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Aims This study aimed to determine the prevalence of prediabetes and to evaluate the
significance of six biomarkers, including neutrophil-to-lymphocyte ratio, high-sensitivity
C-reactive protein, C-peptide, interleukin-1f, interleukin-13, and interleukin-35, in predicting
prediabetes.

Material & Methods A cross-sectional case-control study was performed to determine the
prevalence of prediabetes among 735 healthy Iraqis. Besides, 125 prediabetes patients, 30
newly diagnosed diabetes mellitus cases, and 30 normoglycemic controls were assessed for
the six biomarkers.

Findings Among the 735 Iraqis, the prevalence of prediabetes was 17%. Most prediabetes
patients were over the age of 40 and were overweight/obese. Median levels of the six
biomarkers were significantly elevated in the serum of prediabetes and diabetes mellitus
patients compared to the normoglycemic group. Receiver operating characteristic curve
analysis showed that C-peptide scored the highest area under the curve in prediabetes (0.913),
while in diabetes mellitus, C-reactive protein scored the highest area under the curve (0.961).
Logistic regression analysis showed that only C-reactive protein, C-peptide, interleukin-14,
and interleukin-13 were associated with prediabetes risk, whereas in diabetes mellitus, the six
biomarkers were associated with disease risk.

Conclusion The prevalence of prediabetes among healthy Iraqis was 17%. Prediabetes was
associated with ages over 40 and overweight/obesity. Pro-inflammatory and anti-inflammatory
cytokines were up-regulated in the serum of prediabetes patients.
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Prevalence and Prediction of Prediabetes among Apparently ...

Introduction

Diabetes mellitus (DM) is a disorder of glucose
metabolism and based on data published between
1990 and 2018, the prevalence of DM was estimated
at 9.3% and is expected to rise to 10.2% by 2030
and 10.9% by 2045 [, These data suggest that DM
represents a health problem of global public concern
and has a significant impact on the well-being of
affected individuals as well as their families and
communities [2l. Besides, DM patients are more
likely to develop cardiovascular disease (CVD) and
microvascular complications, which may already be
present before diagnosis. Therefore, it is very
important to detect people at risk of developing DM
at an early stage (i.e. identify individuals with
prediabetes).

Prediabetes is a chronic metabolic condition
characterized by intermediate hyperglycemia in
which blood glucose levels are above normal and
below the diagnostic threshold for DM [l Data on
the prevalence of prediabetes reported in the
literature vary widely and lack comprehensive
global prevalence estimates [4. In 2019, based on
impaired glucose tolerance (IGT), the prevalence of
prediabetes was estimated at 7.5% and is expected
to reach 8.0% by 2030 and 8.6% by 2045 [1. Various
guidelines have been developed to identify patients
with prediabetes, but in general, three laboratory
evaluations are performed; fasting plasma glucose
(FPG), glycosylated hemoglobin (HbA1lc), and two-
hour post-load plasma glucose (2hPPG) or all [5].

The progression from prediabetes to DM is a
complex and multifactorial process with many
operational indicators described as playing a role
such as age, gender, body mass index (BMI), waist
circumference, blood pressure, ethnicity, and family
history of DM [6l. Other risk factors, particularly
those related to inflammation, have also been
proposed to predict the progression of prediabetes
to DM; for instance neutrophil-to-lymphocyte ratio
(NLR), high-sensitivity C-reactive protein (hsCRP),
C-peptide and pro-inflammatory and anti-
inflammatory cytokines, but the evidence has not
been conclusive. NLR is an inflammatory marker
obtained simply by dividing the absolute count of
neutrophils by the absolute count of lymphocytes.
This marker has been linked to a risk of certain
inflammatory and autoimmune diseases, including
DM. Besides, an elevated NLR in healthy subjects is
suggested to be an indicator of impaired glucose
metabolism [7 8, CRP, another inflammatory
marker, is an acute phase protein that is elevated in
the serum of patients with infectious and
inflammatory conditions. hsCRP is the highly
sensitive form of CRP and can predict low-grade
inflammation in the absence of obvious
inflammation [l It has been indicated that hsCRP
can be considered a reliable indicator of prediabetes,
as well as obesity and abnormal lipid metabolism in
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young adults [0, In the adult population, elevated
levels of hsCRP have also been associated with the
risk of prediabetes, in addition to being correlated
with overweight/obesity and higher levels of lipid
profile parameters [11l. C-peptide is an important
marker widely used to assess pancreatic beta-cell
function, and there is increasing evidence to suggest
that this marker is a useful predictor of glycemic
control and response to hypoglycemic treatments, as
well as the risk of future complications in patients
with DM [12]. Further, a positive association between
serum C-peptide levels and risk of DM and
prediabetes was indicated among women with a
history of gestational diabetes [13].

About cytokines, there is clear evidence that pro-
inflammatory and anti-inflammatory cytokines
significantly contribute to the development of
abnormal glucose and lipid metabolism, suggesting a
role in the risk of prediabetes and DM [14l. Among
these cytokines are interleukin (IL)-1(3, IL-13 and IL-
35. IL-1B, a member of the IL-1 cytokine family, is a
pro-inflammatory cytokine with diverse
physiological and pathological functions and plays
an important role in mediating inflammatory
responses in a wide range of diseases [*5]. In DM, and
since the disease is characterized by a chronic, low-
grade inflammatory state, it has been proposed that
IL-1B can enhance inflammatory signaling and thus
contribute to the development of DM and its
associated complications [16l. Importantly, it has
recently been shown that elevated levels of IL-1f3
significantly predicted the onset of new prediabetes
after acute pancreatitis [17. [L-13 is a distinct
cytokine of T helper (h) 2 cells with anti-
inflammatory effects, and in recent years, its role in
the pathogenesis of many inflammatory and
autoimmune diseases, including type 1 DM, has been
increasingly recognized [18]. In the case of
prediabetes and type 2 DM, the role of IL-13 needs
to be clarified as inconsistent observations have
been reported [1% 201, IL-35 is the newest member of
the IL-12 family of cytokines primarily expressed by
regulatory T cells (Tregs) and known to display
immunosuppressive activities [211. The importance of
this cytokine in DM has not been well demonstrated,
but its role in the risk of type 1 DM has been
suggested and may be considered a therapeutic
strategy [22l. In a rat model of diabetic neuropathic
pain (DNP), IL-35 was associated with reduced
progression of inflammation [23.. However, serum
levels of IL-35 were not affected in patients with
type 2 DM [24],

The current study sought to determine the
prevalence of prediabetes in a cohort of apparently
healthy Iraqi individuals using the American
Diabetes Association (ADA) criteria, which are FPG
and HbAlc. Besides, the study aimed to evaluate the
significance of NLR, hsCRP, C-peptide, IL-1(3, IL-13,
and IL-35 in predicting prediabetes.
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Materials and Methods

A cross-sectional, case-control study was conducted
from January to July 2021 to determine the
prevalence of prediabetes and to assess the
significance of NLR, hsCRP, C-peptide, IL-1f3, IL-13,
and IL-35 as predictors of prediabetes. The study
included 735 apparently healthy subjects who
voluntarily visited a Primary Health Care Center in
Baghdad for basic laboratory testing (59.5% males;
age range: 18-76 years). Of the 735 apparently
healthy subjects, 30 were randomly selected and
considered a control group or a normoglycemic
group according to the ADA criteria (FPG: <100
mg/dL; HbAlc: <5.7%). Both groups (DM and
normoglycemia) were also evaluated for the
parameters of prediabetes. According to the ADA
criteria, prediabetes was defined as FPG of 100-
125mg/dL and HbA1c of 5.7-6.4%. Participants who
followed these criteria were considered prediabetes
patients and their age, gender body mass index
(BMI), and waist circumference were recorded.
Besides, their blood was tested for complete blood
count (CBC), total cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein
(LDL), very low-density lipoprotein (VLDL), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP). Blood
samples were collected after fasting for 12-14 hours.
Thirty newly diagnosed cases with DM were also
included. They followed the ADA criteria (FPG: 126
mg/dL or higher; HbAlc: 6.5% or higher) and were
not on any anti-diabetic medications. They were
referred to the Primary Health Care Center on
suspicion of having diabetes due to signs and
symptoms of diabetes; for instance, abnormal thirst,
frequent urination, and weight loss.

The Iraqi Ministry of Health and Environment Ethics
Committee approved the study protocol. All
participants were informed of the nature of the
study and provided written consent. CBC was
determined using the CELL-DYN Emerald
Hematology Analyzer (Abbott, U.S.A). NLR was
determined by dividing the absolute count of
neutrophils by the absolute count of lymphocytes.
Cobas c¢ 31lanalyzer (Cobas-Roche, Germany)
preloaded with the required reagents was used to
assess FPG, HbAlc, total cholesterol, triglycerides,
HDL, LDL, VLDL, ALT, AST, and ALP. Serum levels of
hsCRP, C-peptide, IL-1B, IL-13, and IL-35 were
determined using enzyme-linked immunosorbent
assay (ELISA) Kits, and instructions of manufacture
were followed (Cusabio Technology LLC, USA).
Categorical variables were given as numbers and
percentages, and the Pearson Chi-square test was
used to assess significant differences. Two tests of
normality were applied to continuous variables;
Kolmogorov-Smirnov and Shapiro-Wilk tests.
Normally  distributed variables (parametric
variables) were expressed as mean and standard
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deviation (SD), and significant differences were
assessed using one-way analysis of variance
(ANOVA) post hoc Duncan's multiple range test.
Skewed variables (non-parametric variables) were
identified by the median and interquartile range
(IQR: 25-75%), and significant differences were
assessed using the Mann-Whitney U test (to
compare two variables) or Kruskal-Wallis test (to
compare more than two variables). Receiver
operating characteristic (ROC) curve analysis was
performed to determine the area under the curve
(AUC), 95% confidence interval (CI), cut-off value
(optimized with Youden index), sensitivity, and
specificity. Logistic regression analysis was applied
to determine the odds ratio (OR) and 95% CI. In this
analysis, participants were divided into three groups
based on the levels of each variable (tertiles: <33%,
34-66%, >66%). Besides, four models were adopted
to perform the analysis; I (unadjusted), II (age-
adjusted), III (age- and gender-adjusted), and IV
(age-, gender- and BMI-adjusted). The relationship
between variables was assessed using Spearman's
rank-order correlation analysis. A probability (p)
value <0.05 was taken as statistically significant.
IBM SPSS Statistics 25.0 (Armonk, NY: IBM Corp.)
and GraphPad Prism version 8.0.0 (San Diego,
California USA) were used to perform statistical
analysis.

Findings

Of the 735 participants, 125 (17.0%) were
considered prediabetes after applying the ADA
criteria; FPG was 108.4+6.0 mg/dL and Hb1Ac was
6.0£0.4%. Both variables were significantly higher
than in normoglycemic individuals and significantly
lower than in DM patients. A roughly similar
observation was made when mean age was
examined in prediabetes, DM, and normoglycemia.
In terms of age groups, although there were no
significant differences between normoglycemia,
prediabetes, and DM, most prediabetes and DM
patients were older than 40 years (about 70.0%).
However, there were no gender-related differences
between the three groups. In the case of BMI, most
prediabetes and DM patients were either overweight
or obese and compared to normoglycemic
individuals the difference was significant. Besides,
waist circumference was significantly higher in
prediabetes and DM than in normoglycemia.
Hemoglobin and platelet count did not show any
significant differences between the three groups, but
white blood cell (WBC) count was significantly
higher in prediabetes and DM groups than in the
normoglycemia group, and this rise was more
pronounced in neutrophil count. Serum levels of
triglycerides, VLDL, and ALP were significantly
higher in prediabetes and DM groups than in the
normoglycemia group. ALT levels were significantly
elevated in only prediabetes compared to
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normoglycemia and DM. The remaining variables
(total cholesterol, HDL, LDL, and AST) did not show
any significant differences between the three
groups (Table 1).

As shown in Figure 1, medians of NLR, hsCRP, C-
peptide, IL-1f, IL-13, and IL-35 were significantly
elevated in prediabetes and DM groups compared to
the normoglycemia group, respectively. The
elevation of these medians was greater in the DM
group than in the prediabetes group except for NLR,
where the difference was not significant.

ROC curve analysis revealed that the six variables
examined (NLR, hsCRP, C-peptide, IL-1f3, IL-13, and
IL-35) could be considered important biomarkers in
distinguishing between prediabetes or DM and
normoglycemia, but the AUC value was different and
this was dependent on disease status (prediabetes
or DM) and the variable under investigation. In
prediabetes, C-peptide recorded the highest AUC
value followed by hsCRP, IL-13, IL-1$3, NLR, and IL-
35. In DM, the pattern was different and hsCRP
recorded the highest AUC followed by C-peptide, IL-
13, IL-35, IL-18, and NL (Table 2).

Multinomial regression analysis was conducted after
participants were divided into three groups based

414

on levels of NLR, hsCRP, C-peptide, IL-1f, IL-13, and
IL-35 (tertiles: £33%, 34-66%, >66%); group <33%
was the reference category. The analysis was
performed under four models; I (unadjusted), II
(age-adjusted), Il (age- and gender-adjusted), and
IV (age-, gender- and BMI-adjusted) and since there
were no obvious differences between the analyzes in
these models, only the results of model IV will be
illustrated. NLR was not associated with the risk of
prediabetes or DM. hsCRP was associated with an
increased risk of prediabetes or DM, especially in the
>66% group. A similar trend was found in C-peptide.
For IL-1f and IL-13, only individuals in the >66%
group were most likely to have prediabetes or DM.
In the case of IL-35, it was not associated with the
risk of prediabetes, but in DM, individuals in
the >66% group were at significantly increased
risk (Table 3).
Significant positive correlations included age with
hsCRP and IL-13, BMI with NLR, C-peptide and IL-
13, FPG with NLR, hsCRP, C-peptide, IL-1f3, IL-13 and
IL-35, Hb1Ac with hsCRP, C-peptide, IL-1p, IL-13
and IL-35, triglycerides and VLDL with hsCRP, C-
peptide and IL-13, and AST and ALP with hsCRP and
C-peptide (Table 4).

Table 1) Results of characteristics of normoglycemia, prediabetes, and diabetes mellitus participants

Characteristic Normoglycemia (n=30) Prediabetes (n=125) DM (n=30) p-value
N (%) Mean+SD N (%) Mean+SD N (%) Mean+SD
Age (years) - 42.5%£12.9 - 47.2+11.1 49.8+13.1 0.049
Age group (years) 18-39 13 (43.3) - 38(30.4) - 7 (23.3) 0.096
40-59 13 (43.3) 68 (54.4) 13 (43.3)
60-74  4(13.3) 19 (15.2) 10 (33.3)
Gender Male 15 (50.0) 67 (53.6) 18 (60.0) 0.728
Female 15 (50.0) 58 (46.4) 12 (40.0)
BMI (kg/m?2 18-24.9 12 (40.0) 3(2.4) 1(3.3) <0.001
25-29.9 14 (46.7) 48 (38.4) 14 (46.7)
>30.0 4(13.3) 74(59.2) - 15 (50.0) -
Waist circumference (cm) - 86.6+8.6 - 90.3+7.4 - 93.6+7.9 0.003
FPG (mg/dL) 81.4+6.0 108.4+6.0 170.3+54.1  0.001
Hb1Ac (%) 4.5+0.4 6.0+£0.4 7.60+1.40 0.001
Hb (g/dL) 14.2+1.7 14.0+1.9 14.10+1.80  0.929
Platelets (x109/L) 244.2+54.9 276.3£69.2 253.9+¢95.3  0.051
WBC (x10°/L) 6.5+1.3 7.5+2.1 8.0+02.4 0.02
Neutrophils (x109/L) 3.5+0.9 43+1.8 4.7%2.2 0.025
Lymphocytes (x10°/L) 2.5%0.6 2.4+0.7 2.5%0.7 0.959
Monocytes (x10°/L) 0.5%0.1 0.5%0.2 0.5+0.2 0.563
Eosinophils (x109/L) 0.1+0.0 0.2+0.2 0.1+0.1 0.551
Basophils (x10°/L) 0.0£0.0 0.1£1.7 0.0+0.0 0.797
Total cholesterol (mg/dL) 177.2+14.3 190.9+£37.1 199.44+54.9 0.074
Triglycerides (mg/dL) 90.9+17.6 147.3+62.1 145.4+62.0  0.001
HDL (mg/dL) 46.5+12.1 49.0+11.4 55.0+27.8 0.077
LDL (mg/dL) 111.5+9.8 110.2+34.6 111.3+#56.8  0.978
VLDL (mg/dL) 18.3+3.7 30.0+13.9 45.2+44.3 0.001
ALT (IU/L) 15.9+8.4 25.2%12.5 16.1+11.2 0.001
AST (IU/L) 21.0+10.6 23.1+x10.4 23.9+12.0 0.576
ALP (IU/L) 73.9+13.8 94.8+31.2 107.6269.8  0.008
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Figure 1) Box plot presentation of neutrophil-to-lymphocyte ratio (NLR), High-sensitivity C-reactive protein (hsCRP), C-peptide, IL-18,
IL-13, and IL-35 in normoglycemia (NG), prediabetes (PD) and diabetes mellitus (DM). *, ** and ***: Significant difference at the levels
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Table 2) ROC curve analysis of NLR, hsCRP, C-peptide, IL-1f, IL-13, and IL-35 in prediabetes and diabetes mellitus.
Variable Grou AUC (95% CI -value Cut-off value Youden index  Sensitivity(%

Specificity (%

hsCRP Prediabetes  0.829 (0.765-0.894)  0.001 241 (mg/dL)  0.53 76.0 76.7

DM 0.961 (0.899-1.000 0.001 3.15 (mg/dL 0.87 93.3 93.3

IL-1B Prediabetes  0.672 (0.587-0.756)  0.004  329.2 (pg/mL)  0.27 63.2 63.3
DM 0.804 (0.687-0.922 0.001  357.0 (pg/mL) 0.47

IL-35 Prediabetes  0.631(0.533-0.730)  0.026  93.9 (pg/mL)  0.12 55.3 56.7
DM 0.833(0.731-0.935)  0.001 _ 100.6 0.53 76.7 76.7

Table 3) Logistic regression analysis of NLR, hsCRP, C-peptide, IL-1p, IL-13, and IL-35 in prediabetes and diabetes mellitus patients
divided into three groups based on levels of each variable

Model Statistics Prediabetes (n=125) DM (n=30)
<33% 34-66% >66% <33% 34-66%

>66%

hsCRP
OR (95 CI%) Ref.  8.33(2.91-23.85) 22.59 (2.89-176.84) Ref.  72.00 (7.65-677.57) 336.00 (19.45-5803.47)
p-value <0.001 0.003 <0.001 <0.001

11 OR (95 CI%) Ref.  8.27 (2.86-23.89) 21.47 (2.73-168.89) Ref.  71.23 (7.50-676.38) 310.88 (17.86-5410.78)
p-value <0.001 0.004 <0.001 <0.001

111 OR (95 CI%) Ref.  8.23(2.85-23.79) 21.37 (2.71-168.53)  Ref.  70.42 (7.41-669.01) 300.74 (17.24-5245.02)
p-value <0.001 0.004 <0.001 <0.001

v OR (95 CI%) Ref. 4.88(1.52-15.60) 23.58(2.78-199.78) Ref.  44.10 (4.47-434.72) 329.02 (18.17-5957.86)

-value 0.008 0.004 0.001 <0.001

IL-1p

I OR(95CI%) Ref  1.16(0.49-2.71) 18.16 (2.29-143.80) Ref  1.25 (0.34-4.64) 42.50 (4.58-394.44)
p-value 0.739 0.006 0.739 0.001

11 OR (95CI%) Ref  1.23 (0.51-2.93) 20.79 (2.59-167.11) Ref.  1.38 (0.36-5.28) 52.43 (5.48-502.03)
p-value 0.644 0.004 0.639 0.001

I OR (95CI%) Ref  1.24 (0.52-2.98) 20.57 (2.56-165.29) Ref.  1.42 (0.37-5.47) 51.57 (5.38-494.59)
p-value 0.626 0.004 0.609 0.001

\% OR(95CI%) Ref  1.24(0.46-3.38) 19.49 (2.28-167.00) Ref.  1.42 (0.34-5.85) 49.09 (4.88-494.18)

-value 0.674 0.007 0.630 0.001

IL-35

I OR(95CI%) Ref  0.57 (0.24-1.37) 3.04 (0.79-11.68) Ref.  1.55 (0.38-6.31) 15.58 (2.91-83.46)
p-value 0.210 0.105 0.543 0.001

11 OR(95CI%) Ref  0.56(0.23-1.37) 2.89 (0.75-11.18) Ref. 152 (0.37-6.28) 14.43 (2.66-78.23)
p-value 0.205 0.125 0.565 0.002

11 OR(95CI%) Ref  0.58(0.24-1.41) 2.92 (0.75-11.30) Ref.  1.63 (0.39-6.81) 14.83 (2.73-80.63)
p-value 0.229 0.121 0.502 0.002

v OR(95CI%) Ref  0.67 (0.24-1.85) 3.41 (0.81-14.45) Ref.  1.86 (0.41-8.32) 17.08 (2.94-99.19)
p-value 0.438 0.096 0.418 0.002
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Table 4) Spearman's rank order correlation coefficients among study variables.
Variable Statistics NLR hsCRP C-peptide IL-18 IL-13 IL-35
Age I's 0.001 0.153 0.110 -0.029 0.192 0.091
p 0.989 0.037 0.136 0.695 0.009 0.219
BMI I's 0.165 0.122 0.224 0.088 0.261 0.004
p 0.024 0.098 0.002 0.234 <0.001 0.959
FBG I's 0.165 0.461 0.346 0.252 0.301 0.249
p 0.025 <0.001 <0.001 <0.001 <0.001 0.001
Hb1Ac I's 0.103 0.419 0.428 0.244 0.307 0.299
p 0.163 <0.001 <0.001 0.001 <0.001 <0.001
Cholesterol I's -0.037 0.082 0.118 -0.017 0.134 -0.032
P 0.619 0.269 0.111 0.823 0.070 0.671
Triglycerides I's 0.072 0.299 0.279 0.037 0.187 0.122
p 0.331 <0.001 <0.001 0.615 0.011 0.101
HDL I's 0.017 -0.017 0.061 -0.071 0.089 -0.059
P 0.819 0.822 0.411 0.336 0.227 0.428
LDL I's -0.048 -0.029 -0.010 -0.016 0.093 -0.034
p- 0.513 0.694 0.889 0.827 0.211 0.652
VLDL I's 0.071 0.329 0.311 0.080 0.228 0.127
p 0.337 <0.001 <0.001 0.280 0.002 0.086
ALT I's -0.060 0.111 0.169 -0.025 -0.030 -0.042
p- 0.518 0.233 0.067 0.788 0.743 0.656
AST I's 0.007 0.181 0.226 -0.065 -0.006 0.067
P 0.940 0.050 0.014 0.488 0.952 0.475
ALP I's 0.035 0.239 0.365 0.003 0.133 0.090
p 0.709 0.009 <0.001 0.977 0.151 0.335
Discussion Among the risk factors identified in the current

It is universally recognized that prediabetes is an
important metabolic condition, and besides putting
individuals at risk of developing DM, individuals
with prediabetes are at greater risk of developing
many of the comorbidities typically associated with
DM; for instance, neuropathy, retinopathy,
nephropathy, and CVD [3]. Therefore, identification of
prediabetes may aid in planning DM control
programs and can contribute to a good quality of life
and significantly reduce healthcare expenditures [251.
In the current study, 17.0% of 735 healthy
individuals were identified as having prediabetes
(about one in six adults), most of whom were older
than 40 years and were overweight/obese. The
prevalence of prediabetes varied in regional and
Arab countries, and a recent review article described
arelatively high prevalence in Iraq, Saudi Arabia, the
United Arab Emirates and Kuwait (range: 19.3-
28.6%), an intermediate prevalence in Iran and
Qatar (range: 13.8-14.6%) and a low prevalence in
Yemen and Syria Oman and Tunisia (range: 4.6-
9.0%) 261, In general, estimates of the prevalence of
prediabetes vary worldwide and this is mainly
related to the diagnostic criteria used (ADA or WHO
guidelines), test selection (FPG, Hb1Ac, 2hPPG or all)
and the ethnicity of the population studied Bl. For
instance, A meta-analysis of 24 studies in Caucasian
and Asian populations estimated the prevalence of
impaired fasting glucose (IFG) to be 36.0 and 53.1%
using WHO and ADA guidelines, respectively, while
the use of two diagnostic tests (IFG and IGT)
revealed prevalence rates of 15.8 and 20.2% for
WHO and ADA guidelines, respectively [27].

Regardless of these differences in the prevalence of
prediabetes, it is important to screen individuals at
increased risk of prediabetes at an early stage to
prepare for DM intervention and control measures.

Health Education and Health Promotion

group of prediabetes are age and BMI. About 70.0%
of patients were classified under the age range 40-
74 years and more than 95% were either
overweight or obese. Besides, triglyceride and VLDL
levels were within the upper limit of the reference
range. It has been found that prediabetes is more
common in the elderly than in young adults, and in
2010, about 48% of American adults aged 65 and
over had the condition. Furthermore, prediabetes is
associated with higher mortality in the elderly [28.
These results can be expected as it has been
reported that 92% of the elderly have at least one
chronic disease and 77% have at least two chronic
diseases such as CVD and DM [29, In addition, the
prevalence of overweight/obesity in the elderly
continues to rise over time, and some data have
estimated obesity rates to exceed 37.5% among
males and 39.4% among females over the age of 60
[30], Obesity is a global health epidemic that
predisposes to DM and CVD, and studies have shown
that obesity has a causal effect on DM. Besides, a
significant causal effect of obesity on prediabetes
and insulin resistance has also been identified
among non-diabetic individuals 1. It has also been
indicated that older ages, obesity, and dysregulated
levels of lipid-related parameters are interrelated. In
a Chinese study, 6722 elderly subjects were included
to assess the predictive ability of some risk factors in
determining metabolic syndrome, including BM],
waist-to-height ratio, triglyceride-to-high-density-
lipoprotein-cholesterol, lipid accumulation product,
and visceral adiposity index. The results showed
that these factors performed high predictive value in
determining the metabolic syndrome [32l. A study of
similar and other risk factors was performed in a
cohort of 3,307 elderly Colombian individuals with
prediabetes and found that the triglyceride-to-
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glucose fasting index had the best discriminatory
power for predicting prediabetes in the entire
population. Thus, the authors suggested that this
indicator could be used as a complementary marker
to assess prediabetes in the elderly [331.

The current study also targeted other factors that
are proposed to have a role in predicting
prediabetes. These were NLR, hsCRP, C-peptide, IL-
1B, IL-13 and IL-35. The NLR, a newly identified
inflammatory biomarker for DM, showed a similar
significant elevation in both the prediabetes and DM
groups compared to individuals with
normoglycemia. These results are consistent with
other reports that have shown higher NLR values in
patients with prediabetes or DM and suggested that
the NLR may reflect a systemic inflammatory
response and could be considered a predictive and
prognostic factor for diabetes and related
complications [7* 8. Regarding the predictive
significance of NLR, ROC analysis of the present data
revealed that NLR was a poor predictor of
prediabetes or DM because the estimated AUC was
in the range of 0.641-0.685. Besides, logistic
regression analysis showed no significante
difference of the NLR in the risk of developing
prediabetes or diabetes. Therefore the increase in
NLR may be related to other factors. Since
neutrophils are the predominant leukocytes in
peripheral blood that respond rapidly to
inflammatory stimuli, their number would be
expected to increase upon inflammatory responses.
In addition, elevated levels of some pro-
inflammatory cytokines may cause neutrophilia and
lymphopenia and consequently an elevated NLR [71.
The study also showed that hsCRP and C-peptide
levels were significantly elevated in the serum of
prediabetes and DM patients. ROC curve analysis
showed that both biomarkers were significant
predictors of both conditions with AUCs of 0.829
and 0.961 for hsCRP and 0.913 and 0.892 for C-
peptide in prediabetes and diabetes, respectively.
Logistic  regression analysis revealed that
individuals in the third tertile of hsCRP and C-
peptide levels (>66%) had a 23.58- and 35.33-fold
increased risk of developing prediabetes,
respectively, and this risk was higher in DM. Most of
the published studies support these findings and
confirm that hsCRP and C-peptide show up-
regulated levels in patients with prediabetes or
diabetes [10-13], hsCRP is synthesized by hepatocytes
in response to inflammatory stimuli and is thus
considered a sensitive and systemic biomarker of
inflammation, especially in diseases with low-grade
chronic inflammation such as DM [% 10l hsCRP has
also been linked to the risk of prediabetes, and
patients with this condition showed significantly
elevated levels of hsCRP in their serum [11. It is
interesting to note that a previous study showed
that elevated levels of hsCRP were also associated
with a higher risk of type 2 DM, but when
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categorized according to HbAlc levels, hsCRP was
only positively associated with type 2 DM among
those who had high levels of HbAlc (undiagnosed
DM), but not low levels of HbAlc (incident DM).
Therefore, elevated hsCRP levels have been
suggested as byproducts of hyperglycemia, rather
than directly contributing to the development of
incident DM [34l. The association between hsCRP and
cardiovascular events and all-cause mortality in
patients with high-risk type 2 DM was also
evaluated, and hsCRP was proposed as an
independent risk factor for this cardiovascular
complication in patients [35].

The current study revealed that C- peptide can be
considered an important and relevant predictor of
prediabetes and DM. C-peptide is a part of pro-
insulin that is cleaved before co-secreting with
insulin from pancreatic beta-cells. It is considered a
useful biomarker and is superior to insulin in
assessing the function of these cells because the C-
peptide half-life is longer than that of insulin (20-30
vs. 3-5 minutes) and hepatic clearance is minimal
compared to insulin 2. Therefore, studies have
suggested that C-peptide would be more effective in
the prediction of prediabetes and DM compared to
insulin [13. 36, 371, There is also evidence to suggest
that the C-peptidogenic index (C-peptide increase by
glucose loading) is the most independent predictor
of future DM. Further, the index was more
correlated with beta-cell mass and function than the
insulin-based index [38l. In addition, A positive
association was found between C-peptide and the
risk of developing prediabetes and DM among
Chinese women with a history of gestational
diabetes 131,

The final part of this study addressed the role of
three cytokines in predicting prediabetes and DM.
One of them is a pro-inflammatory cytokine (IL-1f),
while the other two are anti-inflammatory cytokines
(IL-13 and IL-35). These cytokines showed up-
regulated levels in serum of prediabetes and DM
patients, but the ROC curve analysis revealed that
they were nearly poor predictors of prediabetes
(AUC=0.672, 0.728, and 0.631, respectively), while
their prognostic significance was indicated in DM
(AUC=0.804, 0.868 and 0.833, respectively).
Elevated levels of IL-1f were associated with an
increased risk of prediabetes and DM (OR=19.49
and 49.09, respectively). Consistent with these
findings, animal model studies and clinical trials
have provided evidence supporting the causative
role of IL-1f3 as an essential factor in the loss of beta-
cell mass in type 2 DM. In addition, an IL-1f-
mediated autoinflammatory process that leads to
beta-cell death has been demonstrated [39. It has
also been found that beta-cells can produce IL-13
when stimulated with glucose and this leads to the
attraction of macrophages that can contribute to
increased production of IL-1f [40]. IL-1f has also
been hypothesized to be a potential candidate for

Spring 2022, Volume 10, Issue 2



419

promoting progression from prediabetes to overt
DM [16], The present data are in good agreement with
this hypothesis as IL-1f levels showed a significant
increase in prediabetes compared to normoglycemia
but the increase was higher in DM and the difference
was significant compared to prediabetes. More
supporting evidence has been recently addressed
and IL-1f3 was considered an important predictor of
new prediabetes in patients with acute pancreatitis
(171, Because of these effects of IL-1f, this cytokine
has been a therapeutic target in DM and it has been
indicated that anti-diabetic therapies should not
only correct hyperglycemia  but reduce
inflammation. One advanced treatment that
counteracts the pathophysiological effects of IL-1f is
anakinra, and some promising results have been
shown [11. In a mouse model of gestational diabetes,
increased expression of IL-1 was found in the
uterus and the placenta along with elevated IL-1f
serum levels compared to pregnant mice with
normoglycemia.  Treatment with  anti-IL-1
antibodies improved glucose tolerance in mice with
gestational diabetes without apparent adverse
effects on the fetus [42].

As in IL-1f, the anti-inflammatory cytokine IL-13 is
suggested to increase the risk of prediabetes and DM
(OR=9.91 and 57.26, respectively). The results of
previous studies have been conflicting regarding this
issue. Serum IL-13 levels were significantly elevated
in insulin-resistant patients compared to non-
insulin-resistant controls [1°1 and in type 2 DM
patients relative to controls [43l. IL-13 levels were
also elevated in newly diagnosed tuberculosis
patients with prediabetes [*4]. In contrast, elevated
levels of IL-13 have been associated with a lower
risk of prediabetes, incident type 2 DM, and need for
insulin therapy [20, whereas in patients with
schizophrenia, serum IL-13 levels did not show
significant differences between the prediabetes
group and normal glucose tolerant group [45l. In
patients with type 1 DM, IL-13 production showed
significantly lower levels even in those with a
genetic risk for disease progression, compared to
healthy control individuals. In this context, IL-13 has
been suggested to be an inhibitor of beta-cell
destruction and is considered a key regulator of
glucose metabolism [22], Apart from these conflicting
results, IL-13 appears to be an important target of
research aimed at understanding the pathogenesis
of DM. The increased serum level of IL-13 in current
prediabetes and DM patients may be indicative of
the highly complex interplay between this cytokine
and its pro-inflammatory counterparts such as IL-
1B. Elevated levels of IL-13 may indicate its role as a
compensatory and anti-inflammatory regulatory
molecule that may limit the damage caused by
increased levels of pro-inflammatory cytokines [43.
The second anti-inflammatory cytokine is IL-35 and
the present results indicate up-regulated levels of
this cytokine in prediabetes and DM patients. ROC
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curve analysis revealed that IL-35 is more predictive
of DM than prediabetes (AUC=0.833 and 0.631,
respectively). Logistic regression analysis also
confirmed that patients in the third tertile of IL-35
level (>66%) were 17.08-fold more likely to develop
DM, while this increased risk was not observed in
patients with prediabetes (odds ratio=3.41;
p=0.096). IL-35 has not been well examined in DM
and there was probably only one study that
evaluated serum levels in type 2 DM patients with
and without chronic periodontitis and found that
both pathological conditions did not affect IL-35
levels [24]. In a rat model of DNP, intrathecal injection
of IL-35 had anti-inflammatory and anti-apoptotic
effects and was associated with a lower
accumulation of pro-inflammatory cytokines in the
spinal cord [231. Further, low levels of IL-35 have
been indicated to play a pivotal role in the
development of type 1 DM and the authors
recommended that the therapeutic potential of IL-35
be studied in type 1 DM [22]. Other inflammatory and
autoimmune diseases are generally associated with
low levels of IL-35; for instance, rheumatoid
arthritis (RA) and systemic lupus erythematosus
(SLE), but observations have been inconsistent [46].
In a study, the IL-35 was up-regulated at sites of
inflammation in patients with RA and proposed its
pro-inflammatory potential [#7. High levels of
plasma IL-35 were also found in patients with active
SLE who had low expression of the IL-35 receptor
(gp130) on CD4+ Th cells 8. It has been
hypothesized that increased expression of IL-35 may
indicate an immune-regulating association between
CD4+ effector T cells and Treg cells in response to an
intense inflammatory environment. Indeed, studies
showed that expression of Ebi3 and p35 (IL-35
subunits) was significantly elevated in Treg cells
when co-cultured with CD4+ effector T cells. This
may indicate that presence of the latter cells is
responsible for the conduction of IL-35 synthesis
signals [46l. A recent study found that the percentage
of effector memory T cells was significantly
increased in type 2 DM especially in those with CVD
(491, The involvement of IL-35 in the pathogenesis of
DM appears to be complex and more simultaneous
evaluations, such as effector T cells, Treg cells and
the IL-35 receptor, are needed.

Spearman's rank order correlation analysis between
the study variables showed some significant positive
correlations. Interestingly, FPG was correlated with
NLR, hsCRP, C-peptide, IL-1f, IL-13, and IL-35, and
similar correlations were shown with Hb1Ac except
for the NLR. These results suggest a causal
relationship  between these variables, and
hyperglycemia, as measured by FPG and Hb1Ac, may
affect immune homeostasis and thus may alter the
pro-inflammatory and anti-inflammatory
environment in the human body. In this context,
pro-inflammatory and anti-inflammatory cytokines
have been proposed to be involved in DM
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progression, capable of interfering with insulin-
responsive glucose uptake and inducing insulin
resistance [501,

Regardless of the significance of these findings, some
limitations should be addressed. First, the number of
participants was relatively small compared to other
published studies. In addition, the results of this
study cannot be generalized to the rest of the Iraqi
governorates because the participants were from
Baghdad only. Second, only two tests (FPG and
Hb1Ac) were used to define prediabetes, and these
tests should be accompanied by the 2hPPG test.
Third, WHO guidelines were followed to identify
overweight/obese individuals, and these guidelines
may have a different profile in Iraqis.

Conclusion

The prevalence of prediabetes among apparently
healthy Iraqi individuals was 17%. Prediabetes was
more prevalent in individuals over 40 years of age,
especially those who were overweight/obese. Pro-
inflammatory and anti-inflammatory cytokines were
up-regulated in serum of prediabetes patients.
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