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the Health of Postmenopausal Women?
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Abstract

Estrogen deficiency has been regarded as the main causative factor in menopausal symptoms and diseases. Here,
we show that although estrogen decreases by 90%, a concurrent but inverse change occurs in iron levels during
menopausal transition. For example, levels of serum ferritin are increased by two- to threefold from before
menopause to after menopause. This observation has led us to hypothesize that, in addition to estrogen defi-
ciency, increased iron as a result of menopause could be a risk factor affecting the health of postmenopausal
women. Further studies on iron and menopause are clinically relevant and may provide novel therapeutic
treatments. Antioxid. Redox Signal. 11, 2939–2943.

Introduction

In recent years, interest in the improvement of women’s
health has received great worldwide attention (30). The

commitment of the National Institutes of Health (NIH) and its
Office of Research on Women’s Health exemplifies the effort
taken by the U.S. government and highlights the need for
surveillance and screening programs that carefully monitor
adverse effects in women. The health of girls and women is
affected by developmental, physiological, and psychologi-
cal age. Women’s lives are marked by a continuum from
intrauterine life to the elderly years: infancy, childhood and
adolescence, menarche, reproductive life, the menopausal
transition, postmenopausal years, the elderly and frail elderly.
Across the life span of a woman, menopause probably has the
greatest impact on health (15). Menopause is a natural aging
process during which a woman passes from the reproductive
to the nonreproductive years. Despite this natural process,
many women still experience menopausal symptoms such as
vasomotor episodes or ‘‘hot flashes,’’ as well as pathophysi-
ologic conditions such as loss of bone mineral density and
thinning and drying of skin (27).

One of the first observable physiological changes for
menopause is the cessation of menstrual periods. Because of
the reduction in ovarian functions, estrogen deficiency has
been the main focus of menopausal research, interventions,
and treatments. Yet, results of a meta-analysis of high-quality
randomized controlled trials showed that estrogen-only or a
combination with progestin hormone-replacement therapy
(HRT) reduced hot flashes in 90% of perimenopausal women,
but in just 65% of postmenopausal women (15). Moreover,

overall bone turnover is significantly increased in peri- and
postmenopausal women but in an imbalanced fashion. Bone
resorption increases, at 90%, and bone formation increases at
only 45%, resulting in a net loss of bone mineral density (11).
The exact mechanism through which bone formation after
menopause cannot keep up with bone resorption remains
unknown. HRT is partially effective in slowing bone loss in
postmenopausal women (33). The benefits and drawbacks
of HRT remain controversial, and a substantial number of
women have discontinued its use because of concerns about
side effects (15). Taking into consideration the partial alleviation
and potential risk of HRT, we searched risk factors other than
estrogen deficiency in menopausal symptoms and diseases.

Concurrent But Inverse Changes in Iron
and Estrogen Levels During Menopause

Menstruation is a unique physiological phenomenon in
young women, characterized by the periodic high levels
of estrogen and the shedding of the endometrium. Because of
this monthly blood loss, iron deficiency is prevalent in pre-
menopausal women (46). During perimenopause, fewer eggs
exist for the ovaries to stimulate, and menstrual periods be-
come irregular. This period of fluctuation can last up to
10 years. Cessation of menstruation marks the later stage of
perimenopause. Because iron is no longer lost through men-
struation, it accumulates in the body.

Estrogen and iron are two of the most important growth
nutrients in a woman’s body development. Estrogen affects
the growth, differentiation, and function of tissues such as
breasts, skin, and bone (36). Iron is essential for oxygen
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transport, DNA synthesis, as well as energy production (22).
Although estrogen variation over the life span of a woman is
considered within normal range, a long duration of exposure
to estrogen, including early age at menarche, nulliparity, late
first full-time pregnancy, and late menopause, is a well es-
tablished risk factor for breast cancer (6). Conversely, estrogen
deficiency has been considered the major cause of meno-
pausal symptoms and diseases. With the iron data obtained
from the Third National Health and Nutrition Examination
Survey (NHANES III) (45), Fig. 1 shows that concurrent but
inverse changes occur between iron and estrogen levels in
healthy women during menopausal transition. Whereas es-
trogen decreases because of the cessation of ovarian functions,
iron increases as a result of decreasing menstrual periods (25,
45). For example, level of serum ferritin is increased by two- to
threefold during this period (25). It has been estimated that
1 mg=L serum ferritin corresponds to 120 mg storage iron per
kg bodyweight (10). This produces an increase in body iron
storage from 4.8 mg=kg bodyweight at the beginning of
perimenopause at age 45 years to 12 mg=kg bodyweight after
menopause at age 60 years. As shown in Fig. 1, iron deficiency
in young women is a relevant health issue that has received
great attention from medical professionals. It affects 20% of
nonpregnant women aged between 16 and 49 years in in-
dustrialized countries and >40% of all women in developing
countries (46). Loss of iron in menstrual blood was proposed
as a uterine function responsible for the low heart-disease risk
of young women (37, 38).

Although increased iron as a result of menopause is con-
sidered within normal physiologic range, potential health
problems in women, as well as in men or neonates, could be
linked to increased iron storage, which is normal but not
necessarily healthy (39, 40). For example, a role for iron has
been proposed in the pathogenesis of many diseases, such
as ischemic heart disease, cancer, diabetes, infections, and
neurodegenerative disorders (reviewed in ref. 40). Although
healthy levels of iron in human body have not yet been es-
tablished, it is conceivable that iron imbalance (deficiency
or overload) could cause adverse health effects. It has been
postulated that iron deficiency in young women plays a role
in a high breast cancer recurrence in young patients, and in-
creased iron contributes to a high breast cancer incidence in
postmenopausal women (17).

We hypothesize that, in addition to breast cancer and heart
disease (17, 38), increased iron could affect other aspects of
women’s health after menopause. Because the role of iron in

menopause has not yet been fully investigated, we used iron
studies to show evidence of the role of increased iron in hot
flashes, osteoporosis, and skin aging, three common ailments
associated with menopause.

Iron and hot flashes

A hot flash indicates the sensation of heat and varies in
frequencies among women of different ethnic backgrounds,
as well as in durations, recurrence rates, and severities (27). In
the Study of Women across the Nation (SWAN), African-
American women reported more frequent hot flashes than did
white women, who in turn reported more than did Hispanic
women (12). Estrogen deficiency plays an important role
in this symptom, at least at the beginning of the menopausal
transition, as shown by the effectiveness of HRT in 90% of
perimenopausal women. Does increased iron contribute to
this symptom, particularly in older postmenopausal women
in whom HRT is less effective? A literature search found no
studies attempting to link iron overload to hot flashes.
However, poor temperature regulation leading to cold intol-
erance has been reported in individuals with iron-deficiency
anemia (5). Heat production is impaired by iron deficiency,
and heat-loss rate is increased by the demand for tissue oxy-
genation when decreased blood flow is needed to minimize
heat losses to the environment. By examining ferritin data
from the NHANES III study (45), we found that serum ferritin
levels are parallel with the reported prevalence of hot flashes
among African-American, white, and Hispanic women. This
observation suggests that, in contrast to iron deficiency lead-
ing to cold intolerance, an increase in iron might play a role
in postmenopausal hot flashes.

Iron and osteoporosis

Osteoporosis is a common disease characterized by low
bone mineral density, resulting in a high incidence of bone
fractures, and occurs in *50% of women but only in 12% of
men older than 50 years (20, 28). By searching for factor(s)
other than estrogen deficiency in osteoporosis, we found that
both dietary iron deficiency and overload affect bone in ani-
mal studies (8, 18, 19, 21, 23, 29). One recent report showed
that osteoporosis patients are slightly iron deficient, having
lower serum iron and higher transferrin as compared with the
control group (7).

However, hemochromatosis patients, who carry a he-
mochromatosis Fe (HFE) gene mutation and have an iron-
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FIG. 1. Concurrent but inverse changes of ferri-
tin versus estrogen during menopausal transition.
Serum levels of 17b-estradiol (E2) were converted to
percentage of peak value at 500 pg=ml serum at age
25 years. Levels of ferritin were expressed as nano-
grams per milliliter serum. E2 data as a function
of age were obtained from the website http:==
www.drlam.com=A3R_brief_in_doc_format=Estrogen
Dominance.cfm. Ferritin data were obtained from
ref. 45. (For interpretation of the references to color in
this figure legend, the reader is referred to the web
version of this article at www.liebertonline.com=ars).
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overload condition, are at much higher risks of developing
osteoporosis (14, 41). Osteopenia with a T score of 1 SD or less
and osteoporosis with a T score of 2.5 SD or less were in 78.9%
and 34.5% of iron-overload patients, respectively (14), al-
though vitamin D and parathyroid hormone levels appeared
normal in these patients. It is interesting to note that osteo-
porosis is highly prevalent in middle-aged men with HFE
gene mutation (14). These results suggest that early occur-
rence of iron overload in men carries a risk for osteoporosis. A
20-year delay in iron accumulation because of menstrual pe-
riods in women who have the same HFE gene mutation may
be protective.

Sickle cell disease, an inherited disorder accompanied by
anemia and iron overload because of defective hemoglobin,
often leads to osteoporosis and osteopenia (2, 35). Analyses of
sickle cell disease patients showed that low bone mineral
density was significantly associated with lower body mass
index, lower hemoglobin, and higher ferritin levels (35). If
these studies are correlative, one case report showed that
normalization of serum ferritin by frequent phlebotomies in-
creased bone mineral density of the lumbar spine (3). These
studies implicate the role of increased iron in the etiology of
postmenopausal osteoporosis (42).

Iron and skin aging

During menopausal transition, the skin becomes thin, dry,
and wrinkled, which is due to changes in collagen and elastin
content, as well as its ability to retain fluids (9). The human
body has a limited capacity to remove excess iron; body iron is
normally eliminated through the stool, urine, and exfoliation
of epidermal cells. About 20% of the 1-mg iron daily from the
diet is excreted through the skin (13). In patients with ery-
throdermic psoriasis, desquamated skin cells account for up
to 38% of total body iron loss (34). When body iron storage
increases, the skin is exposed to higher levels of iron, which
may cause oxidative damage and skin aging during this pro-
cess. Moreover, the increased stress may make skin more
susceptible to UV damage.

It has been shown that without UV exposure, iron over-
load alone did not induce skin histologic changes in iron-
overloaded transgenic HFE�=� mice. This also was true for
mice fed a high-iron diet or for mice injected with iron (1).
However, human skin fibroblasts were exposed to UVA;

the detrimental effects of iron were observed by a significant
increase in matrix metalloproteinase-1 (MMP-1) (31). Pre-
incubation with iron chelators reduced UVA-dependent
MMP-1 upregulation, suggesting that iron is involved in
UVA-mediated collagen degradation (31). Prolonged UVB
exposure also resulted in an accumulation of larger amounts
of non-heme iron in sun-exposed skin when compared with
nonexposed skin, and treatment with iron chelators signifi-
cantly decreased UVB-induced skin damage (4). These results
indicate that increased iron in the skin enhances oxidative
stress when exposed to UV and affects downstream genes,
which further promote skin photoaging.

Testing the Hypothesis

As compared with estrogen deficiency, increased iron is an
unexplored risk factor in menopausal symptoms and diseases
associated with menopause. Appropriate rodent animal mod-
els mimicking menopausal conditions of estrogen and iron
levels are absent. Previous animal studies used a mouse model
with surgical induction of menopause by ovariectomy (32). In
ovariectomized mice, serum estradiol baseline levels are sig-
nificantly decreased, simulating one of the major postmeno-
pausal aspects. From our point of view, another important
aspect that has not been taken into account in previous animal
studies is the significant increase in iron levels after meno-
pause. Therefore, testing the hypothesis in a research labora-
tory is difficult because it requires the development of a new
model simultaneously simulating iron and estrogen changes.
Conversely, epidemiologists could first examine whether iron
levels are higher in women who experience more frequent hot
flashes or hip fractures than in women without. Because both
increased iron and decreased estrogen could affect women’s
health during and after menopause, a study design to examine
two variables and one disease outcome is needed. Information
gained may be used by clinicians and basic scientists to see
whether the cause–effect relation exists between increased iron
and menopausal symptoms and diseases.

Conclusions and Open Questions

Today, although considerable scientific data are avail-
able on the natural biologic and pathologic processes that
could affect women’s health, substantial gaps in knowledge

FIG. 2. Proposed mechanisms of increased
iron as a result of menopause on osteoporosis
and skin aging. (For interpretation of the ref-
erences to color in this figure legend, the reader
is referred to the web version of this article at
www.liebertonline.com=ars).
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remain. Efforts have been made to understand the effects of
female sex hormones on cellular and organ systems in rela-
tion to women’s health and disease. As illustrated in Fig. 2, the
natural biologic system in young women is high estrogen
and low iron. The reverse is true in older women: low estro-
gen and high iron. Could an increase in iron levels as a re-
sult of menopause be a risk factor that affects women’s
health? Increased iron could lead to oxidative stress and
sensitize the skin to UV exposure. Urinary levels of 8-oxo-2’-
deoxyguanosine, a marker of oxidative DNA adducts, has
been shown to increase with serum ferritin levels in men and
women (26). Because iron is a growth nutrient, increased iron
could also increase proliferation of osteoblast progenitors
without differentiation to mature osteoblasts and thus, slow
bone formation.

An increase in iron is observed in men during their ado-
lescent years (age 18–30 years) (45), and men do not seem to be
immune to the pathologic effects of iron increase (16, 43, 44).
The greater incidence of heart disease in men, as well as in
postmenopausal women, when compared with the incidence
in premenopausal women, has been attributed to higher lev-
els of stored iron in these two groups (38).

Yet important differences exist between men and post-
menopausal women in terms of timing and patterns of
changes in hormone and iron levels. First, iron increase in men
happens in conjunction with the increase of male sex hor-
mones (24, 45), which could provide protection against the
harmful effects of the increased iron. Nevertheless, iron in-
crease in women occurs during their midlife (age 42–51 years)
at the same time as female sex hormones are decreased.
Therefore, the combined effects of increased iron and estrogen
deficiency could greatly affect on women’s health. Second, it
is important to recognize that men and women inherit dif-
ferently, and thus it is difficult to compare them from the
start. Therefore, the observation of increased iron at early age
in men accompanied by a lower incidence of osteoporosis
should not hinder us from investigating the role of increased
iron in menopause. Considering that current menopausal re-
search and treatments focus mainly on ovarian hormones and
their receptors, indicting increased iron as a risk factor in
menopause-related diseases is more complex, yet more real-
istic, and worth further investigation.
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