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Abstract

Background: Iron-overloaded patients are recognized as presenting an increased risk of osteoporosis. However,
studies on the correlation between osteoporosis and organ iron overload are controversial or scarce. The aim of this
study is to assess bone mineral density (BMD) and trabecular bone score (TBS) in correlation with hepatic and pancre-
atic iron overload.

Methods: Forty-one patients diagnosed with hemoglobinopathies, were studied. BMDs of the lumbar spine (LS),
femoral neck (FN), and total hip (TH) were analyzed by Dual-energy X-ray absorptiometry (DXA) scan. LS bone quality
was derived from each spine DXA examination using the TBS analysis. Hepatic and pancreatic iron overload were
obtained with a multi-echo gradient echo T2* technique.

Results: Abnormal microarchitecture and abnormal bone mass were observed in 19/41 (46.3%) and 9/41 (22.0%)
patients, respectively. For 26 males, BMD, T-score and Z-score of LS were significantly lower among subjects with
moderate-severe hepatic iron-overload than their counterparts, as it is between no- and pancreatic iron-overload
groups. For 15 females, patients with moderate-severe hepatic iron-overload had significantly lower BMD and T-score
of FN and TH, and patients with pancreatic iron-overload had significantly lower BMD, T-score of FN, and lower BMD,
T-score and Z-score of TH than their counterparts. Moreover, pancreatic T2*-value was positively correlated with BMD
and T-score at all analyzed sites and Z-score at TH.

Conclusion: These data showed lower bone mass in patients with organ iron overload, particularly for LS in males,
FN and TH in females. TBS may well represent a complementary tool for the evaluation of bone quality and the risk of
fracture in iron-overloaded patients.
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Background

Iron overload is the result of many disorders that lead to
excess iron deposition in the body, causing organ damage
and increasing mortality [1]. Iron overload can be either
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cell disease and myelodysplastic syndrome (MDS), exog-
enous iron intake, or certain hematological diseases such
as dyserythropoietic syndrome or chronic hemolytic ane-
mia [1]. Iron overload may be asymptomatic, or may pre-
sent with significant damage of the liver, heart, endocrine
glands, joints, or other organs. Thus, assessment of organ
iron concentration is vital and magnetic resonance imag-
ing (MRI) has emerged as a non-invasive and popular
alternative in view of the invasive nature of organ biopsy
[2].

In addition to organ damage, iron overload could also
lead to osteoporosis [3, 4], characterized by low bone
mass and disturbed microarchitecture, resulting in
increased bone fragility and a susceptibility to fractures
[5]. Bone mineral density (BMD) determined by Dual-
energy X-ray absorptiometry (DXA) remains the globally
accepted “gold standard” method for noninvasive osteo-
porosis diagnosis [6]. However, the standard DXA test
does not discriminate trabecular from cortical compart-
ments and does not assess bone microarchitecture, hence
decrease in BMD may only explain 60-70% of impair-
ment in bone strength [7], and many fragility fractures
occur in individuals with osteopenia or even normal
BMD [8]. Trabecular bone score (TBS), as an emerging,
noninvasive and complementary technology for evaluat-
ing bone quality, is a texture index that evaluates pixel
gray-level variations in the lumbar spine DXA image [9].
TBS provides an indirect measure of bone microarchitec-
ture and is highly correlated with direct assessments of
the trabecular microarchitecture [10]. The role of TBS in
predicting fracture risk, independently of BMD, has been
demonstrated in postmenopausal and secondary osteo-
porosis [11]. However, studies that assess bone quality
through TBS in patients with iron overload are scarce
[12, 13]. Additionally, the results of the relationship
between BMDs of different sites and organ iron overload
are inconsistent and controversial [14—-17].

Given this, we designed a cross-sectional study utiliz-
ing BMD and TBS to further investigate bone quantity
and bone quality in patients with iron overload and their
correlations with organ iron overload measured by MRI.

Methods

Study design and population

In this cross-sectional study, patients diagnosed with
hemoglobinopathies, including HH, MDS, aplastic ane-
mia, f-thalassemia, myelofibrosis, hereditary elliptocyto-
sis and hereditary spherocytosis, were recruited, between
March 2014 and May 2019. The key eligibility criteria
were as follows: (1) age between 20 and 80years, (2)
body mass index (BMI) between 15 and 37 kg/m?, since
the TBS analysis is not recommended in patients out of
this BMI range [18]. Additionally, patients with any of
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the following conditions were excluded: (1) bone meta-
bolic diseases such as definitive hypoparathyroidism and
hyperparathyroidism; (2) rheumatic and neurological
diseases; (3) pregnancy and lactation; (4) current or pre-
vious use of drugs that interfere with bone metabolism;
(5) poor-quality DXA images. Then, the included patients
underwent multi-echo gradient echo T2* MRI and DXA
examinations on the same day for organ iron, BMD and
TBS quantification.

DXA measures

All DXA studies were performed on the same GE Lunar
Prodigy Advance DXA scanner (GE Healthcare, Madi-
son, WI), using the same software (enCORE version
10.50.086) for automatic calculation of BMD of the lum-
bar spine (LS), femoral neck (FN), and total hip (TH).
According to WHO criteria, postmenopausal women
and men aged 50 and older were classified as osteoporo-
tic (T-score < —2.5), osteopenic (T-score between — 1.0
and —2.5), and normal (T score>—1) [19]. Accord-
ing to the International Society for Clinical Densitom-
etry (ISCD), premenopausal women and men younger
than 50years of age were defined as low bone mass
(Z-score < —2.0) and normal (Z-score > — 2.0) [20].

TBS was assessed by TBS iNsight v2.1 software (Med-
Imaps, Merignac, France) using the LS DXA images.
Lumbar TBS was calculated as the mean value of indi-
vidual measurements for vertebrae L1-L4. Accordingly, a
TBS above 1.310 is considered normal (low risk fracture);
a TBS between 1.230 and 1.310 is categorized as partially
degraded microarchitecture (intermediate risk fracture);
and a TBS below 1.230 is defined as degraded micro-
architecture (high risk fracture) [21].

MRI measures

All MRI examinations were performed on a 1.5T MRI sys-
tem (GE Excite HD), utilizing a single breath, multi-echo,
fast gradient echo sequence. Relevant parameters were as
follows: echo time=2.0-11.8ms; TE difference=0.6ms;
repetition time=200ms; flip angle=20° field-of-
view=40cm X 40cm; matrix size=128 x 96 pixels; slice
thickness=10mm. The total acquisition time was about
17s. The protocol used for T2* MRI measurements in all
patients was based on the GE Advantage Workstation.
The hepatic and pancreatic regions of interest (ROIs) were
delineated by two experienced radiologists, and T2* was
considered as the average of the several measurements.
The hepatic and pancreatic iron contents were quantified
in milliseconds (ms). Hepatic iron concentration values
were set as follows: T2*>11.4ms indicated normal hepatic
iron load; T2* of 3.8—-11.4ms indicated mild hepatic iron
overload; and T2* of 1.8—3.8ms indicated moderated iron
overload, while severe hepatic iron overload was set at
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<2ms. Taking the limited subjects in account, all patients
were categorized into two groups based on hepatic cut-
off points [22, 23]: no—mild iron-overload group (liver
T2*>3.8ms) and moderate—severe iron-overload group
(liver T2*<3.8ms) and divided into two groups based on
pancreatic cutoff points [22, 23]: no iron-overload group
(pancreatic T2*>21ms) and iron-overload group (pancre-
atic T2* <21 ms), respectively.

Statistical analysis

All statistical analyses were performed using SPSS 26.0
software (International Business Machines, Armonk, NY,
USA). Categorical variables were reported as number (per-
centage) and assessed using Fisher’s exact test. Quantitative
variables were tested for normality using the Shapiro—Wilk
test. Normally and non-normally distributed continuous
variables were expressed as the mean (standard deviation,
SD) and median (interquartile range, IQR), and compared
with Student’s t test and Mann—Whitney tests, respec-
tively. Associations of iron-related parameters with TBS
and BMD values were evaluated by Spearman’s correla-
tion analysis. A p value <0.05 was regarded as statistically
significant.

Results

Subject characteristics

A total of 41 Chinese patients (26 men and 15 women;
mean age=+SD, 47.54years £13.57) were recruited in this
study, including 8 men aged 50years or above and 8 post-
menopausal women. Their clinical, laboratory and densito-
metric characteristics are shown in Table 1. The TBS of all
subjects showed degraded microarchitecture in 6 (14.6%),
partially degraded in another 13 (31.7%) and normal values
in 22 (53.7%) patients. The patients with partially degraded
and degraded microarchitecture were classified together
as having abnormal microarchitecture (n =19 (46.3%)). In
contrast, LS osteoporosis (T-score < —2.5) and osteopenia
(T-score <—1.0 or Z-score <—2.0) were observed in only
one (2.4%) and 6 (14.6%) patients. A higher proportion of
LS abnormality was found by TBS (19/41, 46.3%) than by
BMD (7/41, 17.1%). Additionally, osteopenia was found at
FN in 4 patients (9.8%) and at TH in 5 (12.2%). The patients
with osteoporosis and osteopenia were classified together
as having abnormal bone mass, which was found at the
site with the lowest T-score/ Z-score in a total of 9 (22.0%)
patients.

Comparison of iron-related parameters, BMD and TBS
between hepatic moderate-severe and no-mild iron
overload groups

Among 26 male patients, BMD, T-score and Z-score of
LS were significantly lower among subjects with moder-
ate-severe hepatic iron overload compared to those with
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Table 1 Patient characteristics
Characteristics Value
Age (years), mean (SD) 4754 (13.57)
Sex, n (%)
Male 26 (63.4)
>50vyears 8(30.8)
Female 15 (36.6)
Postmenopause 8(53.3)
BMI (kg/m?), mean (SD) 23.15 (3.04)

Serum ferritin (ng/mL), median (IQR)
Serum iron (ug/dL), mean (SD)
Liver T2*-value (ms), median (IQR)
No-mild iron overload (T2* > 3.8 ms), n (%)

Moderate-severe iron overload (T2* <3.8ms), n (%)

Pancreatic T2*-value (ms), median (IQR)
No iron overload (T2*>21m:s), n (%)
Iron overload (T2*<21ms), n (%)

Primary disease, n. (%)
Myelodysplastic syndrome
Aplastic anemia
Hereditary hemochromatosis
B-thalassemia
Myelofibrosis
Hereditary elliptocytosis
Hereditary spherocytosis

LS
BMD (g/cm?), mean (SD)

T-score, mean (SD)

Z-score, mean (SD)

Osteopenia, n (%)

Osteoporosis, n (%)

TBS, mean (SD)

Partially degraded microarchitecture, n (%)
Degraded microarchitecture, n (%)

FN

BMD (g/cm?), mean (SD)
T-score, mean (SD)
Z-score, mean (SD)
Osteopenia, n (%)

Osteoporosis, n (%)

TH
BMD (g/cm?), mean (SD)

T-score, mean (SD)
Z-score, mean (SD)
Osteopenia, n (%)
Osteoporosis, n (%)
Abnormal bone mass, n (%)
Abnormal microarchitecture, n (%)

1500.00 (1288.00)
172,09 (81.41)
4.80 (5.80)
22(53.7)

19 (46.3)

35.20 (24.80)

31 (75.6)

10 (24.4)

1
1

3(31.7)
4(34.)
6(14.6)
5(12.2)
1(24)
1(24)
124)

1.08 (0.16)
—0.20(1.29)
038 (1.30)
6(14.6)
1(24)
1.33(0.10)
13(31.7)
6(14.6)

0.91(0.12)
—0.39(0.95)
0.13(0.91)
4(9.8)

0(0)

0.95(0.13)
—0.29 (1.00)
0.03 (0.99)
5(122)
0(0)
9(22.0)

19 (46.3)
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no-mild hepatic iron overload (1.004+0.13 vs 1.144+0.17,
p =0.027; —0.81+1.01 vs 037%+1.35 p =0.022;
—0.49+£1.08 vs 0.66+1.43, p =0.035, respectively).
TBS of LS and BMD, T-score and Z-score of FN and TH
were all lower among subjects with moderate-severe
hepatic iron overload compared to those with no-mild
hepatic iron overload but not statistically significant.
The moderate-severe hepatic iron overload group had
significantly higher serum ferritin and iron levels than
no-mild hepatic iron overload group (2183.67 £+ 1475.39
vs 1018.14+£521.70, p =0.048; 217.76+95.88 vs
143.97 +56.44, p =0.023, respectively). There was no
significant difference in the mean age, BMI, pancreatic
T2*-value and prevalence of abnormal bone mass and
microarchitecture between two groups (Table 2).

Among 15 female patients, patients with moder-
ate-severe hepatic iron overload had significantly
lower BMD of FN and TH (0.81+0.08 vs 1.00+0.13,
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p =0.005 and 0.91£0.19 vs 1.094+0.06, p =0.043,
respectively) and lower T-score of FN and TH
(—=1.00+0.63 vs 0.20 £ 0.64, p = 0.006 and — 0.50 + 1.44
vs 0.88£0.50, p =0.046, respectively). BMD, T-score,
Z-score and TBS of LS, and Z-score of FN and TH
were all lower among subjects with moderate-severe
hepatic iron overload compared to those with no-mild
hepatic iron overload but not statistically significant.
The moderate-severe hepatic iron overload group had
significantly higher serum ferritin and lower pancreatic
T2*-value than no-mild hepatic iron overload group
(3448.57 £2420.73 vs 1070.57 £842.04, p =0.042;
23.26 £ 14.10 vs 38.27 £10.09, p =0.041, respectively).
Patients with moderate-severe hepatic iron overload
did not differ significantly from those with no-mild
hepatic iron overload in terms of age, BMI, serum
iron levels and prevalence of abnormal bone mass and
microarchitecture (Table 2).

Table 2 Comparison of iron-related parameters, BMD and TBS between hepatic moderate-severe and no-mild iron overload groups

Male (n =26)

Female (n =15)

No-mild iron
overload (n =15)

Moderate-severeiron p
overload (n=11)

No-mild iron
overload (n =7)

Moderate-severe p
iron overload (n =8)

Age, mean (SD), years 43.20 (11.68) 45.18 (14.40) 0702 48.14(12.90) 5838 (12.40) 0.144
Men aged 50years or above/Women 4(26.7) 4 (36.4) 0.683 3(42.9) 5(62.5) 0.405
with postmenopause, n(%)
BMI, mean (SD), (kg/m?) 23,62 (2.69) 22.83(247) 0450  23.09 (1.98) 22.75 (5.06) 0.872
Serum ferritin (ng/mL), mean (SD) 1018.14 (521.70) 2183.67 (1475.39) 0.048 1070.57 (842.04) 3448.57 (2420.73) 0.042
Serum iron (ug/dL), mean (SD) 143.97 (56.44) 217.76 (95.88) 0.023 178.80 (101.80) 184.00 (31.55) 0.901
Liver T2*-value (ms), median (IQR) 9.71 (4.90) 1.96 (0.57) 0.000 6.22 (1.81) 1.94 (0.57) 0.000
Pancreatic T2*-value (ms), median (IQR) 4230 (9.40) 20.00 (42.60) 0.160 3827 (10.09) 23.26 (14.10) 0.041
BMD (g/cm?), mean (SD)

Lumbar spine 1.14(0.17) 1.00 (0.13) 0.027 1.09 (0.13) 1.07 (0.18) 0.872

Femoral neck 0.92(0.13) 0.90 (0.07) 0.589 1.00 (0.13) 0.81 (0.08) 0.005

Total hip 0.96 (0.13) 0.91 (0.09) 0318 1.09 (0.06) 0.91(0.19) 0.043
T-score, mean (SD)

Lumbar spine 0.37 (1.35) —0.81(1.01) 0.022 —0.24(1.12) —0.39(143) 0.829

Femoral neck —0.41(1.02) —0.57(0.52) 0.608 0.20 (0.64) —1.00 (0.63) 0.006

Total hip —0.24 (0.98) —0.59 (0.66) 0.342 0.88 (0.50) —0.50 (1.44) 0.046
Z-score, mean (SD)

Lumbar spine 0.66 (1.43) —0.49 (1.08) 0.035 1.00 (0.98) 043 (1.15) 0320

Femoral neck 0.01(1.07) —0.11 (0.65) 0.740 0.72 (0.67) 0.53 (0.54) 0.596

Total hip —0.12(0.97) —0.43(0.70) 0.398 0.98 (0.89) 0.40 (1.33) 0.350
Abnormal bone mass, n (%)

Lumbar spine 0(0.0) 2(18.2) 0.169 2(28.6) 3(37.5) 1.000

Femoral neck 1(6.7) 1(9.1 1.000  0(0.0) 2(25.0) 0467

Total hip 1(6.7) 1(9.1) 1.000 1(14.3) 2(25.0) 1.000
TBS

Lumbar spine, mean (SD) 1.36 (0.09) 1.33(0.10) 0.540 133(0.11) 1.28 (0.10) 0415

Abnormal microarchitecture, n (%) 5(33.3) 6 (54.5) 0.426 3(429) 5(62.5) 0.619
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Comparison of iron-related parameters, BMD and TBS
between pancreatic iron overload and no-iron overload
groups

For 26 males, BMD, T-score and Z-score of LS were
significantly lower among subjects with pancreatic
iron overload compared to those without pancreatic
iron overload (0.984+0.12 vs 1.14+0.16, p =0.012;
—0.924+0.95 vs 0.36+1.32, p =0.014; —0.64+0.89
vs 0.68+1.44, p =0.016, respectively). TBS of LS and
BMD, T-score and Z-score of FN and TH were all lower
among subjects with pancreatic iron overload compared
to those without pancreatic iron overload but not sta-
tistically significant. The pancreatic iron overload group
had significantly higher serum ferritin and iron lev-
els and lower hepatic T2*-value than no iron-overload
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group (2875.63 +2082.68 vs 1080.63 +515.52, p =0.045;
221.42+101.30 vs 146.53+55.14, p =0.024; and
2.00+1.30 vs 7.75+8.10, p =0.001, respectively). There
were no significant differences in the mean age, BMI, and
prevalence of abnormal bone mass and microarchitec-
ture between two groups (Table 3).

For 15 females, patients with pancreatic iron overload
had significantly lower BMD of FN and TH (0.79£0.08
vs 0.9940.13, p =0.011 and 0.794+0.10 vs 1.07+0.11,
p =0.000, respectively), lower T-score of FN and TH
(—1.154+0.69 vs 0.43+1.10, p =0.012 and — 1.424+0.77
vs 0.72£0.82, p=0.000, respectively), and lower Z-score
of TH (—0.44£0.91 vs 1.22+0.81, p =0.003). The prev-
alence of abnormal bone mass at TH was significantly
higher in the pancreatic iron overload group than in the

Table 3 Comparison of iron-related parameters, BMD and TBS between pancreatic iron overload and no-iron overload groups

Male (n =26)

Female (n =15)

No iron overload (n =16) iron overload (n=10) p

No iron overload (n =10) iron overload (n=5) p

Age, mean (SD), years 4413 (11.70) 43.90 (14.75)
Men aged 50years or above/ 5 (31.3) 3(300)
Women with postmeno-
pause, N(%)
BMI, mean (SD), (kg/mz) 23.34(2.63) 23.20 (2.64)
Serum ferritin (ng/mL), 1080.63 (515.52) 2875.63 (2082.68)
median (IQR)
Serum iron (ug /dL), mean 146.53 (55.14) 221.42(101.30)
(SD)
Liver T2*-value (ms), median  7.75 (8.10) 2.00 (1.30)
(IQR)
Pancreatic T2*-value (ms), 43.00 (12.10) 7.65 (5.20)
median (IQR)
BMD (g/cm?), mean (SD)
Lumbar spine 1.14(0.16) 0.98 (0.12)
Femoral neck 0.94 (0.15) 0.91 (0.08)
Total hip 0.97 (0.16) 093(0.11)
T-score, mean (SD)
Lumbar spine 0.36(1.32) —0.92(0.95)
Femoral neck —0.29 (1.22) —0.49 (0.63)
Total hip —0.11 (1.26) —0.44(0.85)
Z-score, mean (SD)
Lumbar spine 0.68 (1.44) —0.64 (0.89)
Femoral neck 0.18 (1.35) —0.05 (0.70)
Total hip 0.03 (1.29) —0.31(0.84)
Abnormal bone mass, n (%)
Lumbar spine 0 (0. 2(20.0)
Femoral neck 1(6.3) 1(10.0)
Total hip 1(63 1(10.0)
TBS
Lumbar spine, mean (SD)  1.35(0.10) 1.34 (0.08)
Abnormal microarchitec- 5 (31.3) 6 (60.0)

ture, n (%)

0966 51.00(11.99) 5880 (15.74) 0.302
1.000 5(50.0) 3 (60.0) 0.573
0.898 23.69(3.79) 2134 (3.72) 0.276
0.045 1619.67 (1103.58) 2315.75 (2246.10) 0457
0.024 17834 (86.06) 14775 (86.43) 0.560
0.001 4.85 (4.20) 2.00 (4.50) 0.440
0.000 37.60(15.3) 7.60 (12.40) 0.001
0012 1.12(0.14) 1.01(0.16) 0.179
0646 0.99(0.13) 0.79 (0.08) 0.011
0.503 1.07(0.11) 0.79(0.10) 0.000
0.014 0.00(1.18) —0.95(1.26) 0.172
0.647 043 (1.10) —1.15(0.69) 0.012
0477 0.72(0.82) —142(0.77) 0.000
0.016 0.86(1.14) 049 (0.95) 0.550
0623 1.18(1.19) 0.09 (1.14) 0.113
0480 1.22(0.81) —0.44(0.91) 0.003
0.138 2(20.0) 3(60.0) 0.251
1.000 0(0.0) 2 (40.0) 0.095
1.000 0(0.0) 3(60.0) 0.022
0614 1.32(0.11) 1.29(0.11) 0.601
0.228 5(50.0) 3(60.0) 1.000
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no iron-overload group (60.0% vs 0%, p =0.022). BMD,
T-score, Z-score and TBS of LS, and Z-score of FN were
all lower among subjects with pancreatic iron overload
compared to those without pancreatic iron overload but
not statistically significant. Patients with pancreatic iron
overload did not differ significantly from those without
pancreatic iron overload in terms of age, BMI, serum fer-
ritin and iron levels, hepatic T2*-value and prevalence of
abnormal bone mass at LS and FN and abnormal micro-
architecture at LS (Table 3).

Correlations among iron-related parameters, BMD and TBS
For the correlations among iron-related parameters
in both male and female individuals, liver T2*-value
was positively correlated with pancreatic T2*-value
(r =0.471; P =0.002) and negatively correlated with
serum ferritin (r =—0.592; P =0.000) and serum iron
(r =—0.413; P =0.009), respectively. Pancreatic T2*-
value showed significant negative correlation with
serum ferritin (r =—0.374; P =0.021). For the correla-
tions among liver T2*-value, BMD and TBS values, no
significant correlation was found. However, spearman’s
correlation analysis demonstrated a significant positive
correlation between pancreatic T2*-value with BMD and
T-score at all analyzed sites and Z-score at TH: LS BMD
(r =0.357, P =0.022); FN BMD (r =0.399, P =0.010);
TH BMD (r =0.432, P =0.005); LS T-score (r =0.347,
P =0.026); FN T-score (r =0.402, P =0.010); TH T-score
(r =0.464, P =0.003); TH Z-score (r =0.381, P =0.015),
but neither LS Z-score, FN Z-score nor TBS were corre-
lated with pancreatic T2*-value (Table 4).

Discussion

To our knowledge, this is the first cross-sectional study
to evaluate the correlations of BMD, TBS and organ iron
overload measured by MRI in iron-overloaded patients.
In the study, abnormal bone mass was found at any of
the three sites in a total of 9 (22.0%) patients, of which
7 patients had LS abnormality. Notably, 19 (46.3%)
patients had abnormal microarchitecture by TBS, which
implied that TBS may be a more sensitive parameter
than BMD to assess vertebral bone strength in iron-over-
loaded patients. Moreover, because TBS uses previously
obtained DXA images, it is simple to use in routine prac-
tice, enables the generation of longitudinal data concern-
ing cross-sectional and clinical studies and allows direct
comparison with areal BMD and application to existing
datasets [24]. Hence, the authors propose TBS be used as
a valuable and complementary clinical tool in the general
diagnosis of osteoporosis and in fracture risk assessment
in iron-overloaded patients. From a clinical perspective,
the additional information about bone strength provided
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Table 4 Correlations among iron-related parameters, BMD and

TBS

Liver T2*-value Pancreatic T2*-

value

rValue PValue rValue PValue
Liver T2*-value / / 0471 0.002
Pancreatic T2*-value 0471 0.002 / /
Serum ferritin (ng/mL) —0.592 0.000 —0.374 0.021
Serum iron (ug /dL) —-0413 0.009 —0.201 0.221
BMD (L1-4) 0.208 0.191 0.357 0.022
BMD (Femoral neck) 0.139 0.385 0.399 0.010
BMD (Total hip) 0.165 0.303 0432 0.005
T-score (L1-4) 0.205 0.198 0.347 0.026
T-score (Femoral neck) 0.126 0439 0.402 0.010
T-score (Total hip) 0.152 0.350 0.464 0.003
Z-score (L1-4) 0.108 0.501 0.273 0.084
Z-score (Femoral neck) 0.020 0.905 0.295 0.065
Z-score (Total hip) —0.001 0.994 0.381 0.015
TBS (L1-4) 0.024 0.883 0.021 0.898

by TBS could aid the management of patients with osteo-
penia, as well as those with normal BMD who have risk
factors for osteoporosis.

In the study, TBS of LS had no significant differences
between moderate-severe and no-mild hepatic iron over-
load groups, as it is between no- and pancreatic iron
overload groups. Neither hepatic nor pancreatic T2*-
value was correlated with LS TBS, in line with the result
by Baldini et al. [12] that TBS did not correlate with liver
iron concentration values. However, the studies by Bal-
dini et al. [12] and Banaszkiewicz et al. [13] revealed
that TBS was significantly lower in patients with iron
overload than controls. It should be emphasized that
although not statistically significant in the study, TBS val-
ues in the moderate-severe hepatic and pancreatic iron
overload groups were lower than in their counterparts,
which demonstrated that organ iron overload may have
a correlation with disturbed bone microarchitecture. The
absence of statistical significance in our groups may be
due to the limited number of events, a hypothesis to be
verified by enlarging the population studied.

As is well known, hepatic iron concentration (HIC)
is considered the surrogate marker of total body iron
stores [2]. In the study, we observed that BMD, T-score
and Z-score of the three sites were lower among sub-
jects with moderate-severe hepatic iron overload com-
pared to those with no-mild hepatic iron overload, of
which BMD, T-score and Z-score of LS in males and
BMD, T-score of FN and TH in females had statistical
significance. This result suggests that hepatic iron over-
load may lead to decreased BMD and increased risk of
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osteoporosis. In accordance with this result, HIC has
been reported to be significantly higher in patients with
osteoporosis than in patients without osteoporosis [25].
Moreover, in a study of 38 male HH patients, a negative
correlation was found between HIC and BMD at the
FN [16].

Many studies have reported that iron overload could
cause endocrine dysfunction, which in turn lead to osteo-
porosis [26, 27]. Pancreas is one of the most important
endocrine organs, hence, it is highly probable that pan-
creatic iron overload is closely related to osteoporosis.
The study showed that BMD, T-score and Z-score of
the three sites were lower among subjects with pancre-
atic iron overload compared to those without pancreatic
iron overload, of which BMD, T-score and Z-score of
LS in males and BMD, T-score of FN and BMD, T-score
and Z-score of TH in females had statistical significance.
Moreover, the prevalence of abnormal bone mass at TH
in females was significantly higher in the pancreatic iron
overload group than in the no iron-overload group. There
were significant positive correlations between pancreatic
T2*-value with BMD and T-scores at all analyzed sites
and Z-scores at TH. Our findings demonstrated that
compared with liver, pancreatic iron overload may be
more closely related to bone loss and the occurrence of
osteoporosis.

Interestingly, LS in males, FN and TH in females are
more prone to the decrease in bone mass in both sub-
groups. Similarly, Valenti et al. [14], in a study of 17
female and 70 male patients with HH, found that BMD
was lower in the LS compared to the FN, either evaluated
by the T-score or the Z-score. However, another study by
Guggenbuhl et al. [16] found that in 38 male HH patients,
the decrease in BMD was more pronounced at the FN
than at the LS. Therefore, the effect of gender on the
osteoporosis of different sites needs more attention and
further research.

Additionally, our study, in parallel with previous reports
[28-31], indicated that liver T2*-value was significantly
correlated with pancreatic T2*-value, serum ferritin and
serum iron and pancreatic T2*-value showed significant
negative correlation with serum ferritin, whereas others
have shown no correlation between hepatic and pan-
creatic iron [32, 33]. These controversial results may be
attributed to differences in the type of disease, number of
subjects, and management.

A limitation of this study is that the relatively small
sample size in our study may result in biased results,
particularly for females. Age and menopausal sta-
tus may make a difference in bone health, so further
research is needed to confirm the conclusions of this
study. A further limitation is that we could not exclude
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the possibility that iron would spill over into the bone
marrow to increase LS BMD measured by DXA in iron-
overloaded patients, particularly in cases of moderate—
severe iron overload.

Conclusions

This study confirmed that bone mass of all three sites
seems lower in patients with hepatic moderate-severe
and/or pancreatic iron overload, particularly for LS in
males, FN and TH in females. Moreover, TBS may well
represent a complementary tool for the evaluation of
bone quality and the risk of fracture in iron-overloaded
patients.

Abbreviations

BMD: Bone mineral density; TBS: Trabecular bone score; LS: Lumbar spine;

FN: Femoral neck; TH: Total hip; DXA: Dual-energy X-ray absorptiometry; HH:
Hereditary hemochromatosis; MDS: Myelodysplastic syndrome; MRI: Magnetic
resonance imaging; BMI: Body mass index; ISCD: The International Society for
Clinical Densitometry; ROIs: Regions of interest; ms: Milliseconds; SD: Standard
deviation; IQR: Interquartile range; HIC: Hepatic iron concentration.

Acknowledgements
Not applicable.

Authors’ contributions

Wei Yu and Bing Han substantially contributed to study conception and
design the research. Guiying Du, Pengtao Sun, and Wenmin Guan contributed
to planning, and execution of the research. Bo Hou and Qiang Lin contributed
to analysis and interpretation of the research. Zaizhu Zhang writed the manu-
script. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due [REASON WHY DATA ARE NOT PUBLIC] but are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This prospective study was approved by the Medical Ethics Committee of the
Peking Union Medical College Hospital, in line with the Declaration of Helsinki
and written informed consent was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Radiology, Peking Union Medical College Hospital, Chinese
Academy of Medical Science and Peking Union Medical College, No.1
Shuaifuyuan Wangfujing Dongcheng District, Beijing 100730, China. *Depart-
ment of Radiology, TEDA International Cardiovascular Hospital, Tianjin, China.
*Department of Radiology, Beijing Shijitan Hospital, Capital Medical University,
Beijing, China. “Department of Radiology, Beijing Friendship Hospital, Capital
Medical University, Beijing, China. >Department of Radiology, Beijing Arion
cancer center, Beijing, China. °Department of Hematology, Peking Union



Zhang et al. BMC Endocrine Disorders (2023) 23:2

Medical College Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China.

Received: 30 August 2022 Accepted: 29 December 2022
Published online: 03 January 2023

References

1. Piperno A. Classification and diagnosis of iron overload. Haematologica.
1998,83:447-55.

2. Labranche R, Gilbert G, Cerny M, Vu KN, Soulieres D, Olivie D, et al. Liver
Iron quantification with MR imaging: a primer for radiologists. Radio-
graphics. 2018;38:392-412.

3. Weinberg ED. Iron loading: a risk factor for osteoporosis. Biometals.
2006;19:633-5.

4. CheJ,Yang J, Zhao B, Zhang G, Wang L, Peng S, et al. The effect of
abnormal Iron metabolism on osteoporosis. Biol Trace Elem Res.
2020;195(2):353-65.

5. Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev N. The
diagnosis of osteoporosis. J Bone Miner Res. 1994,9:1137-41.

6. Dimai HP. Use of dual-energy X-ray absorptiometry (DXA) for diagnosis
and fracture risk assessment; WHO-criteria, T- and Z-score, and reference
databases. Bone. 2017;104:39-43.

7. Dalle Carbonare L, Giannini S. Bone microarchitecture as an important
determinant of bone strength. J Endocrinol Investig. 2004;27:99-105.

8. Siris ES, Chen YT, Abbott TA, Barrett-Connor E, Miller PD, Wehren LE, et al.
Bone mineral density thresholds for pharmacological intervention to
prevent fractures. Arch Intern Med. 2004;164:1108-12.

9.  Silva BC, Leslie WD. Trabecular bone score: a new DXA-derived meas-
urement for fracture risk assessment. Endocrinol Metab Clin N Am.
2017;46:153-80.

10. Halupczok-Zyta J, Gojny t, Bolanowski M. Trabecular bone score (TBS)
as a noninvasive and complementary tool for clinical diagnosis of bone
structure in endocrine disorders. Endokrynol Pol. 2019;70:350-6.

11. Shevroja E, Cafarelli FP, Guglielmi G, Hans D. DXA parameters, trabecu-
lar bone score (TBS) and bone mineral density (BMD), in fracture risk
prediction in endocrine-mediated secondary osteoporosis. Endocrine.
2021;74:20-8.

12. Baldini M, Marcon A, Ulivieri FM, Seghezzi S, Cassin R, Messina C, et al.
Bone quality in beta-thalassemia intermedia: relationships with bone
quantity and endocrine and hematologic variables. Ann Hematol.
2017;96:995-1003.

13. Banaszkiewicz K, Sikorska K, Panas D, Sworczak K. The role of the trabecu-
lar bone score in the assessment of Osteoarticular disorders in patients
with HFE-hemochromatosis: a single-center study from Poland. Genes
(Basel). 2021;12(9):1304.

14. ValentiL, Varenna M, Fracanzani AL, RossiV, Fargion S, Sinigaglia L.
Association between iron overload and osteoporosis in patients with
hereditary hemochromatosis. Osteoporos Int. 2009;20:549-55.

15. Ebrahimpour L, Akhlaghpoor S, Azarkayvan A, Salehi M, Morteza A,
Alinaghi R. Correlation between bone mineral densitometry and liver/
heart iron overload evaluated by quantitative T2* MRI. Hematology.
2012;17:297-301.

16. Guggenbuhl P, Deugnier Y, Boisdet JF, Rolland Y, Perdriger A, Pawlotsky Y,
et al. Bone mineral density in men with genetic hemochromatosis and
HFE gene mutation. Osteoporos Int. 2005;16:1809-14.

17. Musallam KM, Cappellini MD, Wood JC, Motta |, Graziadei G, Tamim
H, et al. Elevated liver iron concentration is a marker of increased
morbidity in patients with beta thalassemia intermedia. Haematologica.
2011;96:1605-12.

18. Silva BC, Broy SB, Boutroy S, Schousboe JT, Shepherd JA, Leslie WD. Frac-
ture risk prediction by non-BMD DXA measures: the 2015 ISCD official
positions part 2: trabecular bone score. J Clin Densitom. 2015;18:309-30.

19. Kanis JA. Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis: synopsis of a WHO report. WHO study
group. Osteoporos Int. 1994;4:368-81.

20. Adult official positions of the international society for clinical Densitome-
try. 2020. http//www.iscd.org/offcial positions/offcial. ISCD position-adult
(English).

Page 8 of 8

21. McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson H, et al.
A Meta-analysis of trabecular bone score in fracture risk prediction and its
relationship to FRAX. J Bone Miner Res. 2016;31:940-8.

22. Angelucci E, Brittenham GM, McLaren CE, Ripalti M, Baronciani D, Giardini
C, et al. Hepatic iron concentration and total body iron stores in thalas-
semia major. N Engl J Med. 2000;343:327-31.

23. AuWY, Lam WW, Chu W, Tam S, Wong WK, Liang R, et al. A T2* magnetic
resonance imaging study of pancreatic iron overload in thalassemia
major. Haematologica. 2008;93:116-9.

24. Silva BC, Leslie WD, Resch H, Lamy O, Lesnyak O, Binkley N, et al. Trabecu-
lar bone score: a noninvasive analytical method based upon the DXA
image. J Bone Miner Res. 2014;29:518-30.

25. Musallam KM, Cappellini MD, Wood JC, Motta |, Graziadei G, Tamim
H, et al. Elevated liver iron concentration is a marker of increased
morbidity in patients with 3 thalassemia intermedia. Haematologica.
2011;96:1605-12.

26. WuH,YuM, Xiao C, Zhang Q, Xiao X. Clinical characteristics of endo-
crinopathies in Chinese patients with hereditary haemochromatosis.
Diabetes Metab Res Rev. 2021;37:23448.

27. Kim MK, Lee JW, Baek KH, Song KH, Kwon HS, Oh KW, et al. Endo-
crinopathies in transfusion-associated iron overload. Clin Endocrinol.
2013;78:271-7.

28. Sevimli C,Yilmaz Y, Bayramoglu Z, Comert RG, Gul N, Dursun M, et al. Pan-
creatic MR imaging and endocrine complications in patients with beta-
thalassemia: a single-center experience. Clin Exp Med. 2022;22:95-101.

29. ShurJ, Kannengiesser SAR, Menezes R, Ward R, Kuo K, Jhaveri K. Glucose
dysregulation in patients with iron overload: is there a relationship with
quantitative pancreas and liver iron and fat content measured by MRI?
Eur Radiol. 2020;30:1616-23.

30. Aslan E, Luo JW, Lesage A, Paquin P, Cerny M, Chin AS, et al. MRI-based
R2* mapping in patients with suspected or known iron overload. Abdom
Radiol (NY). 2021;46:2505-15.

31. Idilman IS, Gimrik F, Haliloglu M, Kargaaltincaba M. The feasibility of
magnetic resonance imaging for quantification of liver, pancreas, spleen,
vertebral bone marrow, and renal cortex R2* and proton density fat frac-
tion in transfusion-related Iron overload. Turk J Haematol. 2016;33:21-7.

32. Papakonstantinou O, Alexopoulou E, Economopoulos N, Benekos O,
Kattamis A, Kostaridou S, et al. Assessment of iron distribution between
liver, spleen, pancreas, bone marrow, and myocardium by means of R2
relaxometry with MRI in patients with beta-thalassemia major. J Magn
Reson Imaging. 2009;29:853-9.

33. Argyropoulou M, Kiortsis DN, Astrakas L, Metafratzi Z, Chalissos N,
Efremidis SC. Liver, bone marrow, pancreas and pituitary gland iron
overload in young and adult thalassemic patients: a T2 relaxometry study.
Eur Radiol. 2007;17:3025-30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.iscd.org/offcial

	Association of hepaticpancreatic iron overload evaluated by quantitative T2* MRI with bone mineral density and trabecular bone score
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and population
	DXA measures
	MRI measures
	Statistical analysis

	Results
	Subject characteristics
	Comparison of iron-related parameters, BMD and TBS between hepatic moderate-severe and no-mild iron overload groups
	Comparison of iron-related parameters, BMD and TBS between pancreatic iron overload and no-iron overload groups
	Correlations among iron-related parameters, BMD and TBS

	Discussion
	Conclusions
	Acknowledgements
	References


