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Background: Diabetes mellitus (DM) is an inflammatory disorder characterized by elevated fasting blood
glucose (FBG) with life-threatening complications. However, the physiological response of peripheral
blood cells to impaired fasting glycemia (IFG) and hyperglycemia (HG) is ill-defined.
Aim: In this report, we investigated the patterns of change in platelet-lymphocyte ratio (PLR) relative to
glycemic control.
Methods: WBC count, PLR, C-reactive protein (CRP), FBG, HbA1c, and Hb results for 1,793 subjects were
retrospectively analyzed.
Results: PLR was significantly reduced in HG compared to IFG and to normoglycemia (NG) while FBG was
only significantly lower in males with elevated PLR. Increased PLR was less prevalent in subjects with HG
and was a protective factor against HG. Upon stratification by HbA1c, PLR was found to be significantly
lower in IFG compared to NG only in females. Importantly, PLR performed better than CRP in discriminat-
ing NG and HG in females.
Conclusion: This report provides insights into the cellular physiological response to DM and evaluates PLR
as a novel marker for DM management.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a chronic disease characterized by
hyperglycemia (HG) either due to insufficient insulin synthesis or
response. Genetic predisposition, unhealthy diet, increased body
weight, tobacco use, and physical inactivity are known risk factors
of DM. Increased fasting blood glucose (FBG) is accompanied by a
parallel increase in blood osmotic pressure leading to leakage of
cellular content and organ damage (Zapuskalov, Filippova,
Shilova, & Krivosheina, 2000). Complications of DM thus include
vascular, neurological, retinal, and renal sequelae. In fact, DM pre-
disposes to blindness, infection, limb amputation, stroke, renal fail-
ure, myocardial infarction, and premature mortality (WHO, 2021).

Mounting evidence points at a central role for systemic inflam-
mation in mediating the pathological sequelae of DM. In particular,
insulin resistance develops due to overproduction of interleukins,
adipokines, and chemokines, which precipitate b-cell dysfunction
and inflammatory damage to peripheral tissue (Rehman & Akash,
2016). Oxidative injury instigated by HG and hyperlipidemia stim-
ulates stress signaling pathways that decreases tissue sensitivity to
insulin (Cooke, 2004). The classical inflammatory marker, C-
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reactive protein (CRP), has been extensively investigated in DM
screening, diagnosis, and prognosis, with inconsistent findings
biased in part by ethnicity (Pan, Wang, Yuan, & Koh, 2017;
Rehman & Akash, 2016; Shaheer, Tharayil, & Krishna, 2017).

Platelets and lymphocytes both contribute to thrombotic events
and inflammatory processes by releasing cytokines and growth
factors (Kurtul & Ornek, 2019). Platelet-lymphocyte ratio (PLR)
has thus been investigated as an emerging inflammatory marker
in a variety of pathological conditions (Uslu et al., 2015). PLR was
found to be a predictor of various outcomes in cardiovascular dis-
ease (Kurtul & Ornek, 2019). PLR was also found to be an indepen-
dent risk factor for pneumonia and was associated with poor
prognosis in acute ischemic stroke patients (Altintas, Altintas,
Tasal, Kucukdagli, & Asil, 2016; Li & He, 2022). Contrasting reports
do exist however regarding the association of PLR with DM (Atak
et al., 2019; Mendes, Oliveira, & Alcantara, 2019). In a meta-
analysis, PLR was not even associated with gestational DM
(Hessami et al., 2021). Since PLR is a feasible and inexpensive mar-
ker included in a routine complete blood count (CBC) test, this
work aims to assess the pathological fluctuations and clinical util-
ity of PLR in light of glycemic control.
2. Materials and methods

2.1. Study design

The protocol for this retrospective, cross-sectional study was
approved by the Biomedical Ethics Unit at Al-Borg Medical Labora-
tories (approval number: 07/21). Laboratory records for 1,793 sub-
jects were extracted from the database of Al-Borg Medical
Laboratories and analyzed for age, gender, white blood cell
(WBC) count, platelet count, PLR, CRP, FBG, hemoglobin A1c
(HbA1c), and Hb. PLR was calculated by dividing the absolute pla-
telet count over that of lymphocytes. Characteristics of study sub-
jects are shown in Table 1. Age groups were designated as young
(<17 years), young adults (18–39 years), adults (40–64 years),
and elderlies (�65 years) as per our previous reports (Alfhili,
Alsughayyir, Basudan, Ghneim, Aboul-Soud, et al., 2022; Alfhili,
Alsughayyir, Basudan, Alsubki, et al., 2022; Alfhili, Alsughayyir,
Basudan, Ghneim, Alfaifi, et al., 2022; Alfhili, Basudan, et al.,
2022). Normal values for WBC count were 4.5–11.0x106 cells/ml
whereas for platelets were 150-400x106 cells/ml. We used a range
Table 1
Characteristics of study subjects.

Gender No. of subjects (%)

Male 804 (44.84)
Young 58 (3.23)
Young adults 325 (18.12)
Adults 346 (19.29)
Elderlies 75 (4.18)
Female 975 (54.37)
Young 72 (4.01)
Young adults 524 (29.22)
Adults 308 (17.17)
Elderlies 71 (3.95)
Unknown 14 (0.78)
WBC count (x106/ml) Mean (95% CI)
Male

6.08 (5.95–6.21)
Female

6.02 (5.90–6.14)

Platelet count (x106/ml) Mean (95% CI)
Male

266.55 (261–272)
Female

271.44 (267–276)
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of 36.63–172.68 for a normal PLR (Wu, Zou, Wang, Tan, & Yu,
2019). FBG < 100 mg/dl as normoglycemia (NG), 100–125 mg/dl
as impaired fasting glycemia (IFG), and � 126 mg/dl as HG were
used as cutoff points as per the ADA guidelines (American
Diabetes, 2014). HbA1c values were set at < 6.5% for NG, 6.5–
8.5% for IFG, and > 8.5% for HG (American Diabetes, 2014). To val-
idate HbA1c results, a Hb cutoff of < 12 g/dl was used to exclude
anemics (Alquaiz et al., 2015).
2.2. Statistics

GraphPad Prism v9.2.0 (GraphPad Software, Inc., San Diego, CA,
USA) was used for statistical analysis. Results are represented as
means ± 95% CI. Unpaired, two-tailed student’s t test was used
for two groups and one-way ANOVA with Tukey’s correction for
more than two groups. Pearson correlation and simple linear
regression were employed in univariate models, and the natural
sampling design allowed for calculation of the prevalence risk
(PR), odds ratio (OR), and prevalence risk reduction (PRR). The cut-
off for statistical significance was set as P < 0.05.
3. Results

Our results show that PLR is significantly diminished in HG
compared to NG, which remained significant after adjustment for
gender. There was significant reduction in PLR between IFG and
HG but not between NG and IFG (Fig. 1A-C). Similarly, FBG was
only significantly lower in males with increased PLR (Fig. 1D-F).

Age-wise comparisons revealed a significant decrease in PLR
between IFG and HG in the young, and between NG and HG in
young adults and adults (Fig. 2A-C). In the elderlies, no significant
difference in PLR was observed based on the glycemic state
(Fig. 2D). Next, we adjusted for both age and gender and found that
significance was displaced in males across all age groups (Fig. 2E-
H) while in females PLR was only significantly lower in HG com-
pared to IFG in the young (Fig. 2I) and in HG compared to NG in
adults (Fig. 2K).

As revealed from our linear regression analysis, we found no
correlation between PLR and FBG even after adjustment for gender
(Fig. 3A-C). However, the small P values indicate that PLR does
indeed influence FBG but other factors are likely to be involved
as well. For comparison, correlation between CRP and FBG followed
a similar pattern although it was not significant in females (Fig. 3F).

In congruence with these results, assessment of the prevalence
of elevated PLR in our study population revealed that it was less
prevalent in individuals with HG in comparison to those with
NG. In hyperglycemic males, elevated PLR was less by 37.52% while
in females it was less by 31.48%. This is the percent reduction in
prevalence of high PLR in the HG group compared to NG. It was
obtained by first calculating the difference in prevalence between
NG and HG groups, and then finding out the proportion this differ-
ence constitutes relevant to the NG group. Similarly, when PLR was
elevated, HG was less prevalent by 25.03% and 24.35% in males and
females, respectively (Table 2). Moreover, PR values for increased
PLR were 0.72 and 0.76 for males and females, respectively,
whereas OR values were 0.59 for males and 0.63 for females. The
PRR is derived from PR and is a function of OR. The PRR of elevated
PLR against HG was therefore 0.40 in males and 0.36 in females
(Table 2).

To further assess the clinical utility of PLR in discriminating
individuals with NG from those with IFG and HG, we performed
a receiver operating characteristic (ROC) curve analysis as shown
in Fig. 3G-I. The area under the curve (AUC) was highest in females
reaching 0.590 (P < 0.0001) which is higher than CRP in that group



Fig. 1. Changes in PLR in light of FBG in males and females.Means ± 95% CI of PLR in prediabetics and diabetics of (A) both genders, (B)males, and (C) females. Means ± 95%
CI of FBG in normal PLR (N-PLR) and high PLR (H-PLR) groups in (D) both genders, (E) males, and (F) females.

Fig. 2. Individual and combined effect of gender and age on PLR. Means ± 95% CI of PLR in prediabetics and diabetics. Both genders are presented in (A) young, (B) young
adults, (C) adults, (D) and elderlies. Males are presented in (E) young, (F) young adults, (G) adults, and (H) elderlies. Females are presented in (I) young, (J) young adults, (K)
adults, and (L) elderlies.
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Fig. 3. Association of PLR with FBG and CRP. (A-C) Simple linear regression of PLR and FBG in both genders, males, and females, respectively. (D-F) Simple linear regression
of CRP and FBG in both genders, males, and females, respectively. (G-I) ROC curves of PLR and FBG in both genders, males, and females, respectively. (J-L) ROC curves of CRP
and FBG in both genders, males, and females, respectively.

Table 2
Prevalence and risk assessment of elevated PLR and HG in studied population.

Prevalence (%)

Elevated PLR All subjects NG HG

Male and female 10.94 12.91 8.43
Male 10.61 12.63 7.89
Female 11.36 13.34 8.94

HG All subjects N-PLR H-PLR

Male and female 43.9 45.14 33.84
Male 42.69 43.99 31.76
Female 45.04 46.27 35.45

Risk assessment

Gender PR 95% CI P OR 95% CI P
Male and female 0.74 0.61–0.91 0.0056 0.62 0.45–0.84 0.0029
Male 0.72 0.52–0.99 0.0477 0.59 0.36–0.95 0.0326
Female 0.76 0.58–0.99 0.0466 0.63 0.42–0.96 0.0329

NG, normoglycemic; HG, hyperglycemic; N-PLR, normal PLR; H-PLR, high PLR. P < 0.05 is statistically significant.
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(AUC = 0.582, P < 0.0001). In contrast, the AUC of CRP was higher
than that of PLR in males (0.602 vs. 0.581, P < 0.0001 for both).

Next, we stratified subjects based on their glycemic status using
HbA1c levels instead of FBG. Fig. 4A-C shows that PLR was signifi-
cantly decreased in prediabetics and diabetics compared to nondi-
abetics in the unadjusted model. This was also true in females but
in males PLR was only significantly lowered in diabetics compared
to non-diabetics. Conversely, HbA1c was only significantly reduced
in males with high PLR (Fig. 4E). Furthermore, the correlation
between PLR and HbA1c was similar to that observed between
PLR and FBG (Fig. 4G-I). Testing for the diagnostic accuracy of
PLR in discriminating individuals based on HbA1c levels yielded
the best performance in females (AUC = 0.621, P < 0.0001). Notably,
4

PLR performed better than CRP in discriminating NG from HG using
either FBG or HbA1c to segregate controls and patients.
4. Discussion

Physiological sequelae of disturbances in FBG include tissue
infiltration of inflammatory cells causing oxidative injury. In this
report, we demonstrate that platelets and lymphocytes are altered
in IFG and HG with contrasting age and gender disparities. We also
present a comparative binary analysis of PLR based on FBG and
HbA1c levels which revealed that PLR discriminates male diabetics
based on FBG better than HbA1c, whereas in females, PLR discrim-
inates diabetics based on HbA1c better than FBG. Moreover, PLR



Fig. 4. Patterns of PLR in light of HbA1c in males and females. Means ± 95% CI of PLR in prediabetics and diabetics of (A) both genders, (B) males, and (C) females.
Means ± 95% CI of HbA1c in normal PLR (N-PLR) and high PLR (H-PLR) groups in (D) both genders, (E) males, and (F) females. (G-I) Simple linear regression of PLR and HbA1c
in both genders, males, and females, respectively. (J-L) ROC curves of PLR and HbA1c in both genders, males, and females, respectively.
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was only significantly decreased in females with IFG as defined by
HbA1c but not FBG.

Stratification of subjects based on FBG levels permitted PLR to
distinguish HG from NG and IFG (Fig. 1A-C). Increased PLR was also
found to be less common in HG and was also a protective factor
against glucose dysregulation (Table 2). There was, however, no
significant difference between NG and IFG groups which suggests
that PLR may not be a sensitive marker of glucose disturbances.
In a study by Metroglu et al., PLR exhibited biphasic dynamics
where it was low in prediabetes and early DM but high in late
DM (Mertoglu & Gunay, 2017). Another report showed that PLR
performed better than neutrophil–lymphocyte ratio (NLR) in corre-
lating with hepatitis C severity (Meng et al., 2016) and with inflam-
matory response to renal disease (Turkmen et al., 2013). Also,
increased PLR was an independent risk factor for higher mortality
in DM complicated by myocardial infarction (Hudzik et al., 2015).
No consensus regarding the progression of PLR in diabetic patients
was however found in the literature, and interventional, longitudi-
nal studies to monitor alterations in PLR over time and under vary-
ing clinical contexts are urgently needed.

Our study also highlights the gender disparity associated with
changes in PLR in relation to FBG. When subjects were divided into
normal PLR and high PLR groups, only males had significantly
lower FBG in the latter group (Fig. 1E). Further age-wise compar-
isons of PLR in FBG-stratified males displaced that significance
across all age groups (Fig. 2E-H). In females, PLR was only signifi-
cantly decreased in HG compared to IFG in the young and in HG
compared to NG in adults (Fig. 2I-L). In agreement with these
observations, accumulating evidence indicates that DM is more
prevalent in Middle Eastern women which is in contrast to trends
observed in other ethnicities (Tramunt et al., 2020). Conversely,
5

peaks of DM prevalence are observed in men earlier than in
women (Cho et al., 2018). One possible explanation is that sex ster-
oids participate in the maintenance of plasma glucose levels by
regulating lipid and carbohydrate metabolism and thus counteract
insulin resistance. This is evidenced by the increased incidence of
DM in menopausal women with estrogen deficiency and its rever-
sal by estrogen therapy (Appiah, Winters, & Hornung, 2014). Estro-
gens have also been shown in preclinical models to prevent
apoptosis and preserve pancreatic b-cell longevity (Le May et al.,
2006). On the other hand, estrogen impairs glucose tolerance
resulting in higher plasma glucose following oral glucose tolerance
test in women (Mauvais-Jarvis, 2018). Like estrogen in women,
testosterone similarly possesses diabetogenic potential. In fact,
testosterone exhibits a rather dichotomous dynamism in regulat-
ing glucose homeostasis in men and women. Decreasing levels of
testosterone in elderly males predispose to DM, while elevated
levels in women along with reduced sex hormone-binding globulin
disrupt glucose metabolism (Hackett et al., 2014; Wang et al.,
2021). Perhaps more important are the differences in insulin sensi-
tivity between males and females. Higher postprandial insulin, C-
peptide, and glucose utilization by skeletal muscle may account
for the increased insulin sensitivity in women (Mauvais-Jarvis,
2018).

Gender differences were similarly underscored when assessing
the glycemic state using HbA1c. In females, PLR was sensitive to
identify both IFG and HG (Fig. 4C) while in males it identified only
those with HG (Fig. 4B). Also similar to FBG levels, only males with
high PLR had significantly lower HbA1c (Fig. 4E). Although men
and women respond differently to glucose challenge, with women
having significantly lower postprandial FBG than men, this is not
the case with regard to HbA1c (Mauvais-Jarvis, 2018). Neverthe-
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less, gender differences have indeed been described in the litera-
ture in various ethnicities. In Chinese adults, significantly higher
baseline HbA1c was found in males and positively correlated with
age (Ma, Liu, Xiang, Shan, & Xing, 2016). Also, at normal HbA1c,
Chinese men have a lower risk of cardiovascular disease and are
more resistant to metabolic exhaustion leading to DM than women
(Du, Yuan, Zhou, & Sun, 2016). In Italy, HbA1c was significantly
higher in young male subjects compared to females (Callà C,
2019). HbA1c has also been utilized to predict mortality. It has
been demonstrated in the Danish population that variations and
absolute change in HbA1c carried a greater risk for mortality in
subjects below and above a cutoff of 8%, respectively (Skriver,
Sandbaek, Kristensen, & Stovring, 2015).

The strength of the current study is based on the large sample
size which is representative of the Saudi population, nonexistent
variation in generation, acquisition, and validation of data, and
the ability to determine prevalence and risk estimates. However,
given the cross-sectional nature of this study, it was not possible
to determine a possible causal relationship between disturbances
in glucose regulation and fluctuations in PLR. In addition, data on
potentially confounding factors that may or may not have signifi-
cantly influenced the findings were missing.

5. Conclusion

In conclusion, the current study highlights the disruption in pla-
telet and lymphocyte homeostasis in response to elevations in FBG
and HbA1c. Analysis of lymphocyte subtypes Th1 (pro-
inflammatory) and Th2 (anti-inflammatory) and the governing
dynamics of antigenic shifts relative to glycemic control deserves
further examination. Equally important, the assessment of the use-
fulness of PLR in predicting DM risk and development, the occur-
rence of neurovascular and renal complications, and the need for
hypoglycemic agents and insulin replacement therapy are urgently
needed.
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