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Aims: To explore the association between serumuric acid (SUA) level and the risk of cardiovascular complications
and all-cause mortality rates among individuals with type 2 diabetes.
Methods: Web of Science and PubMed database were searched for studies reported associations between SUA
level and cardiovascular complications and all-cause mortality among individuals with type 2 diabetes. Hazard
ratios (HRs) were independently extracted by two investigators and synthesized through meta-analysis across
selected studies.
Results: 6 (n = 11,750 patients), 4 (n = 3044 patients) and 2 studies (n = 7792 patients) were identified
reporting associations between SUA level and all-cause mortality, coronary heart disease (CHD) and stroke re-
spectively. HR for all-cause mortality, CHD, and stroke per 59 μmol/l increase was 1.06 (95% CI: 1.03, 1.09),
1.09 (95% CI: 0.94, 1.26) and 1.19 (95% CI: 1.08, 1.31), respectively.
Conclusions: Overall, the SUA level was associated with a higher risk of all-cause mortality and stroke. We found
no significant association between SUA level and CHD among type 2 diabetes population.
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1. Introduction

The pandemic of diabetes is a threat to health across theworld, with
an estimation of 422 million adults (prevalence: 8.5%) living with
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diabetes in 2014, compared to 108 million (prevalence: 4.7%) in 1980.1

According to a recent study conducted by Guariguata and colleagues,2

this escalating trend would result in a diabetes population of 592 mil-
lion by 2035.

Diabetes complications are known to be major causes of reduced
quality of life, disability, and escalated economic burden. They also rep-
resent the leading cause of mortality in developed countries.3,4 Since a
large proportion of diabetes patients will die of or experience cardiovas-
cular disease (CVD), a particular emphasis has been placed on CVD risk
factorsmanagement amongdiabetes patients bymajor health organiza-
tions including the World Health Organization, the Centers for Disease
Control and Prevention, and the American Diabetes Association.5–7

In the last decade, serum uric acid (SUA), a degradation metabolite
of purines, has been widely identified as a possible risk factor for
CVD.8,9 Recently, a direct association between elevated SUA level and
progression speed of type 2 diabetes has been identified by multiple
studies.10–12 Individuals with diabetes were often accompanied by a
higher level of serum uric acid, compared with non-diabetes
population.13 Considering the well-established association between di-
abetes and CVD risks, it became less clear if the traditional believed as-
sociation between SUA and CVD is direct, or an indirect association,
mediated by diabetes.

The evidence on the association between SUA and CVD exclusively
among diabetes population was poorly synthesized. For example, stud-
ies have founda higher SUA level associatedwith increasedmorbidity of
CVDs such as stroke and coronary heart disease (CHD) among diabetes
population.14,15 Additionally, several cohort studies concluded that
there was a statistically significant association between SUA and all-
cause mortality among type 2 diabetic population.16 However, these
findings were disputed by some other evidence. Recent studies found
that SUA has no significant association with CVDs and all-cause mortal-
ity among diabetes population.17,18 These controversial findings might
be attributable to the heterogeneity of sampling designs across studies.

Elevated SUA is a metabolic syndrome, which can disturb glucose
uptake and intensify insulin resistance.19 Additionally, SUA could also
inhibit nitric oxide bioavailability and induce endothelial dysfunction.
This could lead to several cardiovascular complications and even CVD
related death.20,21 To understand whether SUA level is associated with
the escalation of cardiovascular events and all-cause mortality among
type 2 diabetic population is important for secondary and tertiary pre-
vention of cardiovascular outcomes.

Twometa-analysis have been conducted to evaluate the associations
between elevated SUA and other complications among the population
with type 2 diabetes.22,23 One systematic review study was conducted
recently and identified major potential predictors including uric acid
for chronic kidney diseases among patients with diabetes.24 However,
no published study of meta-analysis was conducted to investigate the
association between SUA and the prognosis of specific cardiovascular
complications and all-causemortality among type 2 diabetes. Therefore,
this study aims to conduct a meta-analysis to ascertain the effect of SUA
on the progression of these complications and all-cause mortality
among subjects with diabetes by integrating currently published
studies.

2. Material and methods

This article followed the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) Guidelines to report systematic reviews and
conduct meta-analysis for observational studies.25 MOOSE checklist
was in Supplemental Table S1.

2.1. Data sources and searches

A systematic literature search was conducted using electronic data-
bases the Web of Science and PubMed database from January 1980 to
May 2019. Searching strategies in this literature review were done
using various combinations of terms related to “diabetes”, “serum uric
acid”, “cardiovascular disease”, “all-cause mortality/death”, and
“stroke”. Detailed information was showed in Supplemental materials
(Supplemental Table S2). Studies were limited in English publications
and human researches. Handling abstracts and unpublished studies
were not included. References were checked manually for full text
reviewed articles (only the included studies) to identify potentially eli-
gible articles. There was no attempt to contact authors during the study
period.

2.2. Study selection

The inclusion criteria in thismeta-analysis were (1): targeted Type 2
diabetes population (2); included one or more outcomes (i.e. CVD,
stroke, coronary heart/artery disease, and all-causemortality) or a suffi-
ciently close proxy (3); controlled for correlated cardio-metabolic vari-
ables, whichmay be confounding, such as blood pressure, weight, lipids,
etc. (4); conducted a test of SUA concentration at baseline (5); reported
adjusted Odds Ratio (OR) or Relative Risk/Hazard Ratio (RR/HR) (6); ar-
ticleswerewritten in English. The exclusion criteriawere (1) studies in-
cluded patients under 18 years old (2); studies included pregnant
woman (3); reviews, commentary articles, and editorials (4); sepa-
rately defined SUA level formale and female (5); sample limited to peo-
ple with diabetes and a specific disease. If data of two or more articles
were derived from the same study, we only included the most recent
one in this analysis.

2.3. Data extraction

After removing all duplicated articles from two databases, potential
titles and abstractswere screenedmanually. Full texts of potentially rel-
evant studies were then retrieved and assessed to determine eligibility
for inclusion according to established criteria detailed above. Data ex-
traction for each study included first author's name, publication year,
sample size, confounding variables, adjusted ORs and HRs (95% CI) for
the association between SUA level and outcomes, numbers of target
population and events in each SUA group if the article reported SUA
levels in quantiles.

One investigator extracted data using a predefined extraction form
and extraction checked by a different investigator. Disagreements
were discussed in a group for consensus. Each study in this meta-
analysis was assessed using Quality Assessment Tools from the National
Institute of Health which includes a series of criteria to rate quality.26

2.4. Data analysis

A data imputation process has been conducted to replace missing
values with logical approximations based on other given data in the
same study. Any uncertainties or discrepancies between the two re-
viewers were resolved through consensus or consultation with another
reviewer. All the extracted ORswere transformed into HR, using the for-
mula recommended by Grant27:

HR ≈
OR

1−pþ p� OR

(p denotes the incidence of the outcome in the non-exposed group).
The unit of HRs was standardized to a percentage per 59 μmol/l SUA

increase in each study to quantify the dose-response relationship be-
tween thebaseline SUA level and thedevelopment of diabetic complica-
tions and all-cause mortality. Since the measurement to describe SUA
were different across studies, all mg/dl or mmol/l uric acid concentra-
tions were converted to units μmol/l, using conversion rate (1 mg/dl
= 59.48 μmol/l, 1 mmol/l = 1000 μmol/l). For studies that reported
theHRs by quantiles of SUA instead of unit SUA change, we transformed
HRs of categories to HR of unit SUA increase for each study by using
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similar method used in several studies about dose-response relation-
ship based on data in each study of categories of SUA levels, number
of events and participants in each group, adjusted HR and its corre-
sponding 95% CI in each group.11,28,29 Heterogeneity was assessed
using I2 statistics, a value over 50% was considered a measure of severe
heterogeneity.30 If the test for heterogeneity was not significant, sum-
mary estimates of HRs or effect sizes and 95% CIs for the estimates
were derived using a fixed-effects model; otherwise, a random-effects
model was used.31 The meta-analysis was performed using Stata 15.1
software package.

Publication biaswas not assessed because the number of trials (b10)
was inadequate to properly examine a funnel plot or to use more ad-
vanced regression-based assessments.32

3. Results

3.1. Literature search

The process of systematic literature screening is provided in Fig. 1.
The initial literature search produced 1163 eligible articles after exclud-
ing duplications retrieved from PubMed and Web of Science databases
for the years 1980–2019. After that, a title review was conducted, and
178 articles met the inclusion/exclusion criteria. Besides, a round of ab-
stract review and a full-text review were conducted, from which 66
studies were excluded due to an irrelevant study population (not type
2 diabetes), and another set of 43 studies were excluded due to a lack
of any designated outcomes. Twelve studies were identified as appro-
priate for data abstraction and synthesized. Among those studies, 6 of
them reported the association between SUA level and all-cause
mortality.16,17,33–36 Four evaluated whether SUA level independently
predicts coronary heart/artery disease among type 2 diabetes
population.14,18,37,38 Lehto et al.15 and Wang et al.39 both found that el-
evated SUA level was associated with escalated risk of stroke in patients
with type 2 diabetes.

3.2. Characteristics of the included studies

Table 1 summarizes the baseline patient characteristics and the de-
sign of studies on the association between SUA and corresponding out-
comes. All 12 studies were published between 1998 and 2019; and they
Fig. 1. Literature Scree
all adjusted the covariates (e.g., hypertension, smoking status, etc.). For
all-cause mortality, data from six cohort studies involving a total of
11,750 individuals with diabetes were pooled. The mean age ranged
from 59.3 to 68.8 years old. Among these six studies, one was from
Korea, one was from the United States, and the other four were from
Italy. The four studies identified to examine coronary heart disease
(CHD) outcomes related to SUA levels yielded a combined population
of 3044 individuals with diabetes. One study was from Italy, and the
other three were from Asia. The mean age ranged from 57.68 to
69 years old. The mean SUA level of subjects ranged from 307 to
398.55 μmol/l. For stroke, the two studies analyzed yielded an aggregate
of 7792 patients. One group was from Finland, and the other was from
China.
3.3. Result of meta-analysis

Three forest plots with HRs (95% CIs) and pooled estimated in-
creased risks of diabetes complications and all-cause mortality with re-
spect to per 59 μmol/l increase in SUA are presented in Fig. 2, Fig. 3 and
Fig. 4. As shown in Fig. 3, the random-effectsmodelwas applied because
there was significant heterogeneity for the association between SUA
level and risk of stroke.

Fig. 2 presents theHR of all-causemortality per 59 μmol/l increase in
SUA level. Six studies were included (n = 11,750 patients), and the
overall HR was estimated to be 1.06 (95% CI: 1.03–1.09). Fig. 3 presents
the HR of CHD events per 59 μmol/l increase in SUA level. Four studies
were included (n = 3044 patients), and the overall HR was estimated
to be 1.09 (95% CI: 0.94–1.26) from a random-effects model because
of the statistically significant heterogeneity (I2 = 89.6%). We did not
find obviously different results across different study designs in these
four studies. Fig. 4 presents the HR of stroke per 59 μmol/l increase in
SUA level. Two studies were included (n = 7792 patients), and the
overall HR was estimated to be 1.19 (95% CI: 1.08, 1.31). Although
there was significant heterogeneity (I2 = 54.4%), only two studies
were included in analysis and the number is too small to estimate the
between-studies variance with any precision; therefore, the fixed-
effects model was used as the only viable option in this case.40 Since a
low number of studies was reported for each outcome, no subgroup
analyses were conducted.
ning Flow Chart.



Table 1
Summary of included studies.

Author Year Type Population Outcome Mean age (years)/
Age range

Mean SUA/SUA
range (μmol/l)

Adjustment Number
of
patients

Quality
score

Calculated
HR/59 μmol/l
SUA

Jee33 2004 Cohort Korean All-cause
Mortality

– – Yes 3200 11 1.09

Ioachimescu16 2007 Cohort American All-cause
Mortality

59.3 ± 11.5 371.7 ± 106.2 Yes 535 9 1.21

Zoppini34 2009 Cohort Italian All-cause
Mortality

Tertile 1: 67 ± 10
Tertile 2: 67 ± 10
Tertile 3: 68 ± 9

Tertile 1: 207 ± 36
Tertile 2: 280 ± 26
Tertile 3: 388 ± 91

Yes 2726 12 1.04

Ong17 2010 Cohort Italian All-cause
Mortality

64.1 ± 11.3 350 ± 100 Yes 1268 11 1.03

Panero35 2012 Cohort Italian All-cause
Mortality

68.8 ± 10.6 321.79 ± 99.33 Yes 1509 10 1.07

Lamacchia36 2017 Cohort Italian All-cause
Mortality

Tertile 1: 60.5 ± 9.3
Tertile 2: 61.4 ± 9.4 Tertile 3:

62.8 ± 9.6

Tertile 1: ≤273.63
Tertile 2:

273.63–345.01
Tertile 3:
N345.01

Yes 2512 9 1.04

Ito37 2011 Cross-Section Japanese CHD 64 ± 12 307 ± 81 Yes 1213 7 0.88
Chuengsamarn14 2014 Cross-Section Thai CHD 57.8 ± 13.4 392.60 ± 124.92 Yes 608 7 1.21
Verdoia18 2014 Case-Control Italian CHD 69 ± 9.9 398.55 ± 339.06 Yes 1173 7 0.99
Jayashankar38 2016 Case-Control Indian CHD 57.68 ± 6.04 313.49 ± 79.71 Yes 50 5 1.21
Lehto15 1998 Cohort Finnish Stroke 45–64 – Yes 1017 7 1.35
Wang39 2017 Cross-Section Chinese Stroke 52.23 ± 6.07 299.79 ± 88.80 Yes 6775 10 1.14

CHD: coronary heart disease; SUA: serum uric acid; HR: hazard ratio.
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4. Discussion

Although previous studies have investigated the relationship be-
tween SUA and CVD or all-cause mortality risk in certain disease popu-
lations or the general population, to our best knowledge, this meta-
analysis is the first to summarize the available evidence on the relation-
ship between SUA level and the development of twomajor cardiovascu-
lar complications and all-cause mortality in individuals with type 2
diabetes. The majority of the included studies had adequate sample
Fig. 2. Meta-analysis result of a
sizes, follow-up lengths (cohort studies), and confounder adjustments.
This systematic review provides a meta-analysis of 12 relevant studies
involving a total of N22,000 individuals. The main findings suggested a
significantly positive correlation with each 59 μmol/l increase in SUA
leading to a 6% increase in the risk of all-cause mortality and a 19% in-
crease in the risk of stroke among individuals with a diagnosis of type
2 diabetes.

Within the population analyzed for this review, the association be-
tween increasing SUA levels and CHD did not reach statistical
ll-cause mortality studies.
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significance. While our results suggested that SUA may not be a major
risk factor for CHD in this specific type 2 diabetes cohort, the findings
from other groups indicated that SUA does play an important role in
CHD risk in other populations. For example, one meta-analysis found
that in patients with coronary heart disease, each 1 mg/ml SUA rise in-
creased all-cause mortality by 20%.41 Additionally, another systematic
Fig. 4.Meta-analysis resu
review found that hyperuricemia was associated with increased risk of
CHD (adjusted RR 1.13; 95% CI 1.05–1.21) in the general population.42

This analysis only included studies with type 2 diabetes popula-
tion. There were some studies excluded because they included a
sample population with both type 2 diabetes and one more disease.
For example, one study concluded elevated SUA levels are
lt of stroke studies.
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significantly associated with 1-year all-cause mortality among the
population with both type 2 diabetes and coronary artery
disease.43 We excluded these studies because our study aims to
evaluate the effect of SUA level on the progression of CVD and all-
cause mortality among the general diabetes population not the
population with both diabetes and a specific disease. Therefore, re-
sults from this meta-analysis could be applied to diabetic popula-
tion no matter whether they have other certain diseases.

The following limitations must be considered while interpreting the
findings. First, our estimation on the HRs between SUA level and CHD,
stroke, and mortality may suffer from publication bias. In other words, if
positivefindings aremore likely to be published in this particular research
topic, we may have overestimated the actual HRs in the general popula-
tion. Second, we cannot determine whether the role of SUA on the risk
of complications in type 2 diabetes population is a dose-response or a
threshold effect.28 Third, significant heterogeneity was observed, thus,
random-effects models might provide studies with a small sample size a
higher weight to decrease the influence of heterogeneity. Although we
extracted adjusted associations from selected studies, not all studies con-
trol the same confounding factors which include cardio-metabolic vari-
ables, physical activities, diabetes-related variables, unhealthy behaviors,
drug treatment, and et al. The variation of covariates across studies
could also influence our estimation on pooled associations. Fourth, the
limited number of articles included in the meta-analysis may limit the
generalizability of the combined HRs. Especially, only two studies related
strokewere included and they had different study designs. Future studies
could include more studies and conduct meta-analysis separately for dif-
ferent study designs. Wemay not have identified some studies that were
unpublished or published in other languages.

In this study, we only stressed the association between SUA level and
macrovascular diseases. However, there were rising studies showed an
association between high SUA level and microvascular diseases, such as
retinopathy, nephropathy, and neuropathy.22,44,45 Previous meta-
analysis has already concluded that elevated SUA is an independent risk
factor for vascular complications and mortality in diabetes patients.28

However, it synthesized studies of several vascular diseases of both
macrovascular and microvascular diseases but not for a certain type of
vascular disease.

5. Conclusions

This study emphasizes the importance of managing SUA levels to
prevent all-cause mortality and stroke among type 2 diabetes popula-
tion. SUA levels were found to be associated with a higher risk of all-
cause mortality and stroke. However, among the identified type 2 dia-
betes population, there is no significant association between SUA level
and CHD. It also raises concerns for a potentially neglected damage
caused by a certain class of anti-diabetic drugs which has an impact
on increasing SUA level. More work should be done to further elucidate
the relationship between serum uric acid levels and anti-diabetic med-
ications since this association could have global clinical implications in
the management of diabetes patients.
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