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ABSTRACT

Background: Hemoglobin A1c [HbA1c] is the best standard for measurements of glycemic control level in type 1

diabetes mellitus, especially in children. As iron deficiency anemia is a prevalent finding in children with
diabetes, it may affect HoA1c levels in those children.

Aim of the work: To determine the effects of iron deficiency anemia on hemoglobin A1c in type 1 diabetes mellitus

Patients

Results:

and methods: This was cross-sectional analytic study was done on 80 children with diabetes with type
1DM receiving insulin therapy; the patients divided into two groups, 21 diabetic children with iron deficiency
anemia and 59 diabetic children with iron sufficient state, attending to the pediatric department of Al-Azher
University Hospital in Damietta from February 2019 to September 2019. All children included were
subjected to complete medical history, general examination, systemic examination, and laboratory
investigations; [Complete blood count [CBC], HbA1c, Serum Iron, Serum Ferritin, Total Iron Binding
Capacity, Fasting blood glucose, Post Prandial blood glucose, and ESR].

In our study, we divided all patients [80 diabetic children] regarding glycemic control according to HbA1c
value into three levels, the first level was optimal glycemic control level [HbA1c< 7.6%)], the second level
was suboptimal glycemic control [HbA1c 7.6 — 9.0%] and the third level was poor glycemic control level
[HbA1c> 9.0%)], there was a statically highly significant increase in HbA1c value of the iron-deficient
diabetic group in compared to iron sufficient diabetic group at all levels of glycemic control.

Conclusion: Iron deficiency anemia seems to increase HbA1c value in diabetic children Type 1, at the same degree

of glycemia.
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INTRODUCTION

Diabetes mellitus type 1 [T1DM] is a chronic
disease in which there is the failure of the body to
synthesize insulin due to autoimmune damage of
the beta cells that present in the pancreas. The
most prevalent type of diabetes in children is type 1
and dependence on insulin therapy for lifel!l.

T1DM is usually diagnosed in children as well
as adolescents, patients mostly presenting by a
triad of symptoms [i.e., polyuria, polyphagia, as well
as polydipsia] with hyperglycemial2,

T1DM affects multiple systems and causes
morbidity and mortality, so the diagnosis of TIDM is
must be early as possible to avoid complications[®l.

The International Expert Committee and
American Diabetes Association [ADA] have advised
using hemoglobin A1c [HbA1c] to diagnose DM, so
HbA1c is more suitable if compared to past
methods, which need fasting more than 8 hours. In
addition to its suitability, HbA1c has better
reproducibility as well as describes a chronic
hyperglycemic level of patients more than fasting
plasma glucose. However, HbA1c is impacted by a
variety of factors as genetic, ethnicity, age, and
multiple factors related to the disease can affect
HbA1c valuesl4l.

Hemoglobin A1[HbA1] has multiple fractions,
HbA1c is the most abundant one of HbA1, and
HbA1c is produced by glycation of terminal valine
present in the B-chain of hemoglobin. HbA1c is
considered as an indicator for the patient’s glycemic
level over the previous eight to twelve weeks.
HbA1c is commonly performed for screening of
diabetes mellitusfsl.

Hemoglobin A1c values may be affected by
some diseases unrelated to diabetes mellitus as
anemial®l.

Iron deficiency anemia [IDA] is the most
common type of anemia in the world. IDA is
commonly present in infancy and adolescents who
have menstruation, but the risk of IDA is increased
in any child with a high growth rate or their
requirements are not met properlyl’l. Hemoglobin,
hematocrit, mean corpuscular volume [MCV], mean
corpuscular  hemoglobin  [MCH] and mean
corpuscular hemoglobin concentration [MCHC]
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were decreased in anemic patients to give a picture
of microcytic hypochromic anemia that is mostly
Iron deficiency anemia [81,

AIM OF THE WORK

This study aimed to determine the effects of
iron deficiency anemia on hemoglobin A1c in type 1
diabetes mellitus.

PATIENTS AND METHODS

This was a cross-sectional analytic study
which was done on 80 diabetic children with type
1DM receiving insulin therapy [43 girls and 37 boys]
were included in the study. The children were
divided into two groups, 21 diabetic children with
iron deficiency anemia and 59 diabetic children with
iron sufficient state, attending the pediatric
department of Al-Azher University Hospital in
Damietta from February 2019 to September 2019.

The study was done in compliance with the
Code of Ethics [Helsinki Declaration] of the
International Medical Association for Human
Studies. Besides, an informed consent was signed
by the guardian of its participant. The diagnosis of
diabetes mellitus type-1 according to criteria for the
diagnosis of diabetes obtained from the American
Diabetes Association [2018].

Inclusion criteria: All children diagnosed as
diabetes mellitus type 1 based upon American
diabetic association criteria for diagnosis [°l. Age
from 2-15 years. Both sexes were included. All
children with a body mass index < 30. Children with
two years or more of diabetes mellitus type 1.

Exclusion criteria: Children who received iron
therapy in the last three months, acute and chronic
infection, other chronic diseases, hemolytic anemia,
hemoglobinopathies, hypothyroidism, abnormal
renal function, red cell disorders, observed blood
loss, and myelodysplastic syndrome.

All patients included were subjected to
complete medical history, complete general
examination [body weight in kg was measured by
the scale, height in cm was measured without
shoes, body mass index [BMI] was calculated as
weight [kg]/height [m?], the examination of the
insulin injection sites, pallor, hand & nail, tongue
and exercise tolerance], complete systemic
examination for each patient including [cardio-
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vascular, chest, abdominal, neurological and
musculoskeletal system] and the following
investigations [CBC, HbA1c, serum iron, serum
ferritin, total iron-binding capacity, c-reactive protein
[CRP], fasting blood glucose, postprandial blood
glucose, and the erythrocyte sedimentation rate
[ESR]].

Specimen collection: Under complete
aseptic technique, 8 ml of peripheral venous blood
was collected and added to 4 tubes. The first tube;
contain EDTA for glycated hemoglobin level and
complete blood count. The second tube; contain
Fluoride for estimation of blood glucose level. The
third tube; contain buffer Sodium Citrate to estimate
erythrocyte sedimentation rate. The fourth tube;
allowed to dry and centrifuged to produce serum for
Serum C-reactive protein [CRP], Ferritin, Total Iron
Binding Capacity, and Iron.

The blood was collected into a dry clean
centrifuge tube to obtain serum and left to be
clotted. It was set in a centrifuge at a 4500 rate per
minute [r.p.m] for 10 minutes. Serum samples were
kept frozen at -20 until analyses were performed,
repeated freezing of samples was avoided.

The blood glucose level was determined by the
enzymatic colorimetric method!'%. Hemoglobin A1c
was performed on Roche/ COBAS INTEGRA® 400
plus analyzer- Diagnostics Roche, Roche
Diagnostic, Germany, using kits supplied by Roche
Diagnostic, Germany. Patients were considered to
be on optimal glycemic control if HBA1C was
<7.6%, suboptimal if it was 7.6 — 9%, poor if it was
> 9 percentage '],

Complete blood count [CBC] was done on
EDTA-anti-coagulated blood samples using a
coulter MAXM [Coulter Corporation] based on the
manufacturer's instructions 2. Serum ferritin was
estimated by chemiluminescence immunoassay
[Advia Centaur CP, Siemens, Switzerland, and the
USA]!3l. Serum iron and TIBC were determined by
ADVIA 1800 Chemistry and ADVIA Chemistry XPT
analyzers!l. Serum C-reactive protein [CRP]
performed on Roche/ COBAS INTEGRA® 400 plus
analyzer-Diagnostics Roche, Roche Diagnostic,
Germany using kits supplied by Roche Diagnostic,
Germany'l, Erythrocyte sedimentation rate: Made
by ordinary manual Westergren technique [61.
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Statistical Analysis: Our data was entered and
processed on a computer using a statistical
package for social science [version 24]. Our
results were viewed in tables and figures then
interpreted. Mean, frequency, range, standard
deviation, and percentage used as descriptive
statistics. Chi-Square test [X?] was used to
evaluate the association variables for data. A
student’s t-test was applied for comparison
between two groups. ANOVA [F test] applied to
normally quantitative variables to compare more
than two groups. P-value was considered
significant P > 0.05: Non significant, P < 0.05:
Significant ['7,

RESULTS

The mean HbA1c values of the iron-deficient
diabetic group in optimal glycemic control,
suboptimal glycemic control, and poor glycemic
control level were [7.3 £ 0.15] %, [8.8 £ 0.16]% and
[14.1 £ 1.3]% respectively. The mean HbA1c values
of iron sufficient diabetic group in optimal glycemic
control, suboptimal glycemic control, and poor
glycemic control level were [5.9 £ 0.4]%, [79 %
0.3]% and [10.5 £ 1.3]% respectively. Also, there
was a highly significant increase in the HbA1c value
of the iron-deficient diabetic group compared to iron
sufficient diabetic group at all levels of glycemic
control [P-value <0.001] Table [1]. There was no
statistically significant difference between the iron-
deficient diabetic group and iron sufficient diabetic
group regarding general characteristics [age P-
value =0.27], [weight P-value =0.24], [gender P-
value =0.72], and [family history of diabetes P-value
=0.45]] [Table 2].

Regarding the pallor and CNS symptoms
[iritability, attention deficit, and restless leg
syndrome], there were highly significant increases
in the iron-deficient diabetic group in compared to
the iron sufficient diabetic group as [ P-value
<0.001] [Table 3].

Regarding fasting blood glucose and
postprandial blood glucose, there were no statically
significant differences between the iron-deficient
diabetic group and the iron sufficient diabetic
group[[Fasting blood glucose P-value =0.078] and
[Post prandial blood glucose P-value =0.18] [Table
4].



El Nezely FM, et al.

Regarding the number of diabetic patients with
iron deficiency anemia, there were 21 patients
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[26.3%] and 59 diabetic patients [73.7%] in iron
sufficient state [Table 5].

Table [1]: Comparison between the iron deficient group and iron sufficient group as regard HbA1c

Variable Iron deficient Iron sufficient t-test P-value

[n=21] [n=59]
HbA1c <76 Mean + SD 7.3+0.15 59+04 8.9 0.001*
percent 76-9.0 Mean £+ SD 8.8+0.16 79+0.3 55 0.001*
>9.0 Mean + SD 141+13 105+1.3 7.3 0.001*

Values present as mean + SD & analyzed by Independent samples t-test. *: Significant. HbA1c: hemoglobin A1c

Table [2]: Comparison between Iron deficient group and Iron sufficient group as regards general

characteristics
Variable Iron deficient Iron sufficient P
[n=21] [n=59]

Age [years] Range 4-14 3-15 0.27
Mean £+ SD 94+34 8.3+38

Gender' Male 9[42.8%)] 28[47.4%)] 0.72
Female 12[57.1%] 31[52.5%)]

Family history of DM' Negative 13[61.9%] 32[54.2%)] 0.45
Positive 8[38.1%)] 27[45.7%)]

Weight [kg] 26.8+7.2 24.6+7.6 0.24

Values present as mean + SD & analyzed by Independent samples t-test; "Values present as the number and percent & analyzed

by Chi-square test

Table [3]: Distribution of Pallor and CNS symptoms among the studied sample

Variable Iron deficient Iron sufficient P

[n=21] [n=59]

Pallor Negative 15 [71.4%)] 59 [100.0%)] 0.001*
Positive 6 [28.5%)] 010.0%]

CNS symptoms Irritability Negative 14 [66.7%) 591100.0%) 0.001*
Positive 7[33.3%] 01[0.0%]

Attention-deficit Negative 11 [52.4%)] 59 [100.0%)] 0.001*
Positive 10[47.6%] 010.0%)]

Restless legs syndrome Negative 15[71.4%)] 591100.0%)] 0.001*
Positive 6 [28.5%)] 010.0%]

Values present as the number and percent & analyzed by Chi-square test; *: Significant

Table [4]: Comparison between Iron deficient group and Iron sufficient group as regard Fasting Blood
Glucose [FBG] and Post Prandial Blood Glucose [PPBG]

Variable Iron deficient Iron sufficient t-test P-value
[n=21] [n=59]
FBG [mg/dL] Mean + SD 141.2+90.1 188.7+108.9 1.8 0.078
PPBG [mg/dL] Mean + SD 310+116.9 350+ 118.5 1.3 0.18

Values present as mean + SD & analyzed by Independent samples t-test; FBG: fasting blood glucose; PPBG: postprandial

blood glucose

Table [5]: Distribution of iron deficiency anemia among diabetic children

Variable

Diabetic Iron Deficient

Diabetic Iron Sufficient

Number of patients[80]

21[26.3%]

59 [73.7%]
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DISCUSSION

Diabetes mellitus type 1 is considered to be the
most life-threatening endocrine  disorder in
childrenl?8],

It is a chronic disease related to the
immunological condition in which there is the
damage of B cells of Langerhans that produce
insulin hormone in the pancreas. Standardized data
revealed that the incidence of type 1 diabetes
mellitus had been elevated 3-4% over the past 30
years, and this result supports the environmental
factors as the risk for the disease [19].

The percentage of IDA cases among anemia
cases is about 30%. Also, IDA is considered the
commonest type of anemia and is a dangerous
public health problem, especially in developing
countries. The typical symptoms and signs of IDA
are growth retardation, pica, tachycardia, and
fatigue. The decrease in cognitive development in
children and infants and impairment of the nervous
system may be a result of severe DA [20],

HbA1c is the standard test for the diagnosis of
DM and monitoring of plasma glucose levels on
long-term, [21] false decrease or elevation of HbA1c
values may be caused by anemia that may lead to
the wrong interpretation of the disease condition.
Thus, the level of Hb is very important in monitoring
of HbA1c, and the standard cut-off value of
hemoglobin below which HbA1c cannot be used as
an important diagnostic and follow-up tools in
diabetes is still controversiall22],

The purpose of this study, which was
conducted on 80 diabetic children with type-1
[divided into two groups, 21 diabetic children with
iron deficiency anemia and 59 diabetic children with
iron sufficient state], was to determine the effects of
iron deficiency anemia on hemoglobin A1c in type-
1 diabetes mellitus.

In our study, we found that in optimal glycemic
control, the mean of HbA1c shows statically highly
significant increase in iron-deficient group [7.3%
0.15]% in compared to iron sufficient group [5.9 +
0.4]%, as [p value <0.001], also in case of
suboptimal glycemic control the mean of HbA1c
shows statically highly significant increase in iron-
deficient group [8.8 £ 0.16]% in compared to iron
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sufficient group [7.9 + 0.3]%, as [p value < 0.001].
In poor glycemic control, the mean of HbA1c shows
a statically highly significant increase in the iron-
deficient group [14.1+1.3] when compared to the
iron sufficient group [10.5+1.3]%, as [p value <
0.001]. So HbA1c shows a highly significant
increase in the iron-deficient compared to the iron
sufficient group in all degrees of glycemic control.

The possible causes of elevation of HbA1c in
iron deficiency anemia may be due to many reasons
as the renewal of red blood corpuscle, the change
in conformation of hemoglobin, and the rate of
glycation. All previous factors cause significant
changes in the formation of HbA1c. The production
rate of HbA1c is usually related to plasma glucose
levels, and the rate of RBCs turnover influences the
HbA1c level. The presence of circulating RBCs for
a longer time in the plasma may lead to an increase
of its glycationl23],

Also, iron deficiency stimulates glycation of
terminal proline by modulating the hemoglobin
structure while decreasing the RBCs turnover rate.
From a pathogenesis perspective for diabetes,
deficiency of iron stimulates glycation by
peroxidation as deficiency of iron may reduce the
activity of enzymes that contain iron, which leads to
decrease antioxidant capacity. (22

In addition, the possible cause of increased
HbA1c level in IDA may be demonstrated by theory
stated that if serum glucose still constant, an
increase in the glycated fraction of hemoglobin
might be due to decrease in the hemoglobin
concentration [24],

Although there are multiple studies on the
effect of IDA on HbA1c level in the diabetic patient
in adults, studies are very limited in the pediatrics
field. So in line with our result, a survey by
Urrechagal?4! cross-sectional was done on 661
diabetic patients divided into three groups
depending on the iron state to normal iron level,
latent iron deficiency, and iron-deficiency anemia.
The result was a significant increase in the HbA1c
levels in both latent iron deficiency and IDA in both
males and females irrespective of fasting plasma
glucose.
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Also, our study supported by Christy et al. [23]
a case-control study was conducted on 120 diabetic
iron-deficient anemic patients with optimal glycemic
control and 120 iron-sufficient non-anemic
individuals as a control found a significant increase
in HbA1c in the IDA group [6.8 +1.4%)] compared
to control [5.65 + 0.69].

Also, our results agree with Tarim et al.l26],
that is conducted on 37 diabetic children type-1
divided into 11 iron-deficient group, and 26 were an
iron-sufficient group. They concluded that in type 1
DM patients having a similar level of glycemia, iron
deficiency anemia is accompanied by increase
HbA1c levels.

Also, our results are consistent with Salah et
al.l2"l that is done on 200 children having diabetes
mellitus type-1 visiting the diabetic clinic of pediatric
in Cairo, Egypt scanned for anemia and other
diabetic complications. And the result stated that
HbA1c levels show a statistically significant
increase in diabetic iron-deficient more than in
diabetic non-iron-deficient patients [P < 0.01].

In contrary to our study, there is Akkermans
et al. (28 which was a prospective study done in the
Netherlands in the period from Jan 2015 to Sep
2016, on 227 diabetic children patients, divided into
absolute ID functional ID, and non-iron deficient.

They concluded that patients with absolute ID
and functional ID had similar HbA1c values as
patients with a normal iron level, while iron therapy
in absolute ID did not significantly change their
HbA1c values. Our results are different from this
study may be due to heterogeneous study designs,
Egyptian diabetic children with a higher overall risk
for ID and our study did not differentiate between
absolute ID and functional ID.

In contrary to our study there is Solomon et al.
[29] which was a cross-sectional study done on 174
diabetic patients [87 have iron deficiency anemia
and 87 with normal CBC] from Apr to Jul 2016, that
concluded HbA1c level is significantly decreased in
diabetic patients with iron deficiency anemia
compared to the non-iron deficiency anemia
diabetic patients. The difference in our result and
Solomon et al. result may be due to more than one
factor as our result only on type 1 diabetic children
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aged from 2 - 15 years, and Solomon et al. study
on adults their mean age was [47.5 £ 15.83] years
and did not determine the type of diabetes.

In our study, the prevalence of iron deficiency
anemia in diabetic children type 1 was 21 children
[26.3%)], from a total of 80 children diabetics, this
result in line with Wéjciak et al. 39, that found
newly diagnosed diabetic children type 1 have
about 26% iron-deficient anemia.

Also, in line with our study, Salah et al. [27]
found that 41 [20.5%] type 1 diabetic children had
microcytic hypochromic iron-deficient anemia of a
total of 200 diabetic children.

Also, this result in line Tarim et al. [26] that is
conducted on 37 diabetic children type-1, the
number of anemic iron deficient diabetic children
was 11 children [29.7%)] from total 37 children.

In our study, the mean age of the iron-deficient
diabetic group was [9.4 £3.4] years, and the mean
age of the iron sufficient diabetic group was [8.3
+3.8] years. There was no significant difference
between both groups [P value =0.27]. The number
of diabetic children who had iron deficiency anemia
was 21 patients, 9 of them were males [42.8%)], and
12 patients were females [57.1%)], this result in line
with Salah et al. [27] that found 75 patients were
anemic [37 males [49.3%)] and 38 females[50.7%]].
Also, we found no significant difference between the
iron-deficient diabetic group and the iron sufficient
diabetic group regarding family history of diabetes
as [P value = 0.43].

In our study, the number of diabetic children
who had iron deficiency anemia was 21 patients,
only 6 of them had a pallor [28.5%)], and 7 of them
had irritability [33.3%]. Also, there was a highly
significant increase in the iron deficiency diabetic
group in compared to iron sufficient diabetic group
as regard pallor and irritability [P value < 0.001].

This result in line with Joo et al. B1], which is
done on 1,782 children with iron deficiency anemia
aged from 6 months to 18 years who attended to the
hospital, Incheon, Korea, the result stated that, only
23.6% of patients who come to the hospital with iron
deficiency anemia symptoms, such as pallor and
night irritability from all cases with a confirmed
diagnosis of anemia.
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Also our study, the number of diabetic children
who had iron deficiency anemia were 21 patients,
10 of them had an attention deficit [47.6%], and only
6 of them had restless legs syndrome [28.5%]. Also,
there was a highly significant increase in the iron
deficiency diabetic group in compared to iron
sufficient diabetic group as regard attention deficit
and restless legs syndrome [P value < 0.001], this
result in line with Allen et al. 32], that is conducted
on 251 IDA patients the result stated that the
occurrence of clinically restless legs syndrome
[RLS] was 79 [31.5%], nine times higher than the
general population.

Conclusion: Iron deficiency anemia seems to
be a factor that increases HbA1c levels in children
with Type 1 diabetes mellitus, at the same degree
of glycemia. The occurrence of iron deficiency
anemia in type 1 diabetic children must be
considered. Iron deficiency anemia must be
corrected before diagnosing or following type-1
diabetic children by using Hemoglobin A1c.

Recommendation: Regular Follow up of CBC
and iron profile in children with type 1 diabetes,
especially those who use HbA1c as an indicator for
glycemic control. Iron supplementation should be
recommended in needed cases. Further studies on
a large scale to evaluate the effect of iron deficiency
anemia on HbA1c in diabetic children with type-1.
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