypertension and cardiovascular
disease in the group of adult and elderly
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people.”™ Some observational studies also confirmed that
increased SUA levels promote the development of CKD,
especially in children and adolescents."’ ' Although a
quite of epidemiological studies have investigated the risk
factors of HUA or increased SUA in general people or
elderly even children, few studies focuse on these relation-
ship among women under different years old. Affected
by menstrual cycle, menopause or taking oestrogen,
hormones are fluctuant in women of different ages, while
this fluctuating hormone level may influence the body fat
distribution and metabolic system.'*'* Thus, it is neces-
sary to know the relationship between SUA and metabolic
disorders such as obesity, hypertension, diabetes mellitus
and dyslipidaemia, in woman under the different ages.

This study was aimed to investigate the prevalence of
HUA in the women of different ages. The data were from
subjects in multiple centres of Shanghai. We also focused
on the potential effect of ages on the association between
SUA and metabolic and renal disorders in women during
all age phages.

METHODS

Study population

A total of 13 001 women aged between 18 and 98 years
from three health check-up centres (Shanghai East
Hospital Affiliated to Tongji University School of Medi-
cine, Pudong New District Gongli Hospital and Baoshan
Branch of Shanghai First People’s Hospital) were
recruited from June 2015 and December 2018. Studies
on human subjects were conducted in accordance with
the Declaration of Helsinki. They waived the need for
participant consent. We excluded subjects with preg-
nancy, cancer, incomplete information. Finally, 11 601
participants were enrolled in our study. We divided the
woman participants into six groups according to ages
(group I: 18-29 years old, group II: 30-39 years old, group
III: 40-49 years old, group IV: 50-59 years old, group V:
60—-69 years old, group VI: 270 years old).

Primary and secondary outcome measures

HUA was defined as SUA >6 mg/dL for women.'* The
prevalence of HUA as well as its relationships with meta-
bolic, renal disorders were assessed according to different
age status (18-29, 30-39, 40-49, 50-59, 60-69, >70 years
old).

Measurements and definition

Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?). According to WHO
guidelines for the Asian Pacific population, normal weight
was defined as 18.5 <BMI <24.0 kg/m2, underweight was
defined as BMI <18.5 kg/mg, overweight and obesity were
defined as 24.0 <BMI <28.0 kg/m2 and BMI >28.0 kg/
m?, respectively.15 Blood pressure (BP) measurements
were taken according to the Joint National Committee
VII criteria.'® Normal BP was defined as an systolic blood
pressure (SBP) <120 mm Hg and diastolic blood pressure

(DBP) <80 mm Hg. Prehypertension was defined as an
SBP of 120-139 mm Hg and/or DBP of 80-89 mm Hg.
Grade 1 hypertension was defined as an SBP of 140-159
mm Hg and/or DBP of 90-99 mm Hg. Grade 2 or grade
3 hypertension was defined as an SBP >160 mmHg
and/or DBP >100 mm Hg."® According to the Chinese
adult dyslipidaemia prevention guide (2007 edition),
individuals with a fasting total cholesterol (TC) >6.22
mmol/L, triglyceride (TG) 22.26 mmol/L, high-density
lipoprotein cholesterol (HDL-C) <1.04 mmol/L and/
or low-density lipoprotein cholesterol (LDL-C) >4.14
mmol/L  or currently undergoing pharmacologic
treatment were defined as the dyslipidaemia.” Type 2
diabetes was defined based on WHO 1999 diagnostic
criteria as fasting plasma glucose (FPG) 27.0 mmol/L
or 2-hour plasma glucose =11.1 mmol/L, impaired
fasting glucose (IFG) was defined as 6.1 mmol/L <FPG
< 7.0 mmol/L, and normal condition was defined as
FPG <6.1 mmol/ L."® The estimated glomerular filtration
rate (eGFR) was calculated using Modification of Diet in
Renal Disease formula'®; 186x(serum creatinine (mg/
dL)]-1.154x(age)-0.203x(0.742 (if woman)). According
to the Kidney Disease Outcomes Quality Initiative clinical
practice guideline, eGFR <60 mL/min/1.73 m?, protein-
uria and haematuria were defined as CKD.*’ Urine
proteinuria were recorded as negative (-), trace, 1+, 2+
and 3+. Albuminuria was defined as >1+.

Data collection

The participants attended to the medical centre in the
morning after overnight fasting for at least 8 hours.
After 5 min resting, sitting blood pressure was measured
in right arm by an electronic blood pressure monitor.
Mean value of the three records was used in the analysis.
Midstream urine specimen was collected for urinary anal-
ysis by the dipstick method. Urine pH and proteinuria
were recorded as categorical data. Laboratory reagents
were purchased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). Venous Blood samples were
drawn from all subjects and quickly centrifuged at room
temperature. SUA was determined using the uricase-
peroxidase method. Other biochemical indeces were
analysed as described previously.?’ Basic characteristics
were collected by medical staffs. Anthropometric data
including height and weight were measured according to
a standardised protocol. Renal ultrasonography scanning
was performed by an experienced radiologist using GE
LOGIQ P5 scanner (GE Healthcare, Milwaukee, USA).

Patient and public involvement

Patients and the public were not involved in any aspects
of the study, including the development of study ques-
tion, study design, conduct of the study and dissemina-
tion of results.

Statistical analysis
All the statistical analyses were carried out using IBM SPSS
statistics V.22.0. The continuous variables with a normal

2

Tao M, et al. BMJ Open 2021;11:2048405. doi:10.1136/bmjopen-2020-048405



)
7
[
3]
3]
@
c
[
o

o

"apuUe2A|BL} ‘D] ‘|oJe1se|oyo (8101 ‘D] ‘einssald poo|q 21j01sAs ‘dgs ‘|oseiseloyo uisroidodi| Alisusp-mo| ‘D-T1dT ‘joeisejoyo uleoadodi| Aysusp-ybiy ‘D-1aH ‘esoon|b

ewse|d Bunse; ‘Dd4 ‘eiel uoneyl Jejniawo|b parewnse ‘H49e ‘einssaid poojq 21j01SeIp dgd ‘euluneaso 49 ‘oseasip Aouph 21UoIyD ‘M) ‘UsBoiu Bain poojq ‘NNg ‘Xepul ssew Apod ‘|INg
'sise} ,X pasn em ‘ss|qeLeA [eoL0681e0 40 158} 90y-1s0d 8Uj 0} SY 188} Sl[BA-[eSNIY Buisn paredwoo siem BIEp PeINQUISIP A|[BLWIOU-UON "J0U Jl 188} g1 S, 8UByWe]| pasn

M pue ‘snosusBowoy SBM S0UBLIBA 8U] §I 1S8] 9oUBIBYIP 80UBDIIUBIS 1SB8| pasn am ‘ejep painguisip Ajlew.ou Jo 188} 0oy-1sod 8y} 10} sy T dnois) ayy snsien 100 0>, ‘10°0>d,. ‘G0"0>d,
‘pajussaid ale Y| YiM SUBIpaW ‘UuoiinguUisip Blep olleweled-uou jo 8sed U] “sabejusoled ul pajussaid ale se|qelien [eoliobajed pue gSFsuesw Ul papodal ale So|geleA SNONURUOD 8y

L00°0> wul(%021) €02 (%991 2LY  wu(%8EL) VIE %2 LL) BEC «(%1°8) 202 (%2°9) €9 (%t2l) eevl (% ‘u) siselyyjoiydeN
L00°0>  «a(%091) 161 wx(%6°E) 96 w(%60°2) G «(%2°0) 71 (%€0) 2 (%1°0) L (%1°¢€) vGe (% ‘u) a0
L00°0>  «x(%22E) 988  wn(%0°GE) 698  1u(%2'82) 1G9 .a(%9°GL) LEE «(%8°01) 092 (%2°7) 68 (%€22) ¢8se (% ‘u) elweepidisAig
L00°0>  .«(%872h) €SI «(%2'6) 822 (%29 YL wx(%G71) 1€ {%2°0) 21 (%202 (%6'1) 2/G (% ‘u) snyjjew sejeqelq
F00°0>  «(%6'89) G0L  «n(%8'EV) 880F (%G 62) 029 (%G 2H) 992 (%9 LLL (%9°2) 62 (%/2v2) 6982 (% ‘u) uoisuspedAH
F00°0> (%081 GIZ  wl(%LV1) G9E  .u(%87L1) 892 w(%2°1) €91 (%¢g°9) 82l (%9°€) OF (%20l 6LLE (% ‘u) Auseqo
F00°0>  «wx(%012) 282  wx(%SOL) 0Ly «(%S'LL) 192 (%09) 821 (%9°9) 9¢| (%¥°9) L2 (%111 62t (% ‘u) elweeouniedAH

S8lIpIgIowWo)
F00'0> V2 08F60°CLE  «xxlV'BIFGO' ST 4B CIFEY' GO  +ixlV'8GFL8 192 w2V’ 8SFPPYIZ  L0°9GF22°0/2 8€'99F51°082 (171oww) vns
100°0> w99 | F28'G xS LFIE'S w78 LFGL'G VT L FEG'Y €0 LFTY Y GO L¥82' ¥ GELFL6Y (1/1oww) NNg
F000>  wu899LFLO0L  waGGELFLOGY  wuBBCLFFEEY  4n€602FBIEY  ,uGE'LLFLEED L22°11F0L°19 70'SLF9E' 19 (1/10wn) 4o
F00'0>  «uuV9'0CFBC 6L 4wV LTFVT 68  xx08'CCFGE V6  +xC8CCFBE'B6  +4x89°CCFLEE0L 86'GeFV8' Ll 8272¥61°96 (el L.uw)/w) 4499
100°0> w8 0F80°C €8 0F6L'E wx L8 OFVL'E wxCL 0F08°C «+02'0¥65°¢ 69°0¥€5°C I8°0F16C (1/10ww) 0-1a7
100°0> wx9E 0FGY' | wxGE0FIY' | wxGE0FLY' | w7 0F6Y | «5E'0FES'| 7€ 0FSS | GE'0F6Y | (1/1oww) o-1aH
100°0> w06 0FEG"| w90 L F8G"| wal L LFLYL wxG8OFY L «.G'0FG6°0 09°0¥88°0 G6'0FLT |t (1/10ww) 51
100°0> «x86'0F9L'G wx96'0FL2'S w06 0FVL'G «xC8 0FGO' Y «82'0F6EY 11°0%€EY G6'0¥S8Y (1/1oww) o1
100°0> «xEG 1 FBL'G wSY LFLO'G «x8E L FIE'G wxl L OFEB'Y w72 0F8L Y €5°0%70LY LS LF6L'S (1/1oww) 544
F000> sl LIFP8 L. wxB8OLFLT 6L  xxOF LIFLIESL  4a80 LLFEO VL wxlGBFIL 1L 2. 8%6Y7'69 6L 11F9E°G, (6H ww) daa
F00'0>  4xB8°02F6S GV E  xmGL8LFLEOEL  wubO'BLFEY8ZL wnbV SEFVL'8LL  W8LCLFOVCLE SLLLFCLLLL 60°02FL0°S2l (BH ww) 4gs
000> «x06'€F99° 7 BV EFLG VT wVEEFGLVE .l 'EFLCEC GG EFLLCE 6628l L2 YSEF LY EC (zw/Bx) 1Ing
100°0> w81 'GFZ6'GL wx€1'TFG6'E9 wxG8'TFBOYS  .GBCFSS T G TFYEVE 10'2¥95'92 62'S1¥80°09G (sseaf) by

S9|JelieA |ediwayoolg

= (%€°01) 2611 (%% 12) 98ve (%9'61) 8922 (%¢e'8l)9zie (%8°02) LLve (%G°6) 2011 (%0°001) LO9 L1 (%) N

anjeA d plo siedA pjo siedk 6909 PO SiedA 6G—0G PIO SIedA 6—0F PIO SIedA 6S—0E PlO Siedahk 62-8L uswiom |ejol
0. 4310 |A dnoay A dnoup Al dnoun 111 dnouy 11 dnouy | dnoun
sdnoib abe jusiayip Ul UBSWIOM JO SOIISIIB10BIBYD [EDIUID | 3Bl

Tao M, et al. BMJ Open 2021;11:2048405. doi:10.1136/bmjopen-2020-048405



Open access

S S 8 0
< 100 £ 300 < 800 g 200
'E - p for trend < 0.001 > p for trend < 0.001 S p for trend < 0.001 3z p for trend < 0.001
2 s
8 § é 60.0 E§ 15.0
S 200 S 200 g 5 g
g k] = 400 8= 100
= @ = =4}
£ <4 5 o g
S 100 g 100 3 200 2 s
Q ] g 20 s .
g g b «
£ ©
T o0 & § e 0.0
A g S B P & & D P D P & &
Qo o ) Y LY S » D SEEE I S\ o » o SN N R N
[ KRGS P AP REGER N I & & S S & IS R R
s
Age (years old) Age (years old) Age (years old) Age (years old)
g 40.0 p for trend < 0.001 o 200 p for trend < 0.001 % 200 p fortrend < 0.001
£ s 8
5 £ 150
g 300 53 15.0 £
a 1 [
% =
2 200 8 & 100 & 100
B e @
- S > <
S = w“
g 100 $5 50 S 50
2 22 8
k) = 5
g M L s e e i T T T T
2 P 2 o & o P D P S @ ® P S P S O
s PSS & & & KR
Age (years old) Age (years old) Age (years old)

Figure 1 The prevalence of metabolic disorders and kidney diseases.

distribution were described by means+SD and categorical
variables were presented in frequency and percentage. In
case of non-parametric data distribution, medians with
IQR were presented. The univariate analysis of variance
was performed to measure the data among the groups
or a Kruskal-Wallis test in case of non-parametric data
distribution. x2 test was used to calculate the differences
between categorical variables. If the results showed differ-
ences between the groups, the post-hoc tests would be
done. As for the post-hoc test, we used least significance
difference test, if the variance was homogeneous, and we
used Tamhane’s T2 test if not. Considering that SUA, age,
BMI, SBP, DBP, FPG, TC, TG, HDL-C, LDL-C, eGFR were
normally distributed in this study, Pearson’s correlation
test was used to assess the correlation between two vari-
ables. Multivariable logistic regression analysis was used

to calculate the OR for HUA according to different age
status. Two-tailed probability values <0.05 were consid-
ered statistically significant.

RESULTS

Clinical characteristics of female participants in different age
groups

There were a total of 11 601 female participants with a
mean age of 50.08+15.29 years old. The prevalence rates
of HUA of total subjects were 11.15% (95 % CIs 10.57%
to 11.72%). The prevalence of HUA in group I (18-29
years old), group II (30-39 years old), group III (40-49
years old), group IV (50-59 years old), group V (60-69
years old) and group VI (270 years old) were 6.41% (95%
CI 4.97% to 7.86%), 5.63% (4.71% to 6.55%), 6.02%

Table 2 Correlation coefficients between SUA and various clinical parameters in different age groups of women

Group | Group Il Group Il Group IV Group V Group VI

(18-29 years old) (30-39 years old) (40-49 years old) (50-59 years old) (60-69 years old) (over 70 years old)
Variable r P value r P value r P value r P value r P value r P value
BMI (kg/m?) 0.345 <0.001 0.332  <0.001 0.277 <0.001 0.248 <0.001 0.282 <0.001 0.273 <0.001
SBP(mm Hg) 0.098  0.001 0.184 <0.001 0.165 <0.001 0.141 <0.001 0.087 <0.001 0.072  0.012
DBP (mm Hg) 0.054 0.074 0.170 <0.001 0.193 <0.001 0.141 <0.001 0.060 0.003 0.018 0.527
FPG (mmol/L) 0.048 0.113  0.087 <0.001 0.153 <0.001 0.027 0.192 0.033 0.099 0.039 0.182
TC (mmol/L) 0.126  <0.001 0.190 <0.001 0.175 <0.001 0.135 <0.001 0.050 0.012  0.041 0.156
TG (mmol/L) 0.267 <0.001 0.348 <0.001 0.305 <0.001 0.275 <0.001 0.290 <0.001 0.252  <0.001
HDL-C -0.201 <0.001 -0.200 <0.001 -0.283 <0.001 -0.247 <0.001 -0.263 <0.001 -0.302 <0.001
(mmol/L)
LDL-C 0.188 <0.001 0.241 <0.001 0.190 <0.001 0.123  <0.001 0.033 0.097 0.062 0.031
(mmol/L)
eGFR (mL/ -0.049 0.100 -0.081 <0.001 -0.084 <0.001 -0.140 <0.001 -0.131 <0.001 -0.330 <0.001

(min*1.73m?)

BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG,

triglyceride.
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Table 3 The OR for hyperuricaemia according to different status of parameters of women in different age groups (Group I-I1I)

Group | (18-29 years old)

Group Il (30-39 years old)

Group Il (40-49 years old)

OR (95% ClI) P value OR (95% CI) P value OR (95% CI) P value
BMI (kg/m?)
18.5<BMI<24.0 (Ref.)
BMI <18.5 0.415 (0.122 to 1.411) 0.159 0.920 (0.375 to 2.260) 0.856 1.093 (0.251 to 4.765) 0.905
24.0<BMI<28.0 4.061 (2.101 to 7.849) <0.001 3.237 (2.074 to 5.054) <0.001 2.241 (1.448 to 3.469) <0.001
BMI>28.0 9.477 (4.180 to 21.486) <0.001 4.891 (2.673 to 8.951) <0.001 3.037 (1.638 to 5.632) <0.001
Blood pressure (mm Hg)
Normotensive (Ref.)
Pre-HT 1.487 (0.823 to 2.684) 0.188 1.189 (0.774 to 1.827) 0.430 0.974 (0.623 to 1.521) 0.907
Grade1 HT 1.701 (0.498 to 5.811) 0.397 1.694 (0.782 to 3.668) 0.181 1.582 (0.882 to 2.837) 0.124
Grade 2/3 HT 13.906 (0.761 to 254.245) 0.076 5.733 (1.736 to 18.938) 0.004 2.062 (0.881 to 4.823) 0.095
FPG (mmol/L)
FPG <6.1 (Ref.)
6.1<FPG<7.0 5.191 (0.141 to 191.013) 0.371 5.827 (2.052 to 16.549) 0.001 1.062 (0.379 to 2.970) 0.909
FPG>7.0 - - 1.598 (0.426 to 5.991) 0.487 0.637 (0.172 to 2.364) 0.500
Cholesterol (mmol/L)
TC <6.22 (Ref.)
TC >6.22 5.220 (0.311 to 87.682) 0.251 0.434 (0.101 to 1.869) 0.263 1.388 (0.504 to 3.824) 0.526
Triglyceride (mmol/L)
TG <2.26 (Ref.)
TG >2.26 6.720 (2.131 to 21.191) 0.001 3.534 (1.904 to 6.562) <0.001 1.381 (0.765 to 2.495) 0.284
HDL-C (mmol/L)
HDL-C >1.04 (Ref.)
HDL-C <1.04 1.841 (0.709 to 4.780) 0.210 2.172 (1.230 to 3.834) 0.007 3.937 (2.348 to 6.601) <0.001
LDL-C (mmol/L)
LDL-C <4.14 (Ref.)
LDL-C >4.14 - - 2.265 (0.762 to 6.735) 0.142 1.608 (0.599 to 4.317) 0.346
eGFR (mL/(min*1.73 m?)
eGFR >90 (Ref.)
60<eGFR<89 1.698 (0.883 to 3.265) 0.112 2.097 (1.392 to 3.158) <0.001 2.057 (1.374 to 3.079) <0.001
eGFR <59 = = 25.866 (3.719 to 179.914) 0.001 18.045 (5.201 to 62.602) <0.001
Albuminuria
+ (Ref.)
+ - - - - 2.020 (0.254 to 16.078) 0.506
++ - - 4.558 (0.463 to 44.879) 0.194 1.118 (0.169 to 7.400) 0.908
+++ - - 0.679 (0.029 to 15.939) 0.810 6.224 (0.654 to 59.223) 0.112
Urinary pH
6<pH<7 (Ref.)
pH <6 1.392 (0.777 to 2.495) 0.266 2.099 (1.352 to 3.258) 0.001 2.308 (1.530 to 3.482) <0.001
pH >7 0.235 (0.030 to 1.858) 0.170 1.191 (0.492 to 2.882) 0.698 0.374 (0.089 to 1.566) 0.178
Nephrolithiasis
No (Ref.)
Yes 1.115 (0.419 to 2.962) 0.828 1.001 (0.533 to 1.880) 0.998 1.206 (0.690 to 2.108) 0.510

Blood pressure (mm Hg): normotensive: SBP <120 and DBP<80; pre-HT: SBP of 120-139 and/or DBP of 80-89; Grade 1 HT: SBP of 140-159 and/or
DBP of 90-99; Grade 2/3 HT: SBP >160 and/or DBP>100.
BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
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(5.01% to 7.03%), 11.51% (10.19% to 12.82%), 16.49%
(15.03% to 17.95%) and 23.98% (21.56% to 26.40%),
respectively (table 1 and figure 1A). Women over 50 years
old had a higher prevalence of HUA than those under
50. With increasing age, female individuals had more
metabolic disease (obesity, hypertension, diabetes and
dyslipidaemia) and renal diseases (CKD, nephrolithiasis)
(figure 1B-G, all p values for trend <0.001) as well as
elevated levels of BMI, SBP, DBP, TC, TG, LDL-C, creati-
nine, blood urea nitrogen (BUN) and decreased levels of
HDL-C and eGFR (table 1, all p values for trend <0.001).

The correlation between SUA and various clinical parameters
in different age groups of women

In this study, SUA, BMI, SBP, DBP, FPG, TC, TG, HDL-C,
LDL-C, eGFR were normally distributed. Thus, Pear-
son’s correlation test was adopted to investigate the
relationships between SUA and various parameters in
different age groups and the results areshown in table 2.
In all age groups of women, the level of SUA was posi-
tively correlated with BMI, SBP and TG and negatively
correlated with HDL-C (all p values <0.001, except SBP
in group I, p=0.001 and in group VI, p=0.012). Among
the women over 30, SUA was significantly negatively
correlated with eGFR (all p values <0.001).

Association between HUA and different status of clinical
parameters in various age groups of women

Multivariable logistic regression models (full-adjusted)
were analysed, and the results are shown in tables 3 and
4, with the OR for HUA according to different status
of clinical parameters. We found that after adjustment
for confounders, increased levels of BMI and TG and
decreased levels of HDL-C and eGFR were positively
related to increased OR of HUA. However, there was no
significant relationship between HUA and increased FPG,
TC, LDL-C and nephrolithiasis. These results suggested
that women with overweight/obesity were more suscep-
tible to HUA in all age phases. Moreover, in the popula-
tion of HUA, women with increased TG and HDL-C were
more likely to suffer the HUA than those with increased
TC and LDL-C. Renal insufficiency was closely related to
the occurrence of HUA among the women over 30.

Relationship between HUA and metabolic, renal disorders in
women during all age phages

Univariate logistic regression analysis showed that
compared with 18-29 years old, the ORs for HUA in
other age phases were 0.870 (95% CI 0.647 to 1.170,
p=0.357), 0.935 (95% CI 0.693 to 1.261, p=0.659), 1.898
(95% CI 1.444 to 2.493, p<0.001), 2.882 (95% CI 2.216
to 3.748, p<0.001) and 4.602 (95% CI 3.497 to 6.056,
p<0.001), respectively (figure 2). Multivariable logistic
regression analysis for various group was studied, and the
results are shown in table 5 and figure 3. The ORs for
HUA in obesity for women during all age phages were
6.939 (95% CI 3.281 to 14.673, p<0.001), 3.746 (95% CI
2.239 to 6.268, p<0.001), 2.018 (95% CI 1.190 to 3.423,

p=0.009), 2.420 (95% CI 1.720 to 3.404, p<0.001), 1.907
(95% CI 1.448 to 2.511, p<0.001) and 2.319 (95% CI
1.659 to 3.243, p<0.001), respectively. The OR for HUA
in dyslipidaemia for women during all age phages were
2.694 (95% CI 1.374 to 5.284, p=0.004), 3.689 (95% CI
2.432 to 5.597, p<0.001), 3.540 (95% CI 2.393 to 5.236,
p<0.001), 2.718 (95% CI 2.073 to 3.563, p<0.001), 2.368
(95% CI 1.901 to 2.951, p<0.001) and 2.064 (95% CI
1.536 to 2.775, p<0.001), respectively. Women over 30
years old, CKD and hypertension became the risk factors
for HUA. The OR for HUA in CKD for women who were
in over 30 years old groups were 21.932 (95% CI 4.456
to 107.939, p<0.001), 12.116 (95% CI 3.908 to 37.566,
p<0.001), 5.699 (95% CI 3.024 to 10.738, p<0.001), 2.920
(95% CI 1.865 to 4.570, p<0.001) and 4.867 (95% CI
3.461 to 6.844, p<0.001), respectively. The OR for HUA
in hypertension for females who were in group II (30-39
years old), group III (40-49 years old), group IV (50-59
years old) were 2.133 (95% CI 1.152 to 3.950, p=0.016),
1.940 (95% CI 1.236 to 3.043, p=0.004) and 1.460 (95%
CI 1.102 to 1.934, p=0.008). However, hypertension
in group V (60-69 years old), group VI (over 70 years
old) did not relate to the occurrence of HUA. Moreover,
diabetes mellitus and nephrolithiasis also had nothing to
do with HUA in all age groups of women.

DISCUSSION

Previous studies concentrated more on the prevalence
of HUA in the overall population or children or elderly
people, rare study was focused on females under the
different age phases, who had a fluctuant metabolism
and hormone level that might influence the production
and excretion of uric acid. Thus, our current study inves-
tigated the prevalence of HUA and its related factors in
different age phases of women.

Our research showed that the prevalence rates of
HUA in Shanghai women were 11.15% (95% CI 10.57%
to 11.72%), which was similar to the nationwide survey
of HUA in 31 provinces in mainland China, that 8.3%-—
12.9% in women and 13.7%-18.8% in total. As a
regional study, the prevalence of our result was close to
other regional investigation in China, that 11.3% of HUA
in Eastern Chinese general population® and 13.6% in
Northern China.?* Similarly, in Central China, a rural
cohort study from Henan Province indicated that the
prevalence of HUA was 12.6%.% In Southern Chia, an
epidemiological study from Foshan areas in Guangdong
Province showed that the standardised prevalence rate of
HUA was 15.27%, in which the prevalence in women was
10.54%.% However, the prevalence of HUA in our female
population was lower than USA 14.6%,>” which might be
attributed to economic status and dietary habit. We also
found that our data were also higher than Japan 1%-3%,*
which might due to the early antiurate therapy to asymp-
tomatic patients, and their high cut-off of HUA (7.0 mg/
dL in both sex).* Notably, there was a lack of agreement
on cut-off value of HUA. Previously, HUA was defined with
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Table 4 The OR for hyperuricaemia according to different status of parameters of women in different age groups (Group
IV-VI)

Group IV (50-59 years old) Group V (60-69 years old) Group VI (over 70 years old)

OR (95% CI) P value OR (95% Cl) Palue OR (95% CI) P value
BMI (kg/m?)
18.5<BMI<24.0 (Ref.)
BMI <18.5 - - 0.735 (0.253 t0 2.131) 0.570  0.641 (0.247 to 1.661) 0.360
24.0<BMI<28.0 1.676 (1.224 to 2.295) 0.001 1.963 (1.514 to 2.545) <0.001  1.328 (0.936 to 1.883) 0.112
BMI>28.0 3.156 (2.123 to 4.692) <0.001 2.472 (1.783 to 3.428) <0.001 2.610 (1.752 to 3.890) <0.001

Blood pressure (mm Hg)

Normotensive (Ref.)

Pre-HT 0.989 (0.688 to 1.421) 0.952 0.977 (0.695 to 1.364) 0.894  1.121(0.597 to 2.104) 0.723
Grade1l HT 1.091 (0.732 to 1.624) 0.669 1.023 (0.721 to 1.454) 0.897  1.447 (0.776 to 2.700) 0.246
Grade 2/3 HT 2.016 (1.214 to 3.347) 0.007 0.926 (0.601 to 1.428) 0.729  1.372 (0.719 to 2.619) 0.338

FPG (mmol/L)

FPG <6.1 (Ref.)

6.1<FPG<7.0 0.895 (0.521 to 1.539) 0.689 0.869 (0.591 to 1.279) 0.477 1.781 (1.154 to 2.749) 0.009
FPG>7.0 0.973 (0.591 to 1.603) 0.915 0.812 (0.551 to 1.198) 0.294  0.732 (0.465 to 1.154) 0.179
Cholesterol (mmol/L)

TC <6.22 (Ref.)

TC >6.22 1.287 (0.780 to 2.124) 0.323 1.110 (0.755 to 1.631) 0.597  0.793 (0.459 to 1.369) 0.405
Triglyceride(mmol/L)

TG <2.26 (Ref.)

TG >2.26 2.601 (1.836 to 3.687) <0.001 2.505 (1.907 to 3.291) <0.001  2.679(1.787 to 4.018) <0.001

HDL-C (mmol/L)

HDL-C >1.04 (Ref.)

HDL-C <1.04 1.683 (1.111 to 2.549) 0.014 1.619 (1.135 to 2.309) 0.008  1.592 (1.002 to 2.527) 0.049
LDL-C (mmol/L)

LDL-C <4.14 (Ref.)

LDL-C >4.14 1.156 (0.685 to 1.950) 0.587 1.164 (0.761 to 1.780) 0.483  1.625(0.929 to 2.842) 0.089
eGFR (ml/(min*1.73 m?)

eGFR >90 (Ref.)

60<eGFR<89 1.592 (1.190 to 2.130) 0.002 1.275 (1.000 to 1.626) 0.050 1.694 (1.146 to 2.506) 0.008
eGFR <59 7.388 (3.694 to 14.777) <0.001 3.120 (1.892 to 5.147) <0.001  7.644 (4.816 to 12.133) <0.001
Albuminuria

+ (Ref.)

+ 2.575 (0.854 to 7.765) 0.093 4.828 (1.729 to 13.485) 0.003  2.997 (1.399 to 6.420) 0.005
++ 0.353 (0.044 to 2.830) 0.327 3.257 (1.141 to 9.299) 0.027  2.262 (0.686 to 7.460) 0.180
+++ 1.738 (0.385 to 7.848) 0.472  10.136 (3.526 to 29.137) <0.001 3.672 (0.782 to 17.240) 0.099
Urinary pH

6<pH<7 (Ref.)

pH <6 1.429 (1.069 to 1.911) 0.016 1.748 (1.379 to 2.216) <0.001  2.357 (1.729 t0 3.212) <0.001
pH >7 0.742 (0.358 to 1.537) 0.422 1.139 (0.639 to 2.029) 0.659  0.295 (0.084 to 1.035) 0.057
Nephrolithiasis

No (Ref.)

Yes 1.362 (0.934 to 1.985) 0.108 1.016 (0.753 to 1.370) 0.918 1.234 (0.832 to 1.831) 0.295

Blood pressure (mm Hg): normotensive: SBP <120 and DBP<80; pre-HT: SBP of 120-139 and/or DBP of 80-89; Grade 1 HT: SBP of 140-159 and/or
DBP of 90-99; Grade 2/3 HT: SBP >160 and/or DBP>100.

BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
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OR (95%Cl)

Age Group (years old) for hyperuricemia p-value
Group I  18-29 Ref.

GroupIl 30-39 e 0.870 (0.647-1.170) 0.357
Group I 40-49 HiH 0.935 (0.693-1.261) 0.659
Group IV 50-59 —— 1.898 (1.444-2.493) <0.001
Group V. 60-69 — 2.882 (2.216-3.748) <0.001
Group VI =270 ——————i 4.602 (3.497-6.056) <0.001
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Odds Ratio

Figure 2 OR of hyperuricaemia to women exposed to
different age phases.

the classic cut-off (>7.0 mg/dL in men and >6.0 mg/dL in
women), but recent evidences suggested that a lower level
should be considered as a more appreciate cut-off when
addressing its negative impact on cardiovascular system
(5.6 mg/dL for both sex).” ' However, 2020 American
College of Rheumatology Guideline for the Management
of Gout Guidelines and Japanese Guideline on Manage-
ment of Hyperuricemia and Gout third edition suggested
that the normal upper limit is 6.8 mg/dL, and anything
over 7 mg/dL (for both sex) is considered saturated,
and symptoms can occur.”’ We did the addition analysis
for the prevalence and related factors analysis of HUA
based on the new cut-off (>7.0 mg/dL) (online supple-
mental table 1 and online supplemental figure 1). The
prevalence rates of HUA (>7.0 mg/dL) of total subjects
were 3.65% (95% CI 3.30% to 3.98%). Logistic regression
analysis also showed the similar trend of ORs for HUA
cut-off 7.0 mg/dL, expect for nephrolithiasis (online
supplemental table 2 and online supplemental figure 2).
There was no relationship between nephrolithiasis and
HUA when HUA was defined as SUA>6.0 mg/dL. Using
the higher cut-off (>7.0 mg/dL), HUA tended to be asso-
ciated with nephrolithiasis in the group V (60-69 years
old) with p=0.019, group VI (over 70 years old) although
p=0.082. We speculated that the association between HUA
(>6 mg/dL) and nephrolithiasis might be covered by the
lower cut-off of HUA. Since 7 mg/dL was the saturation
point of uric acid, which would increase the deposition of
urate crystals in kidney or joint.

In addition, we also calculated the prevalence of HUA
in various age groups and found that after 50 years old,
the prevalence of HUA in Shanghai women has increased
greatly and reached the peak after 70 years old, 23.98%,
which was closed the prevalence in adult men, 22.2%.”'
Consistently, compared with those under 30 years old,
the ORs for HUA in over 50 age phases also increased
significantly and reached the highest at the age over 70
(OR=4.602, 95% CI 3.497 to 6.056, p<0.001). Therefore,
we identified that 50 years old was an important inflection
point for HUA in women, which was earlier than some
cohort studies that enrolled postmenopausal women
with a mean age closed to 60.”"*! Our result suggested an
earlier attention and intervene for HUA in women.

Furthermore, our study investigated the relationship
between HUA and metabolic, renal disorders in women
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Figure 3 The association between hyperuricaemia and
obesity, hypertension, diabetes mellitus, dyslipidaemia,
chronic kidney disease and nephrolithiasis.

during all age phages. We found that obesity and dyslipi-
daemia were two main risk factors for HUA during all ages (all
p<0.05). It was well recognised that estrogens promoted the
accumulation of fat in gluteofemoral rather than in abdom-
inal and visceral depots.”® * While in old women, decreased
level of oestrogen tended to form an central distribution of
adiposity, making the body shape similar to the men.” This
could in part explain the phenomenon of increased preva-
lence of obesity and dyslipidaemia in older women, and this
change was accompanied by increased SUA. Other main
component of metabolic disorders, hypertension, mainly
affected the occurrence of HUA during 30-59 years old.
Although the prevalence of hypertension had a sustainable
growth after 30 years old, it was not associated with HUA
after 60-year old. We used backward elimination method to
select variables and analyse the reason, the result showed that
hypertension could not be a related factor of HUA indepen-
dent of obesity and dyslipidaemia in the age older than 60.
Although the prevalence of diabetes mellitus increased
with age, this cross-sectional study indicated that FPG or
diabetes mellitus almost had no significant relationship
with HUA during all age phages of women. This was incon-
sistent with previous studies. A meta-analysis of 12 cohort
studies, including a total of 6340 cases and 62 834 partici-
pants, revealed a positive non-linear relationship between
SUA levels and diabetes and IFG.* In the development of
hyperglycaemic or diabetes, HUA had been reported to be a
risk factor. A retrospective cohort study among 1923 patients

showed that HUA was associated with a significantly higher
risk of developing diabetes. Diabetes rates from Kaplan-
Meier analysis were 19% for SUA <7 mg/dL, 23% for 7 mg/
dL <SUA < 9 mg/dL and 27% for SUA >9 mg/dL at the
end of follow-up period (80 months).”> Another prospective
cohort study followed up 13 328 women and 41 350 men
without diabetes for 4 years, and the results showed that any
abnormality in SUA concentrations was associated with an
increased risk for the development of IFG in men, while
such association was not found in women.” One the other
hand, in the development of HUA, hyperglycaemic might
also be an inducer. One hypothesis was that hyperglycaemic
exceeded renal glucose threshold and induced hyperfil-
tration and elevated the rate of renal glomerular filtration
increased excretion of uric acid.” It seemed that hypergly-
caemic was more likely relate to hypouricaemia in the early
period of diabetes. During the late phase of diabetic nephrop-
athy, fibrotic glomeruli could not compensate the filtration,
reduced eGFR and decreased SUA excretion would appear
concomitantly.38 However, our cross-section study can not
find the relationship between SUA and hyperglycaemic or
diabetes. Their uncertain relationship might largely attribute
to hyperglycaemia-induced hyperfiltration. And their causal
relationship still need more prospective studies to verify.
There were several limitations in our study. First, we lacked
the data of pharmacotherapy and menopausal status. Since
that oestrogen could promote urate excretion,” which
might affect the results on population who under perimeno-
pause or with hormone replacement therapy. And antihyper-
tension drugs also affected urate metabolism, that diuretic
(such as thiazides) increased the urate reabsorption,40
while angiotensin receptor inhibitor (such as losartan)
decreased it. There might be some biases on hypertension
subjects. Additionally, the data about economics, lifestyles
and diet were also absent. Second, this was a local survey,
not a national study. And the cross-sectional study can not
identify the causative relationship between HUA and meta-
bolic and renal disorders. Nonetheless, the strengths of our
study included a multicentre sample with a large size, which
ensured a much solider statistics result. And the prevalence
of HUA in different age phases was analysed and compared.

CONCLUSION

In Shanghai female population, the prevalence of HUA
increases significantly since 50 years old and reaches the
peak after 70. Obesity and dyslipidaemia are close related
to HUA during all ages, while diabetes and nephrolithi-
asis have no relationship with HUA throughout. CKD is
an independent impact factor for HUA after 30 years old.

Author affiliations

"Department of Nephrology, Shanghai East Hospital, Tongji University School of
Medicine, Shanghai, China

%Department of Internal Medicine, Pudong New District Gongli Hospital, Shanghai,
China

*Emergency Department of Critical Care Medicine, Shanghai East Hospital, Tongji
University School of Medicine, Shanghai, China

Tao M, et al. BMJ Open 2021;11:048405. doi:10.1136/bmjopen-2020-048405



“Department of Medical Laboratory, Pudong New District Gongli Hospital, Shanghai,
China

SDepartment of Medicine, Rhode Island Hospital and Brown University School of
Medicine, Providence, Rhode Island, USA

Acknowledgements The authors appreciate all the participants. They also
thank the health check-up teams from Shanghai East Hospital Affiliated to Tongji
University School of Medicine, Pudong New District Gongli Hospital and Baoshan
Branch of Shanghai First People’s Hospital for their assistance in completing this
project.

Contributors MT, NL, SZ, YS and XM performed the statistical analysis and wrote
the manuscript; MT, XM, XP, LT, YH, HC, XZ, LD and YC participated in the data
collection; MT, NL, SZ and XM contributed to discussion; MT and NL participated in
the design of the study and edited the manuscript. All authors contributed to data
interpretation and revisions of the manuscript critically for important intellectual
content. All authors approved the final version of the submitted manuscript and
agreed to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of work are appropriately
investigated and resolved.

Funding This study was supported by the National Nature Science Foundation

of China grants (82070791, 81670690, 81470991 and 81200492 to N.L.,
81970072 and 81500059 to LT, 82070700, 81830021 and 81670623 to SZ), the
Shanghai Scientific Committee of China (20ZR1445800 and 13PJ1406900 to

NL), the Key Discipline Construction Project of Pudong Health Bureau of Shanghai
(PWZxk2017-05 to NL), the Key Program of Science Foundation of Jiangxi Province
(2018ACB 20016 to LT), the leading medical talent project of Shanghai Pudong
Heath Bureau (PWRI2019-05 to LT) and the Branch Grant of National Key R&D
Program of China (2018YFA0108802 to S2).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval The study was conducted according to the guidelines of the
Helsinki Declaration and was approved by the Human Research Ethics Committee
of Shanghai East Hospital Affiliated to Tongji University School of Medicine, Human
Research Ethics Committee of Pudong New District Gongli Hospital, Human
Research Ethics Committee of Baoshan Branch of Shanghai First People's Hospital
(ID 2020025).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The
data sets generated and analyzed during the current study are available from the
corresponding author upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Na Liu http://orcid.org/0000-0001-5806-8209

REFERENCES
1 Johnson RJ, Bakris GL, Borghi C, et al. Hyperuricemia, acute and
chronic kidney disease, hypertension, and cardiovascular disease:
report of a scientific workshop organized by the National kidney
Foundation. Am J Kidney Dis 2018;71:851-65.
2 Maiuolo J, Oppedisano F, Gratteri S, et al. Regulation of uric acid
metabolism and excretion. Int J Cardiol 2016;213:8-14.

3

20

21

22

23

24

25

26

27

Major TJ, Topless RK, Dalbeth N, et al. Evaluation of the diet wide
contribution to serum urate levels: meta-analysis of population based
cohorts. BMJ 2018;363:k3951.

Desai J, Steiger S, Anders H-J. Molecular pathophysiology of gout.
Trends Mol Med 2017;23:756-68.

Ferraro PM, Curhan GC. Serum uric acid and risk of kidney stones.
Am J Kidney Dis 2017;70:158-9.

Cicero AFG, Fogacci F, Giovannini M, et al. Serum uric acid predicts
incident metabolic syndrome in the elderly in an analysis of the
Brisighella heart study. Sci Rep 2018;8:11529.

Maloberti A, Giannattasio C, Bombelli M, et al. Hyperuricemia and
risk of cardiovascular outcomes: the experience of the URRAH (uric
acid right for heart health) project. High Blood Press Cardiovasc Prev
2020;27:121-8.

Maloberti A, Bossi |, Tassistro E, et al. Uric acid in chronic coronary
syndromes: relationship with coronary artery disease severity and
left ventricular diastolic parameter. Nutr Metab Cardiovasc Dis
2021;31:1501-8.

Rebora P, Andreano A, Triglione N, et al. Association between uric
acid and pulse wave velocity in hypertensive patients and in the
general population: a systematic review and meta-analysis. Blood
Press 2020;29:220-31.

Rodenbach KE, Schneider MF, Furth SL, et al. Hyperuricemia

and progression of CKD in children and adolescents: the chronic
kidney disease in children (CKiD) cohort study. Am J Kidney Dis
2015;66:984-92.

Maloberti A, Qualliu E, Occhi L, et al. Hyperuricemia prevalence in
healthy subjects and its relationship with cardiovascular target organ
damage. Nutr Metab Cardiovasc Dis 2021;31:178-85.

Leeners B, Geary N, Tobler PN, et al. Ovarian hormones and obesity.
Hum Reprod Update 2017;23:300-21.

Barros RPA, Gustafsson Jan-Ake. Estrogen receptors and the
metabolic network. Cell Metab 2011;14:289-99.

Becker MA, Schumacher HR, Wortmann RL, et al. Febuxostat
compared with allopurinol in patients with hyperuricemia and gout. N
Engl J Med 2005;353:2450-61.

WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet 2004;363:157-63.

National High Blood Pressure Education P. The seventh report of the
joint National Committee on prevention, detection, evaluation, and
treatment of high blood pressure. Bethesda, MD: National Heart,
Lung, and Blood Institute (US), 2004.

Joint Committee for Developing Chinese guidelines on Prevention
and Treatment of Dyslipidemia in Adults. [Chinese guidelines on
prevention and treatment of dyslipidemia in adults]. Zhonghua Xin
Xue Guan Bing Za Zhi 2007;35:390-419.

Alberti KG, Zimmet PZ. Definition, diagnosis and classification

of diabetes mellitus and its complications. Part 1: diagnosis and
classification of diabetes mellitus provisional report of a who
consultation. Diabet Med 1998;15:539-53.

Levey AS, Bosch JP, Lewis JB, et al. A more accurate method to
estimate glomerular filtration rate from serum creatinine: a new
prediction equation. modification of diet in renal disease Study
Group. Ann Intern Med 1999;130:461-70.

National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification.
Am J Kidney Dis 2002;39:51-266.

Tao M, Pi X, Ma X, et al. Relationship between serum uric acid and
clustering of cardiovascular disease risk factors and renal disorders
among Shanghai population: a multicentre and cross-sectional study.
BMJ Open 2019;9:e025453.

Lu X, Shi X, Li Y, et al. A negative association between urinary iodine
concentration and the prevalence of hyperuricemia and gout: a
cross-sectional and population-based study in mainland China. Eur J
Nutr 2020;59:3659-68.

Han B, Wang N, Chen Y, et al. Prevalence of hyperuricaemia in an
eastern Chinese population: a cross-sectional study. BMJ Open
2020;10:e035614.

Tian S, Liu Y, Xu Y, et al. Does obesity modify the epidemiological
association between hyperuricemia and the prevalence of
hypertension among Northern Chinese community-dwelling people?
a Chinese population-based study. BMJ Open 2019;9:e031803.
Dong X, Zhang H, Wang F, et al. Epidemiology and prevalence of
hyperuricemia among men and women in Chinese rural population:
the Henan rural cohort study. Mod Rheumatol 2020;30:910-20.

Yu J-W, Yang T-G, Diao W-X, et al. [Epidemiological study on
hyperuricemia and gout in Foshan areas, Guangdong province].
Zhonghua Liu Xing Bing Xue Za Zhi 2010;31:860-2.

Singh G, Lingala B, Mithal A. Gout and hyperuricaemia in the USA:
prevalence and trends. Rheumatology 2019;58:2177-80.

10

Tao M, et al. BMJ Open 2021;11:2048405. doi:10.1136/bmjopen-2020-048405


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5806-8209
http://dx.doi.org/10.1053/j.ajkd.2017.12.009
http://dx.doi.org/10.1016/j.ijcard.2015.08.109
http://dx.doi.org/10.1136/bmj.k3951
http://dx.doi.org/10.1016/j.molmed.2017.06.005
http://dx.doi.org/10.1053/j.ajkd.2017.05.004
http://dx.doi.org/10.1038/s41598-018-29955-w
http://dx.doi.org/10.1007/s40292-020-00368-z
http://dx.doi.org/10.1016/j.numecd.2021.01.023
http://dx.doi.org/10.1080/08037051.2020.1735929
http://dx.doi.org/10.1080/08037051.2020.1735929
http://dx.doi.org/10.1053/j.ajkd.2015.06.015
http://dx.doi.org/10.1016/j.numecd.2020.08.015
http://dx.doi.org/10.1093/humupd/dmw045
http://dx.doi.org/10.1016/j.cmet.2011.08.005
http://dx.doi.org/10.1056/NEJMoa050373
http://dx.doi.org/10.1056/NEJMoa050373
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://www.ncbi.nlm.nih.gov/pubmed/17711682
http://www.ncbi.nlm.nih.gov/pubmed/17711682
http://dx.doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S
http://dx.doi.org/10.7326/0003-4819-130-6-199903160-00002
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://dx.doi.org/10.1136/bmjopen-2018-025453
http://dx.doi.org/10.1007/s00394-020-02199-z
http://dx.doi.org/10.1007/s00394-020-02199-z
http://dx.doi.org/10.1136/bmjopen-2019-035614
http://dx.doi.org/10.1136/bmjopen-2019-031803
http://dx.doi.org/10.1080/14397595.2019.1660048
http://www.ncbi.nlm.nih.gov/pubmed/21162982
http://dx.doi.org/10.1093/rheumatology/kez196

28 Hakoda M. Recent trends in hyperuricemia and gout in Japan. Japan 35 Krishnan E, Akhras KS, Sharma H, et al. Relative and attributable
Med Assoc J 2012;55:319-23. diabetes risk associated with hyperuricemia in US veterans with
29 Hisatome |, Li P, Miake J, et al. Uric Acid as a Risk Factor for Chronic gout. QUM 2013;106:721-9.
Kidney Disease and Cardiovascular Disease - Japanese Guideline 36 LiuY, Jin C, Xing A, et al. Serum uric acid levels and the risk of

on the Management of Asymptomatic Hyperuricemia. Circ J
2021;85:130-8.

30 Grygiel-Gorniak B, Mosor M, Marcinkowska J, et al. Uric acid and
obesity-related phenotypes in postmenopausal women. Mol Cell

impaired fasting glucose: a prospective study in adults of North
China. PLoS One 2013;8:e84712.
37 LytvynY, Skrti¢ M, Yang GK, et al. Glycosuria-mediated urinary

Biochem 2018;443:111-9. uric acid excretion in patients with uncomplicated type 1 diabetes
31 Prasad M, Matteson EL, Herrmann J, et al. Uric acid is associated mellitus. Am J Physiol Renal Physiol 2015;308:F77-83.

with inflammation, coronary microvascular dysfunction, and adverse 38 Johnson RJ, Nakagawa T, Jalal D, et al. Uric acid and chronic

outcomes in postmenopausal women. Hypertension 2017,69:236-42. kidney disease: which is chasing which? Nephrol Dial Transplant
32 Cervellati C, Pansini FS, Bonaccorsi G, et al. Body mass index is a 2013;28:2221-8.

major determinant of abdominal fat accumulation in pre-, peri- and 39 Lee S-H, Kim K-M, Kim K-N. Combined effect of serum gamma-

post-menopausal women. Gynecol Endocrinol 2009;25:413-7.
33 Ambikairajah A, Walsh E, Tabatabaei-Jafari H, et al. Fat mass
changes during menopause: a metaanalysis. Am J Obstet Gynecol

glutamyltransferase and uric acid on incidence of diabetes mellitus: a
longitudinal study. Medicine 2017;96:e6901.

2019:221:393-4009. 40 Maloberti A, Bombelli M, Facchetti R, et al. Relationships between
34 Jia Z, Zhang X, Kang S, et al. Serum uric acid levels and incidence diuretic-related hyperuricemia and cardiovascular events: data

of impaired fasting glucose and type 2 diabetes mellitus: a meta- from the uric acid right for heArt health study. J Hypertens

analysis of cohort studies. Diabetes Res Clin Pract 2013;101:88-96. 2021;39:333-40.

Tao M, et al. BMJ Open 2021;11:2048405. doi:10.1136/bmjopen-2020-048405 11


http://www.ncbi.nlm.nih.gov/pubmed/25237240
http://www.ncbi.nlm.nih.gov/pubmed/25237240
http://dx.doi.org/10.1253/circj.CJ-20-0406
http://dx.doi.org/10.1007/s11010-017-3215-6
http://dx.doi.org/10.1007/s11010-017-3215-6
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.08436
http://dx.doi.org/10.1080/09513590902770123
http://dx.doi.org/10.1016/j.ajog.2019.04.023
http://dx.doi.org/10.1016/j.diabres.2013.03.026
http://dx.doi.org/10.1093/qjmed/hct093
http://dx.doi.org/10.1371/journal.pone.0084712
http://dx.doi.org/10.1152/ajprenal.00555.2014
http://dx.doi.org/10.1093/ndt/gft029
http://dx.doi.org/10.1097/MD.0000000000006901
http://dx.doi.org/10.1097/HJH.0000000000002600

	Prevalence and related factors of hyperuricaemia in Shanghai adult women of different ages: a multicentre and cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Primary and secondary outcome measures
	Measurements and definition
	Data collection
	Patient and public involvement
	Statistical analysis

	Results
	Clinical characteristics of female participants in different age groups
	The correlation between SUA and various clinical parameters in different age groups of women
	Association between HUA and different status of clinical parameters in various age groups of women
	Relationship between HUA and metabolic, renal disorders in women during all age phages

	Discussion
	Conclusion
	References


