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Abstract

Objectives: This case control study aimed to investigate whether the routine hemogram and biochemical parameters of pediatric
patients who have undergone surgery for inguinal hernia are associated with the etiopathogenesis of the disease.

Methods: Eighty cases of inguinal hernia surgery performed between January 2019 and November 2022 were included in the
study. A control group was also established using hospital records, consisting of eighty pediatric patients without any known his-
tory of hematological or metabolic disease or use of regular medication. Statistical analysis was conducted to compare the total
hemoglobin (Hgb), hematocrit (Htc), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), erythrocyte distribution width (RDW) and thrombocyte (PLT) values in both groups.

Results: The age range of the pediatric patients was 1-14 years. Of the eighty children, 47 (58.8%) were male and 33 (41.3%) were
female, with a mean age of 5.79+3.26. The values of Hgb, Htc, MCH, MCHC, and MCV in the inguinal hernia patients were found to
be statistically significantly lower than those in the control group (p<0.05). Additionally, the patient RDW values were found to be
statistically significantly higher than those in the control group (p<0.05).

Conclusion: Compared to the control group, the observed decrease in MCH, MCHC, MCV, Hgb, HTC values, as well as the increase
in RDW in patient group, suggests a predisposing effect of iron deficiency. These specific changes suggested that iron deficiency
may lead structural changes in the collagen construction and may contribute the etiopathogenesis of childhood inguinal hernia.
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nguinal hernia repair is a common surgical procedure in
pediatric populations worldwide. Extensive researches
have been undertaken to identify the factors contribut-
ing to the etiopathogenesis of pediatric inguinal hernia.
Despite advances in surgical techniques, issues such as re-
lapse, surgical complications, persistent pain, and patient

discomfort remain unresolved challenges for pediatric sur-
geons. Recent studies have demonstrated changes in the
collagen structure of inguinal hernia that may contribute
to its development.l'

It has been demonstrated that an increase in the activity
of matrix metalloproteinases (MMPs), which are respon-
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sible for the degradation of extracellular matrix proteins,
is associated with variations in collagen ratios in inguinal
hernia cases. Furthermore, there are additional findings
that suggest a decrease in lysyl oxidase activity, which is re-
sponsible for collagen and elastin cross-linking, also causes
changes in its effect on the strength and elasticity of the
connective tissue.!

Collagen construction comprises three polypeptide chains
arranged in a helical structure. Every single chain is made of
approximately one thousand separate ribosomes. Prior to
the construction and release of the triple-helical molecule
into the interstitial space, the procollagen peptide chains
undergo many posttranslational changes.” The hydroxyl-
ation of proline to hydroxyproline is a crucial posttransla-
tional enzymatic process. Procollagen's helical structure
is formed through two intracellular enzymatic processes:
hydroxilation of lysine by lysl hydroxilase, followed by gly-
cosylation. Iron, oxygen and a-ketogluturate are crucial for
the Lysine hydroxylase activity.”*

Possible alterations in type-1 and type-2 collagen synthe-
sis, which may change the properties of collagen matrix
and its functional contribution to chidhood inguinoscro-
tal pathologies have not been widely investigated. In this
study we aimed to investigate any predictive parameters
that may be associated with inguinal hernia. Based on the
previous research results, it is hypothesized that microcytic
anemia due to iron deficiency is a predisposing factor for
developing inguinal hernia in children.

Methods

This retrospective study included a patient group of eighty
children who were operated for inguinal hernia between
January 2019 and November 2022 and a control group
consisting of same number of cases established based on
the hospital records. In both groups, children with a his-
tory of known hematological or metabolic disease or regu-
lar medication use were excluded from the study. Demo-
graphic and clinical data were recorded for all cases using a
data list. Laboratory tests and pathology reports were ob-
tained from the medical registry system of Malatya Turgut
Ozal University Training and Research Hospital. Biochemi-
cal tests and hemograms were obtained through Abbott
Architect c16000 (lllinois, USA) and Sysmex Corporation
XN-10 (Kobe, Japan), respectively. This retrospective study
was approved by the Institutional Ethics Review Board for
Clinical Research (2022/179).

Statistical Analysis

All data analyses were performed using the SPSS for Win-
dows v.25 software (IBM, New York, USA). The normality of
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the data was checked using the Kolmogorov-Smirnov test.
¥l The significance level (p) for the comparison tests was
set at 0.05. Since the data violated the normality assump-
tion (p>0.05), the analyses were performed using the non-
parametric Mann-Whitney U test. A chi-square (x?) test was
performed by creating cross-tables for the analysis of the
categorical data. ROC analysis was employed to determine
the cutoff point."

Results

Demographic Characteristics of Patients with
Inguinal hernia and the Healthy Control Group

Out of eighty children, 47 (58.8%) were male and 33 (41.3%)
were female. No statistically significant difference was
found between the groups according to the distribution of
gender (p>0.05, Table 1). While the mean patient age was
5.79, it was 5.84 in the control group, and no statistically
significant age-related difference was observed between
the groups (p>0.05, Table 1).

Laboratory Markers of Hernia Patients and
Healthy Control Group

There was no statistically significant difference between
the patient and control groups in terms of thrombocyte
(PLT) (p>0.05, Table 2). A statistically significant difference
was found between the groups according to total hemo-
globin (Hgb), Hematocrit (HCT), mean corpuscular volume
(MCV), mean red blood cell hemoglobin (MCH), Mean cor-
puscular hemoglobin concentration (MCHC), Erythrocyte
Distribution Width (RDW) levels (p<0.05, Table 2) (Figs. 1-6).

Table 1. Comparison of the Groups by Gender and Age Distribution

Variable Hernia  Control Total Test P
Gender
Girl
n 33 35 68 0.102 0.749
% 413 43.8 425
Boy
n 47 45 92
% 58.8 56.3 575
Total
n 80 80 160
% 100.0 100.0 100.0
Age
Mean+SD  5.79+3.26 5.84+3.28 5.81+3.26 3106.500 0.749
M (Min-Max) 5(1-14) 6(1-13)  5.0(1-14)

n; frequency, %; percent, sd; standart deviation, M; Median, pa; Chi-Square
Test value ((x?), pb; Mann Whitney Test Value.
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Table 2. Changes in inguina hernia patient and control groups laboratory results

Variable Hernia (n=80) Control (n=80) Test P
Mean+SD M (Min-Max) Mean+SD M (Min-Max)

HGB (g/dl) 12.2+1.07 12.2(9.4-14,4) 13.54+1.06 13.5(10.3-16.2) 1235.500 0.001*
HCT (%) 36.36+2.64 36.4 (31.1-43) 39.48+2.98 39.3(32.7-48.4) 1415.000 0.001*
MCH (pg) 25.32+2.69 25.8(17-30.8) 27.3+1.53 27.3(23.6-31.2) 1710.500 0.001*
MCHC (g/L) 33.53+1.32 33.8(30.2-36.7) 34.29+0.96 34.25(31.5-36.3) 2159.000 0.001*
MCV (fl) 75.39+6.36 76 (54.3-88.3) 79.64+3.93 79.7 (70.5-95.5) 1849.500 0.001*
RDW (%) 14.19+1.76 13.7(11.9-19.8) 12.63+0.66 12.6 (11.4-14.6) 1111.000 0.001*
PLT (%) 0.32+0.09 0.31(0.09-0.67) 0.3+0.05 0.3 (0.18-0.44) 2896.000 0.299

SD: standart deviation; M: Median; pa: Chi-Square Test value (x?); p: Mann Whitney Test Value*p<0,05; referres a statistically significant difference between the
groups. HGB: hemoglobin; HCT: Hematocrit; MCV: mean corpuscular volume; MCH: mean red blood cell hemoglobin; MCHC: Mean corpuscular hemoglobin

concentration; RDW: Erythrocyte Distribution Width.

Figure 1. Inguinal hernia patient and control group Hgb change
(p<0.05).

HGB: Hemoglobin.

Figure 3. Inguinal hernia patient and control group MCH change
(p<0.05).

MCH: mean red blood cell hemoglobin.

Figure 2. Inguinal hernia patient and control group HCT change
(p<0.05).

HTC: Hematocrite.

ROC Analysis

ROC analysis results are given in Table 3, and ROC curves
of all analyzed parameters are presented in Figure 1. The
areas under the curve calculated for the PLT variable were

Figure 4. Inguinal hernia patient and control group MCHC change
(p<0.05).

MCHC: Mean corpuscular hemoglobin concentration.

not found statistically significant (Table 3, Fig. 7).

According to ROC analysis results, Hgb, HCT, MCH, MCHC,
MCV, RDW values were found to be distinguishing param-
eters for inguinal hernia. Among these parameters, RDW
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Figure 5. Inguinal hernia patient and control group MCV change
(p<0.05).

MCV: mean corpuscular volume.

Figure 6. Inguinal hernia patient and control group RDW change
(p<0.05).

RDW: Erythrocyte Distribution Width.

Figure 7. The cut-off points according to the ROC analysis.
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was observed to be the parameter with the highest AUC
value. As a result of the ROC analysis for RDW, the cutoff
point was 12.15, which corresponds with the highest sen-
sitivity and specificity point. At this point, the sensitivity of
the scale was found to be 0.963 and the specificity was de-
termined as 0.75. The parameter with the highest AUC val-
ue after RDW is MCHC. At a cutoff value of 32.850, the sensi-
tivity and specificity of the MCHC parameter was 0.713 and
0.638, respectively (Table 3, Fig. 7).

Discussion

Collagen is one of the main components of connective tis-
sue. The total amount and the ratio of type-1 to type-3 col-
lagen alterations affect the tensile strength and mechanical
stability of the tissues. It is determined that patients with
inguinal hernia have low collagen levels and the alterations
in the ratio of collagen types weakens the abdominal fascia
and decreases the enzymatic activities involved in connec-
tive tissue homeostasis.!'"'?

In a comprehensive investigation on children of various
ages, IDA (Iron deficiency anemia) was reported 30-78%.
131 IDA mostly affects babies aged 4-to-24 months, school-
aged children and teenage females.'"¥ In addition to mal-
nutrition, intestinal parasites, malnutrition, celiac disease,
and pica also contribute to IDA.'>#

During collagen synthesis, iron takes part as a cofactor
involved in prolyl 4-hydroxylase! enzyme. This enzyme
catalyzes the procollagen molecules during the synthesis
steps of procollagen molecules. The hydroxilation step en-
sures the stability of the triple helix of procollagen.®®

Currently, advanced technologies utilized in new hema-
tological analyzers allow for the detection of erythrocyte
problems prior to the development of anemia. These ana-
lyzers can alert the clinicians by displaying a histogram.
For instance, in iron deficiency, an increase in RDW values
is observed before other parameters, which can be de-
tected by the clinician on a histogram.!"'® However, when
only small erythrocytes are present, the MCV falls below
normal level. Patients with iron deficiency have low MCV
and increased RDW values. Even in advanced iron deficien-
cy, RDW continues to increase. MCV typically remains nor-
mal in the majority of cases with chronic anemia. In such
cases, an accompanying cause other than chronic disease
should be suspected if RDW is found to be high. In Thalas-
semia, if the anemia is not severe, RDW remains normal
and, because most of these patients have mild anemia,
MCV keeps decreasing and RDW values remain normal. In
almost all anemic cases, MCW and RDW values remains
normal as in healthy individuals due to the chronic nature
of the disease. In autoimmune hemolytic anemia, both
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Table 3. ROC Analysis Results of inguinal hernia group biochemistry parameters

Test Result Variable(s) Cut Off Sensitivity Specificity AUC p Asymptotic 95%
Confidence Interval
Lower Bound Upper Bound

HGB (g/dl) 12.500 0.550 0.450 0.192 0.001* 0.126 0.259
HCT (%) 36.250 0.513 0.413 0.218 0.001* 0.148 0.288
_MCH (pg) 24.350 0.775 0.738 0.267 0.001* 0.189 0.345
MCHC (g/dL) 32.850 0.713 0.638 0.337 0.001* 0.253 0.421
MCV (fL) 75.100 0.588 0.463 0.289 0.001* 0.209 0.369
RDW (%) 12.150 0.963 0.750 0.826 0.001* 0.764 0.889
_PLT (10°/L) 0.295 0.563 0.075 0.548 0.301 0.457 0.638

*p<0.05; referres a statistically significant difference between the groups., AUC; Area Under the Curve, HGB: hemoglobin, HCT: Hematocrit, MCV: mean
corpuscular volume, MCH: mean red blood cell hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW: Erythrocyte Distribution Width.

MCV and RDW are elevated in newborns; however, pa-
tients with aplastic anemia or preleukemia have a normal
RDW despite macrocytosis.'! In the present study, Hgb,
Hct, MCV, MCH, and MCHC values were found to be statis-
tically lower in hernia group in comparison with the con-
trol cases, while RDW levels were statistically significantly
higher (p<0.05, see Table 2). RDW is an early predictor of
oxidative stress, and it is suggested that RDW increases
with the inflammation markers such as CRP, IL-6, and TNF-
alpha in iron mobilization disorder and iron deficiency
anemia.’?*2" According to results of our ROC analysis, RDW
(AUC:0.826) was found to be the most powerful predic-
tor in pediatric inguinal hernia, with a detected sensitivity
of 96.3% (95% Cl, 76.4%-88.9%) and specificity of 75.0%
(95% Cl, 76,4 %— 88.9%) (Table 3, Fig. 1). According to our
study, MCV values (Mean+SD: 75,39+6,369) were lower
than the control groups (Mean+SD: 79,64+3,93)

Iron deficiency (ID) is the most common dietary deficit and
a significant cause of anemia. According to a large multi-
national research, almost 1,2 billion individuals suffer from
iron deficiency anemia (IDA), while iron deficiency without
anemia (IDWA) is predicted to be at least twice as preva-
lent.?2231 |ron deficiency is a prevalent clinical problem!3,
but the diagnosis can be difficult when blood count is nor-
mal. It is still unclear what non-hematologic consequenc-
es of iron deficiency emerge prior to the development of
anemia.?*?! Qur result shown that Hgb level (Mean+SD:
12,2+1,07) is definitely not at the levels of anemia, but sig-
nificantly lower than that in the control group (p<0.05).

In this study Hgb, Hct, MCV, MCH and MCHC values were
found to be statistically lower in hernia group, while RDW
levels were also statistically significantly higher in compari-
son with the control cases (p<0.05, see Table 2). RDW is con-
sidered an early predictor of oxidative stress and has been
suggested to increase in conjunction with the inflamma-

tion markers such as CRP, IL-6, and TNF- alpha in iron mo-
bilization disorder and iron deficiency anemia.’?** Results
of our ROC analysis revealed that the RDW (AUC:0.826) was
the most powerful predictor for pediatric inguinal hernia,
with a detected sensitivity of 96.3% (95% Cl, 76.4%-88.9%)
and specificity of 75.0% (95% Cl, 76,4 %- 88.9%) (Table 3,
Fig. 1).

Conclusion

In conclusion according to the results of this study, de-
creased Hgb, HTC, MCV, MCH, MCHC and elevated RDW
levels in pediatric inguinal hernia patients compared to
healthy controls, suggests an iron deficiency in children.
With the cofactor effect of iron, the hydroxylation of pro-
collagen and effective collagen synthesis and secretion is
regulated. In iron deficiency, it may cause a lack of stabil-
ity in cross-linking of collagen and elastin polypeptides.
Therefore, it is suggested that defects in cross-linking due
to iron deficiency may be a risk factor for hernia formation.

One of the limitations of this study is the lack of parameters
affecting iron level, such as ferritin or transferrin, since they
are not included in routine preoperative tests. Therefore,
based on the obtained results, further detailed prospective
studies may assist in recognizing the etiopathogenesis of
pediatric inguinal hernia.
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