
Copyright © 2020 The Korean Academy of Family Medicine
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Association between Bone Mineral 
Density and Serum Iron Indices in 
Premenopausal Women in South Korea
Sung-Min Kim1, A-Sol Kim2,3,*, Hae-Jin Ko1,2, Hana Moon3, Hye-In Choi1, Jieun Song1

1Department of Family Medicine, Kyungpook National University Hospital, Daegu, Korea 
2Department of Family Medicine, School of Medicine, Kyungpook National University, Daegu, Korea 
3Department of Family Medicine, Kyungpook National University Chilgok Hospital, Daegu, Korea

Background: Osteoporosis is characterized by a decrease in bone mineral density (BMD) and increased risk of fra-
gility fractures. Serum iron level may interact with bone health status. This study investigated the correlations of 
BMD with serum iron level, hemoglobin level, and total iron-binding capacity (TIBC).
Methods: We performed a retrospective analysis of data from the medical records of premenopausal women in 
South Korea. The women’s BMDs and the Z scores of the BMDs were verified using dual-energy X-ray absorption. 
The participants were stratified into quartiles for analyses of the associations of BMD with serum iron level, TIBC, 
and hemoglobin level.
Results: A simple linear regression analysis revealed associations of changes in BMD with iron level (β=-0.001, stan-
dard error [SE]=0.001, P<0.001), hemoglobin level (β=0.015, SE=0.003, P<0.001), and TIBC (β=0.001, SE=0.001, 
P<0.001). This pattern was also observed in a multiple linear regression analysis. A multivariate logistic regression 
analysis of iron level and TIBC for low BMD revealed odds ratios of 1.005 (P<0.001) and 0.995 (P<0.001), respectively.
Conclusion: This study demonstrated clear relationships of changes in BMD with serum iron level and TIBC, and 
thus confirms the usefulness of these markers in the clinical evaluation of iron storage and BMD in younger women.
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INTRODUCTION

Osteoporosis is a musculoskeletal disease characterized by decreased 

bone mineral density (BMD) and increased risk of fragility fractures.1) 

According to the World Health Organization, osteoporosis is defined 

as a BMD of ≥2.5 standard deviations below the mean peak BMD for 

healthy adults, as measured with dual energy X-ray absorption 

(DXA).2) For the treatment of osteoporosis, the annual associated 

medical expenditures are estimated to exceed $175 million in South 

Korea.3)

 Osteoporosis and osteopenia have a multifactorial etiology in which 

many factors, including genetic differences, endocrine factors, and 

lifestyle behaviors (e.g., physical activity and diet), have been suggest-

ed as important contributors. Mineral deficiencies due to reduced di-

etary intakes and absorption of particular nutrients have been identi-

fied as important in both the etiology and prevention of osteopenia 

and osteoporosis.4,5) For example, trace minerals, defined as micronu-

trients required by the body in minute quantities,6) may be important 

components of bone quality maintenance via their functions in the 

context of metalloenzymes that promote the synthesis of collagen and 

other proteins that form the bone structure.7)

 Iron is an essential trace mineral with several roles in various enzy-

matic systems in the body, including collagen synthesis.8,9) As type I 

collagen accounts for approximately 90% of total bone protein, iron 

participates in bone metabolism via this mechanism and through vita-

min D activation and deactivation.10) However, excessive iron levels 

have toxic effects such as cellular dysfunction, which are mainly due to 

the powerful ability of iron to catalyze the generation of highly toxic 

free radicals that damage all molecular classes found in vivo.11)

 Many studies have been conducted to determine the relationship 

between serum iron level and BMD by using ferritin or hemoglobin 

level;12) however, ferritin levels may be artificially elevated in response 

to systemic inflammation,13) and hemoglobin level remains normal 

during stage 1 iron deficiency.14) As mentioned earlier, excess iron in 

serum may lead to bone mass loss;15) therefore, we used not only total 

iron-binding capacity (TIBC) and hemoglobin level but also serum 

iron level to study the relationship between serum iron level and BMD.

 Previous studies reported a negative correlation or no significant as-

sociation between serum iron level and BMD.15,16) By contrast, another 

study that involved a general population without hematologic disor-

ders identified a potential positive correlation between iron stores and 

BMD.12) Although the relationship between serum iron level and BMD 

is interesting, it is not yet fully elucidated. Therefore, in this study, we 

investigated the correlations of changes in BMD with serum iron and 

hemoglobin levels and TIBC in a cohort of healthy premenopausal 

women in South Korea.

METHODS

1. Participants
The population of this retrospective study was comprised of women 

aged 20–49 years who had undergone comprehensive routine health 

examinations at a general hospital health examination center in a sin-

gle region between January 2014 and December 2016, and measure-

ments of BMD and serum iron index levels. Menstrual status was as-

sessed to confirm premenopausal states, and 21 women were exclud-

ed. We also excluded participants who did not complete the self-re-

ported medical history questionnaire and those who had undergone 

gastrectomy or had been diagnosed with and treated for anemia, os-

teoporosis, thyroid disease, or parathyroid disease. Those who took 

medications that may have affected their BMD measurements (e.g., 

calcium or vitamin D supplements; steroids; exogenous female hor-

mones, including contraceptives; thyroid hormones; and proton 

pump inhibitor) were also excluded. Finally, 1,020 healthy premeno-

pausal women were enrolled in the study (Figure 1). This study proto-

col was approved by the institutional review board of Kyungpook Na-

tional University Chilgok Hospital (2018-03-014). The requirement for 

informed patient consent was waived because of the retrospective 

study design of the study.

Figure 1. Flowchart of the enrollment of 
premenopausal women with routine health 
examinations.

1,089 were screened

69 were excluded who meet exclusion criteria

3 undergone gastrectomy

12 diagnosed with and treated for anemia

8 diagnosed with and treated for osteoporosis

11 diagnosed with and treated for thyroid or parathyroid disease

35 took medication which affect to the bone mineral density

56 were excluded

21 menopause women

35 did not complete the self-reported questionnaire

Women aged 20 49 years

1,145 were assessed for eligibility

(January 2014 December 2016)

1,020 were enrolled
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2. General Characteristics and Anthropometrics
Information about demographic factors, alcohol intake, smoking and 

exercise habits, and medical history was collected via self-reported 

questionnaires. Alcohol intake was assessed on the basis of the refer-

ence criteria of the National Institute on Alcohol Abuse and Alcohol-

ism,17) and the participants were classified as never, moderate, or heavy 

drinkers if they reported consuming ≤1, 1–7, or >7 standard drinks per 

week, respectively. Women with a smoking behavior were stratified as 

either a never smoker or an ex/current smoker if they reported that 

they had not or had ever tried smoking, respectively. Physical exercise 

practices were classified as none, inactive, and active if the participants 

reported that they did not exercise, exercised for ≤150 minutes per 

week, or exercised for >150 minutes per week, respectively.

 Anthropomorphic measurements were obtained by trained staff 

members. Height was measured within 0.1 cm and body weight was 

measured with a metric weight scale to the nearest 0.01 kg, with the 

participants wearing light clothing without shoes. Body mass index 

(BMI) was calculated as weight divided by height squared (kg/m2). 

BMD was measured on DXA scans (Discovery-W; Hologic, Bedford, 

MA, USA) of the lumbar spine (L1–L4 vertebrae). All the measure-

ments were performed by experienced operators who followed stan-

dardized procedures.

3. Biochemical Variables and Serum Iron Indexes
Blood samples were collected after a minimum fasting period of 8 

hours. White blood cells; platelet count; levels of hematocrit, aspartate 

transaminase, alanine transaminase, serum creatinine, alkaline phos-

phatase, and serum iron; TIBC; and hemoglobin level were measured 

using CellDyn 4000 (Abbott Diagnostics, Abbott Park, IL, USA). Serum 

iron level and TIBC were measured using the FerroZine method.18) All 

laboratory examinations were conducted at the same center.

4. Statistical Analyses
For the analysis of the women’s baseline characteristics according to 

BMD status, one-way analysis of variance (ANOVA) was used for con-

tinuous variables, and chi-square test and Fisher exact test were used 

for categorical variables. One-way ANOVA was used to observe differ-

ences in mean BMD values according to iron level, TIBC, and hemo-

globin quartile groups. Ranges for the quartile groups of iron levels 

were quartile 1 (<104.7 μg/dL), quartile 2 (104.7–147.2 μg/dL), quartile 

3 (147.2–294.0 μg/dL), and quartile 4 (>294.0 μg/dL). The ranges for 

the quartile groups of TIBC values were quartile 1 (<171.0 μg/dL), 

Table 1. Baseline characteristics of the study subjects according to bone mineral density

Characteristic Q1 (<1.001) Q2 (1.001–1.110) Q3 (1.110–1.212) Q4 (>1.212) P-value* P for trend

No. of subjects 255 254 257 253
Age (y) 41.47±6.53 41.26±6.28 40.91±5.79 42.27±5.79 0.064 0.220
Height (cm) 163.07±7.38 167.61±8.43 168.35±8.32 168.57±7.97 <0.001 <0.001
Weight (kg) 60.11±11.14 66.42±12.69 67.64±12.90 67.49±12.42 <0.001 <0.001
Body mass index (kg/m2) 22.50±3.14 23.50±3.23 23.72±3.31 23.62±3.22 <0.001 <0.001
White blood cell count (103/μL) 5.82±1.77 5.79±1.70 5.78±1.65 5.78±1.61 0.995 0.812
Platelet count (103/μL) 267.06±59.70 250.50±61.60 247.54±59.78 253.89±59.53 0.001 0.012
Hemoglobin (g/dL) 13.96±1.53 14.53±1.63 14.52±1.79 14.78±1.74 <0.001 0.549
Hematocrit (%) 41.74±4.08 43.12±4.19 43.29±4.73 43.84±4.56 <0.001 0.393
Serum iron (μg/dL) 265.10±54.04 179.73±78.64 166.93±62.60 135.78±68.27 <0.001 <0.001
Total iron-binding capacity (μg/dL) 189.35±45.00 266.21±57.12 281.65±61.18 308.85±72.36 <0.001 <0.001
Serum aspartate transaminase (U/L) 23.29±8.18 23.271±11.93 23.34±10.28 22.57±11.33 0.820 0.478
Serum alanine transaminase (U/L) 20.09±15.26 22.80±18.95 23.53±18.03 22.50±17.61 0.134 0.105
Serum creatinine (mg/dL) 0.76±0.16 0.82±0.18 0.84±0.17 0.84±0.17 <0.001 <0.001
Serum alkaline phosphatase (U/L) 67.35±22.45 72.00±25.88 69.38±26.47 72.27±26.23 0.091 0.088
BMD (g/cm2) 0.917±0.074 1.057±0.031 1.161±0.030 1.309±0.076 <0.001 <0.001
Z score of BMD −1.59±0.62 −0.73±0.52 0.09±0.46 1.18±0.68 <0.001 <0.001
Alcohol intake 0.001
   Never 206 (80.5) 178 (70.1) 169 (65.8) 170 (67.2)
   Moderate 47 (18.4) 69 (27.2) 87 (33.9) 79 (31.2)
   Heavy 3 (1.2) 7 (2.8) 1 (0.4) 4 (1.6)
Smoking status 0.361
   Never 251 (98.0) 251 (98.8) 256 (99.6) 251 (99.2)
   Ex/current smoker 5 (2.0) 3 (1.2) 1 (0.4) 2 (0.8)
Exercise <0.001
   None 159 (62.1) 77 (30.3) 90 (35.0) 79 (31.2)
   Inactive 70 (27.3) 145 (57.1) 132 (51.4) 142 (56.1)
   Active 27 (10.5) 32 (12.6) 35 (13.6) 32 (12.6)

Values are presented as number, mean±standard deviation, or number (%).
BMD, bone mineral density.
*By analysis of variance for quantitative variables and Freeman-Halton extension of the Fisher exact test for qualitative variables.
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quartile 2 (171.0–295.1 μg/dL), quartile 3 (295.1–330.3 μg/dL), and 

quartile 4 (>330.3 μg/dL). The ranges for the quartile groups of hemo-

globin levels were quartile 1 (<13.3 g/dL), quartile 2 (13.3–14.4 g/dL), 

quartile 3 (14.4–15.7 g/dL), and quartile 4 (>15.7 g/dL). Simple and 

multiple linear regression analyses were used to determine the inde-

pendent effects of serum iron level, TIBC, and hemoglobin level on 

BMD in our population of premenopausal South Korean women, and 

partial correlation analyses were conducted to control for the effects of 

BMI, age, exercise, and alcohol intake. Univariate and multivariate lo-

gistic regression analyses were performed to evaluate the associations 

of BMD with iron level, TIBC, and hemoglobin level. Young women 

with BMD Z scores of <−2 were categorized as having a BMD “below 

the expected range for age,” and those with Z scores of >−2 were cate-

gorized as having a BMD “within the expected range for age.”19) There-

fore, we considered BMD Z scores below −2 as a low BMD. A statistical 

analysis was performed using the IBM SPSS ver. 23.0 software (IBM 

Corp., Armonk, NY, USA), and P-values of <0.05 were considered sig-

nificant.

RESULTS

1. Characteristics
Table 1 shows the baseline characteristics of the study participants ac-

cording to quartile 1–4 groups of BMD of the lumbar vertebra. Ranges 

for the quartile groups of BMD were quartile 1 (<1.001 g/cm2), quartile 

2 (1.001–1.110 g/cm2), quartile 3 (1.110–1.212 g/cm2), and quartile 4 

(>1.212 g/cm2).

 No significant difference was found in the mean age of each quartile 

group. However, significant differences in height, weight, and BMI were 

found between the groups (P<0.001 for all). The subjects with high val-

ues for height, body weight, and BMI had high BMDs. The groups with 

higher BMDs showed greater values for height, body weight, and BMI (P 

for trend <0.001 for all). The serum iron levels, TIBC, and hemoglobin 

levels in each group were statistically significant (P<0.001 for all). The 

mean serum iron levels in the BMD quartile 1, 2, 3, and 4 groups were 

265.10 μg/dL, 179.73 μg/dL, 166.393 μg/dL, and 135.78 μg/dL, respec-

tively. The mean TIBC values of the groups were 189.35 μg/dL, 266.21 

μg/dL, 281.65 μg/dL, and 308.85 μg/dL, respectively, and the mean he-

moglobin levels were 13.96 g/dL, 14.53 g/dL, 14.52 g/dL, and 14.78 g/

dL, respectively. The mean serum iron level was lower and the mean 

TIBC was higher in the higher BMD group (P for trend <0.001 for all).
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Figure 2. Mean BMD in four quartile groups according to serum iron (A), TIBC (B) 
and hemoglobin (C) levels. In Figure 2, premenopausal women showed significantly 
decreased tendency in BMD as serum iron increased in quartiles (P for trend 
<0.001). But those showed significantly increased tendency in BMD as TIBC and 
hemoglobin increased in quartiles (P for trend <0.001, <0.001, respectively). TIBC, 
total iron binding capacity; BMD, bone mineral density.
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 The levels of alcohol consumption and physical activity were signifi-

cantly different among the groups (P=0.001 and P<0.001, respectively), 

but no significant difference in smoking status was found (P=0.361).

2. Associations of Bone Mineral Density with Iron, Total 
Iron-Binding Capacity, and Hemoglobin Quartiles

The mean BMDs of the women in iron quartiles 1, 2, 3, and 4 were 1.14 

g/cm2, 1.17 g/cm2, 1.12 g/cm2, and 0.99 g/cm2, respectively. The mean 

BMDs in TIBC quartiles 1, 2, 3, and 4 were 0.99 g/cm2, 1.13 g/cm2, 1.16 

g/cm2, and 1.15 g/cm2, respectively. The mean BMD values in hemo-

globin quartiles 1, 2, 3, and 4 were 1.09 g/cm2, 1.08 g/cm2, 1.12 g/cm2, 

and 1.16 g/cm2, respectively. These trends were significant in each 

quartile analysis (P for trend <0.001 for all) (Figure 2).

3. Analysis of the Correlations of Bone Mineral Density with 
Serum Iron Level, Total Iron-Binding Capacity, and 
Hemoglobin Level

We conducted a partial correlation analysis in which the coefficients of 

correlation were adjusted to control for the effects of BMI, age, and ex-

ercise and expressed as partial correlation coefficients. This analysis 

revealed that serum iron level (partial correlation coefficient, −0.410; 

P<0.001) correlated negatively with BMD, whereas TIBC and hemo-

globin level correlated positively with BMD (0.413, P<0.001 and 0.151, 

P<0.001, respectively) (Table 2).

 We also conducted a simple linear regression analysis of the BMD 

correlations with iron level, TIBC, and hemoglobin level. The regres-

sion coefficients (standard errors) for the correlations of BMD with 

iron level, TIBC, and hemoglobin level were −0.001 (0.001), 0.001 

(0.001), and 0.015 (0.003), respectively, and all were statistically signifi-

cant (P<0.001 for all). After adjusting for cofounding factors (BMI, age, 

exercise, and hemoglobin), the regression coefficients of BMD with 

iron level, TIBC, and hemoglobin level were −0.001 (0.001) and 0.001 

(0.001), and 0.008 (0.003), respectively. All correlations were significant 

(P<0.001, P<0.001, and P=0.003, respectively) (Figure 3).

4. Effect of Serum Iron Indexes on the Risk of Low Bone 
Mineral Density

We also conducted a logistic regression analysis and found that higher 

Table 2. Association between bone mineral density and serum iron indexes

Variable r* P-value

Serum iron (μg/dL) −0.410 <0.001
Total iron-binding capacity (μg/dL) 0.413 <0.001
Hemoglobin (g/dL) 0.151 <0.001

*Partial correlation coefficient adjusted for body mass index, age, exercise, and 
alcohol intake.
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Figure 3. Scatter plot for iron level (A), TIBC (B), hemoglobin level (C) in association 
with BMD. The regression coefficients of iron level (β=-0.001, SE=0.001, P<0.001), 
TIBC (β=0.001, SE=0.001, P<0.001), and hemoglobin level (β=0.015, SE=0.003, 
P<0.001) significantly correlated with the changes in BMD. TIBC, total iron binding 
capacity; BMD, bone mineral density; SE, standard error.
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iron level was associated with a significantly greater risk of decreased 

BMD, both before and after adjusting for cofounding factors (alcohol, 

smoking, exercise, age, and BMI; odds ratio (OR), 1.004 and 1.005, re-

spectively). Conversely, higher TIBC was associated with a significant-

ly reduced risk of decreased BMD both before and after adjustment 

(OR, 0.995 and 0.995, respectively). However, higher hemoglobin level 

was associated with a significantly reduced risk of decreased BMD be-

fore adjustment (OR, 0.857); however, the association was not signifi-

cant after adjustment (OR, 0.871) (Table 3).

DISCUSSION

In this study, we investigated the association between BMD of the 

lumbar vertebra and serum iron level, TIBC, and hemoglobin level in 

a population of premenopausal South Korean women. We observed 

that BMD exhibited a significant negative association with serum iron 

level and a significant positive association with TIBC and hemoglobin 

level. However, the effect of hemoglobin level on the risk of low BMD 

remains unclear. These results are consistent with findings from previ-

ous studies. In an animal study, micro-computed tomography analysis 

of trabecular bone (distal femur) revealed decreases in bone volume 

fraction, number of trabeculae, and trabecular thickness, and an in-

crease in trabecular spacing in iron-overloaded mice, as compared 

with placebo-treated mice. A further analysis of cortical bone (mid-di-

aphysis femur) in the study revealed relatively thinner cortices and re-

duced cortical areas in the iron-overloaded animals.20) Other studies 

reported higher iron concentrations in osteopenic postmenopausal 

women.21)

 Although the mechanisms underlying the development of iron 

overload-related osteoporosis are not fully understood,13) some expla-

nations have been proposed for the relationship between BMD and 

serum iron level. In an iron-overloaded status, excess iron (i.e., un-

bound to transferrin) may cause tissue damage via cellular injury me-

diated through the Fenton and Haber-Weiss reactions,22) which gener-

ate oxyradicals.14) As mentioned earlier, iron was found to play roles in 

the synthesis of collagen and the conversion of 25-hydroxy vitamin D 

into an active form.11) Furthermore, the inhibitory effects of iron on os-

teoblastogenesis in various osteoblast lineages might also explain the 

negative relationship between iron level and BMD change.23)

 TIBC is an indirect measure of serum transferrin level.24) A previous 

study in women identified a positive correlation between serum TIBC 

and annual changes in the BMD of the total femur.23) Similarly, we 

identified a significant association between TIBC and increased BMD 

of the lumbar spine. Our selection criteria excluded participants who 

had been diagnosed with anemia. However, hemoglobin and serum 

iron levels remain normal during stage 1 iron deficiency, and the com-

pensatory increase in iron absorption causes an increase in iron-bind-

ing capacity (i.e., transferrin level).25) Accordingly, some of our partici-

pants may have had stage 1 iron deficiency anemia, which could have 

affected our results.

 We did not observe a clear association between hemoglobin level 

and BMD in our study. By contrast, Cesari et al.26) reported lower BMD 

values, particularly in the cortical bone, in older community-dwelling 

persons with lower hemoglobin levels or anemia. Another study ob-

served a significant correlation between low hemoglobin level and low 

bone mass in healthy young people.27) The discrepancy between our 

results and those of previous studies might be attributable to the exclu-

sion of women diagnosed as having and treated for anemia from our 

study population. Each month, healthy women lose approximately 70 

mL of blood via menstruation; this adds up to an approximate rate of 

850 mL per year and 30 L over a 35-year reproductive period. This 

blood loss places pressure on the hematopoietic system by augment-

ing the production of hematopoietic growth factors to subsequently 

enhance the proliferation of hematopoietic progenitor cells. This pro-

cess leads to an increased number of osteoclasts and other hemato-

poietic cells, and to enhanced resorption of bone tissue and extension 

of hematopoietic territories.28) Therefore, the inclusion of women with 

anemia in future studies would allow us to more clearly delineate the 

association between hemoglobin level and BMD.

 In addition to the previous comment regarding our selection crite-

ria, this study had some limitations. First, the study population was 

comprised of participants aged 20–49 years who had visited a health 

promotion center and were retrospectively selected according to spe-

cific criteria. These factors may have introduced selection bias. Sec-

ond, causality could not be clearly determined because of the cross-

sectional nature of the study. A prospective cohort study would there-

fore be needed to confirm our findings. Third, we did not measure se-

rum ferritin level, a useful marker of iron storage, in contrast to many 

previous studies on the association between iron levels and BMD. 

However, serum ferritin is also considered an acute-phase reactant 

and may be artificially elevated in response to systemic inflamma-

tion.23) Accordingly, this marker may not accurately reflect the severity 

Table 3. Effects of the serum iron indexes on the risk of low bone mineral density

Variable
Univariate Multivariate*

OR (95% CI) P-value OR (95% CI) P-value

Serum iron (μg/dL) 1.004 (1.002–1.006) <0.001 1.005 (1.002–1.007) <0.001
Total iron-binding capacity (μg/dL) 0.995 (0.993–0.998) <0.001 0.995 (0.992–0.997) <0.001
Hemoglobin (g/dL) 0.857 (0.745–0.986) 0.031 0.871 (0.752–1.009) 0.065

The subjects were classified by bone mineral density Z scores.
OR, odds ratio; CI, confidence interval.
*Adjusted for alcohol intake, smoking, exercise, age, and body mass index.
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of iron overload. Therefore, we chose to use serum iron level rather 

than serum ferritin level. Fourth, we could not control for individual 

vitamin D levels, which could affect BMD. Fifth, we did not exclude 

other factors that could have affected BMD. Finally, we could not ex-

clude women who had their menstrual period at the time of examina-

tion, which could have affected their BMDs, hemoglobin levels, and 

iron levels. However, the strengths of this study include the large sam-

ple size and relatively rare use of serum iron level, rather than ferritin 

level, to confirm iron overload. Another strength of this study was the 

minimizing effects of menopause, which were factors that significantly 

affected BMD. Therefore, we believe that these data are valuable and 

should be considered during the clinical treatment of patients with a 

reduced BMD.

 In conclusion, we observed negative and positive associations be-

tween changes in BMD of the lumbar spine and elevated serum iron 

level and TIBC in in a population of healthy premenopausal Korean 

women. Our study differed from previous research in that we used se-

rum iron level, TIBC, and hemoglobin level, rather than serum ferritin 

level, to determine the relationship between iron storage and BMD. 

This novel method has provided a new perspective from which to 

evaluate the relationship between iron storage and BMD. We believe 

that our study findings will contribute to the treatment and care of 

young women, and may provide a foundation for subsequent studies 

such as the large-cohort and multicenter studies, which are needed to 

confirm the causal relationship between iron storage and BMD.
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