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Intravenous iron replacement therapy in
eugonadal males with iron-deficiency anemia:
Effects on pituitary gonadal axis and sperm
parameters; A pilot study

Ashraf Soliman, Mohamed Yassin', Vincenzo De Sanctis?
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Aim of the study: To evaluate semen parameters and to assess serum FSH, LH, Testosterone (T) concentrations before and
12 weeks after intravenous iron therapy (800-1200 mg elemental iron therapy - IVI) in adults with iron-deficiency anemia (IDA).
Materials and Methods: We studied 11 eugonadal adults with IDA, aged 40 + 5 years, due to defective intake of iron. Anemia was
diagnosed when hemoglobin (Hb) was equal or below 10 g/dl. Serum iron, total iron-binding capacity (TIBC) and ferritin concentrations
confirmed the diagnosis of IDA. Basal serum concentrations of FSH, LH, and T were measured. Semen parameters were evaluated
before and 6-7 weeks after IVI therapy. Results: After IVI therapy and correction of anemia, a significant increase of Hb from
8.1 +1.17 g/dL to 13.1 + 0.7 g/dL was observed and was associated with an increase of T (from 12.22 + 1.4 nmol/L to 15.9 + 0.96 nmol/L;
P <0.001), FSH (from 2.82 + 0.87 t0 3.82 + 1.08 |U/L; P=0.007), and LH (from 2.27 + 0.9 t0 3.82 + 1.5 IU/L; P=0.0002). Total sperm
count (TSC) increased significantly from 72 + 17.5 million/ml to 158 + 49 million/mL (P < 0.001), rapid progressive sperm motility (RPM)
increased from 22 + 9.4 to 69 + 30 million/ml (P < 0.001), and sperms with normal morphology (NM) increased from 33 + 5t0 56 + 7
million/ml (P < 0.001). Increment in Hb concentration was correlated significantly with LH, FSH, and T concentrations after VI (r=0.69
and r=0.44, r=0.75, respectively; P < 0.01). The increment in serum T was correlated significantly with increments in the TSC and
total sperm motility and RPM (r = 0.66, 0.43, and 0.55, respectively; P < 0.001) but not with gonadotrophin levels. Conclusion: Our
study proved for the first time, to our knowledge, that correction of IDA with VI is associated with significant enhancement of sperm
parameters and increased concentrations of serum LH, FSH, and T. These effects on spermatogenesis are reached by an unknown
mechanism and suggest a number of pathways that need further human and/or experimental studies.
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INTRODUCTION continues to represent a major public health problem
wotldwide. There are an estimated 3.5 billion iron-deficient

Iron deficiency is one of the most common disorders ~ People worldwide, the vast majority in developing countries. "

affecting humans, and iron-deficiency anemia (IDA) o ) ) o
Anemia imposes a hypoxic environment in different organs

and tissues including the testes. Men and adult male animals
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produce a great amount of sperm every day, indicating that
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considerable oxygen consumption. However, blood vessels

DOI: are located exclusively between the tubules, and oxygen
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diffusion. The seminiferous epithelium was speculated
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to operate on the verge of hypoxia because the testicular
PO2 is relatively low, oxygen extraction is highly related
to the metabolic demands of spermatogenesis, oxygen
diffusion distance is comparatively long, and the testis has
little capacity to increase total blood flow.*”!

Previous studies indicated that hypoxia reduces the fertility
of male rats,” rhesus monkeys,” and men* from lowland
by decreasing sperm count and sperm motility in semen.
Morphological studies in animals reveal that hypoxia causes
damage to the germinal epithelium, folding of the basal
membrane, degeneration, sloughing of spermatogenic cells in
lumen of seminiferous tubule and lipid droplet deposition in
Sertoli cells and spermatogonia degeneration with chromatin
margination under electron microscopy.™’! Hypoxia also
increases interstitial space of testis, which extends the oxygen
diffusion distance and would impair oxygen delivery to germ
cells. It makes germ cells more susceptible to damage, which
is confirmed by degenerative germ cells in hypoxic rats under
light and electron microscopy. These changes in testes point
out to the “vulnerability” of spermatogenesis to hypoxia.l*”

In chronic hemolytic anemia, namely thalassemia and sickle
cell disease, the pituitary gonadal axis, spermatogenesis
and fertility may be adversely affected by different factors
including the hypoxic effect of anemia.*'¥

Recently, some data showed that blood transfusion produce
significant acute changes in the hormonal milieu of
thalassemic patients with obvious increase in testosterone

secretion and evident improvement of sperm parameters.!''!

In patients with anemia secondary to chronic renal failure,
correction of the anemia using recombinant human
erythropoietin (tHuEPO) therapy for 12 months is
assoclated with increased T level that may affect fertility and
spermatogenesis.'’’ However, in all these diseases, other
factors rather than the anemic hypoxia may interfere with
spermatogenesis e.g. iron toxicity and effect of chelation
therapy in thalassemia, vaso-occlusive attacks in sickle cell
disease, and the effect of uremic toxins in CRE!! To
the best of our knowledge, the effect of isolated IDA on
spermatogenesis and fertility has not been studied.

The purpose of this study was to evaluate the effect of
intravenous iron therapy (IVI) on the pituitary gonadal axis
and sperm parameters in 11 adult males with IDA.

MATERIALS AND METHODS

Eleven adult eugonadal males with IDA, aged 40 & 5.5 years,
referred to Hematology Clinic of Al Aml Hospital,
Doha (Qatar) for IDA, were studied.

All of them had iron-deficiency anemia (Hb level equal or
below 10 g/dl), mainly due to defective intake of iron. IDA
was diagnosed by blood tests that included complete blood
count, serum ferritin, iron, total iron-binding capacity,
and/or transferrin. Testing for blood in the stool was
positive in 7/11 of them due to chronic gastritis (5/7)
and/or peptic ulceration (2/7). The other 4/11 were not
taking enough iron in their food (vegetarians, eating mainly
starchy food, and soft drinks). None had bleeding piles or
colonic or rectal polyps; none had other systemic disorders
or malignancy. None had recent or old history of excessive
bleeding or intake of non-steroidal anti-inflammatory
drugs. All patients were not taking any medications that can
affect their semen parameters. Stool analysis for Helicobacter
pylori was positive in 5/7. Screening for mal-absorption
was negative. Renal function and liver enzymes were in the
normal ranges. None of our patients had other chronic or
acute diseases before and dutring IVI therapy.

Anthropometric measurements included: Weight, height,
body mass index (BMI). All patients were fully sexually
developed. Sexual maturation was assessed according to
Tanner ef al. maturity stages,'® and testicular volume was
assessed by Prader orchidometer. Seven were married, and
5 of them had children. Four were single.

The following investigations were performed before and

12 weeks after treatment with IVI (800-1200 mg elemental

iron therapy) for the first time and medical treatment for

chronic gastritis and peptic ulcer disease (7/11):

1. Semen analysis (total count, morphology, motility) at
least after 3 days of abstinence

2. Measurement of serum levels of FSH, LH, T and sex
hormone-binding globulin (SHBG) in a fasting venous
sample at 8§ AM.

Conventional semen analysis was carried out using manual
procedures and light microscopy, in the central hospital
laboratory, according to the last WHO guidelines.["”)
The semen analyzer was blinded to patients’ names and
diagnosis. Two semen samples were taken from each
patient 4 days apart, and the average of the two readings
was calculated for different semen parameters.

The following nomenclature was used to define the semen

quality:

1. Normozoospermia: A total number of spermatozoa,
and a percentage of progressively motile and
morphologically normal spermatozoa, equal to or
above the lower reference limit

2. Oligospermia: A total sperm concentration per

ejaculate below the lower reference limit (5™ percentile:
33 million)
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3. Asthenozoospermia: A percentages of total sperm
motility (TPM) and sperm progressive motility below
the lower reference limits (5" percentile: 38% and 31%,
respectively)

4. Oligoasthenozoospermia was defined as a total number
of spermatozoa and percentage of motile spermatozoa
below the lower reference limits

5. Teratozoospermia: A percentage of normal
morphology spermatozoa below the lower reference
limit (5" percentile: 3%)

6. Asthenoteratozoospermia: A percentage of both
progressively motile and morphologically normal
spermatozoa below the lower reference limits.

The normal serum levels of T, LH, and FSH in our
central lab for age subjects aged 30-45 years are: Total
testosterone = 21.4 £ 5.9 nmol/L, LH = 4.5 * 1.2 IU/L,
FSH =3.2+ 0.91U/L). All hormone levels were measured
by radioimmunoassay (Diagnostic Products Corporation,
USA). Serum hormone levels were measured in one assay
after completion of the study to avoid critical between-assay
variability.

The ethical committee of Hamad Medical Center (HMC)
approved the study, and informed consents were obtained
from all the patients.

The results are presented as mean F standard deviation (SD),
and the paired #test was applied to analyze the data when
normally distributed, and Wilcoxon test was applied when
the data were not normally distributed. Linear regression
equation was used to study the relations between different
variables. (P < 0.05 was chosen as the limit of significance.)

REsuLTS

Weinvestigated the effects of IVIon gonadotrophin-testicular
axis and spermiogram in 11 adult males with IDA who had
spontaneous pubertal development (Tanner’s stage 5) with
normal secondary sex characteristics, testicular volume
(17.7 = 4.5 ml), and spontaneous spermatogenesis.

After IVI therapy and correction of anemia, a significant
increase of Hb from 8.1 + 1.17 g/dL to 13.1 + 0.7 g/dL
was observed and was associated with increased T (from
12.22 + 1.4 nmol/L to 15.9 £ 0.96 nmol/L; P < 0.001),
FSH (from 2.82 + 0.87 to 3.82 + 1.08 IU/L; P = 0.007),
and LH (from 2.27 + 0.9 to 3.82 £ 1.5 1U/L; P = 0.0002).
SHBG did not differ before versus after treatment (65 = 12
versus 69 * 24 nmol/L).

Total sperm count (TSC) increased significantly
from 72 * 17.5 million/ml to 158 * 49 million/mL

(P < 0.001), sperm volume increased from 2.3 + 0.6 ml
to 2.6 £ 0.7 ml (P = 0.045), rapid progressive sperm
motility (RPM) increased from 22 £ 9.4 to 69 & 30 million/ml
(P < 0.001), and sperms with normal morphology (NM)
increased from 33 * 5 to 56 * 7 million/ml
(P < 0.001). [Table 1 and 2]

In particular, before IVI therapy, six out of 11 patients
with IDA had low total sperm motility and in nine, a
low progressive motility (asthenozoospermia) was also
observed. All sperm parameters were normalized, except
the RPM that showed significant improvement from 2% to
21%, but did not completely revert to normal (5" percentile
31%) after IVI therapy. [Table 2] One patient had a low
semen volume (1 ml; the 5* percentile correspond to
1.4 ml) before and after IVI.

Incrementin Hb concentration was correlated significantly
with LH and FSH (» = 0.69 and r = 0.44, r = 0.22,
respectively; P < 0.01) and T concentrations (r = 0.75,
P < 0.001) [Figure 1], after IVI therapy. Increments in
Hb were correlated significantly with increments of
testosterone. The increment in serum T was correlated
significantly with increments in the TSC [Figure 2] and

Table 1: Hormonal data before versus after intravenous
iron replacement therapy in iron-deficiency anemia
Hb1 g/dl Hb2 g/dl LH-1 LH-2 FSH-1 FSH-2 T1 T2

1 6.9 13.5 3 7 3 6 13 16
2 7.7 12.9 4 5 3 4 1 15
3 9.7 14.6 2 2 2 2 10 14
4 9 13.2 2 3 2 3 12 15
5 6.6 13 2 4 4 4 1 16
6 7.5 12.5 3 5 4 3 1.4 15.7
7 9.1 12.7 1 2 2 3 13 16
8 8.6 12.2 2 4 2 5 14 17
9 9.6 13.6 1 2 2 4 12 16.5
10 6.5 12.7 2 4 4 4 15 17
1 8 13.7 3 4 3 4 12 17
Mean  8.11 13.14* 2.27 3.82* 2.82 3.81* 12.22 15.92*
SD 1.17 0.67 090 154 0.87 1.08 144 0.96

1: Before IVI; 2: 6-7 weeks after VI, LH: Luteinizing hormone (IU/L),
FSH: Follicle-stimulating hormone (IU/L), T: Serum testosterone (nmol/L),
*P<0.05 after versus before treatment

Table 2: Sperm parameters before versus after
intravenous iron replacement therapy in iron deficiency
anemia

sperm count|  Sperm Total | Total | ooy y | Rpm2 m:‘pm,m ool
Vol 1 mi Vol 2mi
AWm) | countz wmp| VO™ |Vo m m (Wmi) | (Mimi) )
% 160 25 3 92 % | 60
78 155 3 35 i 79 2 | 4
8 250 2 25 7 2% | 120

92 212 E 25 27 5 92

58 187 . 3 1 82

22| 2|| 3|8

49 76 £ 2.5 46 103

5 2 55 % | @

95 3 115 22 83

68 o7 1.5 60 28 48 36

1 22 4@ 2 21 25

88
Mean 72.00 158.27 2.27 255 | 32.91 | 100.27 | 22.18 | 69.82 33.00 56.82

SD 17.58 49.61 0.61 0.69 8.63 39.97 9.36 3017 5.16 7.05

1: Before IVI, 2: 6-7 weeks after VI, PM: Progressive motility, RPM: Rapid
progressive motility
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Figure 1: Correlation between increments of Hb and testosterone after
intravenous iron replacement therapy (IVI); (r= 0.75, P < 0.001)

total sperm motility and RPM (» = 0.66, 0.43, and 0.55,
respectively; P < 0.001) but not with gonadotrophin
levels.

DiscussioN

Nutritional iron-deficiency anemia (IDA) is the most
common disorder in the world. In addition, iron
deficiency (ID) is the most prevalent single deficiency
state on a worldwide basis."” Patients with severe IDA
have significant hypoxia that affects all tissues, especially
those with high metabolic activity like cardiac and skeletal

muscles, liver, and testis.[?*2?

In this study, correction of IDA with IVI is associated with
increased serum T secretion, gonadotrophins (LH and FSH)
levels, and improvement of seminal parameters including
total sperm count and those with normal morphology, total
and rapid progressive sperm motility. These hormonal and
semen changes are concomitant with correction of IDA
and can be explained by the correction of anemia and/or
iron deficiency.

Physiologically, the testis is considered to be poised on the
brink of hypoxia, in part, because of its high metabolic
requirements owing to spermatogenesis but also because
of its vascular supply, in which approximately 50% of
incoming arterial blood is siphoned off via arterio-venous
anastomoses in the spermatic cord.”*" Therefore,
factors that compromise oxygen delivery to the testis,
as IDA, would be suspected to have a harmful effect on
spermatogenesis. The negative impact of IDA on sperm
parameters with improvements after IVI counts in men
with TDA is, therefore, consistent with this belief.

Moderate hypoxia has been shown to decrease
gonadotrophins’ secretion within 2 days of arrival at
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Figure 2: Correlations between testosterone and total sperm count
increments after intravenous iron replacement therapy (IVI); (r = 0.66,
P <0.001)

moderate altitude.? Previous studies indicated that hypoxia
reduced the fertility of men from lowland by decreasing
sperm count and sperm motility in semen.*

Hypobaric hypoxia markedly inhibits spermatogenesis
as well as epididymal sperm parameters.’' ) Testicular
damage is related to overproduction of reactive oxygen
species (ROS) by the hypoxic stress, with increases
sperm lipo-peroxidation and sperm DNA damage.’>
In rats exposed to hypoxia, epididymal sperm count was
significantly reduced at day 7 of exposure to high altitude
associated with significant reduction of the time for many
stages of spermatogenesis.”'*" In conclusion, hypoxia due
to high altitude affects spermatogenesis and negatively
affects epididymal sperm count.®*

In our patients, it is possible that correction of IDA,
through improving oxygen supply, has favorable effects
on epididymal sperm viability and progression of late
spermatogenesis (helped by the increased testosterone
level).

In support to our findings, recently data showed that
correction of anemia in chronic hemolytic states namely,
thalassemia and sickle cell disease, is associated with
significant improvement in testosterone secretion as well
as sperm parameters.['>'l In addition, a study of diabetic
men with low testosterone, 24% of them had anemia,
which showed that lower testosterone levels were found
to be independently associated with lower hemoglobin and
P8 Tn another study in old males, independent of

age, total and bioavailable testosterone levels were linearly
[9]

iron levels.
correlated with hemoglobin levels.

Although interference with oxygen supply is an obvious
mechanism via which IDA could reduce spermatogenesis,
other mechanisms may also operate, including deficiency of
iron-requiring enzymes. Iron is essential for many metabolic
processes including DNA, RNA, and protein synthesis, the
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formation and maintenance of myelin, and is a co-factor
of many heme and non-heme enzymes.*?"!

Clinical consequences of iron deficiency involve
multi-organ affection including: Central nervous system
dysfunction with cognitive impairment, alterations in
cellular function, growth, motor development, behavior,
decreased physical capacity, impaired work performance
due to chronic fatigue, reduced immunity, gastrointestinal
disturbances (glossitis, stomatitis, gastritis), and impaired
temperature regulation.’>** Deletetious effect of iron
deficiency on spermatogenesis with improvement after IVI
is another possibility that explains our results.

Physiological level of iron is required for normal
spermatozoa production. In general, the semen contains a
certain amount of Fe, and the Fe content of seminal plasma
is important for the preservation of sperm motility and
viability after ejaculation, and its presence in the seminal
plasma helps spermatozoa to maintain their functions.?”*!!
In our patients, correction of IDA improved markedly both
the number of sperms with normal morphology and rapid
progressive sperm motility.

Hormones act on all phases of spermatogenesis.
Follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) act directly on the testes to stimulate
somatic cell function in support of spermatogenesis.
Three phases of spermatogenesis that are regulated by
gonadotrophins in men are: i) The maturation of type A
spermatogonia to type B spermatogonia, ii) meiosis, and iii)
spermiation, both acutely and chronically. Both FSH and
testosterone actions are important for the progression of
meiosis, perhaps by the regulation of the survival via the
intrinsic and the extrinsic apoptotic machineries, and also
spermiation in both rodents and humans.

Data show that FSH predominantly regulates
spermatogonial development, while testosterone regulates
the latter phase of spermiogenesis, while both FSH and
testosterone seem to be equally important in supporting
spermatocyte development.[*

Testosterone is important for the conversion of step 7
round spermatids into step 8 spermatids by regulating
the adhesion between Sertoli cells and round/elongating/
elongated spermatids at the apical ectoplasmic specialization
adherent junctions.**”

In our study, increments in Hb concentration after
IVI are correlated significantly with LH, FSH, and T
concentrations. In addition, testosterone increments
after correction of IDA are associated and correlated

significantly with increments in the total sperm count,
total sperm motility, and rapid sperm motility. Similarly,
decreased testosterone secretion and low gonadotrophins
levels associated with decreased spermatogenesis have
been reported in male rats exposed to hypobaric
hypoxia.t?

The opioid system is known to operate as a multi-messenger
system that participates in the regulation of reproductive
physiology at multiple levels, for example, at the levels
of the central nervous system, at the testes level, and at

sperm level.[*#5%]

Studies have shown that an important mechanism of
adaptation to the hypoxic conditions acts through activating
the endogenous opioid system. This provides increased
tolerance of the heart and nervous system to the harmful
effects of hypoxia. The increased opioid secretion/
action, secondary to hypoxia due to IDA, may explain the
decreased secretion of LH, testosterone, and defective
spermatogenesis.>’*”

A comprehensive high quality semen analysis is an essential
first-line investigation for male fertility. Semen quality
is conventionally determined according to the number,
motility, and morphology of spermatozoa in an ejaculate.
Of all semen parameters, sperm morphology turns out
to be the best predictor of a man’s fertilizing ability.
Besides, motility is an important fertility-relevant quality
parameter.”>* A link has been established between sperm
morphological characteristics and infertility by many
investigators. However, total number of sperm per ejaculate
is an important measure for clinicians to provide advice to
patient couples.”*** In this study, significant improvement
of sperm count, morphology, and motility occurred
after 12 weeks of treatment with iron and correction of
anemia [Table 2] and suggest a positive effect of correction
of anemia on fertility.

Limitation of the study: The small number of
patients (7 = 11) may partially limit the significant findings
of this pilot study. Larger studies are required to enforce
these original results.

In conclusion: In men with IDA, the correction of
anemia with IV is associated with significant enhancement
of sperm parameters coupled with increased serum
concentrations of testosterone, LH, and FSH. These
positive changes may improve the reproductive ability
of these patients. These effects on spermatogenesis are
reached by an unknown mechanism and suggest a number
of pathways that need further human and/or experimental
studies.
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