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 Abstract

Background: Metabolic syndrome (MetS) is a cluster of
interconnected risk factors that adversely affects all the organs
of the body. Oxidative stress resulting from excess tissue iron

causing insulin resistance, tissue damage and other

complications are observed in MetS. Objectives: To assess iron

status by serum iron, ferritin, total iron binding capacity (TIBC)

and transferrin saturation (TS) levels in female MetS patients.

Method: This cross sectional study was conducted in the

Department of Physiology, Bangabandhu Sheikh Mujib Medical

University (BSMMU), Shahbag, Dhaka from March, 2019 to

February, 2020 on total thirty female MetS patients aged 25 to 45

years. Thirty (30) age matched apperantly healthy female subjects

were enrolled as control. Serum iron, ferritin levels, TIBC and TS

were measured by standard biochemical methods. Data were

expressed as mean ± SD. Statistical analysis was done by

Independent sample ‘t’ test. Results: In this study, mean serum

ferritin was significantly higher (p<0.001) and mean serum TIBC

was significantly lower (p<0.05) in patients than that of controls

In addition, 43.3% of MetS patients had excess ferritin and 26.67%

patients had low TIBC whereas no control subjects had abnormal

ferritin or TIBC and the difference between MetS and control

was statistically significant. Conclusion: From the results of

this study it can be concluded that higher iron status may be
associated with metabolic syndrome.

Key words: Metabolic syndrome, serum iron, serum ferritin, serum
TIBC, transferrin saturation.



Introduction studies suggested a positive association of
indices of iron status and hyperferritinaemia with
metabolic syndrome.8-10-12 Whereas Ryu et al.
observed no relation between serum ferritin and
metabolic syndrome.13 Hyperferritineimia with
normal or mildly elevated transferrin saturation
is common in this syndrome.14-15 On the other
hand, Tavakoli-Hoseini et al. found elevated
serum iron and ferritin but no significant
relationship between TIBC and metabolic
syndrome6.Whereas, some studies found normal
level of iron in metabolic syndrome also.16

Because of conflicting results of different studies
showing no clear cut evidence for the association
of higher iron status in MetS this study has been
designed to evaluate the iron status in MetS
patients.

Methods

Setting & participants

This cross sectional study was conducted in the
Department of Physiology, Bangabandhu Sheikh
Mujib Medical University (BSMMU), Shahbag,
Dhaka from March, 2019 to February, 2020. The
protocol of this study was approved by the
Institutional Review Board of BSMMU. Thirty
female subjects with MetS diagnosed according
to IDF2 aged 25-45 year were selected by
purposive sampling from Department of
Endocrinology, BSMMU and to compare with
them, 30 apperantly healthy female subjects of
similar age and sex were enrolled as control. All
subjects studied at proliferative phase of their
menstrual cycle to ignore hormonal effect.
Subjects were motivated for voluntary
participation and an informed written consent
was taken.

Exclusion criteria

Subjects suffering from cardiovascular,
respiratory, renal, thyroid disorders, liver disease,
malignancy, acute or chronic inflammation, iron
deficiency anemia and menstrual abnormality
were excluded from this study. Moreover, women
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interrelated cardiovascular risk factors are prone
to cluster in an individual giving rise to a
condition known as MetS.1 According to
International Diebetes Federation (IDF)
definition, MetS is characterized by central
obesity (waist circumference, ³90 cm for men or
³80 cm for women of South Asia) plus 2 or more
of the following criteria – (1) TG- ³150 mg/dl (1.7
mmol/l) or specific treatment for this lipid
abnormality, (2) HDL-C- <40 mg/dl (1.03mmol/l)
in men, <50 mg/dl (1.29 mmol/l) in women or
specific treatment for this lipid abnormality, (3)
systolic BP ³130 or diastolic BP ³85 mm Hg) or
treatment for previously diagnosed hypertension
and (4) Fasting plasma glucose- ³100 mg/dl (5.6
mmol/l) or previously diagnosed type 2
diabetes.1-2 Over last few decades, worldwide
prevalence is about 20-25%, whereas in
Bangladesh, its overall prevalence is 30%, in
female 32%, in male 25%.3

Iron in human body has a key role in oxygen
transport and respiratory chain enzymes in
mitochondria and the citric acid cycle via the
capability to change its redox state. However,
this characteristic also renders excess iron is
detrimental for tissues– mostly via the formation
of reactive oxygen species (ROS) by Fenton and
Haber-Weiss reactions causing oxidative stress.4-6

This oxidative stress triggers inflammatory
response and cellular injury that leads to cell
damage and death.7

To meet up biological iron requirements and avoid
systemic iron toxicity, iron stores are tightly
equilibrated by a complex molecular network.4

Iron is stored as ferritin in many organs like liver,
macrophage and spleen.8 Systemic iron
homeostasis is maintained by hepcidin which
inhibit iron export from the cell causing decreased
in serum iron.4 Indicators of iron status include
serum iron, serum ferritin, total iron-binding
capacity and transferrin saturation.10 Previous

iabetes and obesity are major threats
to human health in the 21st century.
Along with them some otherD



who are pregnant, history of blood transfusions
or treatment with iron therapy within last 3 months,
known case of hereditary haemochromatosis,
recent history of surgery or illness, smokers,
history of taking iron fortified contraceptives and
post menopausal subjects were also excluded
from the study.

Data collection procedure

Detail family, medical history was taken and
thorough physical examination was done and
recorded in a preformed data schedule. Blood
pressure, waist circumference, height and weight
were measured and BMI was calculated.

Under aseptic precaution venous blood was
collected and sent to the Department of
Biochemistry and and Molecular Biology for the
estimation of fasting plasma glucose, lipid profile,
SGPT and creatinine and serum iron, ferritin, TIBC
and transferrin saturation and to the Department
of Laboratory Medicine, BSMMU for the
estimation of CBC. Based on biochemical report,
final selection was done according to exclusion
and inclusion criteria.

Statistical analysis

All data were expressed as mean ± SD. Statistical
analysis was done using SPSS version 16 .
Independent sample ‘t’ test and chi square test
was done and p value of £ 0.05 was considered
as statistically significant

Results

Baseline general characteristics of the subjects
are shown in Table I. According to MetS
definition, WC, SBP and DBP , fasting plasma
glucose and serum TG were significantly higher
(p£0.001) and HDL-C was significantly lower (p
£0.05) in MetS group in comparison to control
(Table I). The mean value of serum ferritin was
significantly higher (p£0.001) and TIBC was
significantly lower (p£0.05) in MetS group in
comparison to control (Table II). On the other
hand, serum iron and TS were not significantly
different (p>0.05). Again 13(43.33%) MetS
patients had high serum ferritin and 8(26.67%)
had low TIBC; whereas no control had higher
serum ferritin and low serum TIBC respectively
(Table III).

Table I: Age, WC, blood pressure, FBS, TG and HDL-C in two groups (N=60)

Parameters  MetS (n=30) Control (n=30) p value

Age (years)  38.50±5.91 36.10±5.29     0.101

(25.00-45.00) (26.00-45.00)

WC (cm) 96.77±5.89 74.97±5.05 0.000***

        (85.00-113.00) (60.00-79.00)

SBP (mm of Hg)  134.50±12.27 115.37±8.12 0.000***

(110.00-160.00) (100.00-125.00)

FPG (mmol/l)    9.02±3.49 4.40±0.39 <0.000***

  (5.00-16.00) (4.40-5.08)

TG (mg/dl) 215.20±104.36  99.90±32.00 <0.000***

(94.00-466.00)  (30.00-175.00)

HDL-C (mg/dl)   39.00±7.47 44.37±10.22 <0.024*

(23.00-56.00) (31.60-68.00)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was done by Independent
sample ‘t’ test; MetS- Metabolic syndrome patients; WC-Waist circumference; SBP-Systolic blood pressure; DBP-
Diastolic blood pressure; ***p£0.001;FBS-Fasting blood sugar; TG-Triglyceride; HDL-C-High density lipoprotein-
cholesterol; * p£0.05; N=Total number of subjects; n = number of subjects in each group.
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Discussion

The present study was done to observe iron
status in MetS. In our study, significantly higher
serum ferritin as well as hyperferritineimia is
notably observed in MetS patients. Similar results
were reported by some previous studies.6,12,15

In addition, lower TIBC was in MetS could not
be compared due to the unavailability of
published data.

Literature review showed increased release of
inflammatory cytokines (TNF-a, IL-1, IL-6 &
leptin) in obese, stimulate excessive secretion of
hepcidin from the pancreas, liver and adipose
tissue.17 This hepcidin causes internalization and
degradation of ferroportin which impairs iron

export from the cell.18-19 Sequestration of iron
leads to higher cellular and serum ferritin. Serum
ferritin may be derived from ferritin-loaded
macrophage in a non–classical secretory
pathway17,20 or simply leak from hepatocyte or
damaged cell.21

As there is enough iron stored within cell, it may
inhibit the negative feedback effect of increasing
TIBC in response to low serum iron. So TIBC
remains low.22

TIBC is an indirect measure of transferrin. As
transferrin is a negative acute phase reactant, so
transferrin may also decrease due to obesity
related low grade inflammation.23-24 Simulta-
neously, transferrin is a known anti-oxidant which

Table II: Serum iron, ferritin, TIBC, transferrin saturation in two groups (N=60)

Parameters  MetS  (n=30) Control  (n=30) p value

 Iron (µg/dL) 48.03±20.89 58.40±21.24

(14.00-83.00) (15.00-95.00) 0.062

Ferritin (ng/mL) 202.47±204.63  44.73±24.23 0.000***

(8.20-545.00)  (5.53-79.50)

TIBC (µg/dL)  292.80±129.02  351.70±60.67

 (23.00-515.00)  (249.00-500.00)  0.027*

 TS (%) 30.23±44.12  17.64±7.95 0.129

(2.91-204.35)  (3.06-32.07)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges;Statistical analysis was done by
Independent sample ‘t’ test; MetS - Subjects with metabolic syndrome; TIBC-Total iron binding capacity; TS-
Transferrin saturation; ***p £0.001; *p £0.05; N=Total number of subjects; n = number of subjects in each group.

Table III: Frequency distribution of abnormal serum iron status in two groups (N=60)

Parameters  MetS (n=30) Control(n=30) p value

   No.(%) No.(%)

Ferritin (ng/mL)   13 (43.33)         0(0) 0.000***

TIBC (µg/dL)   8(26.67)     0(0)  0.002*

Data were expressed as Mean ± SD. Values in parentheses indicate ranges;Statistical analysis was done by
Independent sample ‘t’ test; MetS- Subjects with metabolic syndrome; TIBC-Total iron binding capacity; TS-
Transferrin saturation; ***p £0.001; *p £0.05; N=Total number of subjects; n = number of subjects in each
group;Cut points:Ferritin->120,TIBC-<25022
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binds with iron and keeps iron in an inactive state

for redox reaction. As transferrin is decreased,

iron becomes free and it catalyses the Fenton

and Haber-Weiss reactions and generates

hydroxyl radical.24,25 Also in hyperglycemia,

glycation of transferrin occurs which impairs its

iron binding capacity.

So, both decreased synthesis and impaired

functioning of transferrin may be responsible for

decreased TIBC in MetS.23 Thus non transferrin

bound iron (NTBI) promotes reactive oxygen

species production. Also, in case of insulin

resistance, glycation of cell surface protein of

red blood cell membrane occurs and may cause

excessive red blood cells lysis. It also releases

free iron. The oxidative reactions by radicals

initiate and propagate lipid peroxidation and

cause protein, lipid and DNA damage.8,23-24 In

response to oxidative injury, it leads to

inflammation in the major organs like heart, lung,

liver and pancreas.

Conclusion

From the results of this study, it can be concluded

that higher iron status is associated with

metabolic syndrome.
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