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Abstract: Objective: In this study, we investigated 25-hydroxyvitamin D (25(OH)D, vitamin D), in-
flammatory hematologic ratios such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), systemic immune-inflammation index (SII), monocyte/HDL-C ratio (MHR) and plasma
atherogenic index (PAI) and possible relationships with insulin resistance (IR) in children. Methods:
A total of 210 individuals, including 96 children with IR and 114 children without IR, aged 6–18 years,
who were admitted to the Pediatric Endocrinology Outpatient Clinic at Medicine Hospital, Istan-
bul Atlas University were included in our study. Result: Compared to patients without IR, NLR,
PLR, SII, and MHR were significantly higher in patients with IR. Fasting insulin, PAI, homeostasis
model assessment of insulin resistance (HOMA-IR), and HOMA-β were significantly higher and
quantitative insulin sensitivity check index (QUICKI) was considerably lower in patients with IR
compared to those without IR. NLR, SII, and MHR were lower in normal vitamin D groups than the
others (p < 0.001). PLR was lower in the group with normal vitamin D levels than the groups with
insufficient or deficient levels of vitamin D (D < 21). Conclusions: We found that vitamin D deficiency
in childhood is related to increased levels of circulating inflammatory markers (NLR, PLR, MHR,
PAI), IR, and decreased insulin sensitivity. According to our results, supplementation of vitamin D
may be beneficial in averting IR and enhanced systemic inflammation

Keywords: children; vitamin D; insulin resistance; monocyte/HDL ratio; inflammatory index

1. Introduction

Childhood obesity has an increasing prevalence worldwide. Since adult obesity
and obesity-related complications are more common in obese children and adolescents,
childhood obesity has become an important health problem [1]. Dyslipidemia can be a
consequence of obesity in both adults and children. Hyperinsulinemia increases triglyceride
(TG) production from the liver. The most common dyslipidemia seen with obesity is
increased TG levels and decreased high-density lipoprotein (HDL) levels. This is called
atherogenic dyslipidemia [2,3].

Oxidative stress and inflammation are expressed by the proinflammatory effects of
monocytes, the monocyte/HDL-C ratio (MHR), and are affected by the anti-inflammatory
and antioxidant effects of HDL-C. This value has been used in many studies to determine
whether inflammation and atherosclerosis contribute to the etiopathogenesis of cardiovas-
cular diseases and type 2 diabetes mellitus (T2DM) [3–6]. Neutrophil/HDL-C ratio (NHR)
is also an easily accessible potential index of inflammation [7].

25-hydroxyvitamin D (25(OH)D, vitamin D) deficiency has emerged as a widespread
public health problem worldwide and is one of the most commonly undiagnosed nutrient
deficiencies in all age groups [8]. Vitamin D levels are inversely associated with MHR
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among young medical staff [9]. Vitamin D plays a role in of insulin-sensitive tissues includ-
ing the liver and skeletal muscle and can regulate insulin secretion. It may be associated
with the pathogenesis of IR [10–12]. Since there are different conflicting studies [13–15]
available, more studies need to be conducted to investigate the connection between vitamin
D levels and IR in childhood.

Therefore, we investigated the mechanisms of IR, inflammation induction, and vitamin
D deficiency associated with obesity in children. Understanding the impairment of diabetes-
related insulin signaling induced by obesity may lead to better pharmacological strategies
not only for the treatment but also for the prevention of obesity and diabetes. In this
study, we investigated vitamin D, inflammatory hematologic ratios such as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), MHR, and plasma atherogenic
index (PAI), and possible relationships with IR in children.

2. Materials and Methods
2.1. Study Population

This cross-sectional study was conducted according to the guidelines of the Declara-
tion of Helsinki and approved by the Istanbul Atlas University, Medical Faculty Clinical
Research Ethics Committee (number of approval E-22686390-050.99-26195; Date: 13 April
2023). Data collection was completed prospectively. All patients and their parents signed
an informed consent to execute the original measurements and to review their medical
records. A total of 210 individuals, including 96 children with IR and 114 children without
IR, aged 6–18 years, who were admitted to the Pediatric Endocrinology Outpatient Clinic at
Medicine Hospital, Istanbul Atlas University were included in our study. All measurements
were performed by healthcare professionals, who were blinded to the clinical diagnoses of
the participants.

2.2. Exclusion Criteria

Since we wanted to include only exogenously obese patients (without any other
underlying disease) in the patient group, patients with hypothyroidism, Cushing’s disease,
or syndrome that may cause obesity were excluded. In addition, patients with impaired
glucose tolerance and DM were also excluded from the patient group without IR. Patients
with communication problems, weakness, growth retardation, inflammatory diseases,
infectious diseases, and those taking oral antidiabetic drugs, insulin, antihypertensive
drugs and lipid-lowering drugs were excluded. Patients who were taking any nutritional
supplements (vitamin D, iron, fish oil, prebiotics, probiotics, etc.), in the last three months
were excluded.

2.3. Clinical and Biochemical Parameters

Height was measured with a Harpender stadiometer with a measurement accuracy
of 0.1 cm and weight was measured with a SECA scale with a measurement accuracy of
0.1 kg. Participants’ weight was assessed after removing all clothing except underwear.

The formula of weight (kg)/height2 (m2) was utilized to measure the body mass index
(BMI) of the participants by dietitians using their height and body weight.

Blood pressure was measured in a sitting position after at least 5 min of rest and as the
average of three measurements.

For complete blood count and biochemical tests, blood samples were collected from
the antecubital vein between 8 and 10 h in the morning at rest after 12 h of fasting. Blood
samples taken for biochemical tests were centrifuged for 10 min and serum was obtained.
To avoid possible assay variability, all patient blood samples were analyzed together.

Impaired fasting glucose was assessed by internationally defined criteria. Fast-
ing plasma glucose ≤100 mg/dL was defined as normal, 100–125 mg/dL as impaired
fasting glucose, and 75 g oral glucose tolerance test (OGTT), 2nd hour plasma glucose
140–199 mg/dL was considered as impaired glucose tolerance. OGTT was performed in
patients with impaired fasting glucose and severe hyperinsulinemia [16].
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For evaluation of IR, homeostasis model assessment of IR (HOMA-IR) index was
utilized. HOMA-IR is calculated by the formula fasting insulin (uIU/mL) × fasting blood
glucose (mg/dL)/405. Different cut-off values for IR were taken for prepubertal and
pubertal periods (prepubertal HOMA-IR > 2.5 and pubertal HOMA-IR > 4) [17]. The status
of IR in participants was also evaluated by using fasting glucose-to-insulin ratio (FGIR),
quantitative insulin sensitivity check index (QUICKI), and HOMA-β [18,19].

Levels of 25(OH)D are interpreted as follows [20]: 21–29 ng/mL (52.5–72.5 nmol/L):
vitamin D insufficiency; <20 ng/mL (<50 nmol/L): vitamin D deficiency.

Routine parameters such as glucose, cholesterol, and triglyceride were quantified
with an automated analyzer (Cobas Integra 800; Roche Diagnostics GmbH: Mannheim,
Germany).

The levels of fasting insulin were determined using commercial kits and an automatic
hormone analyzer (Beckman Coulter; Unicel DXI 600; Access Immunoassay System South
Kraemer Boulevard Brea, CA, USA). The serum 25-hydroxyvitamin D [25(OH)D] levels
were measured by enzyme-linked fluorescent assay on the Mini Vidas (Biomerieux, Paris,
France).

Serum high sensitive C-reactive protein (hs-CRP) was measured with chemilumines-
cent immunoassay using an ADVIA Centaur XP (Siemens Healthcare Diagnostics, New
York, NY, USA).

Neutrophil/lymphocyte ratio (NLR) was calculated by dividing neutrophil count by
lymphocyte count and monocyte/HDL ratio (MHR) was calculated by taking the ratio of
monocytes to HDL.

Plasma atherogenic index (PAI) was calculated from the logarithm of the ratio of
triglyceride to HDL cholesterol.

2.4. Statistical Analyses

For data assessment and analysis, statistical Package for the Social Sciences version
21.0 software package for Windows (IBM Corp., Armonk, NY, USA) and Office 365 was
used. Frequencies (n) and percentages (%) were used to show the descriptive characteristics
of the data while numerical variables were described as mean ± standard deviation or
median (25. percentile-75. percentile). A chi-square test was used to assess the distribution
among categorical variables. To determine the distribution manner of the data, visuals
(histograms and Q-Q plots), descriptive techniques (coefficient of variation, skewness,
and kurtosis), and analytical methods (Kolmogorov–Smirnov Test) were employed. The
independent samples t test or Mann–Whitney U test were utilized to compare continuous
variables for two groups. To compare continuous variables between more than two groups
p values one-way ANOVA or Kruskal–Wallis test were used. Adjusted p values and Tukey-
HSD were utilized for post hoc significance. An ANCOVA analysis was performed using
HOMA-IR or inflammatory markers as dependent variables and covariates, and vitamin
D levels as the independent variable. To determine relationship between the numerical
variables, the Pearson or Spearman correlation analyses were utilized. A p-value < 0.05
was considered as statistical significance.

3. Results

Of the participants, 54.3% (n: 114) did not have IR and 45.7% (n: 96) had IR. There
was a statistically significant association relationship between IR and vitamin D deficiency.
Among patients without IR, 61.4% (n: 70) had vitamin D in the normal range, 26.3% (n: 30)
had vitamin D between 21 and 29, and 12.3% (n: 14) had vitamin D < 21. None of the
patients with IR had normal vitamin D levels, 41.7% (n: 40) had vitamin D between 21 and
29, 58.3% (n: 56) <21 (Table 1).
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Table 1. The relationship between insulin resistance and vitamin D deficiency.

Insulin Resistance Status

No Insulin Resistance
(n: 114; 54.3%)

Insulin Resistance
(n: 96; 45.7%)

n % n % p Value

Vitamin D (ng/mL)

Normal vitamin D 70 61.4% 0 0%

Vitamin D (21–29) 30 26.3% 40 41.7% <0.001 *

Vitamin D < 21 14 12.3% 56 58.3%

Vitamin D

Normal vitamin D 70 61.4% 0 0% <0.001 *

Vitamin D < 29 44 38.6% 96 100%

*: Fisher’s exact test was applied.

BMI and waist circumference were significantly higher, and vitamin D was signif-
icantly lower in the group with IR than without IR. BMI values in the sample ranged
between 20.14 and 34.77, with a mean of 25.58 and a standard deviation of 3.22. The median
BMI was 24.77, and the 25th and 75th percentiles were 23.37 and 27.45, respectively. Waist
circumference ranged between 56 cm and 98 cm, mean of 74.16 cm, standard deviation of
9.37 cm, median of 75 cm, and 25th and 75th percentiles of 68 cm and 81 cm, respectively.
Platelets and neutrophils were similar between IR groups. WBC, neutrophil, monocyte,
CRP, total cholesterol, LDL cholesterol, VLDL cholesterol, triglyceride, and glucose levels
were higher in the IR group than without IR; lymphocyte, lymphocyte percentage, and
HDL cholesterol levels were lower (Table 2).

Table 2. Relationship between insulin resistance and clinical and laboratory parameters and indexes.

No Insulin Resistance Insulin Resistance

Mean ± Std or
Median (25p–75p)

Mean ± Std or
Median (25p–75p) p Value

Age (years) 11.91 ± 3.35 12.41 ± 3.29 0.139

Gender (M/F) 60/54 46/50 -

Body Mass Index (BMI) (kg/m2) 24.33 (23.14–26.02) 26.1 (23.71–28.28) 0.002 ¥

Waist circumference (cm) 69.9 ± 8.89 79.22 ± 7.17 <0.001 †

Vitamin D (ng/mL) 31.1 (24–34.8) 18.7 (12.55–24) <0.001 ¥

Systolic blood pressure (mmHg) 108 (103–115) 115 (108–127.5) <0.001 ¥

Diastolic blood pressure (mmHg) 65 (63–70) 67 (63–71) 0.188 ¥

White blood cell (103/µL) 7.54 (6.5–8.78) 8.34 (7.12–9.75) 0.009 ¥

Platelet (106/µL) 304.01 ± 41.92 310.84 ± 40.07 0.231 †

Lymphocytes (103/µL) 2.91 ± 0.66 2.6 ± 0.76 0.002 †

Lymphocytes (%) 36.99 ± 8.02 33.84 ± 10.23 0.013 †
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Table 2. Cont.

No Insulin Resistance Insulin Resistance

Mean ± Std or
Median (25p–75p)

Mean ± Std or
Median (25p–75p) p Value

Neutrophil (103/µL) 3.42 (2.71–4.41) 4.26 (3.36–5.3) <0.001 ¥

Neutrophil (%) 52.1 (47.1–58.9) 54 (47.55–59.65) 0.182 ¥

Monocyte (103/µL) 5.5 (4.9–6.4) 7.3 (5.85–8.3) <0.001 ¥

Neutrophil/lymphocyte ratio (NLR) 1.18 (0.99–1.59) 1.6 (1.23–2.03) <0.001 ¥

Platelet–lymphocyte ratio (PLR) 108.4 (87.83–120.78) 121.1 (96.5–150.85) 0.001 ¥

Systemic immune-inflammation index (SII) 366.61 (296.27–485.16) 510.76 (387.23–643.42) <0.001 ¥

Monocyte/HDL cholesterol 11.66 (9.57–14.22) 18.62 (16.02–22.99) <0.001 ¥

CRP (mg/L) 0.85 (0.5–1.54) 1.96 (0.91–2.77) <0.001 ¥

Total cholesterol (mg/dL) 154.5 (147–165) 163 (149–180) 0.022 ¥

HDL cholesterol (mg/dL) 48.6 (42.4–51.2) 38.5 (33.4–43.9) <0.001 ¥

LDL cholesterol (mg/dL) 89 (81–99) 106 (95–121.5) <0.001 ¥

VLDL cholesterol (mg/dL) 17.2 (14–18.8) 18.5 (16.6–19.8) <0.001 ¥

Triglyceride (mg/dL) 86 (70–94) 92.5 (83–99) <0.001 ¥

Glucose (mg/dL) 90.68 ± 8.17 94.22 ± 9.97 0.005 †

Glucose (mMol/L) 5.03 ± 0.45 5.23 ± 0.55 0.005 †

Fasting insulin (µIU/mL) 7.25 (5.49–9.3) 19.25 (16.7–23.2) <0.001 ¥

Plasma atherogenic index 0.23 ± 0.12 0.38 ± 0.12 <0.001 †

HOMA-IR 1.65 (1.26–2.08) 4.56 (3.83–5.46) <0.001 ¥

FGIR 12.68 (9.08–16.92) 5.08 (4.04–5.73) <0.001 ¥

HOMA-B 95.59 (74.63–125) 233.09 (189.01–309.18) <0.001 ¥

QUICKI 0.36 ± 0.02 0.31 ± 0.01 <0.001 †

†: Independent samples t test; ¥: Mann-Whitney U test was applied.

NLR, PLR, SII, and MHR were significantly higher in patients with IR compared
to those without. Fasting insulin (19.25 (16.7–23.2) vs. 7.25 (5.49–9.3); p < 0.001), PAI
(0.38 ± 0.12 vs. 0.23 ± 0.12; p < 0.001), HOMA-IR (4.56 (3.83–5.46) vs. 1.65 (1.26–2.08);
p < 0.001), HOMA-β (233.09 (189.01–309.18) vs. 95.59 (74.63–125); p < 0.001) were signifi-
cantly higher and QUICKI (0.31 ± 0.01 vs. 0.36 ± 0.02; p < 0.001) was considerably lower
in patients with IR compared to those without IR (Table 2).

NLR, SII, and MHR were lower in normal vitamin D groups than the others (p < 0.001).
PLR was lower in normal vitamin D than vitamin D < 21 groups. FGIR levels were
significantly different between the three groups. FGIR was 14.83 (12.68–18.02) in the normal
vitamin D group, 6.58 (5.12–8.84) in the vitamin D (21–29) group, and 5.19 (4.14–6.35) in
the vitamin D < 21 groups. Fasting insulin and PAI levels were significantly different
between the three groups. It was found that fasting insulin and PAI were lower in the
normal vitamin D group compared to the others and higher in the vitamin D < 21 group
compared to the others (Table 3).



Nutrients 2024, 16, 3005 6 of 12

Table 3. Relationship between vitamin D deficiency and clinical and laboratory parameters and
indexes.

Vitamin D (ng/mL)

Normal Vitamin D Vitamin D (21–29) Vitamin D (<21)

Mean ± Std or
Median (25p-75p)

Mean ± Std or
Median (25p-75p)

Mean ± Std or
Median (25p-75p) p Value

Age (years) 11.54 ± 3.41 12.31 ± 3.13 12.54 ± 3.29 0.066

Gender (M/F) 37/33 34/36 38/32 -

Body Mass Index (BMI) (kg/m2) 23.73 (22.64–24.46) a 27.11 (25.62–28.25) b 25.36 (22.66–29.04) c <0.001 ¥

Waist circumference (cm) 65.01 ± 6.21 a 75.09 ± 5.29 b 82.39 ± 6.71 c <0.001 †

Systolic blood pressure (mmHg) 105 (102–108) a 120 (110–125) b 110 (108–130) b <0.001 ¥

Diastolic blood pressure (mmHg) 65 (63–70) 65 (60–75) 67 (65–70) 0.146 ¥

White blood cell (103/µL) 7.49 (6.63–8.63) a 8.02 (6.29–9.1) a,b 8.39 (7.25–11.11) b 0.016 ¥

Platelet (106/µL) 309.3 ± 42.84 300.9 ± 52.26 311.2 ± 22.27 0.290 †

Lymphocytes (103/µL) 3.03 ± 0.56 a 2.71 ± 0.67 b 2.57 ± 0.84 b <0.001 †

Lymphocytes (%) 38.62 ± 6.98 a 34.54 ± 7.39 b 33.46 ± 11.79 b 0.002 †

Neutrophil (103/µL) 3.15 (2.53–3.71) a 4.27 (3.06–5.2) b 4.26 (3.44–5.27) b <0.001 ¥

Neutrophil (%) 51.2 (46–56.4) 53.95 (48.9–60.8) 53.6 (47.5–58.9) 0.158 ¥

Monocyte (103/µL) 5.1 (4.6–6.1) a 7.35 (6.3–8.5) b 6.3 (5.3–7.5) c <0.001 ¥

Monocyte (%) 510 (460–610) a 735 (630–850) b 630 (530–750) c <0.001 ¥

Neutrophil/lymphocyte ratio (NLR) 1.06 (0.87–1.29) a 1.59 (1.23–2.06) b 1.57 (1.21–2.22) b <0.001 ¥

Platelet/lymphocyte ratio (PLR) 107.91 (86.3–117.86) a 112.01 (90.78–131.73) a,b 121.1 (102.85–145.24) b 0.002 ¥

Systemic immune-inflammation index (SII) 328.44 (264–404.76) a 486 (355.01–630.97) b 498.72 (381.33–648.41) b <0.001 ¥

Monocyte/HDL cholesterol 10.41 (8.94–12.2) a 18.4 (14.69–22.7) b 17.06 (14.01–19.79) b <0.001 ¥

CRP (mg/L) 0.7 (0.4–1.1) a 1.55 (0.95–2.35) b 1.99 (0.88–2.89) b <0.001 ¥

Total cholesterol (mg/dL) 150 (145–157.5) a 165 (152–181) b 166.5 (149–186) b <0.001 ¥

HDL cholesterol (mg/dL) 49.8 (46.6–52.6) a 41.1 (35.4–48.4) b 39.5 (33.2–43.2) b <0.001 ¥

LDL cholesterol (mg/dL) 84.5 (78–90) a 102.5 (95–121) b 109.5 (97–124) b <0.001 ¥

VLDL cholesterol (mg/dL) 17 (14–18.4) a 16.6 (14–19) a 19 (17.8–19.8) b <0.001 ¥

Triglyceride (mg/dL) 85 (70–92) a 83 (70–95) a 95 (89–99) b <0.001 ¥

Glucose (mg/dL) 88.67 ± 6.4 a 93.44 ± 9.66 b 94.79 ± 10.03 b <0.001 †

Glucose (mMol/L) 4.92 ± 0.36 a 5.19 ± 0.54 b 5.26 ± 0.56 b <0.001 †

Fasting insulin (µIU/mL) 5.75 (5.05–7.3) a 14.2 (9.7–19.8) b 18.15 (15.3–22.2) c <0.001 ¥

Plasma atherogenic index 0.2 ± 0.11 a 0.3 ± 0.14 b 0.41 ± 0.1 c <0.001 †

HOMA-IR 1.28 (1.13–1.63) a 3.39 (2.13–4.83) b 4.08 (3.54–5.23) b <0.001 ¥

FGIR 14.83 (12.68–18.02) a 6.58 (5.12–8.84) b 5.19 (4.14–6.35) c <0.001 ¥

HOMA-β (%) 84.63 (65.15–105.6) a 170.44 (122.78–234.98) b 206.44 (153.81–276.46) b <0.001 ¥

QUICKI 0.37 ± 0.01 a 0.32 ± 0.02 b 0.31 ± 0.02 b <0.001 †

†: One-way ANOVA test; ¥: Kruskall–Wallis test were applied. a: <0.05; b: <0.01; c: <0.001.

QUICKI was significantly higher in the normal vitamin D group than the others
(p < 0.001); HOMA-IR and HOMA-β were significantly lower (p < 0.001) (Table 3).

HOMA-IR as the dependent variable: For all inflammatory markers (NLR, PLR, SII,
MHR, PAI), there are significant differences between vitamin D groups (p < 0.001). The
partial eta squared values (0.301–0.474) indicate a moderate to large effect size, suggesting
that vitamin D status explains a substantial portion of the variance in HOMA-IR. MHR
and PAI are significant covariates (p < 0.001), while NLR, PLR, and SII are not (p > 0.05).
Post hoc comparisons show significant differences between all vitamin D groups for most
markers, except for PAI between groups 2 and 3.
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Inflammatory markers as dependent variables: HOMA-IR is a significant covariate for
MHR and PAI (p < 0.001), but not for NLR, PLR, and SII. There are significant differences
between vitamin D groups for MHR and PAI (p < 0.001), but not for NLR, PLR, and SII. The
effect sizes (partial eta squared) are smaller when inflammatory markers are the dependent
variables (0.022–0.127) (Table 4).

Table 4. Relationship between vitamin D deficiency, HOMA-IR, and inflammatory markers.

Dependent
Variable Covariate p Value D Vit Group

(p Value) 1 vs. 2 1 vs. 3 2 vs. 3 Partial Eta
Squared

HOMA-IR NLR 0.075 <0.001 <0.001 <0.001 0.001 0.433

HOMA-IR PLR 0.228 <0.001 <0.001 <0.001 0.001 0.474

HOMA-IR SII 0.064 <0.001 <0.001 <0.001 0.002 0.435

HOMA-IR MHR <0.001 <0.001 <0.001 <0.001 <0.001 0.304

HOMA-IR PAI <0.001 <0.001 <0.001 <0.001 0.239 0.301

NLR HOMA-IR 0.075 0.009 0.091 0.006 0.320 0.045

PLR HOMA-IR 0.228 0.103 1 0.196 0.179 0.022

SII HOMA-IR 0.064 0.010 0.218 0.008 0.160 0.043

MHR HOMA-IR <0.001 <0.001 <0.001 1 <0.001 0.127

PAI HOMA-IR <0.001 <0.001 0.719 <0.001 <0.001 0.107

1: Normal Vitamin; 2: Vitamin D (21–29); 3: Vitamin D (<21).

PAI was strongly correlated with HOMA-IR (r: 0.682; p < 0.001), FGIR (r: −0.641;
p < 0.001), QUICKI (r: −0.639; p < 0.001), moderately correlated with HOMA-β (r: 0.518,
p < 0.001), MHR (r: 0.574; p < 0.001), weakly correlated with NLR (r: 0.256; p < 0.001) and
SII (r: 0.269; p < 0.001), very weakly correlated with PLR (r: 0.174; p: 0.012) (Table 5).

Table 5. Relationship between indexes and insulin resistance indicators.

HOMA-IR FGIR HOMA-B QUICKI Monocyte/HDL-C NLR PLR SII

PAI
r 0.682 −0.641 0.518 −0.639 0.574 0.256 0.174 0.269

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.012 <0.001

HOMA-IR
r −0.952 0.781 −1.000 0.739 0.447 0.231 0.434

p <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001

FGIR
r −0.926 0.952 −0.709 −0.438 −0.212 −0.421

p <0.001 <0.001 <0.001 <0.001 0.002 <0.001

HOMA-β:
r −0.781 0.591 0.358 0.139 0.333

p <0.001 <0.001 <0.001 0.044 <0.001

QUICKI
r −0.739 −0.447 −0.231 −0.434

p <0.001 <0.001 0.001 <0.001

Monocyte/HDL-C
r 0.351 0.222 0.341

p <0.001 0.001 <0.001

NLR
r 0.402 0.946

p <0.001 <0.001

PLR
r 0.529

p <0.001

Pearson correlation was used for the atherogenic index; QUCKI and Spearman correlation for the others.

HOMA-IR was very strongly correlated with FGIR (r: −0.952; p < 0.001), QUICKI
(r: 1.0; p < 0.001), strongly correlated with HOMA-β (r: 0.781; p < 0.001) and MHR (r: 0.739;
p < 0.001), moderately correlated with NLR (r: 0.447; p < 0.001) and SII (r: 0.434; p < 0.001),
weakly correlated with PLR (r: 0.231; p < 0.001) (Table 5).
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FGIR was very strongly correlated with HOMA-β (r: −0.926; p < 0.001), QUICKI
(r: 0.952; p < 0.001), strongly correlated with MHR (r: −0.709; p < 0.001), moderately
correlated with NLR (r: −0.438; p < 0.001) and SII (r: −0.421; p < 0.001), weakly correlated
with PLR (r: −0.212; p < 0.001) (Table 5).

HOMA-β was strongly correlated with QUICKI (r: −0.781; p < 0.001), moderately
correlated with MHR (r: 0.591; p < 0.001), weakly correlated with NLR (r: 0.358; p < 0.001)
and SII (r: 0.333; p < 0.001), very weakly correlated with PLR (r: 0.139; p < 0.001).

MHR was weakly correlated with NLR (r: 0.351; p < 0.001), SII (r: 0.341; p < 0.001), and
PLR (r: 0.222; p < 0.001) (Table 5).

4. Discussion

IR is a complex cellular disorder that affects multiple organ systems and leads to severe
metabolic defects. In the current study, vitamin D was considerably lower in the IR group
than in the group without IR. NLR, PLR, SII, and MHR were also higher in patients with IR
compared to those without. NLR, SII, and MHR were lower in normal vitamin D groups
than the others. PAI was strongly correlated with HOMA-IR. The importance of vitamin D
levels should not be forgotten when monitoring and treating IR and related pathologies.
Keeping vitamin D at optimal levels will be an inexpensive and easy preventive approach
to metabolic control. Vitamin D functions as an immune modulator via monocytes and
macrophages. Our findings suggest the supplementation of vitamin D may be helpful in
metabolic control, and prevention of IR and related pathologies.

Vitamin D deficiency has recently become very common and has been associated
with the pathogenesis of many diseases including metabolic abnormalities [21,22]. The
relationship between vitamin D deficiency and IR is also gaining importance [23]. The
results of our study showed that IR children had higher levels of vitamin D deficiency
and insufficiency than non-IR children. Sharifi et al. [24] found that serum 25(OH)D
levels are inversely associated with IR in children. Their results suggest that in metabolic
syndrome (MetS) patients, HOMA-IR levels may be used as a cutoff value of 25(OH)D
level in determining vitamin D deficiency. Moschonis et al. [25] showed that there was a
negative correlation between serum 25 (OH) vitamin D levels and HOMA-IR levels and
that children with IR had a higher prevalence of vitamin D deficiency and insufficiency
compared to healthy age groups. Vitamin D receptors and metabolizing enzymes have
been identified in most insulin-sensitive cell types like pancreatic cells and adipocytes [26].
However, the mechanism of vitamin D reducing the risk of developing metabolic disorders
is not exactly discovered. Evidence suggests that vitamin D has a regulatory effect on
pancreatic insulin secretion and blood glucose control.

There are studies showing that Vit D has immunomodulatory and anti-inflammatory
properties [27]. Vitamin D deficiency has been suggested to impair the immune system
and cause infections. Markers of systemic inflammation are observed to increase in Vit D
deficiency [28]. Vit D is known to have benefits in immune initiation, mucosal protection,
and endothelial function. Vit D deficiency has also been associated with increased markers
of systemic inflammation associated with multiple organ failure [29]. Reyman et al. [30]
found a relationship between 25(OH)D deficiency, enhanced systemic inflammation, and
reduced insulin sensitivity. In the current study, NLR, PLR, SII, and MHR were higher in
patients with IR compared to those without. NLR, SII, and MHR were also lower in normal
vitamin D groups than the vitamin D deficiency and insufficiency. HOMA-IR was strongly
correlated with MHR, moderately correlated with NLR and SII, and weakly correlated
with PLR. When we look at the biological basis of NLR increase, lymphocytes increase first
in the immune response after hypertrophy of adipose tissues [31] and then lymphocytes
produce cytokines such as TNF-alpha, IL-6, IL-1, IL-8, and adipokines (leptin, resistin,
and visfatin) and mediate the recruitment of monocytes into adipose tissue and increase
the number of neutrophils [32]. Thus, both neutrophils and lymphocytes increase in the
early phase of inflammation with IR. In our study, CRP, an indicator of acute inflammation,
increased in children with IR and vitamin D deficiency and insufficiency. In low-grade
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inflammation, monocytes are activated and some of them transform into lipid-loaded
macrophages [33]. Thus, monocytes and macrophages trigger the formation or progression
of cardiovascular diseases. In the study by Johnsen et al. [34], it was shown that increased
monocyte levels were predictive of plaque development in arteries without prior plaque.
In addition, there are many recent studies showing that HDL is effective in monocyte
activation and inflammation in the development of atherosclerosis [35,36]. HDL has been
found to be an anti-inflammatory molecule. Monocyte and HDL parameters may be
indirect indicators of inflammation [37]. In our study, total cholesterol, LDL, VLDL, and
TG levels were higher in the IR group than in the group without IR, and HDL was lower.
MHR increased correlatively as HOMA-IR increased. Increased MHR is an expected result
in proinflammatory backgrounds such as IR and vitamin D deficiency.

The PAI is a newly introduced index that reflects cardiovascular disease risk and
dyslipidemia well [38]. In the current study, PAI was lower in the normal vitamin D
group compared to the vitamin D insufficient or vitamin D deficient groups. Also, PAI
was positively correlated with HOMA-IR, HOMA-β, MHR, NLR, and SII, while PAI was
negatively correlated with FGIR and QUICKI. Vitamin D deficiency and IR are associated
with waist circumference and BMI. This may be because large amounts of triglycerides and
free cholesterol stored in body adipose tissue next to adipocytes are added to the circulation
with increasing obesity. Thus, free circulating blood TG levels suppress hepatic lipoprotein
lipase activity. As this enzyme is suppressed, circulating HDL begins to decrease. Low
25(OH)D levels are associated with increased IR and impaired lipid profile [39]. This may
cause a tendency towards atherogenesis as well as an increase in PAI. The relationship
between dyslipidemia and obesity may be explained by this mechanism [40]. The PAI
value may contribute to the determination of cardiovascular risk in children with vitamin D
deficiency, IR, and obesity by primary care physicians by being included in the laboratory
result evaluation form without additional testing and cost.

It is possible to assess insulin sensitivity easily, quickly, and inexpensively in daily
practice. Various tests have been described for this purpose and these methods have been
found to show a strong correlation in the assessment of IR. Although the hyperinsulinemia
euglycemic glucose clamp (HEGC) is considered the “gold standard” for determining
peripheral IR, it is not used in routine clinical practice [41]. Several studies have found that
it correlates with HOMA-IR [41–43]. Roth et al. [44] found that higher insulin, HOMA-IR,
and HbA1c as well as lower QUICKI values were found in obese children with lower
25(OH)D concentrations even after adjustment for gender, age, and body mass index.
Hypovitaminosis D is a risk factor for developing IR independent of adiposity. In a study
conducted in Turkey [45], the HOMA-IR level and vitamin D deficiency were found to
be secondary mediators in the development of dyslipidemia in obese children. In the
current study, fasting insulin, HOMA-IR, and HOMA-β were significantly higher and
QUICKI was significantly lower in patients with IR compared to those without IR. HOMA-
IR was negatively correlated with FGIR, while HOMA-IR was positively correlated with
QUICKI and HOMA-β. The HOMA-IR, QUICKI, HOMA-β, and FGIR tests are tests that
can evaluate IR and insulin sensitivity in children in a practical way. Children with low
25(OH)D concentrations have lower insulin sensitivity (QUICKI). Even in those countries
close to the equator, where sun exposure is generally assumed to be sufficient, serum
vitamin D deficiency is a widespread health problem. Especially industrialized countries
have implemented vitamin D supplementation to overcome vitamin D deficiency. A recent
review has revealed the anti-inflammatory properties of vitamin D and its extra-skeletal
activities. An important question has been the determination of 25(OH)D levels, which
may influence IR and glucose metabolism and reduce the risk of developing disorders
related to IR [46]. Identifying metabolic markers related to vitamin D and determining the
treatment possibilities for these markers is one of the interesting topics that may be useful
in the fight against IR in the future.
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Limitations of the Study

Factors affecting vitamin D levels such as climate, season, and lifestyle (dressing,
sunbathing, diet) are not considered.

5. Conclusions

In vitamin D-deficient children, PAI value can be utilized as a marker to anticipate
IR and inflammation. The PAI may be a potential therapeutic target in the treatment
and prevention of IR in children. Vitamin D supplementation may impede the triggering
effects of pro-diabetic, systemic inflammatory, and atherogenic pathways, which can be
exhibited by high circulating inflammatory markers (NLR, PLR, SII, MHR) and PAI values.
The HOMA-IR, QUICKI, HOMA-β, and FGIR tests can be used to practically evaluate
IR and sensitivity in children. For the management of metabolic processes affected by IR,
maintaining optimal vitamin D levels may be an acceptable practice that would support
the diagnosis, follow-up, and treatment of these chronic diseases. Vitamin D deficiency
in childhood is related to increased levels of circulating inflammatory mediators, IR, and
decreased insulin sensitivity. Supplementation of vitamin D may be beneficial in averting
IR and enhanced systemic inflammation, which is indicated by our results. Therefore,
IR should be considered as a cluster of abnormalities that impair various physiological
functions, rather than as a metabolic disorder alone.
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12. Szymczak-Pajor, I.; Śliwińska, A. Analysis of association between vitamin D deficiency and insulin resistance. Nutrients 2019, 11,
794. [CrossRef]

13. Saglam, D.; Samur, G.; Turan, S. Assessment of vitamin D status in Turkish adolescents: Its relation to obesity, cardiometabolic
risk factors and nutritional status. Prog. Nutr. 2019, 21, 762–768.

14. Torun, E.; Gönüllü, E.; Ozgen, I.T.; Cindemir, E.; Oktem, F. Vitamin D deficiency and insufficiency in obese children and
adolescents and its relationship with insulin resistance. Int. J. Endocrinol. 2013, 2013, 631845. [CrossRef] [PubMed]

15. Wang, L.; Wang, H.; Wen, H.; Tao, H.; Zhao, X. Relationship between HOMA-IR and serum vitamin D in Chinese children and
adolescents. J. Pediatr. Endocrinol. Metab. 2016, 29, 777–781. [CrossRef]

16. American Diabetes Association. 2. Classification and diagnosis of diabetes: Standards of medical care in diabetes-2021. Diabetes
Care 2021, 44, 15–33. [CrossRef]

17. Valerio, G.; Licenziati, M.R.; Iannuzzi, A.; Franzese, A.; Siani, P.; Riccardi, G.; Rubba, P. Insulin resistance and impaired glucose
tolerance in obese children and adolescents from Southern Italy. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 279–284. [CrossRef]
[PubMed]

18. Keskin, M.; Kurtoglu, S.; Kendirci, M.; Atabek, M.E.; Yazici, C. Homeostasis model assessment is more reliable than the fasting
glucose/insulin ratio and quantitative insulin sensitivity check index for assessing insulin resistance among obese children and
adolescents. Pediatrics 2005, 115, e500–e503. [CrossRef]

19. Katz, A.; Nambi, S.S.; Mather, K.; Baron, A.D.; Follmann, D.A.; Sullivan, G.; Quon, M.J. Quantitative insulin sensitivity check
index:a simple, accurate method for assessing insulin sensitivity in humans. J. Clin. Endocrinol. Metab. 2000, 85, 2402–2410.
[CrossRef]

20. Hollis, B.W.; Wagner, C.L. Normal serum vitamin D levels. N. Engl. J. Med. 2005, 352, 515–516.
21. Wang, H.; Chen, W.; Li, D.; Yin, X.; Zhang, X.; Olsen, N.; Zheng, S.G. Vitamin D and Chronic Diseases. Aging Dis. 2017, 8, 346–353.

[CrossRef]
22. Hofman-Hutna, J.; Hutny, M.; Matusik, E.; Olszanecka-Glinianowicz, M.; Matusik, P. Vitamin D Deficiency in Obese Children

Is Associated with Some Metabolic Syndrome Components, but Not with Metabolic Syndrome Itself. Metabolites 2023, 13, 914.
[CrossRef] [PubMed]

23. Tao, S.; Yuan, Q.; Mao, L.; Chen, F.-L.; Ji, F.; Cui, Z.-H. Vitamin D deficiency causes insulin resistance by provoking oxidative
stress in hepatocytes. Oncotarget 2017, 8, 67605–67613. [CrossRef]

24. Sharifi, F.; Mousavinasab, N.; Mellati, A.A. Defining a cutoff point for vitamin D deficiency based on insulin resistance in children.
Diabetes Metab. Syndr. 2013, 7, 210–213. [CrossRef] [PubMed]

25. Moschonis, G.; Androutsos, O.; Hulshof, T.; Dracopoulou, M.; Chrousos, G.P.; Manios, Y. Vitamin D insufficiency is associated
with insulin resistance independently of obesity in primary school children. Healthy Growth Study Pediatr. Diabetes 2018, 19,
866–873. [CrossRef] [PubMed]

26. Abbas, M.A. Physiological functions of Vitamin D in adipose tissue. J. Steroid. Biochem. Mol. Biol. 2017, 165, 369–381. [CrossRef]
27. Peterson, C.A.; Heffernan, M.E. Serum tumor necrosis factor alpha concentrations are negatively correlated with serum 25(OH) D

concentrations in healthy women. J. Inflamm. 2008, 5, 10. [CrossRef]
28. Hewison, M.; Zehnder, D.; Chakraverty, R.; Adams, J.S. Vitamin D and barrier function: A novel role for extra-renal 1 alpha-

hydroxylase. Mol. Cell. Endocrinol. 2004, 215, 31–38. [CrossRef]
29. Jeng, L.; Yamshchikov, A.V.; Judd, S.E.; Blumberg, H.M.; Martin, G.S.; Ziegler, T.R.; Tangpricha, V. Alterations in vitamin D status

and anti-microbial peptide levels in patients in the intensive care unit with sepsis. J. Transl. Med. 2009, 7, 28. [CrossRef]
30. Reyman, M.V.; Verrijn Stuart, A.A.; van Summeren, M.; Rakhshandehroo, M.; Nuboer, R.; De Boer, F.K.; Van Den Ham, H.J.;

Kalkhoven, E.; Prakken, B.; Schipper, H.S. Vitamin D deficiency in childhood obesity is associated with high levels of circulating
inflammatory mediators, and low insulin sensitivity. Int. J. Obes. 2014, 38, 46–52. [CrossRef]

31. Ghigliotti, G.; Barisione, C.; Garibaldi, S.; Fabbi, P.; Brunelli, C.; Spallarossa, P.; Altieri, P.; Rosa, G.; Spinella, G.; Palombo, D.; et al.
Adipose tissue immune response: Novel triggers and consequences for chronic inflammatory conditions. Inflammation 2014, 37,
1337–1353. [CrossRef] [PubMed]

32. Vieira-Potter, V.J. Inflammation and macrophage modulation in adipose tissues. Cell. Microbiol. 2014, 16, 1484–1492. [CrossRef]

https://doi.org/10.2147/DMSO.S238990
https://doi.org/10.3390/nu14071397
https://doi.org/10.1186/s12902-023-01406-2
https://doi.org/10.1080/10408398.2015.1136922
https://doi.org/10.4239/wjd.v6.i8.1057
https://www.ncbi.nlm.nih.gov/pubmed/26240702
https://doi.org/10.3390/nu11040794
https://doi.org/10.1155/2013/631845
https://www.ncbi.nlm.nih.gov/pubmed/23606841
https://doi.org/10.1515/jpem-2015-0422
https://doi.org/10.2337/dc21-S002
https://doi.org/10.1016/j.numecd.2005.12.007
https://www.ncbi.nlm.nih.gov/pubmed/16679220
https://doi.org/10.1542/peds.2004-1921
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.14336/AD.2016.1021
https://doi.org/10.3390/metabo13080914
https://www.ncbi.nlm.nih.gov/pubmed/37623858
https://doi.org/10.18632/oncotarget.18754
https://doi.org/10.1016/j.dsx.2013.10.015
https://www.ncbi.nlm.nih.gov/pubmed/24290086
https://doi.org/10.1111/pedi.12678
https://www.ncbi.nlm.nih.gov/pubmed/29608042
https://doi.org/10.1016/j.jsbmb.2016.08.004
https://doi.org/10.1186/1476-9255-5-10
https://doi.org/10.1016/j.mce.2003.11.017
https://doi.org/10.1186/1479-5876-7-28
https://doi.org/10.1038/ijo.2013.75
https://doi.org/10.1007/s10753-014-9914-1
https://www.ncbi.nlm.nih.gov/pubmed/24823865
https://doi.org/10.1111/cmi.12336


Nutrients 2024, 16, 3005 12 of 12

33. Mraz, M.; Haluzik, M. The role of adipose tissue immune cells in obesity and low-grade inflammation. J. Endocrinol. 2014, 222,
R113–R127. [CrossRef] [PubMed]

34. Johnsen, S.H.; Fosse, E.; Joakimsen, O.; Mathiesen, E.B.; Stensland-Bugge, E.; Njølstad, I.; Arnesen, E. Monocyte count is a
predictor of novel plaque formation: A 7-year follow-up study of 2610 persons without carotid plaque at baseline the Tromsø
Study. Stroke 2005, 36, 715–719. [CrossRef] [PubMed]

35. Murphy, A.J.; Chin-Dusting, J.P.; Sviridov, D.; Woollard, K.J. The anti inflammatory effects of high density lipoproteins. Curr. Med.
Chem. 2009, 16, 667–675. [CrossRef]

36. Usta, A.; Avci, E.; Bulbul, C.B.; Kadi, H.; Adali, E. The monocyte counts to HDL cholesterol ratio in obese and lean patients with
polycystic ovary syndrome. Reprod. Biol. Endocrinol. 2018, 16, 34. [CrossRef]

37. Akboga, M.K.; Balci, K.G.; Maden, O.; Ertem, A.G.; Kirbas, O.; Yayla, C.; Acar, B.; Aras, D.; Kisacik, H.; Aydogdu, S. Usefulness of
monocyte to HDL-cholesterol ratio to predict high SYNTAX score in patients with stable coronary artery disease. Biomark. Med.
2016, 10, 375–383. [CrossRef]

38. Onat, A.; Can, G.; Kaya, H.; Hergenç, G. “Atherogenic index of plasma” (log10 triglyceride/high-density lipoprotein-cholesterol)
predicts high blood pressure, diabetes, and vascular events. J. Clin. Lipidol. 2010, 4, 89–98. [CrossRef]

39. Jorde, R.; Grimnes, G. Vitamin D and metabolic health with special reference to the effect of vitamin D on serum lipids. Prog.
Lipid Res. 2011, 50, 303–312. [CrossRef]

40. Zhu, X.; Yu, L.; Zhou, H.; Ma, Q.; Zhou, X.; Lei, T.; Hu, J.; Xu, W.; Yi, N.; Lei, S. Atherogenic index of plasma is a novel and better
biomarker associated with obesity: A population-based cross-sectional study in China. Lipids Health Dis. 2018, 17, 37. [CrossRef]

41. King-Morris, K.R.; Deger, S.M.; Hung, A.M.; Egbert, P.A.; Ellis, C.D.; Graves, A.; Shintani, A.; Ikizler, T.A. Measurement and
Correlation of Indices of Insulin Resistance in Patients on Peritoneal Dialysis. Perit. Dial. Int. 2016, 36, 433–444. [CrossRef]
[PubMed]

42. So, A.; Sakaguchi, K.; Okada, Y.; Morita, Y.; Yamada, T.; Miura, H.; Otowa-Suematsu, N.; Nakamura, T.; Komada, H.; Hirota, Y.;
et al. Relation between HOMA-IR and insulin sensitivity index determined by hyperinsulinemic-euglycemic clamp analysis
during treatment with a sodium-glucose cotransporter 2 inhibitor. Endocr. J. 2020, 67, 501–507. [CrossRef] [PubMed]

43. Anoop, S.S.; Dasgupta, R.; Rebekah, G.; Jose, A.; Inbakumari, M.P.; Finney, G.; Thomas, N. Lipid accumulation product (LAP) as a
potential index to predict risk of insulin resistance in young, non-obese Asian Indian males from Southern India: Observations
from hyperinsulinemic-euglycemic clamp studies. BMJ Open Diabetes Res. Care 2021, 9, e002414. [CrossRef] [PubMed]

44. Roth, C.L.; Elfers, C.; Kratz, M.; Hoofnagle, A.N. Vitamin d deficiency in obese children and its relationship to insulin resistance
and adipokines. J. Obes. 2011, 2011, 495101. [CrossRef] [PubMed]

45. Erol, M.; Bostan Gayret, Ö.; Hamilcikan, S.; Can, E.; Yigit, O.L. Vitamin D deficiency and insulin resistance as risk factors for
dyslipidemia in obese children. Arch. Argent Pediatr. 2017, 115, 133–139.

46. Contreras-Bolívar, V.; García-Fontana, B.; García-Fontana, C.; Muñoz-Torres, M. Mechanisms Involved in the Relationship
between Vitamin D and Insulin Resistance: Impact on Clinical Practice. Nutrients 2021, 13, 3491. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1530/JOE-14-0283
https://www.ncbi.nlm.nih.gov/pubmed/25006217
https://doi.org/10.1161/01.STR.0000158909.07634.83
https://www.ncbi.nlm.nih.gov/pubmed/15746459
https://doi.org/10.2174/092986709787458425
https://doi.org/10.1186/s12958-018-0351-0
https://doi.org/10.2217/bmm-2015-0050
https://doi.org/10.1016/j.jacl.2010.02.005
https://doi.org/10.1016/j.plipres.2011.05.001
https://doi.org/10.1186/s12944-018-0686-8
https://doi.org/10.3747/pdi.2013.00296
https://www.ncbi.nlm.nih.gov/pubmed/26526047
https://doi.org/10.1507/endocrj.EJ19-0445
https://www.ncbi.nlm.nih.gov/pubmed/32023587
https://doi.org/10.1136/bmjdrc-2021-002414
https://www.ncbi.nlm.nih.gov/pubmed/34531243
https://doi.org/10.1155/2011/495101
https://www.ncbi.nlm.nih.gov/pubmed/22254134
https://doi.org/10.3390/nu13103491

	Introduction 
	Materials and Methods 
	Study Population 
	Exclusion Criteria 
	Clinical and Biochemical Parameters 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

