Journal of Taibah University Medical Sciences (2019) 14(6), 531—537

Journal of Taibah Universit

Taibah University

Journal of Taibah University Medical Sciences

www.sciencedirect.com

Original Article

Iron status and hepcidin levels as potential regulators of haemoglobin
homeostasis in overweight and obese women of childbearing age

Check for
Updates

Dina A. Insani, MD “*, Hertanto W. Subagio, PhD * and
Meita Hendrianingtyas, MSi.Med "

# Clinical Nutrition Department, Diponegoro University, Semarang, Central Java, Indonesia
® Clinical Pathology Department, Diponegoro University, Semarang, Central Java, Indonesia

Received 10 May 2019; revised 5 August 2019; accepted 14 August 2019 Available online 7 November 2019

oadlal) sluall gl cpsla gangll o) Aa Jabs ) Al jall oda < jelal selaliiid)
Gl S &6 (S eluaill maen  lad¥) G (A D10 05l Glsd g Gland)
OOl Dl Glandl sbull pasi ppaall i a pall B ae ¢l jasl)
i Sl a8 e Rl Ayl Jllatl e 2al el aly X150

el Sl (e Jie ) Galiaial a3 Al deedaY) @l

Vs pall i Lbad 5 ) shadll Jalse (e 05l B35 el sduad) Chlaa
o3 Jlad Aaialy e Aiaudly sl Balis pal L G da Sl L O35
s Ol s ALyl 5 e Apad) ppaall Alla G AR D)l
Gl 35 Clasall elusill (& sl gasedl 5 Cpanngd) o S5 (8l &5 jle )
) G B op e BN 05 Cee Ay Aiandl (V) (ol aall 3 cdaalidal) cilalst)
Ol Q5 jle o () Gl AL ¢y ksl 3
)55 b pel 1T iy Ui i yisal) Al ) 030 8 sdial) 3ok
e s "o/ aaS YY) ABS 550 ae Lo YA-Y 0 (G 0 jlee] Abstract
lulll 5 AlauYls iy sell by men s b il A8 gl Jpa clily

Al Ll ) sl Glo s Ll ladl) el e o3 &5 & )5 4,80
st sased) e Gavtned) 5 )

aycde/al e SEANY ) Y (i 8 Ol s Ll jall < jelal piladl
Ay cda /a0 VAT £ YYY L oM AL () pbeail e
WTe b YA Gl Sl ol () sl AL (g sl 5 s
OSy.da/al e sY 0 £ A Gavnned) (6 e OIS Lai ¢ 511/ J 50 580
pdy cduaddia oy pd O glue dul Al Glaaldll e V0 A 4o sana Wl
Gl qusiy (£0).0) Alle LA ALGN () sl i COLELL
pf Gl (ZAY.2) Alle Gl 3l o) (Y ol sM ALAN oy i) 55
AL G ] i COlEe st s (Gl sall AL (g pubas) i e
Aia S als L omsla sased) ae Al 5 sm O all) S le ) ) gl
O ) Bl ) lia S LS sl gangll g Cpasned) (5 e G ol )

sl sased) e Gy sl

Objectives: Overweight is considered a risk factor for
anaemia. However, the mechanisms underlying anaemia
development in overweight and obese people remain
unclear. This study analysed the correlation of iron status
(soluble transferrin receptor [sTfR]/log ferritin ratio) and
hepcidin levels with haemoglobin (Hb) levels in over-
weight and obese women of childbearing age.

Methods: In this cross-sectional study, we recruited 66
women aged 20—29 years with a body mass index
>23 kg/mz. We gathered data on informed consent, de-
mographic characteristics, questionnaire responses,
anthropometric and laboratory values. A Spearman
correlation test was performed to determine the
correlation.

Results: The mean levels of ferritin and sTfR were
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10.2 £+ 8.12 and 22.2 £+ 7.96 ng/ml, respectively, and the
mean sTfR/log ferritin ratio was 29.3 + 17.65 nmol/L.
The mean hepcidin levels were 9.0 + 3.05 ng/ml. In total,
75.8% of subjects had low ferritin levels, high sTfR
(51.5%) levels, and a high sTfR/log ferritin ratio (87.9%).
The sTfR levels (r = —0.359; p = 0.003) and sTfR/log
ferritin ratio (r = —0.375; p = 0.002) were negatively
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correlated with Hb levels. There was no correlation be-
tween the levels of hepcidin and Hb (r = —0.140;
p = 0.264), but there was a positive correlation between
ferritin and Hb levels (r = 0.350; p = 0.004).

Conclusion: This study showed a correlation between
iron status and Hb levels in overweight and obese women
of childbearing age. All the women had erythropoiesis
with iron deficiency anaemia. We recommend that over-
weight and obese women undergo further iron parame-
ters for the detection of early anaemia. In this group, the
consumption of foods that enhance iron absorption, such
as ascorbic acid, should be encouraged.

Keywords: Anaemia; Hepcidin; Inflammation; Obesity; sTfR/
log ferritin ratio
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Introduction

Anaemia has become an epidemic and is a major global
health problem that results in decreased quality of life and
work capacity. According to the World Health Organization
(WHO), nearly 2 billion people worldwide have anaemia.
The most common cause of anaemia is iron deficiency, fol-
lowed certain chronic diseases that cause anaemia, especially
in developing countries where infection rates are still high.
The global prevalence of iron deficiency anaemia was 75—
80%, and that of anaemia due to chronic diseases was 23—
50%." In Indonesia, at 2013 the prevalence of iron deficiency
anaemia in patients over the age of 1 year was 21.7%, and
this prevalence was higher in women than in men.’
Women’s health, especially during childbearing years, is
important  for reproductive  processes, pregnancy
preparedness, childbirth, and breastfeeding. Hence, further
investigation is needed to determine the causes of anaemia
in this group. In particular, chronic inflammation, such as
that noted in obesity, can cause anaemia’.

WHO estimates that more than 1 billion adults worldwide
are overweight, while 300 million people are obese.”
Additionally, women have a higher percentage of body fat
on average than men. Data from Basic Health Research
2013 in Indonesia showed that the prevalence of obesity in
adult women >18 years was 32.9% and that in adult males
was 19.7%, while the prevalence of central obesity was
26.6%.”

Obesity is caused by excessive energy and nutrient intake.
Several studies have shown that increases in adipose tissue
result in low availability of serum iron and lead to limited
iron absorption from the duodenum.” The mechanism
underlying anaemia development in individuals with
obesity is still unclear. Recent research on obesity has
focused on inflammation because not only is adipose tissue

an energy reserve,” but it also triggers oxidative stress and
the production of proinflammatory cytokines that cause
mild systemic inflammation, especially in cases of central
obesity.® Inflammation causes an increase in hepcidin
levels, which inhibits iron release from cells. Hepcidin is a
primary antimicrobial peptide hormone regulating systemic
iron metabolism. Studies in premenopausal women with
obesity have shown that inflammation has a greater effect
on hepcidin than do serum iron levels.®

A diagnosis of iron deficiency anaemia can be made based
on several parameters, including serum iron levels, an indi-
cator of iron content; ferritin levels, an indicator of iron re-
serves; and the soluble transferrin receptor (sTfR)/log ferritin
ratio.” In developing countries, the prevalence of obesity is
increasing, while the prevalence of anaemia remains high,
making it is necessary to identify the causes of anaemia in
obese people in order to develop appropriate management
strategies. There are few studies linking obesity with
anaemia through several parameters, although these are
limited. Therefore, the present study aimed to analyse the
correlation of iron status (sTfR/log ferritin ration) and
hepcidin levels with haemoglobin (Hb) levels in overweight
and obese women of childbearing age (WCA).

Materials and Methods
Subjects and study design

This was a cross-sectional study conducted among WCA.
Subjects answered a questionnaire and underwent anthro-
pometric and laboratory examinations in the form of routine
blood tests, iron status (ferritin and sTfR) tests, and tests for
hepcidin levels. Written informed consent was obtained from
all subjects. Sample size was calculated using a formula,
considering that a correlation was to be detected, with a
power of 95% and an o-level of 0.05.

The subjects were chosen by consecutive sampling based
on inclusion and exclusion criteria. Inclusion criteria: WCA
aged 20—29 years, body mass index (BMI) > 23 kg/mz, never
married, and not menstruating. Exclusion criteria: previous
or current history of cardiovascular, liver, gastrointestinal,
hormonal disorders, infectious, or chronic diseases; routine
consumption of alcohol; under treatment with hormonal
drugs (oestrogen or testosterone); and taking vitamin C and
iron supplements.

Examination and questionnaire

Anthropometric examination consisted of examinations
for weight, height, and BMI calculated using a formula
(weight in kilogram divided by height in meter squared).®
The sTfR/log ferritin ratio was calculated by comparing
the sTfR levels and the log of the ferritin levels.” The
Asia—Pacific BMI classification was used, and the cate-
gories were as follows: overweight, BMI 23—24.9 kg/mz;
obese category 1, BMI 25-29.9 kg/mz; obese category 2,
BMI >30 kg/mz; and obese category 3 (morbidly obese),
BMI > 40 kg/mz.x’m’ll The questionnaire gathered personal
information, such as age, education, and occupation.
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Questions on medical history, in order to determine whether
participants met any medical history-related exclusion
criteria, and diet pattern, to identify the dietary factors that
enhance or inhibit iron absorption, were also included.
Laboratory analyses were performed using the Quantikine
IVD human sTfR immunoassay and ferritin enzyme immu-
noassay no. 4500058 reagents. The examination of sTfR,
ferritin, and hepcidin was carried out according to the in-
structions provided in the ELISA kit.

The Quantikine IVD human sTfR immunoassay employs
the quantitative sandwich enzyme immunoassay technique.
The product contains a microplate pre-coated with a
monoclonal antibody specific to human hepcidin. Standards
and samples are pipetted into the wells of the plate, and any
hepcidin present is bound by the immobilized antibody.
After washing away any unbound substances, an enzyme-
linked monoclonal antibody specific to human hepcidin is
added to the wells. Following a wash to remove any unbound
antibody—enzyme reagent, a substrate solution is added to
the wells and colour develops in proportion to the amount of
hepcidin bound in the initial step. The colour development is
stopped, and the intensity of the colour is measured.

To initiate the ferritin enzyme immunoassay procedure
after the washing step, the enzyme substrate was added. The
enzymatic reaction was terminated by the addition of the stop
solution. The absorbance was measured using a microtiter
plate reader. The intensity of the colour formed by the enzy-
matic reaction was directly proportional to the concentration
of ferritin in the sample. A set of standards was used to plot a
standard curve from which the amount of ferritin in patient
samples and controls could be directly read.

Statistical analysis

Data was analysed using computer software. Data
normality was tested using the Kolmogorov—Smirnov test.
Ferritin, hepcidin, and sTfR levels and the sTfR/log ferritin
ratios were not normally distributed; hence, transformation
was carried out. However, the data continued to not show a
normal distribution even after transformation. Hence, the
Spearman test was used for analysis. The Spearman correlation
test was conducted to determine the relationship of iron status
(sTfR/log ferritin ratio) and hepcidin levels with Hb levels.

Table 1: Anthropometry characteristics.

Results
Characteristic subjects

Table 1 presents the subjects’ anthropometric
characteristics. The mean age was 20 + 3.9 years, and all
subjects had excessive weight, with the majority having a
BMI included in obese categories 1 (43.9%) or 2 (43.9%).
All subjects were college students. Moreover, 90.9% of
subjects had a waist circumference higher than the
reference value, and the waist-to-hip ratio (WHR) of all
subjects was higher than the reference (>0.7 cm).

An evaluation of factors that could affect iron and
hepcidin levels is presented in Table 2. Most subjects
consumed food containing vitamin C weekly and had a

Table 2: Factors affecting hepcidin and iron.

Parameter (n = 66) Frequency Percentage (%)

Consuming foods containing every week

Yes 52 77,6

No 14 20,9
Consuming foods containing iron

Yes 58 87,8

No 8 11,9
Consuming tea or coffee

Yes 43 65,1

No 23 34,3
Consuming alcohol

Yes 3 4,5

No 63 94
Smoking

Yes 1 1,5

No 65 97
History of obesity

<18 years 48 70,6

>18 years 18 26,5
Menstrual regularity

Regular 43 64,2

Irregular 23 34,3
Physical activity

Sedentary 51 77,27

Active 15 22,72

Parameter Percentage (%) Average + Standard deviation min; max Reference value

Height (cm) 157.4 £ 5.32 145—168

Weight (kg) 76.4 £ 13.49 54.4—123.0

Body mass index (kg/m?) 30.7 £+ 5.09 23.2—-50.5 18—23.0
Overweight 10.7 24.05 £ 0.86 23.26—25.38 23—-24.9
Obese 31.34 + 491 25.38—50.55
Category 1 43.9 25-29.9
Category 2 43.9 >30
Category 3 (morbid) 1.5 >40

Waist circumference (cm) 92.2 £ 11.90 68.5—137 <80
<80 9.1
>80 90.9

Waist size (cm) 106.7 + 12.23 57.0—143

Waist hip ratio (cm) 0.8 = 0.08 0.7—-1.3 <0.7

<70 9.1
>70 90.9
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Table 3: Laboratory examination results.

Parameter average + standard deviation min; max Reference value
Hemoglobin (g/dL) 12.9 + 1.17 10—15.2 11.7—-15.5
Hematocrit (%) 389 +£3.14 31.1-45.7 35—47
Erythrocytes (106/uL) 4.7 £ 0.41 3.5-5.57 3.8—5.2

MCYV (fL) 82.1 £5.12 68.4—95.5 80—100

MCH (pg) 27.3 £1.96 21.8—31.9 26—34

MCHC (g/dL) 33.3 £0.95 31.4—36.2 32-36
Leukocytes (103/uL) 8.8 + 2.46 4.5—18 3.6—11
Calculate total lymphocytes (sel/mm?>) 2689.5 £+ 726.29 1178—4841.6 800—1050
eLFG (mL/mnt/1,73 m?) 121.7 £ 12.39 78—144 >60

Hepcidin (ng/ml) 9.0 &+ 3.05 3—19.1 18

sTfR (ng/ml) 22.2 +7.96 11.9-50.2 21

Ferritin (ng/ml) 10.2 £ 8.12 2.1-41.5 15

Ratio sTfR/log ferritin (nmol/L) 29.3 + 17.65 9.3—-84.5 14

GDP (mg/dL) 82.1 £+ 14.42 66—157.0 <100

Table 4: Percentage of iron deficiency based on ferritin, sTfR, and ferritin sTfR/log ratio.

Ferritin sTfR ratio sTfR/log ferritin

low high low high low high

n (%) n (%) n (%) n (%) n (%) n (%)
50 (75.8) 16 (24.2) 32 (48.5) 34 (51.5) 8 (12.1) 58 (87.9)

sedentary physical activity level. While 71.6% of subjects
consumed food containing iron every day, 22.4%
consumed food that inhibits iron absorption.
Laboratory blood test results (Table 3) with a mean
Hb level of 12.9 + 1.1 g/dL, and 18.1% of subjects
had low Hb levels. The levels of hepcidin and ferritin
in all subjects were lower than the reference value,
whereas the sTfR levels and sTfR/log ferritin ratios
were higher (see Table 4).

Iron status

In this study, the cut-off point for ferritin levels was 15 ng/
ml; for sTfR levels, > 21 nmol/L; and for the sTfR/log
ferritin ratio, > 14. In total, 75.8% of subjects had low
ferritin levels and 87.9% had a high sTfR/log ferritin ratio.

Correlation of iron status and hepcidin levels with Hb levels

Table 5 presents the correlation of iron status and
hepcidin levels with Hb levels. sTfR levels and sTfR/log

Table 5: Results of correlation of iron status and hepcidine with
hemoglobin.

Variable Hemoglobin Information
r P
Ratio sTfR/log —0.375 0.002" Meaningful, negative, very weak
ferritin
Hepcidin —0.140 0.264 Meaningless

sTfR —0.359 0.003" Meaningful, negative, very weak
Ferritin 0.350  0.004" Meaningful, positive, very weak

# Correlation is significant if p < 0.05.

ferritin ratios showed negative correlations with Hb levels,
while ferritin levels showed a positive correlation and
hepcidin levels showed no correlation.

Discussion

In the present study, most subjects were in the pre-obese
or obese 1 category, having above-average WHRs.
Changes in body weight are associated with changes in fat
distribution that differ by sex, parity, race, ethnicity, and
age.lz’13 Increases in adipose are known to result in limited
iron absorption and low iron availability.s’13 Tussing-
Humphreys et al. (2010) showed that overweight adoles-
cent girls were at risk of iron deficiency, and inflammatory
processes were suspected to be involved.'* Choma et al.
(2015) showed that BMI and abdominal circumference
were correlated with serum iron and transferrin levels and
Hb and ferritin saturation. BMI is correlated with low
serum iron and ferritin levels.”” Yanoff et al. (2007)
showed that obese subjects had lower serum iron levels and
higher transferrin receptor levels than did people of
average weight.'®

In this study, the examination of iron status in the subjects
revealed iron deficiency anaemia, reflected by low levels of
hepcidin and ferritin, and increased sTfR levels. A significant
decrease in hepcidin levels followed by a decrease in ferritin
levels is an early sign of iron deficiency anaemias.'””'® Low
levels of ferritin are indicative of decreased iron stores,
whereas high sTfR levels indicate an increase in the iron
requirement for erythropoiesis.”’”S An examination of the
sTfR/log ferritin ratio is a more accurate method for
distinguishing iron deficiency anaemia from anaemia due
to inflammation or mixed anaemia.'’'®

In this study, sTfR levels and the sTfR/log ferritin ratio
showed a negative correlation with Hb levels, which —
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although weak — was statistically significant. This shows
that if the sTfR level and sTfR/log ferritin ratio are higher,
the Hb level is lower. Ferritin levels showed a positive cor-
relation with Hb levels, which was statistically significant
despite being very weak. This implies that the lower the
ferritin level, the lower the Hb level; however, Hb examina-
tion showed that 18.1% of subjects experienced anaemia.
The results showed that stage II iron deficiency anaemia
(iron deficiency erythropoiesis) was reflected by decreased
ferritin levels, increased sTfR levels, and an increased sTfR/
log ferritin ratio, despite the presence of normal Hb levels. In
this phase, there was a decrease in iron deposits and eryth-
ropoiesis disruption had started, but the production of Hb
was unaffected.'” Gibson et al. (2014) showed that BMI is a
positive predictor of log sTfR, ferritin, and leptin, but not of
log hepcidin or IL-6 levels.”’ A BMI range that is too wide
(BMI range 23.2—50.5 kg/mz) could lead to the
observation of a weak correlation.

The combination of several iron status parameters can
improve the classification accuracy of anaemia diagnosis,
especially in cases of anaemia accompanied by active
inflammation.'® The results of the present study indicate that
the detection of iron deficiency anaemia was 75.8% when
only the ferritin examination was used, but when all three
parameters (ferritin levels, sTfR levels, and the sTfR/log
ferritin ratio) were used, the detection increased to 87.9%.
The multicentre study by Skikne et al. (2011) demonstrated
an improvement in the detection of iron deficiency anaemia
with the use of three parameters. The detection rate was
41% when only the ferritin examination was used, and
increased to 92% when three parameters were applied. If
only the ferritin examination is used, iron deficiency
anaemia in subjects with inflammation may become
underdiagnosed. 18

Diet affects the increase and inhibition of iron absorption,
and it may thus be a cause of anemia.”’*”” In the present
study, an evaluation was conducted to identify nutritional
intake that can increase or inhibit iron absorption. Diet
contributes to iron deficiency, which leads to iron
deficiency anaemia. A diet full of food items containing
iron with high bioavailability (20—30% absorbed), such as
red meat, and foods that increase absorption, such as
ascorbic acid, may prevent iron deficiency anaemia.’'
Heme iron absorption is less affected by the body’s iron
status and is not affected by other constituents. Non-heme
iron, like that found in green vegetables, has low bioavail-
ability; in the intestinal lumen, it is released and chelated
quickly by other constituents in the food.”">*** The present
study only evaluated the quantity of food containing iron
and vitamin C, and the questionnaire only assessed daily
and weekly intake frequency. The present study did not
distinguish between the types of foods that contain iron
and vitamin C.

Menstrual data and a history of obesity are used to
describe hormonal conditions and long-standing obesity
associated with chronic inflammation. Most subjects in the
present study had been obese since childhood (<18 years).
Oestrogen is responsible for the growth of the endometrial
layer. Oestrogen is also produced by adipocytes. Hence, in

obese women, more oestrogen is produced, resulting in a
thicker endometrial layer that results in menorrhagia® — a
condition of heavy menstrual bleeding of longer duration
that can lead to iron deficiency anaemia. 1326 Bernardi et al.
(2016) showed that 68.2% of premenopausal women with
menorrhagia experience iron deficiency and 18.2%
experience anaemia.”’ However, this study only evaluated
the regularity of the menstrual cycle and did not calculate
the quantity of blood loss during menstruation.

Obesity results in chronic inflammation that can increase
the levels of hepcidin, which can then bind to ferroportin,
inhibit iron absorption, and release iron from cells, pre-
venting iron from entering plasma.(”zx’zg The present study
found contradictory results, showing that ferritin levels
were normal or even low and were accompanied by low
levels of hepcidin in obese individuals. Hepcidin levels
showed a negative correlation with Hb levels, although this
was not statistically significant. If hepcidin levels increase,
iron cannot enter the plasma, and consequently, Hb levels
decrease.’””3! In the present study, hepcidin levels in the
participants were normal or lower than normal. The lack
of correlations of hepcidin levels with Hb levels could be
caused by the duration of obesity, wide range of BMI, and
protective effects of oestrogen.m‘g’} : Siddique et al. (2014)
showed that patients with non-alcoholic fatty liver had iron
deficiency, and this was associated with female sex, African
ancestry, and increased BMI. In previous studies, low levels
of hepcidin were found in obese subjects with iron
deﬁciency.?’o’()’31

Regarding duration of obesity, about 70.6% of subjects in
our study had been obese since they were children; hence, it is
estimated that the subjects had been obese for more than five
years. Factors such as the degree of obesity and duration of
obesity affect the stimulation of hepcidin release.’’ Hypoxia,
anaemia, increased erythropoiesis, and decreased iron stores
inhibit the expression of hepcidin28,33. Ridha et al. (2014)
showed that in children with obesity, inflammation was
present, although there was no increase in hepcidin levels.
In this study, only four subjects in the morbid obesity
category showed normal or low ferritin and hepcidin levels.
This may be because the intensity of stimulation and the
duration of inflammatory exposure was not enough to
stimulate hepcidin release.’” Lisa et al. (2009) shows that
serum hepcidin levels are elevated in obese women despite
iron depletion, suggesting that they respond to
inflammation rather than iron status. Inflammation may
perpetuate this condition through the hepcidin-mediated
inhibition of iron absorption.7 A preliminary study
suggested that body fat affects prohepcidin concentration
and thereby affects iron haemostasis.”* In childhood,
obesity increases hepcidin levels and is associated with a
diminished response to oral iron therapy in cases of iron
deficiency anaemia.”

Oestrogen has protective effects against increasing hep-
cidin  levels.”® High oestradiol levels triggered by
gonadotropins cause the suppression of serum hepcidin
levels.”® In this study, oestrogen examination was not
carried out, and only the regularity of the subjects’
menstrual cycles was evaluated. Lehtihet et al.‘s (2016)
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cohort study showed that women with normal menstrual
cycles had low levels of hepcidin26. Angeli et al. (2016)
showed that iron status varies during the menstrual cycle,
and this should thus be considered when using hepcidin as
a diagnostic measure for WCA.® In the present study, 43
(64.2%) subjects claimed that they had regular menstrual
cycles.

The limitations of the present study were related to
costs and deadlines for conducting research. Not all vari-
ables were analysed, there was no comparison with a
control group, and the sample size was small. Further
research needs to be conducted through comparisons be-
tween people of normal weight and those with a higher
degree of obesity to gain further information about iron
status and the inflammation caused by obesity. In addition,
it is necessary to further examine the factors that influence
the development of iron deficiency in conjunction with
obesity.

Conclusion

There was a correlation between iron status and Hb
levels in overweight and obese WCA. The iron status
results indicated that the subjects had erythropoiesis iron
deficiency anaemia. However, there was no correlation
between hepcidin and Hb levels in overweight or obese
WCA. This could be due to the duration of obesity in
the subjects, the wide BMI range, and the protective
effects of oestrogen. We recommend that overweight and
obese women undergo further laboratory tests for
anaemia to enable early detection, in addition to
consuming foods that enhance iron absorption, such
ascorbic acid, and limiting foods that inhibit iron
absorption.
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