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Dancing with sex hormones, could iron contribute to the gender
difference in osteoporosis?
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It may not be fair, but it's true. Women are automatically at greater risk of developing
osteoporosis than men. Why are there gender differences? First, women start with lower
bone mineral density (BMD) than their male peers. Heritability of skeletal traits has been
demonstrated and many common single nucleotide polymorphisms (SNP) have pointed to
genes accounting for variability in BMD and fracture risk (see Commentary by Nielson et
al.) (1). These observations led to an investigation whether gene variation affects the female
skeleton differently than it does the male. The gene-by-gender interactions could identify
new signals not detected in the sex-combined analyses and indicate important gender-
dependent skeletal biology. Yet, a recent report shows that no gender differences in the
effects of autosomal SNPs on BMD were found in analyses of more than 50,000 men and
women. (2) Although other genetic features beyond SNPs and BMD can be explored, (1)
postnatal factors are important to be considered.

Indeed, women lose bone mass more quickly than men as they age. Estrogen deficiency has
been regarded as the main causative factor in postmenopausal osteoporosis, which is
characterized by an increase in bone turnover rate and a remodeling imbalance of bone
resorption exceeding bone formation. If estrogen deficiency is the sole factor responsible for
postmenopausal bone loss, the exact mechanism as why bone resorption outpaces bone
formation remains unknown.

One factor that has long been overlooked is that while estrogen decreases by 90% during
menopausal transition, levels of serum ferritin are increased 2 to 3-fold from premenopause
to postmenopause. Based on this observation, it has been hypothesized that in addition to
estrogen deficiency, increased iron as a result of menopause could contribute to bone loss in
postmenopausal women. (3) It is known that individuals with pathological iron overload,
such as those with hereditary hemochromatosis and p-thalassemia, have decreased BMD.
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Yet, one cannot rule out the possibility that the disease itself, e.g., HFE (hemochromatosis
Fe) mutation but not iron overload had an effect on bone metabolisms. Although extensive
animal evidence about the detrimental effects of iron on bone metabolisms emerged, (4-8)
association of iron with bone loss in healthy adults has not been demonstrated until recently.

Thanks for a team of scientists in Seoul. They have used a 3-year longitudinal health
promotion center-based study, which included 789 men and 940 women who were aged 40
years or older. Individuals who might have had inflammatory diseases were excluded, as
inflammation has been suggested to play a role in the pathogenesis of osteopenia and
osteoporosis and serum ferritin levels are known to be elevated in the inflammatory state.
Serum ferritin levels and BMD of the total femur, femur neck and trochanter were measured
at baseline and at follow-up in all study participants. It has been found that serum ferritin
levels were positively correlated with accelerated bone loss at all three sites in both men and
women in a dose-dependent manner. (9) This is a first large population study which shows
an association of high body iron stores with bone loss in healthy individuals. Yet, the finding
of the study poses another question about the role of iron in bone metabolisms. In spite of
lower ferritin levels, the effect of body iron stores on bone loss appears more striking in
postmenopausal women than in middle-aged men. Moreover, the researchers did not find a
significant association between fracture risk and serum ferritin levels in men; however, in
women, a dose-dependent increase in the risk of fracture was evident. Why does a lower
iron level have a greater impact on the bone of postmenopausal women than that of middle-
aged men? Here we looked at changes of iron with sex hormones over time. The difference
in timing and pattern of changes may explain the more damaging effects of iron on bone in
women and the resulting gender difference in osteoporosis incidence.

Iron tangoes with estrogen in women

Menstruation is a unique physiological phenomenon in women, characterized by the
periodic high levels of estrogen and endometrium shedding in the form of blood. As a result
of this monthly blood loss, iron deficiency in young premenopausal women is highly
prevalent.(10) As women get older, iron is no longer lost through menstruation, body iron
level is significantly increased in postmenopausal women.(11, 12) By compiling separate
large population studies on iron and estrogen, we found a concurrent but inverse change in
iron and estrogen during menopausal transition (Figure 1a).(3) If they are viewed as dancing
partners over the lifespan of a woman, they are mostly apart and seem doing tango dancing.

Iron waltzes with androgen in men

It is known that iron also increases in men during their adolescent years. When we searched
changes in iron and testosterone (T) levels in men, we found that significant differences
exist. The timing and pattern of changes in sex hormones and iron levels are not the same at
all. Iron levels rise in men in conjunction with the increase of T from 20 to 40 years old,
then reverse between ages 40-50 years old, and gradually decrease in tandem thereafter
(Figure 1b).(12, 13) If they are viewed as dancing partners, they are always in close contact
and seem doing waltz dancing.

Bone. Author manuscript; available in PMC 2014 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Huang et al. Page 3

Does the difference in dancing patterns contribute to the gender difference
in osteoporosis incidence?

It is well established that E2 deficiency enhances bone resorption and T increases bone mass
by promoting bone formation.(14-16) According to our previous results, (7) increased iron
could be a risk factor for osteoporosis by mainly inhibiting bone formation. Therefore,
simultaneous increases in T and Fe could neutralize each other's effects on bone formation.
In young men, the promoting effects of T slightly supersede the inhibiting effects of iron on
bone and, in older men, the reverse occurs, resulting in somewhat slower bone loss. Possibly
because of the presence of the two antagonizing factors, the overall incidence of
osteoporosis in older men is low. In women, the gap between Fe and E2 after 45 years of
age is much larger than the gap between Fe and T in men at the same age. The decreased
bone formation by iron, coupled with enhanced bone resorption by E2 deficiency, could
accelerate bone loss. Thus, the overall incidence of osteoporosis in older women is high.
Together, all data from animal and human studies support a hypothesis that it is the
combined effects of decreased sex hormones and increased iron that orchestrate bone loss in
both postmenopausal women and middle-aged men.

Systemic interaction of estrogen with iron

Before testing the above hypothesis, one important question must be answered. Is increased
iron a downstream effect of estrogen deficiency? If it is, estrogen replacement therapy
should ease the iron loading concern. Thus, clarification of the mechanism may have
important clinical implications. By examining the effects of E2 on hepcidin, a key negative
regulator of iron absorption (17), it has been found that transcription of hepcidin was
suppressed by E2 treatment, suggesting that hepcidin inhibition in young women by high E2
is to increase iron uptake, a mechanism to compensate iron loss during menstruation (18).
This mechanism may also contribute to increased iron stores in young women who use oral
contraceptives. Although more rigorous studies are needed, we could anticipate that estrogen
deficiency in postmenopausal women might upregulate hepcidin, leading to lower iron
uptake and lower body iron stores. Indeed, estrogen deficiency by OV X decreased serum
iron levels by 37% in OV X rats compared to control rats (sham operated). (19) Together,
these results suggest that estrogen deficiency could not lead to iron increase, supporting the
study by Kim et al. that increased iron is an independent risk factor for accelerated bone loss
in postmenopausal women.

Perspective for future research

It has been well established that estrogen deficiency mainly promotes bone resorption and
testosterone deficiency inhibits bone formation. (14-16) The mode of action of iron
accumulation needs to be determined precisely. Although it has been shown that iron could
affect both bone resorption and bone formation, (4-8) the inhibitory effects of iron on bone
formation may be detrimental in postmenopausal women. In conjunction with estrogen
deficiency, it may orchestrate the underlying mechanism of bone resorption outpacing bone
formation. This has to come with more evidence. Second, a large gap between iron
accumulation and deficiencies in sex hormones may have coordinated an accelerated bone
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loss in postmenopausal women and middle-aged men. Thus, future epidemiological studies
should determine whether a larger difference between iron and sex hormones may contribute
to greater bone loss. By doing so, we may gain knowledge as why a lower iron level has a
greater impact on the bone of postmenopausal women. Once the detrimental effect of iron
on bone is confirmed, modulating iron level may present a novel therapeutic solution for
osteoporaosis treatment.
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Figure 1.
Changes of iron and sex hormones over the lifespan of a woman (A) and a man (B).
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