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ABSTRACT

Background: Emerging scientific evidence has disclosed unsuspected influences between iron metabolism, insulin
resistance and type 2 diabetes. Even mildly elevated body iron stores are associated with statistically significant
increases in glucose homeostasis indices. But till now high serum ferritin associated with type 2 diabetes is not
recognized as an entity in the current clinical guidelines for the management of type 2 diabetes.

Methods: This was a Cross sectional study carried out from September 2016 to March, 2017 at PCO clinic of infertility
outpatient department (OPD), department of obstetrics and gynecology, Bangabandhu Sheikh Mujib Medical
University, Dhaka, Bangladesh. The study population consisted of all the diagnosed PCOS patients. Purposive sampling
Main outcome variable: serum ferritin level and insulin resistance index (Homeostatic model assessment of insulin
resistance: HOMA-IR).

Results: Most of the (90.9%) patients were aged 20-30 years having BMI >25 kg/m?, mostly overweight (52.53%) or
obese (25.25%). Significant increase of serum ferritin level (72.89+34.97; p=0.001) was noted in PCOS patients with
insulin resistance. Marked increase in serum ferritin (82.81+31.57, p<0.001), fasting serum insulin (16.39+7.1;
p<0.001), HOMA-IR (3.51+1.55; p<0.001) and more cases with insulin resistance (78.3%; p<0.001) were found in
women with high ferritin level (when >45.5 ng/ml). Statistically significant strong positive correlation between serum
ferritin level and fasting insulin level (r=0.528; p<0.001) as well as HOMA-IR (r=0.492; p<0.001) were observed.
Conclusions: These results demonstrated that elevated level of serum ferritin was associated with insulin resistance in
PCOS women.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex and
heterogeneous disorder characterized by
hyperandrogenemia, hyperinsulinemia, insulin resistance,
and chronic anovulation. It is the most common endocrine
disorder in women of reproductive age. It is now well-

known that PCOS is associated with insulin resistance and
abnormal glucose tolerance and later on type 2 diabetes.
Serum ferritin levels are also increased in PCOS patients,
suggesting mild iron overload.*3

Factors contributing to potential iron overload in women
with PCOS include the iron-sparing effect of chronic
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anovulation and oligo or amenorrhea, insulin resistance,
and a decrease in hepcidin, which leads to increased iron
absorption.?® Iron is essential for cell metabolism and is a
constituent of hemoproteins, such as hemoglobin,
myoglobin, and cytochrome P450, and total body iron
levels are precisely regulated under normal physiologic
conditions.* Ferritin is a ubiquitous intracellular protein
that stores iron in cells and its circulating levels serve as a
marker for body iron stores.? Ferritin is essential for the
regulation of iron homeostasis, it is found in proportion to
the size of cellular iron stores in absence of other
confounding factors.2 Iron is a strong pro-oxidant, and
high body iron levels are associated with an increased level
of oxidative stress, which causing inhibition of insulin
internalization and actions, results in hyperinsulinemia and
insulin resistance.>® In the progression of diabetes excess
iron induced free radicals can cause both B cell failure and
insulin resistance.®” The first and clearest evidence for a
relation between iron and human diabetes was observed in
individuals with pathologic iron overload like hereditary
hemochromatosis (HH), and later on also with
transfusional iron overload.®” Another study by Jiang et al

Iniracetiular Ferritin mRNA

in 2004 showed higher iron stores reflected by an elevated
ferritin concentration are associated with an increased risk
of type 2 diabetes in apparently healthy women without
known diabetes risk factors.® In one study phlebotomy was
followed by decreases in serum glucose, cholesterol,
triglycerides and apoprotein B, and by improvement in
both B-cell secretion and peripheral insulin action in
patients with type 2 diabetes.5” A recent pilot study done
by Wilson MS and Thompson EW in year 2016 concluded
that in patients with type 2 diabetes and also with elevated
serum ferritin, venesection can be used successfully with
oral pharmacotherapy, thereby avoiding the use of
insulin® In 1997, a cross-sectional population study
showed that mildly elevated serum ferritin was associated
with elevated fasting serum insulin, that means persons
with the higher serum ferritin needed to produce more
insulin to remain normoglycemic.® A meta-analysis has
showed that elevated levels of serum ferritin may help to
identify individuals at risk of type 2 diabetes and in 2008,
Le and co-workers suggested that serum ferritin
concentration could be used as a predictor for diabetes.®

T

Insubin internalisation
and bialogical actions

Fe?t 4————————— Transferrin TR

Fxiracellular

-

Protein glycation

Transferrin
Hyperinsulinemia
Insulin resistance

Oxidative stress

L .

;i

Decreased MO symthesis
Decreased MO action

} Abnormal vascular reactivily

Drecreased antioxidanis 1
Cell’'u BT
Increased lipid and protein peroxidation f B T

Figure 1: Summary of iron interactions with insulin sensitivity.

Even mildly elevated body iron stores are associated with
statistically significant increases in glucose homeostasis
indices.® But till now high serum ferritin associated with
type 2 diabetes is not recognized as an entity in the current
clinical guidelines for the management of type 2 diabetes.
The present study was thus designed to determine the
hormone fasting insulin levels, fasting blood sugar levels
and serum ferritin levels by standard methods and then to
assess whether there is any association of insulin resistance
and serum ferritin in PCOS patients.
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Objectives

The objective of this study was to see the association of
serum ferritin level with insulin resistance in PCOS
women and to estimate serum ferritin level in PCOS
patients.

METHODS

This cross-sectional analytical study was conducted in
BSMMU, during September 2016 to March 2017. The
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study population consisted of all the diagnosed PCOS
patients of reproductive age attending PCOS clinic of
infertility OPD of the department of Obstetrics and
Gynecology at Bangabandhu Sheikh Mujib Medical
University, during study period fulfilling the inclusion and
exclusion criteria. Statistical analyses of the results were
obtained by using window-based computer software
devised with Statistical Packages for Social Sciences
(SPSS-26). The results were presented in tables, figures,
diagrams. Comparison of means made by using Student t-
test and categorical data was analyze by Chi square test,
Odds ratio (OR) with 95% confidence interval and p value
<0.05 was considered significant.

Inclusion criteria

Inclusion criteria were all the patients attend PCOS clinic
of infertility OPD with following criteria age 20-40 years
and diagnosed as PCOS according to the 2003 Rotterdam
revised consensus meeting.

Exclusion criteria

Exclusion criteria were recent H/O blood transfusion or
intake of iron, history of heavy menstrual bleeding, overt
diabetes, known chronic inflammatory conditions e.g.;
chronic cough, asthma, tuberculosis and anemia:
hemoglobin <11 g/dl was excluded, which is frequently
associated with iron deficiency.

RESULTS

A population total of 99 previously diagnosed infertile
PCOS patients were included in this study maintaining
selection criteria. The patients with PCOS attending the
study place were interviewed, thoroughly examined by
complete history and physical examination. Routine

laboratory screening e.g. complete blood count (CBC),
TVS, OGTT, thyroid-stimulating hormone (TSH), serum
prolactin, D2 FSH, D2 LH and testosterone was done.
Then serum ferritin level and insulin resistance were
assessed of all subjects after an overnight fast of 8-12 h.
regarding demographic variables of the patients, it was
observed that most of the (90.9%) patients belongs to age
20-30 years. The mean age was found 25.49+3.81 years
with range from 20 to 37 years. Age distribution of study
population is illustrated in Figure 1. Mean duration of
infertility was found 4.33+3.2 years and most (74.75%) of
them were suffering from primary infertility. Majority
(>98%) patients had duration of menstrual cycle of more
than 6 weeks and mean cycle length was found 13.06+8.02
weeks. Mean modified Ferriman Gallway score of study
population was 7.73+3.82 and hirsutism in term of
modified Ferriman Gallway score >6 was noted in 32.32%
cases. HOMA-IR index was 2.73+6.59. Insulin resistance
was noted in (46.46%) cases. On the other hand, mean
serum ferritin level was found 54.38+35.62 ng/ml and high
ferritin was noted in 47.47% cases. Endocrine evaluation
of the patients showed that mean serum FSH was
5.78+2.02 mU/ml, mean LH was 8.27+£5.47 mU/ml. Mean
total serum testostosterone was 2.43+1.17 nmol/l. Normal
androgen level was noted in majority (56.57%) cases.
Where significantly high level of serum LH (p=0.022) and
more cases with metabolic syndrome (p=0.041) were
noted in low ferritin group. Table 4 Illustrates the
correlation between serum ferritin levels and related
parameters in PCOS women. A statistically significant
strong positive correlation between serum ferritin level
and fasting insulin level (r=0.528; p<0.001) as well as
HOMA-IR (r=0.492; p<0.001) were observed. Serum
ferritin were positive weakly correlated with total
testosterone, triglyceride, BMI, and mFG score and
negative weakly correlated with HDL, metabolic
syndrome among study.

Table 1: Hormonal and biochemical characteristic of study population.

Variables MeanzSD or percentage

Hemoglobin level (g/dl)

Fasting blood sugar (mmol/l)
Fasting insulin (mU/ml)

IR index (HOMA method)
Median HOMA-IR

Insulin resistance present

IR >2.7(%)

Insulin resistance absent (%)
Serum ferritin level (ng/ml)
Median (ng /ml)

High ferritin (ferritin >45.5 ng/ml)
Low ferritin (%0)

FSH (mU/ml)

LH (mU/ml)

Total testosterone (nmol/I)

Normal androgen level (%)
Hyperandrogenism (T testosterone >2.32 nmol/l)
Total cholesterol (mg/dl)
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12.84+0.97
4.82+0.63
13.74+6.59
2.73+1.44
2.64

46.46

53.54
54.38+35.62
44.8

47.47

52.53
5.78+2.02
8.27+5.47
2.43+1.17
56.57

43.43
193.40+34.6

Continued.
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Variables MeanzSD or percentage |
LDL (mg/dl) 125.13+31.12

HDL (mg/dl) 39.41+8.96

TG (mg/dl) 148.30+75.80

Metabolic syndrome present (%) 59.60

Metabolic syndrome absent (%) 40.40

Table 2: A comparison of clinical characteristics of PCOS women between high and low ferritin groups.

Clinical parameters

High ferritin (N=47) Low ferritin (N=52)

Age (years) 25.66+3.94 25.35+3.72 0.685
Menstrual cycle length (weeks) 14.11+10.08 12.1245.5 0.22

BMI (kg/m?) 28.60+3.24 27.07+3.67 0.032
mFG score 8.31+3.86 7.21+3.7 0.151
Waist to hip ratio 0.92+.041 0.92+0.44 0.991
Cases with central obesity (%) 46.9 53.1 0.499
Cases with Acanthosis nigricans (%) 46.7 53.3 0.883
Subijects with hirsutism (%) 52.2 47.8 0.170
Systolic pressure (mmHg) 123.40+14.29 123.07£11.42 0.900
Diastolic pressure (mmHg) 80.08+8.80 80.38+8.56 0.864

Note: Data are either mean+SD or percentage, statistical significance ®when p<0.05 insulin resistance means: HOMA-IR >2.7.

Table 3: A comparison of biochemical and metabolic characteristics of PCOS women between high and low
ferritin groups.

High ferritin Low ferritin

Serum ferritin in ng/ml 82.81+31.57 28.68+10.99 <0.001?
Hemoglobin in g/dl 13.10£0.97 12.59+0.92 0.0092
Metabolic syndrome present (%) 44.1 55.9 0.0412
HDL in mg/dl 38.2748.22 40.4449,54 0.232
Triglycerides in mg/dl 164.78+88.22 133.404£59.55 0.0432
LDL in mg/dI 129.01+31.16 121.62+30.52 0.241
Total cholesterol in mg/dl 199.31+36.69 188.05+32.76 0.110
Total testosterone (ng/ml) 2.62+1.26 2.26+1.05 0.130
With hyperandrogenism (%) 53.5 46.5 0.294
Fasting insulin (ulU/ml) 16.39+7.1 9.44+3.79 <0.001?
Fasting glucose (mmol/l) 4.81+0.69 4.83+0.59 0.85
HOMA-IR 3.51+1.55 2.03+0.86 <0.0012
With Insulin resistance (%) 78.3 21.7 <0.001?
LH (mIU/ml) 6.98+4.1 9.4546.2 0.0222
FSH (mIU/ml) 5.86+2.25 5.69+1.80 0.68

Note: Data are either mean+SD or are percentage, statistical significance a when p<0.05. Low ferritin=serum ferritin level <45.5 ng/ml;
high ferritin=serum ferritin level >45.5 ng/ml; HOMA-IR=homeostasis model assessment insulin resistance index; HDL=high-density
lipoprotein; LDL=low-density lipoprotein.

Table 4: Correlation of serum ferritin with clinical, hormonal, biochemical and metabolic components of PCOS
patients (N=99).

Parameters correlated with ferritin Pearson correlation (r P value

Menstrual cycle length 0.044 0.665
Total testosterone 0.136 0.179
Fasting insulin 0.528 <0.001?
Fasting blood sugar -0.079 0.437
HOMA-IR 0.492 <0.0012
Cholesterol -0.049 0.629
Triglyceride 0.107 0.291
HDL -0.131 0.196
LDL -0.065 0.522
SBP 0.021 0.835
Continued.
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Figure 2: Scatter plot showing linear correlation
between serum ferritin and fasting insulin level.

DISCUSSION

This study aimed to determine the association between
serum ferritin level and insulin resistance in women with
PCOS. In the present study serum ferritin level is found to
be associated with insulin resistance in women with
PCOS. Previous findings suggest there is a relationship
between iron overload and the development of insulin
resistance. The central role of iron in biology can be
understood by the fact that iron is the fourth most
abundant element in Earth’s crust as well as the transition
element, most abundant in all living organisms including
human being.® Iron induced cell oxidative stress can
explain some extent of its association with abnormal
insulin sensitivity.5

On the other hand, it is well established that there is
increased NIDDM among women with PCOS that has
been ascribed to the insulin resistance characteristic of
PCOS.1117:2233 Serum ferritin levels are also found to be
increased in PCOS, suggesting mild iron overload.%?32
Therefore there is a possibility that increased iron status of
PCOS patients is an associated feature with insulin
resistance syndrome. A total of 99 previously diagnosed
PCOS patients were included in this study maintaining
selection criteria. Patients aged 20-40 years diagnosed as
PCOS according to the 2003 Rotterdam revised consensus
meeting were included.®* PCOS patients with known
hormonal disorder or medical disorder, with recent H/O
blood transfusion or intake of iron, anemic (Hb<11 g/dl),
with history of heavy menstrual bleeding and history of
taking drugs in previous 6 months like OCP,
glucocorticoids, thiazide diuretics, anti-androgens, anti-
diabetic drugs, anti-obesity drugs or other hormonal drugs
were excluded from the study.
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Figure 3: Scatter plot showing linear correlation
between serum ferritin and HOMA-IR.

In the present study, it was observed that most of the
(90.9%) patients were aged 20-30 years. The mean age was
found 25.49+3.81 years. In another study Lauritsen et al
reported majority (69.0%) of the women of polycystic
ovaries were under the age of 30 years, which is consistent
with present study.!* Menstrual dysfunction with cycle
duration >6 weeks was observed in majority (>98%) of
PCOS patients; mean menstrual cycle length was
13.06+8.02 weeks. Rahila et al reported 71% patients had
oligomenorrhea in their study.3 They stated that
oligomenorrhea was most common symptom in unmarried
study group and second common complaint in married
group.®* Mean modified Ferriman Gallway (mFG) score of
study population was 7.73£3.82 and hirsutism in term of
mFG score >6 was noted in 32.32% cases. In a study, it
was reported that 31% patients were hirsute. and the result
of their study is almost similar to present study. A review
article by Dumitrescu et.al. described that hirsutism is
likely to be present approximately 60% of women with
PCOS.24

In the present study, total serum testostosterone was
2.43+£1.17 nmol/l and hyperandrogenism was noted in
43.43% cases; and normal androgen level was noted in
majority (56.57%) of the cases. In a study, total
testosterone level was reported to be elevated in 60% of
patients.®! In another study elevated circulating androgen
(including free testosterone) levels were observed in 80-
90% of PCOS women with oligomenorrhea.?® In the
present study serum ferritin were found positive weakly
correlated with total testosterone. Finding of present study
regarding presence hyperandrogenism was not consistent
with previous findings. This is may be due to the fact that
in this study place measurement of free testosterone is not
available till date and assays for total testosterone lack
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precision and sensitivity in the female testosterone range,
including testosterone levels typical of PCOS.%*

In this study mean fasting blood sugar and fasting insulin
level was 4.82+0.63 mmol/l and 13.74+6.59 muU/ml
respectively and HOMA-IR index was 2.73+6.59.
Previous literature review showed that approximately 50%
to 70% of women with PCOS had some degree of insulin
resistance.?! In present study insulin resistance was noted
only in 46.46% cases. Prevalence of insulin resistance of
this study was a bit lower than prevalence stated in
previous studies. This lower prevalence of insulin
resistance may be due to our study population was
belonging to mean weight range of overweight (52.53%)
instead obese (25.25%) and this study was non-BMI
matched study. High ferritin (>45.5 ng/ml) was noted in
47.47% cases. This finding is consistent with literature
reviews, that PCOS showed increased ferritin
concentrations compared to controls.

Some study found Serum ferritin levels were increased in
women with PCOS.% Statistically significant increase of
Serum ferritin level (72.89+34.97 vs 38.31+27.69;
p=0.001) was noted in PCOS patients with insulin
resistance in comparison without insulin resistance.
Further grouping of the study populations was done by
serum ferritin level >45.5 ng/ml as high ferritin and other
low ferritin group. Further grouping demonstrated
significantly higher level of hemoglobin (p=0.009),
marked increase in serum ferritin (82.81+31.57 vs
28.68+10.99; p<0.001), fasting serum insulin (16.39+7.1
vs 9.44+3.79; p<0.001) and HOMA-IR (3.51+1.55 vs
2.03%0.86; p<0.001) were found in high ferritin group in
comparison with low ferritin group. Cases with insulin
resistance were significantly more (78.3% vs 21.7%;
p<0.001) in high ferritin group in comparison with low
ferritin group. Statistically significant strong positive
correlation between serum ferritin level and fasting insulin
level (Figure 4) (r=0.528; p<0.001) as well as HOMA-IR
(r=0.492; p<0.001) were observed in the present study.

The present study showed the presence of metabolic
syndrome in more than half (59.60%) of the cases.
Presence of cases of metabolic syndrome (33.3% vs
26.3%; p=0.025) were seen significantly higher in PCOS
with insulin resistance than without insulin resistance. A
systematic review and meta-analysis noticed that frequent
diagnosis of the metabolic syndrome in PCOS is strongly
associated with insulin resistance.®® This finding is
consistent with findings of meta-analysis that women with
PCOS had a greater prevalence of the metabolic syndrome
than women without PCOS.® This observation was
supporting the common etiological role of insulin
resistance in both PCOS and the metabolic syndrome.?°
Serum ferritin were found negative weakly correlated with
metabolic syndrome and surprisingly in low ferritin group
more presence of metabolic syndrome (p=0.041) were
noted. This is may be due to the fact that grouping between
low ferritin and high ferritin were not BMI matched. In
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literature review it was noted that iron also affects lipid
metabolism, adipocyte biology, and obesity.”

The association of iron deficiency with obesity has been
confirmed by previous findings that greater prevalence of
iron deficiency in obese (39%) and overweight (12%)
children and adolescents than normal weight children
whose prevalence of iron deficiency is only 4%.” In the
present study, significantly high level of serum LH
(p=0.022) was noted in low ferritin group whereas high LH
is said to be associated with insulin resistance. This
variation of level of gonadotrophin is not uncommon, may
be explained by characteristic derangements of
gonadotropin pulsatile release in PCOS that can escape
detection on random blood samples. The presence of
significantly raised LH and more metabolic syndrome in
low ferritin group may be interrelated and need further
exploration.

Limitations

Like all other study the present study was also not without
limitations. The limitations were as follows: The study
population was selected from one selected tertiary hospital
in Dhaka city, all the women were infertile PCOS. So that
the results of the study may not reflect the exact picture of
the whole PCOS population. The present study was
conducted at a very short period of time. Small sample size
was also a limitation of the present study. Therefore, in
future further study may be under taken with large sample
size. Because of the cross-sectional nature of the study, it
cannot determine the causal relationship between serum
ferritin and glucose metabolism.

CONCLUSION

PCOS women with infertility was studied regarding
insulin resistance and serum ferritin level. Most of the
PCOS patients were in 3" decade, either overweight or
obese having central obesity. Significantly increased
fasting insulin level, HOMA-IR, and insulin resistant cases
were reported in PCOS patients with high ferritin level.
Significantly increased serum ferritin was found in insulin
resistance cases. Statistically significant strong positive
correlation was observed between serum ferritin and
fasting insulin as well as between serum ferritin and
HOMA IR. These results demonstrated that elevated level
of serum ferritin was associated with insulin resistance in
PCOS women.

Recommendations

Further community based or multicenter studies can be
undertaken by including large number of patients.
Experimental and prospective studies are warranted to
elucidate the role of serum ferritin in glucose metabolism.
Therefore, the longitudinal relationship study between
serum ferritin levels and glucose metabolism can be
ascertained.
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