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Abstract

Aim: Monocyte to high-density lipoprotein ratio is a new marker of chronic inflammation and oxidative stress, which plays a role in gestational
diabetes. Here, we aimed to evaluate the second-trimester monocyte to high-density lipoprotein ratio in gestational diabetes and to assess
the predictive role of insulin requirement and delivery mode in gestational diabetes.

Methods: A total of 45 gestational diabetes patients and 45 healthy pregnant were included in this retrospective study. The gestational
diabetes group was divided into two subgroups: diet-controlled (n = 15) and requiring insulin (n = 30). Demographic and obstetrics characteristics,
complete blood count, and biochemical analysis results were compared between groups. The predictive role of monocyte to high-density
lipoprotein ratio for gestational diabetes, insulin requirement, and delivery mode was evaluated by receiver operating curve analysis.

Results: The monocyte to high-density lipoprotein ratio was higher in gestational diabetes (p<0.001). Also, it was higher in insulin-requiring
diabetes as compared to the controlled diabetes group (p=0.021). Monocyte to high-density lipoprotein ratio was correlated with fasting
glucose (r = 0.469, p=0.001) and 50-gram testing first-hour levels (r = 0.595, p<0.001). Monocyte to high-density lipoprotein ratio >8.2
discriminated gestational diabetes with 91.1% sensitivity and 80% specificity (AUC = 0.922, p<0.001), while >9.1 predicted insulin requirement
with 86.7% sensitivity and 66.7% specificity (AUC = 0.713, p=0.032). It did not predict cesarean section in gestational diabetes (p=0.21).

Conclusion: The second-trimester monocyte to high-density lipoprotein ratio might be a cheap and available marker for detecting gestational
diabetes and the insulin requirement in gestational diabetes mellitus.
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Introduction

Gestational diabetes mellitus (GDM) is the most common
metabolic disorder that is defined as the first occurrence of
glucose intolerance during pregnancy. It has a prevalence of 1%
to 14%, depending on the diagnostic criteria used in society
and ethnic origin.'? In addition to increased adverse perinatal
outcomes, GDM is associated with long-term cardiovascular
risks, hypertensive disorders, development of insulin resistance,
and type 2 diabetes.* The pathophysiology of GDM is not fully
understood. Patients who develop GDM have a pancreatic B-cell
defect that fails to compensate for the insulin resistance of
pregnancy. At the same time, increased oxidative stress caused by
chronic low-grade inflammation in GDM triggers the production
of inflammatory cytokines and free oxidative radicals.*®
Understanding the pathophysiology of GDM and finding predicting
markers can be a guide to minimizing major pregnancy and long-
life complications. Thus, researchers focused on searching for new
markers to investigate risk prediction to guide the prevention and
treatment of GDM.”® Monocytes, which are immature immune
system cells and constitute approximately 3-8% of the leukocytes
in the peripheral blood, are involved in controlling inflammatory
processes by secreting proinflammatory and prooxidant cytokines
together with macrophages.>'° During pregnancy, the number and
activation of monocytes increase. It is known that monocytes
in circulation contact with syncytiotrophoblasts and activate
inflammation."" High-density lipoprotein (HDL) cholesterol reduces
the pro-oxidant and proinflammatory effects of monocytes with
its antithrombotic, anti-inflammatory, and antioxidant effects. All
these results showed that monocyte to HDL ratio (MHR) might be
used as a new marker of chronic inflammation and oxidative stress
due to the anti-inflammatory and antioxidant effects of HDL as
well as the proinflammatory effect of monocytes. An increase in
MHR levels indicates increased inflammation.'

In the present study, we aimed to determine the discriminative
role of second-trimester MHR for GDM. Moreover, we aimed to
evaluate the predictive role of MHR for insulin requirement and
delivery mode in GDM.

Materials and Methods

This study was designed as a retrospective case-control study.
It was carried out at a university-affiliated research and training
hospital between January 2022 and January 2024.

Study Population

During the two-year study period, 678 patients were obtained from
medical records who underwent GDM screening by a one-step
protocol of 75-gram oral glucose tolerance testing (OGTT) or a
two-step protocol of 50-gram OGTT followed by 100-gram OGTT.

The inclusion criteria were as follows: being 16 and 45 years old,
pregnant women between 24-28 weeks who have two-step protocol
OGTT screening and laboratory analysis including complete blood
count and lipid profile, having regular antenatal visits, and giving
birth in our clinic.

Theexclusioncriteriawere composedof havingany contraindications
to OGTT, 75-gram OGTT screening, multiple pregnancies,
unavailable perinatal data, smoking, history of pregestational
diabetes or chronic diseases affecting inflammatory processes,
patients who have dyslipidemia, autoimmune diseases, presence
of hypertensive disorders of pregnancy, preterm premature rupture
of membranes, threatened labor, intrauterine growth restriction,
fetal anomaly noted in medical reports of our hospital.

In our clinic, GDM was diagnosed with a step protocol according to
the recommendations by ACOG. A 50-gram OGTT was performed,
followed by a 100-gram OGTT if plasma blood glucose levels at the
first hour exceeded 140 mg/dL. Glucose levels of 200 and above
after OGTT were accepted as GDM. In 100 gram OGTT, GDM was
diagnosed if two abnormal values of 95 mg/dL for fasting, 180
mg/dL at the first hour, 155 mg/dL at the second hour, and 140
mg/dL at the third hour were detected."

After the selection, due to the inclusion and exclusion criteria, a
total of 90 patients were included and grouped as GDM (n = 45)
and control (n = 45). Then, the participants were divided into two
subgroups: diet-controlled GDM (n = 15) and GDM requiring insulin
(n = 30).

Patients’ characteristics such as age, body mass index (BMI),
gravida, parity, obstetrics features such as OGTT week and
results, presence of macrosomia and polyhydramnios, birth weight,
delivery week, delivery mode, NICU requirement and Apgar scores,
complete blood count values, biochemical analysis results were
recorded and compared between groups. The monocyte to HDL
ratio was calculated by dividing the monocyte count by the HDL
cholesterol value. A cut-off value for MHR for the presence of GDM
and insulin requirement was detected by ROC analysis.

Ethical Approval

This study was approved by the Ethics Committee of Health
Science University Bursa Yiiksek ihtisas Training and Research
Hospital (Date: 06.07.2024, Decision No: 2024-TBEK).

Statistical Analysis

The normality assumption was assessed with the Shapiro-Wilk
test. Descriptives were presented as mean (standard deviation)
and median (minimum-maximum) values for continuous variables,
while categorical variables were given with frequency and related
percentage values. For comparison between the two groups, the
Student t-test was used for normally distributed variables, and
the Mann-Whitney U test was used for non-normally distributed
ones. Categorical variables were compared with the Chi-square
test or Fisher’s exact test. The association between MHR, 50-
gram OGTT values, and HbAT1c was evaluated with the Spearman
correlation coefficient. The receiver operating curve analysis was
used to determine the discriminative and predictive role of MHR
for GDM, insulin requiring GDM, and delivery mode. The cut-off
values were determined by using the Youden index. SPSS version
22.0 and MedCalc 18 were used for statistical analysis. A p<0.05
was accepted as statistically significant.

Reporting Guidelines
The study was reported in accordance with STROBE guidelines.

Results

The demographic, perinatal, and laboratory characteristics of
all patients are shown in Table 1. No significant difference was
present between GDM and control groups regarding age, gravida,
parity, OGTT week, presence of macrosomia, delivery mode, birth
weight, Apgar scores, and neonatal intensive care unit requirement.
Gestational diabetes mellitus patients had statistically significantly
higher BMI, higher polyhydramnios rates, higher 50-gram OGTT
values, and lower birth weeks as compared to the control group.
The median MHR levels were 9.8 (7.9-12.7) in GDM and 7.3 (6.1-
10.2) in the control group, which was significantly higher in GDM
group (p<0.001). Median HbA1c was 5.5 (4.7-7.8) in GDM patients.
The demographic, perinatal, and laboratory characteristics of
diet-controlled and insulinre quiring GDM patients are presented
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in Table 2. There was no difference between diet-controlled GDM
and insulin-requiring GDM groups for age, gravida, parity, OGTT
week, presence of macrosomia and polyhydramnios, delivery
mode, birth weight, neonatal intensive care unit requirement,
HbA1c, and 50-gram OGTT levels. Insulin-requiring GDM patients
had significantly higher BMI, lower birth weeks, and Apgar scores
compared to the diet-controlled GDM group. The median MHR level
was statistically significantly higher in the insulin-requiring GDM
group as compared to the controlled GDM group (p=0.021). The
association between MHR, 50-gram OGTT values, and HbA1c was
assessed with the Spearman correlation coefficient (Table 3). MHR

Table 1. The demographic, perinatal, and laboratory characteristics
of all patients

(n = 45) P

Variable

was not correlated with HbATc levels, whereas it was positively
correlated with 50-gram OGTT fasting glucose (r = 0.469, p=0.001)
and 50-gram OGTT first-hour glucose levels (r = 0.595, p<0.001).

The discriminative role of MHR for GDM was evaluated by receiver
operating curve analysis and presented in Figure 1. MHR above
8.2 was found to discriminate GDM with 91.1% sensitivity and
80% specificity (AUC = 0.922, p<0.001). Additionally, the receiver
operating curve analysis demonstrated that MHR above 9.1
predicted GDM requiring insulin with 86.7% sensitivity and 66.7%
specificity (AUC = 0.713, p=0.032), and this analysis was shown in
Figure 2. Contrary to this, MHR did not predict the cesarean section
in GDM patients (p=0.21).

Table 3. Spearman correlation coefficient assessing the association
between MHR, 50-gram OGTT values, and HbATc

GDM Control value

Age,y 31(20-35) 28 (20-36) .388 e AU

Body mass index (kg/m?) 30 (20-30) 27 (22-30) .002 1. hour Fasting

Gravida (n) 3(1-9) 2(1-7) 312 Spearsman’s rho

Parity (n) 2(0-3) 1(0-5 120 Corrfgla}tlon 1 0.595** 0469 0134
OGTT week, we 27 (24-28) 26 (24-28) 120 ‘;‘?e ( ;'e“ﬁ 9 0,001 0,001 0384
Presence of macrosomia ig. (2-taile N : ’ :
(n.%) 6 (13.3%) 2 (4.4%) .266 N 45 45 45 45
Presence of . . 9 (20%) 1(2.2%) 007 50-gr OGTT 1. hour glucose

polyhydramnios n (%) Correlation o n »
Birth week, we 38(28-41) 39 (28-41)  .003 Coefficient ~ 0>9° 1 564 0.417
Cesarean section n (%) 14 (31.1%) 27 (60%) .378 Sig. (2-tailed)  0.001 - 0.001 0.004

: : 3325 3240 Total N 45 45 45 45
BV Sl (1170-4090) (1340-3850) > .
. 50-gr OGTT fasting glucose
Apgar first minute score 9 (4-9) 9 (0-9) .784 .
: Correlation o .
Apgar fifth minute score 10 (6-10) 10 (0-10)  .586 coefficient 0.469 0.564 1 0.259
NICU requirement n. (0/0) 10 (22.50/0) 5 (1 1.1 0/0) 157 Slg (2-tai|ed) 0.001 0.001 - 0.086
50 gram OGTT fasting 4571 .37, 816142 <0001  Total N 45 45 45 45
glucose (mg/dl) HbAT
c
>0 gram OGTT Thour 4545, 289 99.9:192 <0001  Correlati
glucose (mg/dl) oreeton 0134 0417* 0259 1
98 73 coefficient ) ’ )

MHR (79-127)  (61-102) <9901 g0 (otailed) 0384 0004 0.086 -
GDM: Gestational diabetes mellitus, MHR: Monocyte to high-density lipoprotein ratio, NICU: Total N 45 45 45 45

Neonatal intensive care unit, OGTT: oral glucose tolerance testing

gr: gram MHR: Monocyte to high-density lipoprotein ratio, OGTT: oral glucose tolerance testing

Table 2. Demographic, perinatal, and laboratory characteristics of diet-controlled and insulin-requiring GDM patients

Variable Diet controlled GDM (n = 15) GDM requiring insulin (n = 30) P value
Age,y 27 (22-35) 34 (20-35) .095
Body mass index (kg/m?) 27 (22-30) 30 (20-30) .005
Gravida (n) 3(1-9) 3(1-7) 871
Parity (n) 2 (0-2) 1 (0-3) .899
OGTT week, we 26 (24-28) 27.5 (24-28) 292
Presence of macrosomia n (%) 2 (13.3%) 4 (13.3%) 1.000
Presence of polyhydramnios n(%) 2 (13.3%) 7 (23.3%) .695
Birth week (week) 38 (36-41) 37 (28-40) .035
Cesarean section n (%) 8 (53.3%) 23 (76.7%) 172
Birth weight (gram) 3420 (2750-3900) 3280 (1170-4090) 25
Apgar first minute score 9 (9-9) 9 (4-9) .030
Apgar fifth minute score 10 (10-10) 10 (6-10) .030
NICU requirement n (%) 1 (6.7%) 9 (30%) 129
HbA1c (%) 5.4 (4.9-7.2) 5.6 (4.7-7.8) 1555
50-gram OGTT fasting glucose (mg/dl) 121.9 £+ 409 129.7 + 355 513
50-gram OGTT 1.hour glucose (mg/dl) 179.4 + 33.2 186.6 + 26.8 439
MHR 8.9 (7.9-12.3) 10.2 (8.1-12.7) 021

GDM: Gestational diabetes mellitus, MHR: Monocyte to high-density lipoprotein ratio, NICU: Neonatal intensive care unit, OGTT: oral glucose tolerance testing
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Figure 1. The receiver operating curve demonstrating the

discriminative role of MHR for GDM
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Figure 2. The receiver operating curve demonstrating the predictive
role of MHR for GDM requiring insulin

Discussion

Low-grade subacute or chronic inflammation and oxidative stress
play a crucial role in the pathogenesis of GDM.'* This inflammation
is known to be responsible for insulin resistance and future life
complications.” Hence, inflammatory markers have been widely
studied to predict pregnancy outcomes and prognosis in GDM. In
a study by You et al.'® a first-trimester triglyceride to HDL ratio
above 2.27 predicted GDM with 72.9% sensitivity and 75.1%
specificity. Moreover, they reported that the triglyceride to HDL
ratio is a better predictor than triglyceride, HDL, total cholesterol,
low-density lipoprotein, and HOMA-IR for GDM. In another study
searching 954 pregnant women, the triglyceride to HDL ratio
increased the risk of GDM by 3.87-fold.'” The possible mechanism
between triglyceride to HDL ratio and GDM can be explained
by increased estrogen levels and insulin resistance. Increased
estrogen levels and insulin resistance trigger the synthesis of free
fatty acids, which worsens insulin resistance and leads to glucose
metabolism impairment.’®

There are challenging results about monocyte counts in GDM.
In a study by Huang et al.'® , decreased monocyte count was
reported in GDM patients, while Shim et al.” declared increased
monocyte counts in GDM. Moreover, a systematic review has
shown no association between monocyte count and GDM.* This

inconsistency could be related to the grading of monocytes such as
low, intermediate, or mature and different trimesters of pregnancy.
Additionally, monocytes can be pro-inflammatory or anti-
inflammatory according to their maturation, like macrophages.

Monocyte to HDL ratio, which was defined in 2014 by Kanbay
et al.?' is a representative of chronic inflammation. In this study,
increased MHR levels estimated adverse cardiovascular events in
chronic kidney disease patients. In a study by Selcuk et al.?> MHR
was higher in non-dipper hypertension as compared to the control
group and dipper hypertension patients. Gembillo et al.** reported
higher MHR levels and a positive correlation between MHR and C
reactive protein in patients with persistent hypertension.

In obstetrics and gynecology practice, MHR has been studied in
diseases such as preeclampsia, polycystic ovary syndrome, and
GDM. Cakmak et al.?* reported higher MHR levels in polycystic
ovary syndrome and claimed that MHR above 9.9 predicted
metabolic syndrome in polycystic ovary syndrome patients.
Kopik et al."" found higher MHR levels in preeclamptic patients.
In a study searching the role of MHR in GDM, higher MHR levels
were reported, and MHR above 8.97 predicted GDM with 83.3%
sensitivity and 69.2% specificity. Additionally, MHR was found
to be correlated with some heavy metals, which reflects the role
of MHR in oxidative stress.?® Similar to this study, Fagninou et
al.” demonstrated higher MHR levels in GDM. A study searching
the role of C reactive protein to albumin ratio and MHR found
that C reactive protein to albumin ratio was correlated with
HOMA-IR and BMI, while no significant difference was reported
for MHR between GDM and control groups. They claimed that
C reactive protein to albumin ratio is superior to MHR for the
prediction of GDM.™ In this study, blood samples were taken
in the third trimester, and treatment could have affected the
inflammatory processes. In the present study, we found higher
MHR levels in GDM consistent with the literature. In addition to
this finding, we compared MHR levels between GDM treatment
groups for the first time and found higher MHR levels in insulin
requiring diabetes as compared to the controlled diabetes group.
Moreover, MHR was found to be correlated with fasting glucose
and 50-gram oral glucose tolerance testing firsthour glucose
levels. MHR above 8.2 discriminated GDM with 91.1% sensitivity
and 80% specificity, while MHR above 9.1 predicted insulin
requirement with 86.7% sensitivity and 66.7% specificity. To the
best of our knowledge, our study was the first study evaluating
the predictive role of MHR for treatment options such as diet
or insulin.

Limitations

The present study has some restrictions. First, it has a small sample
size and retrospective design. Second, the association between
MHR and GDM may differ due to the study population and ethnicity.
Finally, serial measurement of MHR might be more beneficial for
detecting the differences between trimesters of pregnancy.

Conclusion

Second-trimester MHR might be a cheap and available marker that
provides information about oxidative stress and inflammation. We
suggest that MHR could be used for detecting GDM and the insulin
requirement in GDM.
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NICU: Neonatal intensive care unit

OGTT: Oral glucose tolerance test

ROC: Receiver operating characteristic
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