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ABSTRACT
Background: Controversy occurs in the relationship between serum ferritin levels, insulin resistance
and risk of developing anemia in adolescents with family history of diabetes.
Aims & Objectives: This study was designed to find out the association between serum ferritin levels
with risk of developing anemia in non-diabetic adolescents with family history of type 2 diabetes
mellitus (T2DM).
Materials & Methods: A descriptive cross-sectional was conducted in a local medical institute of
Lahore. Study included 50 non-diabetic, non-obese male / female adolescent with family history of
type 2 diabetes mellitus and 50 healthy male/female non-obese adolescents without family history of
T2DM considered as controls. Level of serum ferritin and serum insulin was estimated by Enzyme
Linked Immunosorbent Assay. Blood glucose was estimated by auto-analyzer. Insulin resistance was
calculated by HOMA-IR index and beta cell function was assessed by HOMA- beta index.
Results: Levels of fasting blood sugar, insulin resistance were found to be increased with decreased
level of serum ferritin and decrease beta cell function in both male as well as female cases as compared
to controls. Negative correlation was found between serum ferritin and insulin resistance while a
positive correlation was found between serum ferritin and beta cell function.
Conclusions: Low level of serum ferritin is associated with reduced beta cell function and increased
insulin resistance. This may increase the risk of developing iron deficiency anemia that can affect both
immune system as well as increase susceptibility to infections.
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INTRODUCTION
Adolescence is a serious era of growth,
maturation, and development which needs
proper nutrition. The lack of standard nutrition
may result in different health problems. Nearly
85-90 % of adolescents who belong to
developing countries are under-nourished. This
may result in anemia and other health issues.1
Besides family history of T2DM, nutritional
state both in the pre natal and post natal period,
puberty, obesity, and inactive lifestyle may
have an effect on insulin sensitivity in children
and adolescents.2
It is known that levels of fasting blood glucose
and HbA1c are increased in anemia and iron
deficiency.3 Iron metabolism may have a direct
or indirect effect in developing T2DM,
however, the correlation between iron
metabolism and T2DM varies between races
and gender.4 The role of iron metabolism in
pathogenesis of T2DM is mediated by failure
of beta cell and insulin resistance.5 Deficiency
of iron can alter the homeostasis of glucose in
humans and may negatively impact glycemic
control which leads to development of T2DM
and related complications.6,7 It may also alter
the function of mitochondrial respiratory chain
thereby reducing the
ability to perform
physical exercise and hence may lead to
increased insulin resistance.8
Ferritin is an important part of iron
homeostasis, and is related with chronic
ailments associated with inflammation like
T2DM and hypertension.6 More than 50 % the
adolescents have deficiency of ferritin.
Standard level of ferritin in healthy women is
18.0–115.0 μg/L and in healthy men it is 30.0–
300.0 μg/L.9 Levels of serum ferritin were
more in diabetic women versus non diabetic
women. Though, in Asian diabetic men the
level of ferritin was low as compared to nondiabetic Asian men.4
Serum ferritin levels were found to be directly
related to fasting blood glucose and it is
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proposed that serum ferritin may be good
predictor of insulin resistance.10,11 High insulin
resistance is related with low levels of iron
stores (serum ferritin) and hemoglobin and
people with high insulin resistance may also
have iron deficiency without anemia.12
Though insulin resistance is related to high
BMI, it is proposed that adolescents with
normal BMI are also at risk of development of
insulin resistance signifying that BMI is not its
single determinant.2
Association of serum ferritin with risk of
developing anemia is a worldwide health
problem and related to economic and social
development. It may occur in all age groups but
is predominant in pregnancy and adolescents.
Low levels of iron or ferritin are known to be
related to diabetes as it may alter homeostasis
of glycemic control. The present study was
therefore designed to find the association of
serum ferritin with risk of developing anemia
in non-diabetic adolescents with family history
of T2DM.

MATERIALS AND METHODS
A descriptive cross-sectional study was
designed which included 50 non-diabetic, nonobese adolescents with family history of
diabetes and 50 healthy age and gender
matched controls without family history of
diabetes.
Group A (1A, 1B) included 50 non diabetic
male adolescent who had family history of
T2DM whose diabetic parents were using oral
hypoglycemic drugs or insulin. Their ages
ranged from 18-20 years, and their BMI ranged
from 20-25 kg/m2.
Group B (2A, 2B) with age range 18-20 years
and their BMI ranged from 20-24 kg/m2 were
considered as controls. They were non diabetic
with no family history of diabetes or any other
disease. Adolescents with thyroid disorders or
78

any other systemic or inflammatory diseases
were excluded from the study.
The current study involved self-reported
demographics
that
were
noted
on
questionnaires. The study was planned to
evaluate the level of serum ferritin and insulin
resistance (IR) in both groups using ELISA.
Fasting blood glucose level was estimated by
standard kit using auto-analyzer. The minimum
cut-off value of ferritin was considered to be
15.0 μg / L. Insulin resistance was calculated by
HOMA-IR index using the formula based on
fasting serum insulin (µU/ml) ×fasting blood
glucose (mmol/l) / 22.50.13 Study subjects
having HOMA-IR value>1.64 were labelled as
insulin resistant.14
The HOMA-beta cell function (HOMA-b) was
calculated by using the following formula: 360
x fasting insulin (μU/mL) / (fasting glucose
(mg/dL) - 63.15
Statistical Analysis
Data was analyzed by SPSS 20. Study variables
were expressed as mean ± SD. Student‘t’ test
was used to compare the bio-chemical
variables of study subjects and controls. P<0.05
was taken as statistically significant. Pearson
coefficient correlation was used to find
correlation between serum ferritin and insulin
resistance as well as between serum ferritin and
beta cell function. Pearson correlation is
signified by ‘r-values’ and shows the true
relationship between two variables. r-values
between 0 and 0.3 or 0 and -0.3 specify a weak
positive and negative relationship respectively.
Furthermore, r- value between 0.3 and 0.7 or 0.3 and -0.7 specify a moderate positive and
negative relationship respectively.16

RESULTS
Description of Table 1:
Demographic variables in male / female
adolescents taken as cases showed mean BMI
23.09 and 25.14 Kg/m2. In majority of both
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adolescents, the life style was sedentary with
middle socioeconomic status. Both genders had
a history of eating mixed diet including junk
food. Majority, of the adolescents were living
in hostels.
Description of Table 2:
Variations in the level of fasting blood sugar,
serum insulin and serum ferritin in males and
female adolescents with and without family
history of T2DM was observed. Levels of
fasting blood sugar and insulin resistance were
increased in both genders in cases as compared
to controls. On the other hand levels of serum
ferritin and beta cell functions were decreased
in both genders in cases.
Weak negative correlation was observed
between serum ferritin and insulin resistance
(Fig 1 and 2).
Description:
Correlation of serum ferritin with insulin
resistance in male and female adolescents with
family history of diabetes indicate weak linear
negative relationship between serum ferritin
and insulin resistance in both genders (p>0.05).

Figure 1: Correlation between insulin
resistance and serum ferritin in male (r= -0.05)
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Table 1: Anthropometric profile in adolescents with family history of T2DM
Male (n=25)

Female (n=25)

mean±SD

mean±SD

Age (years)

19.0±1.24

19.2±1.13

BMI (Kg/m2)

24.40±4.5

23.80±2.6

08
17

07
18

09
16

08
17

120 ± 25.6

118.±24.5

Variables

Life style
Active
Sedentary
Socioeconomic Status
Class A(Monthly income<30000)
Class B(Monthly income >30000)
Blood pressure (mm/Hg)
Diet

Mix diet / Junk food

Mix diet / Junk food

Figure 2: Correlation of insulin resistance with serum ferritin in female (r= -0.21)
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Table 2: Variation in the level of biochemical parameters in male and female
adolescents with or without family history of T2DM.
Group 1A
Male
adolescents
Variables with family
history
(n=25)

Group 2A
Male adolescents
without familial
diabetic
background
(n=25)

Group 1B
Female
adolescents
with family
history
(n=25)

Group 2B
Female adolescents
without familial
diabetic
background
(n=25)

93.51±7.36

87.23±7.37

95.31±6.98

94.32± 7.83

>0.05

5.99±2.3

5.85±3.61

7.21±3.31

7.22±4.5

>0.05

SF
(ng/ml)

14.35 ± 3.5

20.75± 4.1

12.38 ±3.41

18.25± 3.1

>0.05

IR

0.99±0.03

0.86±0.021

0.97±0.02

0.96±0.011

>0.05

74.88±4.09

84.4±32.84

78.8±4.09

83.3±33.84

FBS
(mg/dl)
SI
(mIU/L)

β cell
function

pvalue

>0.05

FBS= fasting blood sugar; SI= Serum Insulin;; SF= Serum ferritin; IR= Insulin resistance. *p-value ≤ 0.05 taken as significant

DISCUSSION
The speedy growth during adolescence,
menarche, and the intake of non-standard diet
with low content of iron, results in depletion of
iron stores and increases the vulnerability of
adolescents to development of iron deficiency
anemia.17
According to our study majority of study
subjects had a sedentary style and belonged to
middle socioeconomic status. Majority, of the
adolescents were living in hostels, where diet
doesnot fulfill the criteria of standard diet. A
study demonstrated that sedentary life style is
the main reason for various health problems. As
most people have an inactive life style, this
predisposes them to the risk of developing
metabolic diseases including dyslipidemia and
impaired glucose metabolism resulting in
development of T2DM and hypertension. It is
noted that 95 to 100 % adolescents are at risk
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of developing diabetes due to their inactive life
style. This study proposed that poor nutritional
state and physical inactivity may lead to
reduced serum ferritin stores and hence
increase the risk of developing anemia.2,18
According to our study both genders used
mixed diet (vegetable with chicken/meat) along
with junk food. It is proposed that diet with
high protein and low carbohydrate may be a
reason of high values of blood iron and
associated with insulin resistance in the
peripheral tissues and liver.19 however a study
found that altered status of iron is enough to
impair homeostasis of glucose.20
Diet and physical activity are not only aimed
for weight reduction but also have a role in
boosting immunity including (immune
activation and immune-senescence) and
metabolism (obesity, diabetes, and metabolic
syndrome).21
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Consumption of fresh foods, eggs and
consuming meals 3 times / day were also
related to lower risk of anemia. Besides lack of
knowledge, low financial status, female gender
and limited usage of eggs, flesh food and milk
products as well consumption of meal 1-2 times
/day may increase the risk of development of
anemia.22 One of the study reported that Indian
girls in their adolescent age have a habit to use
food rich in vitamin with less amounts of
protein in comparison with boys.23
Levels of fasting blood sugar and insulin
resistance were increased in cases as compared
to controls. On the other hand levels of serum
ferritin and beta cell functions were decreased
in cases as compared to controls. However, a
study found that impaired fasting blood glucose
is predominant in men than women and
therefore males have a high risk of developing
diabetes.24,25,26 A study also demonstrated that
beta cell dysfunction is related with high levels
of insulin resistance after the continuous
ingestion of full carbohydrate rich meals and
more common in Asians as compared to
Caucasians.27 Another study stated that T2DM
may progress more with increasing insulin
resistance and ultimately results in diabetes due
to collapse of β cells.28
We disagreed with a study who reported that
low BMI is related with low values of serum
ferritin and insulin level. And there is low risk
of diabetes with low values of serum ferritin.29
Results of another study were found to be in
support our findings whereby decreased values
of serum ferritin were associated with iron
deficiency anemia and reduced insulin
sensitvity.24 Early identification and treatment
of iron deficiency leads to early recovery of
glycemic control and may help in avoiding
complications.6 It is suggested that stored form
of iron; serum ferritin reflects glycemic status
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in people with incidence of iron deficiency or
anemia.25
Limitations
Oral glucose tolerance test and HbA1c of study
subjects should also have been performed as it
is a standard test for estimation of glycemic
control. Secondly, data of older adolescents
should be available which may help to compare
the differences in the incidence of anemia
between early stages of adolescence and older
stages of adolescence. Third, we concentrated
on high carbohydrate and protein based foods,
but some studies found that regular use of fruits
and vegetables (green leafy) also helped to
reduce the risk of anemia in adolescents.16

CONCLUSION
It is concluded that though low levels of serum
ferritin may reduce beta cell functions and
accounts for increased levels of insulin
resistance. Furthermore, this low value of
serum ferritin in adolescents with family
history of diabetes may increase the risk of
developing iron deficiency anemia. There is a
need for screening of anemia especially in
adolescents who have positive family history of
diabetes and so they may take proper
preventive meausures to decrease the risk of
developing anemia.
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