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Abstract: Objective: This study evaluated the prognostic power of serum uric acid (UA) in predicting adverse events in elderly acute
coronary syndrome (ACS) patients with diabetes mellitus (DM). Methods: The analysis involved 718 ACS patients >80 years old
whose general clinical data and baseline blood biochemical indicators were collected prospectively from January 2006 to
December 2012. These patients were classified into two groups based on DM status, and then followed up after discharge. The
Kaplan-Meier method was used for major adverse cardiac event (MACE) rates and all-cause mortality. Multivariate Cox
regression was performed to analyze the relationship between UA level and long-term clinical prognosis. Receiver operating
characteristic (ROC) curves were analyzed to predict the cutoff value of UA in elderly ACS patients with DM. There were 242
and 476 patients in the DM and non-DM (NDM) groups, respectively, and the follow-up time after discharge was 40—120
months (median, 63 months; interquartile range, 51-74 months). Results: The all-cause mortality, cardiac mortality, and MACE
rates in both DM and NDM patients were higher than those in the control group (P=0.001). All-cause mortalities, cardiac
mortalities, and MACE rates in DM patients with moderate and high UA levels were significantly higher than those in the NDM
group (P=0.001). Long-term survival rates decreased significantly with increased UA levels in the ACS groups (P=0.001). UA
(odds ratio (OR)=2.106, 95% confidence interval (CI)=1.244—3.568, P=0.006) was found to be an independent risk factor for
all-cause mortality and MACE in elderly ACS patients with DM. The cutoff value of UA was 353.6 umol/L (sensitivity, 67.4%;
specificity, 65.7%). Conclusions: Serum UA level is a strong independent predictor of long-term all-cause death and MACE in
elderly ACS patients with DM.
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1 Introduction Acute coronary syndrome (ACS) is a clinical subtype

of CHD, which is a group of clinical syndromes caused
According to the 2020 China cardiovascular disease

report, the population with cardiovascular disease in

by acute myocardial ischemia. The clinical classifica-
tion includes unstable angina pectoris, acute ST-segment

China has reached 330 million, with cardiovascular dis-
eases as the leading causes of death in China, including
11.39 million patients with coronary heart disease (CHD)
(National Center for Cardiovascular Diseases, 2021).
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elevation myocardial infarction (STEMI), and acute non-
ST-segment elevation myocardial infarction (NSTEMI)
(Komaru et al., 2019). Important mechanisms for the
occurrence of ACS include microcirculation disorder,
type of atherosclerotic plaque, function of vascular
endothelium, decrease of coronary blood flow, and
inflammatory response (Jin et al., 2017). Old age and
diabetes mellitus (DM) are both independent risk fac-
tors for ACS (Guo et al., 2018). It is reported that about
75% of patients hospitalized for CHD have abnormal
glucose metabolism, and the rate of coronary artery
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lesions is relatively high (Fu et al., 2013; Bonaca et al.,
2018). Persistent hyperglycemia in patients results in
disorders of platelet structure and function, enhances
aggregation and adhesion of platelets, and increases
the risk of thrombosis (Xu et al., 2020). Uric acid (UA)
is the final product of purine oxidation metabolism in
the human body and is excreted with urine. Clinical
studies illustrate that the patients with conditions such
as CHD, hypertension, heart failure, DM, metabolic
syndrome, or chronic renal insufficiency have high
serum UA levels, and high UA in the body not only
increases the risk of cardiovascular disease, but also
is a risk factor for poor prognosis of these diseases
(Ndrepepa, 2018; Wannamethee et al., 2018; Yu and
Cheng, 2020). Wang et al. (2016) showed that during a
follow-up of 2—-3 years, when serum UA levels in-
creased in CHD patients who were about 60 years
old, the risks of all-cause mortality and cardiac death
increased significantly. Baseline serum UA level has
been effective in evaluating and predicting the prog-
nosis of patients with different subtypes of ACS
(Timoteo et al., 2013; Spiga et al., 2017; Cicero et al.,
2018; Lazzeroni et al., 2018; Tscharre et al., 2018). In
fact, hyperuricemia is closely related to DM. A high
UA level may lead to decreased hepatic insulin clear-
ance rate and insulin sensitivity of target organs, and
increased fasting and postprandial insulin levels and
hepatic insulin resistance index (Kramer et al., 2010;
Perticone et al., 2012; Fiorentino et al., 2018). Serum
UA is an independent risk factor and an important pre-
dictor of DM (Keerman et al., 2020). However, among
the clinical studies on the prognosis of ACS patients with
DM, there are few studies on the predictive value of
UA, especially with regard to elderly people (who
have not been clearly reported), and the pathophysio-
logical mechanism has not been clarified. Our study
analyzed the baseline serum UA level after admission
and the incidence of main cardiovascular adverse
events within 120 months after discharge of elderly
ACS patients, aiming to investigate whether serum
UA level is an independent risk factor for the long-
term prognosis of elderly ACS patients with DM.

2 Patients and methods

This was a prospective cohort study conducted in
the Chinese People’s Liberation Army (PLA) General
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Hospital Cardiac Center from January 2006 to December
2012. We enrolled a total of 718 patients aged (81.57+
2.16) years who were hospitalized for coronary angio-
graphy due to chest tightness, chest pain, or other sus-
picious symptoms of ACS, including 509 males and
209 females, 242 diabetic patients and 476 non-
diabetic patients. Based on the results of coronary
angiograms, the subjects were divided into a control
group and a research group; the control group included
89 patients who had normal coronary angiograms, while
the research group included 629 patients diagnosed
with ACS. The patients were followed up once every
12 months after discharge to record the occurrence of
major adverse cardiac event (MACE), including nonfatal
acute myocardial infarction (AMI), target vessel revas-
cularization (percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG)), cardiac
death, and all-cause death. The main outcomes of this
study were MACE and all-cause mortality (cardiovas-
cular and non-cardiovascular mortalities).

2.1 Inclusion criteria

All patients underwent coronary angiography in
Chinese PLA General Hospital to confirm the diagnosis
of CHD. The severity of coronary artery stenosis was
recorded in terms of Gensini score, and those who
recorded experimental data were trained uniformly.
Based on coronary angiogram results, individualized
treatment strategies were performed for all patients,
including intensive treatment with medicine, PCI or
CABG; and long-term follow-up was performed after
discharge.

2.2 Exclusion criteria

The patients who met the following criteria were
exclude: patients with severe valvular heart disease,
pulmonary hypertension, severe liver insufficiency, rheu-
matoid arthritis, malignant tumors, gout, or infectious
diseases; patients who had taken UA-lowering drugs
within the past month; or patients with neuropsychiatric
disorders that prevented them from cooperating with
the researcher.

2.3 Clinical data

We recorded general information (age, gender,
body mass index (BMI), heart rate, blood pressure, left
ventricular ejection fraction (LVEF), and Gensini score),
cardiovascular risk factors (hypertension, hyperlipidemia,
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previous myocardial infarction (MI), previous stroke,
chronic renal failure (CRF), and smoking), and blood
biochemical indices at admission (total cholesterol (TC),
triglyceride (TG), high-density lipoprotein-cholesterol
(HDL-C), low-density lipoprotein-cholesterol (LDL-C),
fasting blood glucose (FBG), UA, creatinine, and glyco-
sylated hemoglobin (HbA1c)), which were taken after
12 h of fasting prior to admission. We also recorded
cardiovascular medication experience (aspirin, clopi-
dogrel, B-blockers, angiotensin-converting enzyme
inhibitor (ACEI)/angiotensin receptor blocker (ARB),
or statins).

The estimated glomerular filtration rate (eGFR)
was calculated with the Chinese Modification of Diet
in Renal Disease (MDRD) equation (Ma et al., 2006):
eGFR=175xScr "**xage*'”x0.79 (if female), where
eGFR is in mL/min per 1.73 m’ Scr is standardized
creatinine concentration in mg/dL, and age is in year.
Scr was calculated with a calibration equation (Guo et al.,
2014): Scr=0.795x%Scr,,,+0.29, where Scr,,, is Scr mea-
sured by enzymatic method (mg/dL). Chronic kidney
disease was defined as eGFR<60 mL/min per 1.73 m’.

2.4 Statistical analysis

All data in this study were processed using SPSS
software Version 25.0 (IBM Corporation, Armonk,
NY, USA). The measurement data of normal distribu-
tion were expressed as meantstandard deviation (SD).
If the variances were homogeneous, the #-test was used;
if the variances were not homogeneous, the rank sum
test was used. The measurement data of non-normal
distribution were represented by medians with interquar-
tile range (IQR). The enumeration data were expressed
numerically and differences between groups were
assessed using the Chi-square test. Analysis of variance
(ANOVA) was used to compare data between groups.
Multiple Cox proportional regression analysis (odds
ratio (OR), 95% confidence interval (CI)) was used to
identify the factors associated with all-cause mortality
and MACE. P<0.05 indicates a statistically significant
difference.

3 Results
3.1 Baseline characteristics of study subjects

Of the 718 subjects in this cohort study, a total of
629 patients diagnosed with ACS were assigned to the

study group. After measuring their UA levels according
to the third equalization point, we divided them into
three groups: Group 1 (low UA levels), including 205
patients with UA levels from 15.7 to 303.0 pumol/L;
Group 2 (moderate UA levels), including 209 patients
with UA levels from 303.4 to 380.8 umol/L; and Group 3
(high UA levels), including 215 patients with UA levels
from 381.9 to 912.8 umol/L. The UA level in the control
group was normal ((344.2+98.5) umol/L).

The average heart rate of Group 3 was higher
than that of the control group. LVEF of patients with
DM in Group 2 was significantly lower than that of
those in Group 1 or the control group (P<0.01). TG of
patients with DM in Group 3 was significantly higher
than that of those in Group 2 (P<0.01). In the study
group, with the increase of UA level, eGFR showed a
significant downward trend, and patients with DM had
lower eGFR than patients without DM (P<0.01), while
TG (P<0.05) and FBG (P<0.01) levels of patients
with DM were higher than those of patients without
DM. There were no statistically significant differences in
blood pressure, coronary artery stenosis score, combined
diseases, or medication status (P>0.05; Table 1).

Pearson’s correlation analysis showed that UA levels
were negatively correlated with eGFR (r=-0.202, P=
0.002; Fig. 1a) and EF (»=-0.139, P=0.04; Fig. 1b) in
ACS patients with DM.

3.2 Long-term prognosis of patients

We conducted long-term follow-up of all 718 en-
rolled subjects, with a follow-up time of 40—120 months
(median: 63 months; IQR: 51—-74 months). The all-
cause mortalities of the four groups with DM were
10.0% (2/20), 10.6% (7/66), 39.8% (33/83), and 58.9%
(43/73) (P<0.0001), respectively; the respective cardiac
mortalities were 5.0% (1/20), 3.0% (2/66), 18.1% (15/
83), and 42.5% (31/73) (P<0.0001); MACE rates were
15.0% (3/20), 21.2% (14/66), 54.2% (45/83), and 65.8%
(48/73) (P<0.0001), respectively. The all-cause mor-
talities of the four groups without DM were 13.0%
(9/69), 15.1% (21/139), 19.0% (24/126), and 47.9%
(68/142) (P<0.0001), respectively; the respective cardiac
mortalities were 1.4% (1/69), 4.3% (6/139), 9.5% (12/
126), and 32.4% (46/142) (P<0.0001); MACE rates
were 13.0% (9/69), 25.2% (35/139), 31.0% (39/126),
and 55.6% (79/142) (P<0.0001), respectively. The long-
term prognoses of the four groups, both with and
without DM, were significantly different (P<0.0001).
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Table 1 Clinical characteristics of octogenarians in study population

Control group Group 1 Group 2 Group 3 P
Characteristics DM NDM DM NDM DM NDM DM NDM value
(n=20) (n=69) (n=66) (n=139) (n=83) (n=126) (n=73) (n=142)
General conditions
Age (years) 82.1+1.8  81.3%£1.7 81.3%1.7 822424 81.4+1.9 82.1£2.3  82.0+2.2 81.9£2.0 0.325
Male 12 43 37 95 61 100 52 109 0.103
Female 8 26 29 44 22 26 21 33 0.211
HR (beat/min) 66.9+11.5 71.9+10.4 75.3+13.8 74.2+14.0 74.8£13.3  72.1+12.3 77.9+14.5%% 76.2+15.5 0.001
BMI (kg/m’) 244433  24.0£3.9 244433 24.1+£3.5 25.6£3.4 24.1+£3.1 24.3+£3.2 24.9+3.3  0.501
SBP (mmHg) 142.5421.7 136.7£17.7 141.8+13.4 135.4+22.6° 138.3£21.9 136.5+23.5 138.1+24.1 135.1+£20.4 0.549
DBP (mmHg) 71.6£14.6 72.9+11.1 70.5+11.6 71.1+11.7 70.7£12.7  72.6£11.2 68.4+12.1 72.4+11.1° 0.006
EF (%) 60.1£7.9  60.746.6  58.1+6.1 55.6+13.7 54.148.6°*" 56.6+8.3 54.7+11.0 53.6+10.6 0.001
Gensini score 0 0 49.1+£39.6 50.8+38.2 55.2+40.8  45.8442.3 59.2442.4  60.6+48.7 0.493
Risk factors
Hypertension 17 55 55 97 75 90 63 109 0.641
Hyperlipoidemia 4 19 20 30 18 26 16 33 0.566
Previous MI 0 6 8 27 17 23 10 32 0.105
Previous stroke 5 7 10 27 21 27 18 32 0.441
CRF 2 3 7 9 14 12 15 20 0.367
Smoking 3 9 17 27 26 31 23 35 0.287
Baseline blood features
TC (mmol/L) 3.9+1.0 3.840.8  3.9+1.0 4.1£0.9 4.1£1.0  4.1£1.0 4.1£0.89  4.2+1.0 0.499
TG (mmol/L) 1.3+0.6 1.2+£0.5  1.5+0.9 1.2+0.6°  1.4+0.6 1.3+0.7 1.7£0.977 1.5+0.8° 0.003
HDL-C (mmol/L)  1.3+0.5 1.2+40.3  1.2+0.3 1.2+0.4 1.1+0.3 1.2+0.4 1.1+0.5 1.1+0.3 0.297
LDL-C (mmol/L)  2.1+0.7 2.1+£0.7  2.1+£0.9 2.5+0.7%  2.3+0.9  2.440.8 2.3+0.7 2.5+0.9¢ 0.003
FBG (mmol/L) 6.0+1.7 57+£1.6  8.5+3.1%%  6.3+22%  7.8+£2.6%% 6.3+2.7%  8.2+3.0%% 6.5£2.6%  0.001
HbAlc (%) 7.9+2.6 7.0£2.8  8.2+2.7 6.9£2.3%  8.1£2.3 7.1£2.6%  8.442.2 7.1£2.4%  0.001
eGFR (mL/min 68.6+17.6 78.2+16.7°79.4+20.8 77.8+30.1 69.0+18.5" 71.5£16.0°*" 62.2+20.8"" 68.5£19.9**2" 0.002
per 1.73 m?%)
Cardiovascular medications
Aspirin 19 64 66 137 81 122 71 136 0.483
Clopidogrel 15 58 66" 138 80" 120 67" 133 0.001
B-Blocker 14 36 42 83 53 67 56 98 0.336
ACEI/ARB 13 42 41 71 49 59 51 76 0.559
Statin 15 64 6474 129 74 120 66 135 0.030

Data are shown as meanzstandard deviation (SD) or number () of patients. “P<0.05, ““P<0.01, ACS vs. control; “P<0.05, *P<0.01, Group 2
vs. Group 1; "P<0.05, “P<0.01, Group 3 vs. Group 1; VP<0.05, ¥V P<0.01, Group 3 vs. Group 2; P<0.05, ¥P<0.01, DM vs. NDM in the same
group. P values in bold are <0.05. ACEI: angiotensin-converting enzyme inhibitor; ACS: acute coronary syndrome; ARB: angiotensin receptor
blocker; BMI: body mass index; CRF: chronic renal failure; DBP: diastolic blood pressure; DM: diabetes mellitus; EF: ejection fraction; eGFR:
estimated glomerular filtration rate; FBG: fasting blood glucose; HbAlc: glycosylated hemoglobin; HDL-C: high-density lipoprotein-
cholesterol; HR: heart rate; LDL-C: low-density lipoprotein-cholesterol; MI: myocardial infarction; NDM: non-diabetes mellitus; SBP: systolic

blood pressure; TG: triglyceride; TC: total cholesterol.

All-cause mortality and MACE in Group 2 were
significantly higher for patients with DM (P=0.001), but
there were no significant differences in the other three
groups between DM and non-DM patients for long-
term prognosis. All-cause mortality, cardiac mortality,
and MACE rates were significantly higher in both DM
and non-DM (NDM) patients in Group 3 compared to

the other groups (P<0.01). Meanwhile, the all-cause
mortality, cardiac mortality, and MACE rates in Group 2
patients with DM were significantly higher than those
in the control group or Group 1 (P<0.01), as shown in
Table 2 and Fig. 2.

We analyzed the data with Kaplan-Meier survival
curves, and the results showed a statistically significant
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Fig. 1 Correlation of uric acid (UA) with estimated glomerular filtration rate (eGFR) (a) and ejection fraction (b) in
acute coronary syndrome (ACS) patients with diabetes mellitus (DM).

Table 2 Long-term prognosis in ACS octogenarians among the four groups

Number of patients

Group All-cause death Cardiac death AMI Revascularization MACE

Control

DM (n=20) 2 1 1 0 3

NDM (n=69) 9 1 0 0 9
Group 1

DM (n=66) 7 2 2 5 14

NDM (n=139) 21 6 5 9 35
Group 2

DM (n=83) 334 15" 2 10 4505M

NDM (rn=126) 24 12 4 11 39%
Group 3

DM (n=73) 4300V 3aavee 0 5 48447

NDM (n=142) 6844V 4627V 0 11 7944V
P-value <0.001 <0.001 0.433 0.308 <0.001

£P<0.05, “#P<0.01, ACS vs. control group; * P<0.05, *P<0.01, Group 2 vs. Group 1; "P<0.05, "P<0.01, Group 3 vs. Group 1; *P<0.05, V" P<0.01,
Group 3 vs. Group 2; YP<0.05, ¥P<0.01, DM vs. NDM. ACS: acute coronary syndrome; AMI: acute myocardial infarction; DM: diabetes
mellitus; NDM: non-diabetes mellitus; MACE: major cardiovascular events; UA: uric acid.
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Fig. 2 All-cause mortalities in the four groups for DM and
NDM patients. UA levels: control (105.0-488.8 pmol/L), DM
(366.88+114.44) pmol/L and NDM (332.55+86.24) pmol/L;
Group 1 (15.7-303.0 pmol/L), DM (253.47+44.66) pmol/L and
NDM (252.41+51.18) pmol/L; Group 2 (303.4—380.8 pmol/L),
DM (346.80+22.22) pmol/L and NDM (348.57+23.38) pmol/L;
Group 3 (381.9-912.8 pmol/L), DM (499.66+100.73) pmol/L
and NDM (486.47+91.08) pmol/L. DM: diabetes mellitus;
NDM: non-diabetes mellitus; UA: uric acid.

difference in long-term survival in ACS patients with
DM (P=0.001). As the UA level increased, the long-
term survival rate decreased sharply (Fig. 3).
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Fig. 3 Kaplan-Meier survival curves of long-term survival
rates for the diabetic patient study group.

3.3 Effects of independent risk factors on long-
term prognosis

At the end of follow-up, we performed a Cox
regression analysis to determine the factors that were
associated with all-cause mortality and MACE. After



adjusting for general conditions (sex, age, BMI, sys-
tolic blood pressure (SBP), and LVEF), risk factors
(hypertension, hyperlipidemia, previous MI, stroke,
and CRF), and blood biochemistry indicators (TG,
TC, HDL-C, and LDL-C), we found that heart rate
(OR=1.04, 95% CI=1.02-1.06, P=0.001), eGFR (OR=
0.983, 95% CI=0.965-0.998, P=0.002), diastolic blood
pressure (OR=0.968, 95% CI=0.945-0.990, P=0.006),
and UA (OR=2.106, 95% CI=1.244-3.568, P=0.006)
were independent risk factors for all-cause mortality
in ACS patients with DM. In addition, heart rate (OR=
1.03, 95% CI=1.01-1.05, P=0.001) and UA (OR=
1.752, 95% CI=1.068-2.876, P=0.026) were indepen-
dent risk factors for MACE in ACS patients with DM.

3.4 Diagnostic powers of uric acid for long-term
all-cause death

We established receiver operating characteristic
(ROC) curves corresponding to the survival and death
conditions of the DM group and the NDM group
(Figs. 4a and 4b), and calculated the cutoff value of
UA. The area under curve (AUC) of UA in the DM
group was 0.726 (95% CI=0.658-0.794, P=0.0001;
Fig. 4a) and the cutoff value for all-cause mortality was
353.6 umol/L (sensitivity: 67.4%; specificity: 65.7%).
The AUC of UA in the NDM group was 0.663 (95% Cl=
0.601-0.726, P=0.0001; Fig. 4b). Then, according to these
UA cutoff values, we divided DM patients in the study
group into two groups, Group A (UA<353.6 pmol/L)
and Group B (UA>353.6 umol/L). The all-cause mor-
tality rates were 23.97% (29/121) in Group A and
53.47% (54/101) in Group B (P<0.001). Thus, the
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statistical results showed that elevated baseline of
serum UA level was an independent risk factor for
all-cause mortality in elderly ACS patients with DM.

4 Discussion

ACS is a generic term for all kinds of clinical
syndromes caused by acute or subacute myocardial
ischemia. The main pathophysiological basis is thrombus
formation secondary to coronary artery spasm or rupture
of atherosclerotic plaque in coronary arteries (Tsujita
et al., 2016; Mani et al., 2019). Traditional risk factors of
CHD include age, hypertension, DM, hyperlipidemia,
and smoking, and as a major risk factor, DM has been
of interest to many scholars (Pullinger et al., 2021).
Studies have shown that long-term hyperglycemia leads
to increased vascular endothelial permeability and abnor-
mal expression of inflammatory factors, and thus causes
the body to be in a state of high inflammatory response
(Ruszkowska-Ciastek et al., 2015; Zhou et al., 2020).
In addition, hyperglycemia leads to excessive production
of reactive oxygen species (ROS) and decreases the
activity of antioxidant enzymes, and thus causes oxida-
tive stress (Contreras-Zentella et al., 2019). All of these
factors contribute to the development of coronary
atherosclerosis, which ultimately leads to the occur-
rence of CHD. Studies illustrate that as an indepen-
dent risk factor of CHD, DM has a high predictive
value for the occurrence of CHD (Lu et al., 2020). The
most common type of DM is type 2. In this study, we
selected elderly ACS patients with type 2 DM as research
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Fig. 4 ROC curves of UA for discrimination between surviving and deceased patients, for ACS patients with DM (a) and
NDM (b). ROC: receiver operating characteristic, UA: uric acid; ACS: acute coronary syndrome; DM: diabetes

mellitus; NDM: non-diabetes mellitus.
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subjects, which means that the results could be widely
applicable. We analyzed the general conditions and
prognostic indicators of both DM and NDM patients.
Of the elderly patients with ACS included in our
study, more than one-third had DM, a 20% higher rate
than previously reported (Sethi et al., 2012).

UA is the final metabolite of various purines in
the body, and the UA level of the body is affected by
a variety of factors such as excessive purine intake,
reduced excretion, metabolic disorders, and gene muta-
tions, which may increase the UA level (Bailey, 2019;
Zhao et al., 2021). Gertler et al. (1951) first proposed an
association between baseline serum UA level and CHD.
Since then, multiple epidemiological studies and meta-
analyses have shown that hyperuricemia is an indepen-
dent risk factor for CHD. Baseline serum UA level is
positively correlated with the incidence and severity of
CHD, and for each 1 mg/dL increase in UA level,
patient’s chances of all-cause mortality increase by
approximately 12% (Purnima and El-Aal, 2016). How-
ever, there is no clear report on the indicators for long-
term prognosis in elderly ACS patients with DM, using
UA as an evaluation factor.

In this study, we prospectively collected the clinical
information of 718 elderly patients with suspected ACS
who were admitted due to chest tightness and chest
pain, and performed ten years of follow-up. Our objec-
tive was to analyze the relationship between baseline
serum UA levels and long-term prognosis, including all-
cause mortality, cardiovascular death, and MACE, and
our emphasis was on the long-term prognosis of patients
with DM. The main findings of our study are as follows:
(1) UA is a predictor of all-cause mortality and MACE
in elderly ACS patients with DM; (2) the ability of
UA to predict the prognosis of these patients increases
with higher UA levels; (3) with the extension of follow-
up time, the effect of UA on the prognosis of these
patients becomes more significant; (4) the predictive
power of UA is stronger in DM patients than in NDM
patients. In addition, we found that in the study group,
the Gensini scores of patients did not show significant dif-
ferences as UA levels increased, which was inconsistent
with previous reports (Levantesi et al., 2013; Wei et al.,
2017). This finding may be related to the significant
increase in the coronary artery lesion scores in all
elderly patients enrolled in this study. By comparison
and analysis of all-cause mortality and MACE rate in
the study group, we found that only Group 2 showed

differences in the results of DM and NDM patients,
while high UA made no difference in Group 3. However,
the long-term prognosis indicators of both DM and
NDM patients in Group 3 were significantly worse
than those of the other three groups. These results suggest
that the impact of elevated UA level on the long-term
prognosis of elderly ACS patients may be higher than
that of diabetes.

Our results also showed that the UA cutoff value
for elderly ACS patients with DM was 353.6 pmol/L.
Cox regression results showed that after adjusting for
other factors, UA was indeed an independent risk factor
for all-cause mortality (OR=2.106, P=0.006) and MACE
(OR=1.752, P=0.026) in elderly ACS patients with DM.
Therefore, in clinical practice, we should pay attention
not only to the traditional risk factors for CHD such as
age, hypertension, hyperlipidemia, smoking, or drinking,
but also to patients’ UA levels, and physicians should
consider the effect of drugs on the UA metabolism.

Previous research indicated that a hyperuricemic
state in the body mainly promotes the development of
CHD via the following means: (1) activating platelets,
promoting thrombosis, and activating inflammatory
mediators to reduce plaque stability (Kimura et al.,
2020); (2) stimulating nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase, leading to abnormal
structure and function of vascular endotheliocytes, and
affecting production of adenosine triphosphate (ATP),
resulting in dysfunction of vascular endotheliocytes
(Grossman et al., 2019); (3) leading to the precipitation
of urate crystals and excessive generation of oxygen free
radicals, which reduces the stability of plaques (Wang
et al., 2019). Saito et al. (2019) pointed out that elevated
UA level was closely related to vascular endothelial
dysfunction in ACS patients, which may contribute to
poor prognosis. In addition, UA reduces the ability of
endotheliocytes to utilize nitric oxide (NO), and acti-
vates the oxidative stress response of mitochondria
and the renin-angiotensin-aldosterone system (RAAS),
thus increasing the incidence of cardiovascular disease
(Nishida et al., 2013). In terms of the interaction
between UA and DM, inflammation and oxidative stress
induced by high UA may further reduce insulin sensi-
tivity and affect the expression of insulin genes in
patients (Verma et al., 2020). UA increases intracellular
ectonucleotide pyrophosphatase/phosphodiesterase 1
(ENPP1), thereby directly inhibiting the insulin signaling
pathway at the receptor level (Tassone et al., 2018). In



ACS patients with DM, UA causes insulin dysfunction
and abnormal glucose metabolism, promoting oxida-
tive stress, and ultimately aggravates the damage caused
to the cardiovascular system by hyperglycemia itself.

In summary, with the growth of global aging and
the increasing incidence of CHD, the population with
CHD complicated with DM is increasing year by year.
In addition to developing diagnostic techniques and
treatment methods, it is necessary to find appropriate
and accessible predictors to evaluate the prognosis of
these patients. At present, there are relatively few studies
on predictors of prognosis for elderly ACS patients with
DM. This study used large samples, performed an up-to-
ten-year follow-up study, and finally confirmed that UA
is an independent risk factor for evaluating the prog-
nosis of such patients. Moreover, the UA test process
is simple and inexpensive. Therefore, it can be used as
an addition to the clinical detection index.

This study has the following limitations: (1) sample
size: although a total of 718 elderly ACS patients were
included in this study, there were only 20 DM patients in
the control group and 73 DM patients in the high-UA
group, so additional verification may be required in these
two groups; (2) it was a single-center observational study,
and selectivity bias may have affected the results, which
should be verified by multi-center studies; (3) the pur-
pose of the study was to research the correlation between
UA and the prognosis of elderly ACS patients with DM,
but the experimental data did not include mean data of
blood glucose, LDL-C, or UA from the follow-up period.

5 Conclusions

Baseline serum UA level is an independent pre-
dictor of long-term all-cause death, cardiac death, and
MACE in elderly ACS patients with DM, and the
higher the UA level, the more accurate the prediction.
Therefore, UA may become a new indicator for the
long-term prognosis of elderly ACS patients with DM.
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