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ABSTRACT

OBJECTIVES: The objective of this study was to identify a parameter that can facilitate the diagnosis of
prediabetes and predict the likelihood of its development in individuals at high risk.

METHODS: In this retrospective study, the study population was selected from Bolu Abant Izzet Baysal
University Hospital’s patients. Participants were divided into two groups, prediabetes and healthy group. We
excluded individuals with certain conditions or taking certain medications. The study compared the ratios of uric
acid to high-density lipoprotein (HDL) between the two groups and identified the optimal point of differentiation.
RESULTS: The study analyzed data from 228 individuals, including 125 with prediabetes and 103 healthy
controls. Those with prediabetes had a significantly higher median UHR (0.13 (0.07-0.24) %) compared to
healthy individuals (0.09 (0.05-0.16) %) (p < 0.001). Higher UHR values were associated with a greater risk

of prediabetes. A UHR cut-off points greater than 0.11 % had a sensitivity of 74 % and specificity of 69 % in

detecting prediabetes.

CONCLUSION: The study provides evidence that UHR can serve as a practical and valuable diagnostic and
screening tool for prediabetes (Tab. 2, Fig. 1, Ref. 23). Text in PDF www.elis.sk
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Introduction

Prediabetes is considered a condition that occurs prior to
type 2 diabetes mellitus. It is associated with insulin resistance
(1). If untreated, many people with prediabetes develop overt
type 2 diabetes. Since it has close relationship with deteriorated
glucose metabolism, inflammation is involved in pathogenesis of
prediabetes (2). Chronic, low grade and continuous inflammatory
burden has been noted not only in prediabetes but also in type 2
diabetes mellitus.

Recent works have reported significant association between
inflammatory markers and metabolic/inflammatory diseases. One
of those markers is the uric acid/HDL cholesterol ratio (UHR),
which has been introduced as a novel metabolic and inflammatory
indicator. Associations between UHR and metabolic conditions,
such as metabolic syndrome (3, 4), type 2 diabetes mellitus (5),
and hepatosteatosis (6) have been reported. Moreover, it is also
associated with inflammatory conditions including hypertension
(7), chronic complications of diabetes mellitus (8), and cardiovas-
cular diseases (9). Furthermore, recent studies have suggested that
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UHR has predictive (10), and prognostic (11) roles in patients with
heart conditions. However, to the best of our knowledge there are
no reports in the literature that studied UHR in prediabetic states.

In the present study we aimed to investigate UHR levels of
prediabetes patients and to compare them with those of healthy
individuals. We also aimed to find out whether UHR was correlated
with other metabolic and inflammatory markers in this population.

Methods

Study population

After obtaining ethical approval from local ethics committee
(approval number: 2023/38), we retrospectively analyzed data of
subjects diagnosed with prediabetes (either impaired fasting glucose
or impaired glucose tolerance) between February 2019 and February
2023. The data of the patients were obtained from patients’ files and
institutional database. The control subjects were volunteers who
visited outpatient clinics of our institution for a routine check-up
and were considered as healthy according to their examination and
laboratory results. The patients with overt diabetes mellitus, preg-
nancy, cancer, under 18 years of age, chronic kidney disease, and,
on medications that alter serum uric acid (i.e., thiazides) or serum
HDL levels (statins or other hypolipidemic drugs) were excluded.

Age, gender, weight, height, waist circumference, systolic and
diastolic blood pressures, and heart rate data of the participants were
recorded. Laboratory parameters such as fasting blood glucose,
glycated hemoglobin (HbA1c¢), serum uric acid, serum lipids (total
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cholesterol, LDL cholesterol, HDL cholesterol and triglyceride),
serum creatinine, glomerular filtration rate (GFR), C reactive protein
(CRP), serum albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), white blood cell (WBC) count, hemo-
globin, hematocrit, and, platelets count were collected. Body mass
index (BMI) is calculated by division of weight (kg) by the square
of height (meters). UHR was obtained by division of serum uric acid
by the HDL cholesterol levels in serum. General characteristics and
laboratory data of the prediabetes and control group were compared.

Statistical analyses

Statistical analyses were performed with statistics software
(SPSS 16.0 for Windows, IBM Co. Chicago, IL, USA). The
analysis of the variables whether they fit into normal distribution
was conducted with Kolmogorov—Smirnov test. The variables

Tab. 1. General characteristics of participants.

with homogeneous distribution were expressed as mean = SD and
compared by independent samples t-test. Mann—Whitney U test
was used for comparisons of non-homogeneous variables and these
parameters were expressed as median (min, max). Categorical
variables were expressed as numbers and, percentage, and com-
pared by Chi-square test. Correlations between UHR and other
parameters were conducted by Pearson’s correlation analysis test.
The sensitivity and specificity of UHR in detection of prediabetes
were analyzed by ROC Analyze. p values lower than 0.05 were
considered as statistically significant.

Results

Our population consisted of 228 participants. Out of them,
125 subjects were prediabetes and 103 people were healthy ones.
The mean age of prediabetes and control groups

was 42 + 12 years and, 41 + 13 years, respectively

Prediabetic patients Control group

(p=0.29). 52 subjects (50.5 %) of the control group

(n = 125) (n =103) p were men while 54 (43 %) of prediabetes subjects
X2 were men (p = 0.27).

Gender 0.27 The differences of prediabetes and control
Men (n (%)) 54 (43.2%) 52 (50.5%) groups were insignificant in terms of height (p =
Women (n (%)) y 11 §6'8%) 31 (49.5%) 0.08), SBP (p=0.41), DBP (p =0.1), creatinine (p =

e o) can 542112 PTIE 5 0.48). CRP (p = 0.11), and ALT (p = 0.8) levels. In

Weight (kg) R3214.6 A 72155 <0.001 addition, weight (p <0.001), BMI (p <0.001), LDL

Waist circumference (cm) 100.6+2.1 89.4-2.1 0.001 cholesterol (p <0.001), total cholesterol (p < 0.001),

Height (m) 1.6520.08 1672007 0.081 trlglycerlc.ies (p =0.002), h§m0globln (p=0.002),

BMI (kg/m?) 3116 26150 20.001 hematocrit (p < 0.001), waist circumference (p <

Median (Min_Max) 0.001), HbAlc (p < 0.001), FBG (p < 0.001), uric

SBP (mmHg) 125 (100-460) 125 (91-150) 0.405 acid (p <0.001), HDL cholesterol (p <0.001), total

DBP (mmHg) 80 (60-110) 78 (56-98) 0.103 protein, (p <0.001), albumin (p <0.001), AST (p =

Waist circumference (cm) 100 (61-135) 90 (64-114)  <0.001 0.001), WBC (p = 0.01), and platelet ( p = 0.001)

levels were significantly different between predia-
Tab. 2. Biochemical markers of the participants. betes and. Cf)ntrol groups. Table 1 shows general
characteristics and Table 2 shows the laboratory
Predi?:iﬁlczlgﬁe“ts Cogltl:ll%]l;;up p data of prediabetes and control subjects.
MeansSD Median UHR of the prediajbet%c subjects. was

Total cholesterol (mg/dL) 210441 17634303 <0.001 0.13 (0.07-0w.24)% and was significantly higher

LDL cholesterol (mg/dL) 127.6+26.3 102:287 _<ogo01  than the UHR of the control subjects (0.09 (0.05~

Triglyceride (mg/dL) 192.34215.3 1204922 0.002 0.16) %) (p < 0.001).

Hemoglobin (z/dL) 137415 144216 0.002 Serum UHR was significantly and positively

Hematocrit (%) 42746 45.124 8 <0.001 correlated with BMI (r = 0.38, p < 0.001), body

Median (Min—Max) weight (r = 0.45, p < 0.001), waist circumference

HbA lc (mmol/L) 5.9 (5.7-6.4) 54(49-56)  <0.001 (r=0.57,p <0.001), HbAlc (r=10.62, p <0.001),

Fasting Blood Glucose (mg/dL) 103 (77-123) 90 (73-104)  <0.001 and fasting blood glucose (r = 0.42, p <0.001). In

Serum uric acid (mg/dL) 5.6 (3.5-9.5) 4.6 (3.1-9.5) <0.001 addition, there was a strong negative correlation

Urea (mg/dL) 30 (15-51) 26 (9-49) between UHR and GFR levels (r=-0.36, p <0.001).

Creatinine (mg/dL) 0.79 (0.7-1.1) 0.82 (0.6-1.17) 0.478 The sensitivity and specificity of UHR (higher

GFR (ml/min) 93.8 (53.5-115) 110 (62-131) <0.001 than 0,11%) in detecting prediabetes were 74% and

HDL cholesterol (mg/dL) 45 (21.5-71) 52 (38-73) <0.001 69%, respectively (AUC: 0.79, p < 0.001, 95% CI:

CRP (mg/dL) 3.5(0.1-62) 2.6 (0.1-21) 0.112 0.73-0.84). Figure 1 shows the ROC curve of the

Serum protein (g/L) 73.5 (62.5-150) 76 (66.5-83.5) <0.001 UHR in detecting prediabetes.

Serum albumin (g/L) 44 (38.5-118.6) 46.5 (41.5-51)  <0.001 In multivariate analysis considering UHR, body

AST (U/L) 16 (11-64) 20 (13-243) 0.001 weight, BMI, waist circumference, CRP, HbAlc

ALT (U/L) 18 (8-75) 15 (9-58) 0.806 and fasting blood glucose levels, we revealed that
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UHR was an independent risk factor for prediabetes (p < 0.001,
OR: 5.5, 95% CI: 4.41-6.83).

Discussion

The present study showed for the first time in literature that
serum UHR can point out the presence of prediabetes. It is pos-
sible to summarize the interesting results of our study as follows:
(a) UHR levels of the prediabetes patients are significantly higher
than the UHR levels of the healthy controls, (b) UHR levels have
significant correlation with metabolic markers such as fasting blood
glucose and HbA 1¢, (¢) indicators of adiposity and obesity, such as
weight, BMI and waist circumference, have significant correlation
with UHR levels, and (d) UHR has high sensitivity and specificity
in detecting patients with prediabetes.

Type 2 diabetes mellitus is associated with chronic, low-grade
inflammation. Studies in literature reported increased levels of
inflammatory markers in diabetic patients. For instance, strong
correlation between hyperglycemia and inflammatory predictors
has been noted (12). Pro-inflammatory cytokines further deteriorate
pancreatic beta cell structure and contribute to insulin resistance in
diabetic subjects (13). Significant correlation between cytokines
and metabolic parameters, such as fasting glucose and HbAlc,
supports this statement (14). Not only overt type 2 diabetes mel-
litus but also related conditions are associated with inflammatory
burden. For example, cytokines have been reported to be associated
with an insulin resistant state in pregnancy (15). Another example
in this manner is obesity. Increased levels of inflammatory markers
have been reported in obese subjects (16). Prediabetic syndromes
are also associated with deteriorated glucose metabolism and high
levels of fasting insulin. A study in literature found that subjects
with hyperinsulinemia have 2 to 7 folds increased risk of develop-
ing prediabetes compared to subjects with normal insulin levels
(17). These data suggest that similar metabolic mechanisms and
similar inflammatory pathways may be triggered in both type 2
diabetes mellitus and prediabetes. Indeed, serum C-reactive protein
(CRP), a widely used inflammatory predictor has been suggested
to be associated with prediabetes (18). Moreover, inflammatory
mediators including CRP, interleukin-4 and interleukin 10 levels
are elevated in both prediabetes and type 2 DM (19). UHR is also
considered a metabolic and inflammatory marker and increased
UHR levels were reported in type 2 DM (5), and other inflamma-
tory conditions (3, 20). The results of the present study showed
increased UHR levels in prediabetic patients compared to healthy
controls, which is in accordance with the data in literature.

Recent reports revealed correlations between UHR and other
metabolic and inflammatory markers. Serum UHR was positively
correlated with serum thyrotropin and inversely correlated with
free thyroxine levels in subjects with Hashimoto’s Thyroiditis
(20). The results of the ABUND study were remarkable of UHR’s
significantly positive correlations with waist circumference, hip
circumference, body weight and even serum transaminases (6).
In addition, Zhang et al reported that a unit elevation in UHR
increases the risk of non-alcoholic fatty liver disease by 17 %
(21). UHR was also correlated with the risk of cardiovascular
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Fig. 1. ROC curve of UHR in detecting prediabetes.

disease in type 2 diabetic patients by a 28 % increased risk per
a unit elevation (8). In addition, a unit increase in UHR increases
the risk of chronic kidney disease by 78 % in diabetic popula-
tion (8). Furthermore, both systolic and diastolic blood pressures
of patients with hypertension were reported to be significantly
correlated with serum UHR (7). The risk of poor blood pressure
control was increased 7.3 times per a unit increase in UHR (7).
Similarly, we reported significant positive correlations of UHR
with BMI, body weight, waist circumference, HbAlc and fasting
blood glucose. Additionally, we revealed inverse correlation be-
tween UHR and GFR. We also reported that a unit increase in UHR
increased prediabetes risk 5.5 folds. These results are consistent
with literature knowledge.

Prediabetes is considered as a state before development of
overt type 2 diabetes mellitus (22). Progress to the T2DM can
be delayed or halted by appropriate interventions and measures
in this state (23). Therefore, establishing prediabetes diagnosis
as soon as possible has crucial importance. Two prediabetes
syndromes; impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT) are associated with high glucose levels that can-
not be considered normal but still not high enough to establish
the diagnosis of diabetes mellitus. Fasting blood glucose levels
between 100 mg/dL and 125 mg/dL are considered as impaired
fasting glucose. Making IGT diagnosis requires an oral glucose
tolerance test (OGTT) with ingestion of 75 g of glucose and the
diagnosis is based on the 2™ hour glucose level which should be
between 140-199 mg/dL. Significant association between UHR
and prediabetes may overcome the diagnostic issues, especially
regarding IGT, since necessity of OGTT may be eliminated with
the introduction of UHR for the diagnosis of prediabetes in clinical
practice. Because, calculation of UHR is an easy and inexpensive
tool, which can be repeated as necessary.
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There are several limitations of the present work. These
include retrospective and single center nature of our work which
cannot judge causal relationship between UHR and prediabetes
and needs to be confirmed by longitudinal studies. Another limita-
tion is the relatively small study population. However, our study
is the first in the literature that found association between UHR
and prediabetes and revealed UHR as an independent risk factor
of this medical condition.

Conclusions

In conclusion, we suggest evaluation of UHR in subjects
suspected with prediabetes. Due to inexpensive and easy to assess
nature, UHR measurement can provide additional diagnostic value
in prediabetic population.

Learning points

* Increased serum levels of UHR may yield diagnostic advantage
in patients with prediabetes.

» Assessment of UHR is easier and inexpensive in diagnosis of
prediabetes.

References

1. Brown AE, Walker M. Genetics of Insulin Resistance and the Metabolic
Syndrome. Curr Cardiol Rep 2016; 18 (8): 75.

2. Uusitupa M, Schwab U. Diet, inflammation and prediabetes-impact of
quality of diet. Can J Diabetes 2013; 37 (5): 327-331.

3. Kocak MZ, Aktas G, Erkus E, Sincer I, Atak B, Duman T. Serum uric
acid to HDL-cholesterol ratio is a strong predictor of metabolic syndrome in
type 2 diabetes mellitus. Rev Assoc Med Bras (1992) 2019; 65 (1): 9-15.

4. Yazdi F, Baghaei MH, Baniasad A, Naghibzadeh-Tahami A, Najafipour
H, Gozashti MH. Investigating the relationship between serum uric acid to
high-density lipoprotein ratio and metabolic syndrome. Endocrinol Diabetes
Metab 2022; 5 (1): e00311.

5. Aktas G, Kocak MZ, Bilgin S, Atak BM, Duman TT, Kurtkulagi O.
Uric acid to HDL cholesterol ratio is a strong predictor of diabetic control in
men with type 2 diabetes mellitus. Aging Male 2020; 23 (5): 1098-1102.

6. Kosekli MA, Kurtkulagii O, Kahveci G, Duman TT, Tel BMA, Bilgin
S et al. The association between serum uric acid to high density lipoprotein-
cholesterol ratio and non-alcoholic fatty liver disease: the abund study. Rev
Assoc Med Bras (1992) 2021; 67 (4): 549-554.

7. Aktas G, Khalid A, Kurtkulagi O, Duman TT, Bilgin S, Kahveci G et
al. Poorly controlled hypertension is associated with elevated serum uric acid
to HDL-cholesterol ratio: a cross-sectional cohort study. Postgrad Med 2022;
134 (3): 297-302.

148

8. Xuan Y, Zhang W, Wang Y, Wang B, Xia F, Zhang K et al. Association
Between Uric Acid to HDL Cholesterol Ratio and Diabetic Complications
in Men and Postmenopausal Women. Diabetes Metab Syndr Obes 2023; 16:
167-177.

9. Sargin ZG, Dusunceli I. The Effect of HALP Score on the Prognosis
of Gastric Adenocarcinoma. J Coll Physicians Surg Pak 2022; 32 (9):
1154-1159.

10. Park B, Jung DH, Lee YJ. Predictive Value of Serum Uric Acid to
HDL Cholesterol Ratio for Incident Ischemic Heart Disease in Non-Diabetic
Koreans. Biomedicines 2022; 10 (6).

11. Liu R, Peng Y, Wu H, Diao X, Ye H, Huang X et al. Uric acid to
high-density lipoprotein cholesterol ratio predicts cardiovascular mortality
in patients on peritoneal dialysis. Nutr Metab Cardiovasc Dis 2021; 31 (2):
561-569.

12. Oguntibeju OO. Type 2 diabetes mellitus, oxidative stress and inflam-
mation: examining the links. Int J Physiol Pathophysiol Pharmacol 2019; 11
(3): 45-63.

13. Akash MS, Rehman K, Chen S. Role of inflammatory mechanisms
in pathogenesis of type 2 diabetes mellitus. J Cell Biochem 2013; 114 (3):
525-531.

14. Kocak MZ, Aktas G, Erkus E, Yis OM, Duman TT, Atak BM et al.
Neuregulin-4 is associated with plasma glucose and increased risk of type 2
diabetes mellitus. Swiss Med Wkly 2019; 149: w20139.

15. Aktas G, Alcelik A, Ozlu T, Tosun M, Tekce BK, Savli H et al. As-
sociation between omentin levels and insulin resistance in pregnancy. Exp
Clin Endocrinol Diabetes 2014; 122 (3): 163-166.

16. Deng T, Lyon CJ, Bergin S, Caligiuri MA, Hsueh WA. Obesity, Inflam-
mation, and Cancer. Annu Rev Pathol 2016; 11: 421-449.

17. Li C, Ford ES, Zhao G, Mokdad AH. Prevalence of pre-diabetes and
its association with clustering of cardiometabolic risk factors and hyperinsu-
linemia among U.S. adolescents: National Health and Nutrition Examination
Survey 2005-2006. Diabetes Care 2009; 32 (2): 342-347.

18. Sabanayagam C, Shankar A, Lim SC, Lee J, Tai ES, Wong TY.
Serum C-reactive protein level and prediabetes in two Asian populations.
Diabetologia 2011; 54 (4): 767-775.

19. Wang Z, Shen XH, Feng WM, Ye GF, Qiu W, Li B. Analysis of Inflam-

matory Mediators in Prediabetes and Newly Diagnosed Type 2 Diabetes
Patients. J Diabetes Res 2016; 2016: 7965317.

20. Kurtkulagi O, Tel BMA, Kahveci G, Bilgin S, Duman TT, Ertiirk
A et al. Hashimoto’s thyroiditis is associated with elevated serum uric acid
to high density lipoprotein-cholesterol ratio. Rom J Intern Med 2021; 59 (4):
403-408.

21. Zhang YN, Wang QQ, Chen YS, Shen C, Xu CF. Association between
Serum Uric Acid to HDL-Cholesterol Ratio and Nonalcoholic Fatty Liver
Disease in Lean Chinese Adults. Int J Endocrinol 2020; 2020: 5953461.

22. Perreault L, Faerch K. Approaching pre-diabetes. J Diabetes Complica-
tions 2014; 28 (2): 226-233.

23. Evert AB, Dennison M, Gardner CD, Garvey WT, Lau KHK, Ma-
cLeod J et al. Nutrition Therapy for Adults With Diabetes or Prediabetes:
A Consensus Report. Diabetes Care 2019; 42 (5): 731-754.

Received May 3, 2023.
Accepted May 31.



