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INTROduCTION Graves’ ophthalmopathy (GO) 
is considered an autoimmune disorder.1,2 Such 
concept is supported by histopathological chang‑
es associated with the disease. Increased volume 
of the orbital content is caused by edema, pro‑
duction of hydrophilic glycosaminoglycans, hy‑
pertrophy, and marked infiltration of immuno‑
competent cells. This process is intensified by 
locally synthesized cytokines and growth fac‑
tors.3,4 About 5% of the patients develop severe, 

vision‑threatening ophthalmopathy. Immunosup‑
pression with the use of glucocorticoids or orbit‑
al radiotherapy, or the combination of both,5,6 is 
considered to be the treatment of choice during 
the active phase of severe GO. However, glucocor‑
ticoid therapy may cause multiple side effects, for 
example, it may negatively affect bone metabo‑
lism. This effect depends mostly on the total dose 
of glucocorticoids.7 Recent studies have indicated 
that high‑dose intravenous methylprednisolone 
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AbsTRACT

INTROduCTION Immunosuppression with glucocorticoids is the method of choice in the treatment of 
active Graves’ ophthalmopathy (GO). However, glucocorticoid therapy may have side effects, among 
others, it affects bone metabolism.
ObjECTIvEs The aim of the study was to compare the effect of methylprednisolone pulse therapy (MPPT) 
with and without alendronate on bone turnover markers in patients with GO with normal and reduced 
bone mineral density (BMD).
PATIENTs ANd mEThOds The study included 53 patients with GO and 20 sex- and age-matched healthy 
controls. Twenty patients with normal BMD (17 women, 3 men, aged 45 ±1.0 years) received only MPPT 
(8 g intravenously during 4 weeks). The remaining patients, with reduced BMD, were randomly assigned 
either to MPPT without alendronate (10 women, 2 men, aged 47 ±1.0 years) or MPPT with alendronate 
(18 women, 3 men, aged 47 ±1.0 years). BMD of the lumbar spine and femoral neck was assessed 
using dual energy X-ray absorptiometry (DEXA) before treatment. The markers of bone formation (serum 
osteocalcin, carboxyterminal propeptide of type I collagen [PICP], alkaline phospatase) and the markers 
of bone resorption (serum carboxyterminal telopeptide of type I collagen [ICTP], cross-linked C-terminal 
telopeptide of type I collagen [CTX], serum calcium [Ca] and potassium [P], as well as urinary excretion 
of deoxypyridinoline, Ca, and P) were determined before and after treatment.
REsuLTs MPPT caused a decrease in bone formation markers and an increase in some bone resorption 
markers. MPPT with alendronate decreased bone formation and bone resorption markers.
CONCLusIONs A negative effect of MPPT on bone turnover is observed both in patients with GO with 
normal and with reduced BMD. Simultaneous use of MPPT and alendronate in patients with GO and 
reduced BMD suppresses bone resorption caused by methylprednisolone.
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for 2 successive days, repeated 4 times within 4 
weeks). The remaining patients, with reduced 
BMD, were randomly assigned to either MPPT 
without alendronate (10 women, 2 men, aged 47 
±1.0 year, group B) or MPPT with concomitant 
alendronate 10 mg given orally every day with‑
in 4 weeks (18 women, 3 men, aged 47 ±1.0 year, 
group C). The characteristics of the patients are 
presented in TAbLE 1.

In patients with GO, the biochemical markers 
of bone metabolism, serum calcium (Ca) and po‑
tassium (P) levels, and urinary Ca excretion were 
assessed twice: in groups A and B before and af‑
ter MPPT; in group C before and after MPPT with 
concomitant alendronate therapy. In healthy con‑
trols, the tests were performed only once. In all 
subjects, thyroid‑stimulating hormone (TSH), 
FT3, and FT4 levels were assessed once (in pa‑
tients with GO before treatment).

The following markers of bone formation were 
determined: serum osteocalcin, carboxyterminal 
propeptide of type I collagen (PICP), total alkaline 
phosphatase (tAP), bone alkaline phosphatase 
(bAP). Moreover, the following markers of bone 
resorption were assessed: carboxyterminal telo‑
peptide of type I collagen (ICTP) and urinary de‑
oxypiridinoline (DPD) excretion. Another marker 
of bone resorption, serum cross‑linked C‑terminal 
telopeptide of type I collagen (CTX), was addition‑
ally measured in group C and in controls.

TSH was assessed by immunoradiometric as‑
say (IRMA; Orion Diagnostica, Czech Republic); 
FT4 and FT3 by a radioimmunoassay (RIA; Im‑
munotech, Czech Republic); serum TSH‑recep‑
tor antibodies (TRAbs) by a radio receptor assay 
(B.R.A.H.M.S. Diagnostica, Germany); osteocal‑
cin by RIA (B.R.A.H.M.S. Diagnostica); PICP and 
ICTP by RIA (Orion Diagnostica, Finland); bAP 
by IRMA (OSTASE Beckman Coulter kit, Unit‑
ed States); urinary DPD excretion by an enzyme 
linked inmunosorbent assay (ELISA; Pyrilinks‑D, 
Metra Biosystems, Inc., United States) and the fi‑
nal results were expressed as nmol DPD/ mmol 
creatinine [Cr]); CTX was determined by ELISA 
(Serum Cross laps TM kit Osteomer Biotech A/S, 
Denmark).

The normal ranges were as follows: FT4, 
11.5–23.0 pmol/l; FT3, 2.5–5.8 pmol/l; serum 
TRAbs, <9.0 U/l; osteocalcin, 0.67–2.01 nmol/l; 
PICP: women, 50–170 μg/l; men, 38‑202 μg/l; 
ICTP: women, 1.6–5.0 μg/l; men, 1.3–5.2 μg/l; 
bAP: women, 8.7 ±2.9 μg/l; men, 12.3 ±4.3 μg/l; 
urinary DPD excretion: women, 2.5–6.5 nmol/
mmol Cr; men, 2.5–5.5 nmol/nmol/mmol Cr; 
CTX: women, 2304 ±110 pmol/l; men, 2382 
±1364 pmol/l.

Serum Ca, P, and tAP levels and urinary Ca ex‑
cretion (mmol/10 mmol Cr/24 h) were assessed 
by standard methods in the Central Hospital 
Laboratory.

statistical analysis All results were expressed as 
means ± standard error of the mean. The mean val‑
ues were compared using the t test (for parameters 

pulse therapy (MPPT) seems to be more effective 
than treatment with prednisone alone.8,9 Hyper‑
thyroidism, either associated with or preceding 
the development of GO, might adversely affect 
bone tissue.10 Optimal ophthalmopathy treatment 
should not induce further bone resorption.

The aim of the current study was, first, to in‑
vestigate the effect of high‑dose MPPT on bone 
metabolism in patients with active and moder‑
ately severe GO; second, to determine whether 
the effect of MPPT on bone turnover is different 
in patients with normal and reduced bone mineral 
density (BMD); and, third, to determine whether 
the combination of MPPT and alendronate treat‑
ment could prevent the possible unfavorable ef‑
fect of MPPT on bone metabolism in patients 
with reduced BMD.

PATIENTs ANd mEThOds Fifty‑three euthyroid 
patients with active and moderately severe GO 
and 20 sex‑ and age‑matched healthy controls 
were included in the study. Patients with GO were 
selected from among consecutive patients admit‑
ted between January 2006 and September 2010 
to the Department of Internal Diseases, Meidcal 
University of Silesia, Katowice, Poland.

The diagnosis of ophthalmopathy was based 
on ophthalmological investigation and quanti‑
tative magnetic resonance imaging of the orbits 
and retro‑orbital space. Activity of GO was de‑
fined with the clinical activity score of 4 or high‑
er, based on the classification system proposed by 
Mourits et al.11 Severity of GO was assessed using 
the NOSPECS classification by calculating the to‑
tal eye score.12 All patients were clinically euthy‑
roid, with normal free triiodothyronine (FT3) and 
free thyroxine (FT4) levels during the study and 
within 4 months prior to the study. Subjects with 
hyperthyroidism were maintained euthyroid with 
thionamide therapy. All female subjects were pre‑
menopausal. The exclusion criteria were as follows: 
contraindications to glucocorticoid therapy, previ‑
ous treatment with glucocorticoids, or any other 
current therapy known to affect bone or calcium 
metabolism. The study was approved by the Local 
Bioethics Committee and was conducted in accor‑
dance with the Helsinki Declaration. Informed con‑
sent was obtained from all subjects. 

BMD of the lumbar spine and femoral neck was 
assessed using dual energy X‑ray absorptiometry 
(DEXA) before treatment. BMD values were ex‑
pressed as g per cm³. The obtained results were 
compared with those of sex‑matched young con‑
trols at peak bone mass and expressed as T‑scores. 
According to the definition of the World Health 
Organization,13 osteopenia was diagnosed in pa‑
tients with the T‑score between <–1 to –2. 5 stan‑
dard deviation (SD), osteoporosis in those with 
the T‑score <–2. 5, and normal bone density in 
those with the T‑score not exceeding 1 SD below 
the mean BMD value for young adults. Twenty 
consecutive patients with normal BMD (17 wom‑
en, 3 men, aged 45 ±1 year, group A) were treat‑
ed with high‑dose intravenous MPPT (1 g per day 
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DPD excretion compared with controls (TAbLEs 2 
and 3).

Effect of simultaneous methylprednisolone pulse ther‑
apy and alendronate treatment on bone formation and 
resorption markers MPPT and concomitant alen‑
dronate therapy decreased the levels of bone for‑
mation markers (serum osteocalcin, PICP, bAP) 
and bone resorption markers (serum ICTP and 
CTX, DPD urinary excretion) (TAbLEs 2 and 3).

dIsCussION The aim of the study was to esti‑
mate the effect of short‑term intravenous MPPT 
with or without alendronate therapy on bone 
turnover markers in patients with an active and 
moderately severe form of GO and with normal 
or reduced BMD. In patients with GO, the BMD 
of the lumbar spine and femoral neck was mea‑
sured by DEXA before therapy. This examination 
was not repeated after 4 weeks of MPPT because 
the precise estimation of BMD loss by DEXA is not 
possible in such a short period of time.14 

In patients with GO, the levels of bone forma‑
tion and resorption markers were higher than in 
control subjects. Increased levels of bone resorp‑
tion and formation markers are considered to be 
an evidence of enhanced bone turnover. All study 
patients were euthyroid during the study and 
at least 4 months prior to MPPT. However, all 
patients had been treated for hyperthyroidism 
in the past. There were no differences between 
the groups in terms of sex and TSH, FT4, and FT3 

with normal distribution) or the Mann‑Whitney 
test (for parameters with distribution deviations). 
Differences in the number of smokers between 
groups B and C and group A were analyzed using 
the χ2 test. The P value less than 0.05 was con‑
sidered statistically significant.

REsuLTs serum thyroid‑stimulating hormone, free 
triiodothyronine, and free thyroxine levels Patients 
with GO did not show any statistically significant 
differences in serum TSH, FT3, and FT4 levels com‑
pared with healthy subjects (TAbLE 1).

markers of bone formation Patients with GO had 
significantly higher serum osteocalcin, PICP, and 
bAP levels than controls (TAbLE 2).

markers of bone resorption Serum ICTP levels 
were significantly higher in groups A and B com‑
pared with control subjects. In group C, serum 
CTX concentration and urinary DPD excretion 
was significantly higher than in controls. Serum 
Ca and P levels as well as urinary Ca excretion did 
not differ significantly between GO patients and 
the control group (TAbLE 3).

Effect of methylprednisolone pulse therapy on bone 
formation and resprption markers MPPT signif‑
icantly reduced serum osteocalcin, PICP, and 
ICTP levels and increased urinary Ca excretion. 
In group B, MPTT significantly increased urinary 

TAbLE 1 Characteristics of patients with Graves’ ophthalmopathy and controls

Group A Group B Group C Control group

n 20 12 21 20

sex, women/men 17/3 10/2 18/3 17/3

age, y 45.00 ±1.43 47.17 ±1.19 47.23 ±1.34 46.50 ±1.28

duration of 
hyperthyroidism

month 5.00 ±0.20 5.92 ±0.29 5.90 ±0.15d 0

range 2–6 4–8 4–7

duration of 
ophthalmopathy

month 4.8 ±0.22 5.37 ±0.28 5.33 ±0.23 0

range 2–6 4–7 3–6

smokers, yes/no 6/14 10/2b 18/3c 2/18

CAS 5.35 ±0.27 5.33 ±0.29b 5.72 ±0.34 0

TES 14.5 ±1.90 13.83 ±1.94 14.38 ±1.92

TRAbs, U/l 47.70 ±9.86a 53.77 ±13.50a 51.26 ±10.20a 3.59 ±0.55

TSH, mIU/l 2.00 ±0.36 1.90 ±0.39 1.67 ±0.14 1.48 ±0.15

FT3, pmol/l 3.78 ±0.13 3.80 ±0.27 3.54 ±0.16 3.39 ±0.07

FT4, pmol/l 17.45 ±0.57 16.68 ±1.04 17.38 ±0.66 15.87 ±0.55

BMD L2–L4, g/cm ³ 1.17 ±0.01 0.96 ±0.03a 0.97 ±0.01a 1.18 ±0.02

BMD femoral neck, g/cm³ 1.00 ±0.02 0.83 ±0.02a 0.79 ±0.02a 1.00 ±0.01

Values are presented as means ± standard error of the mean.

Group A: patients with normal T-score (–1 to +1 SD) treated with methylprednisolone pulse therapy; group B: patients 
with T-score <–1 SDs treated with methylprednisolone pulse therapy; group C: patients with T-score < –1 SDs treated 
with methylprednisolone and alendronate.

a P <0.001 vs. controls; b P <0.05; c P <0.01; d P <0.001: groups B and C vs. group A

Abbreviations: BMD – bone mineral density, CAS – clinical activity score, FT3 – free triiodothyronine, FT4 – free 
thyroxine, TES – total eye score, SD – standard deviation, TRAbs – serum TSH-receptor antibodies, TSH – 
thyroid-stimulating hormone
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have been expected despite clinical and biochem‑
ical euthyreosis lasting at least 4 months.

In the present study, the assessment of bone 
turnover markers was repeated after MPPT (the 
cumulative dose was 8 g during 4 weeks). MPPT 
caused a decrease in some markers of bone for‑
mation (osteocalcin and PICP) in all patients. 
MPPT also increased some markers of bone re‑
sorption (urinary DPD excretion in group B and 
urinary Ca excretion in groups A and B). Osteo‑
calcin and bAP levels are considered to reflect dif‑
ferent aspects of osteoblastic function. The mea‑
surement of PICP provides direct information 
on the rate of synthesis of type I collagen. ICTP 
and DPD are considered to be the markers of dif‑
ferent bone resorption phases. Urinary DPD ex‑
cretion is thought to be a much more sensitive 
and reliable measure of bone resorption than 

levels. Outdoor activities and nutrition were sim‑
ilar in all patient groups, but in groups with de‑
creased BMD (B and C), longer periods of hyper‑
thyroidism and a greater number of smokers were 
found compared with group A with normal BMD. 
Decreased BMD in groups B and C could most 
likely be attributed to prolonged thyrotoxicosis 
and perhaps to smoking. It is known that thyroid 
hormones accelerate bone formation and resorp‑
tion, with more influence on bone resprption.15 
Bone turnover can be enhanced even in subclini‑
cal hyperthyroidism.16 In overt hyperthyroidism, 
a correlation between clinical symptoms, thyroid 
hormone levels, and bone turnover markers has 
been observed.17 Moreover, increased bone turn‑
over may persist for at least 2 to 8 months follow‑
ing the treatment of hyperthyroidism.18 Thus, in‑
creased bone turnover in our study group might 

TAbLE 2 Serum markers of bone formation in patients with Graves’ ophthalmopathy before and after methylprednisolone treatment (groups A and B) 
or methylprednisolone with alendronate treatment (group C) and in controls

Group A Group B Group C Control group

osteocalcin, nmol/l
before 1.65 ±0.22a 2.31 ±0.43a 1.73 ±0.21a 1.16 ±0.09

after 0.89 ±0.15a++ 1.11 ±0.29+++ 0.79 ±0.15++

PICP, ng/ml
before 175.03 ±20.62a 193.39 ±30.15a 145.94 ±15.06a 120.36 ±7.75

after 74.69 ±6.02b+++ 85.65 ±11.37a+++ 72.47 ±15.13++

tAP, nmol/l/s
before 1071.05 ±90.80 1118.92 ±119.60 1184.47 ±92.33 999.25 ±52.63

after 997.45 ±74.45 1118.92 ±119.60 1016.76 ±77.70

bAP, μg/l
before 15.52 ±1.70b 12.12 ±4.04a 15.56 ±2.35a 10.26 ±0.76

after 14.12 ±1.54a 18.47 ±3.85 11.89 ±1.47+

Values are presented as means ± standard error of the mean.

a P <0.05 vs. control; + P <0.05 before vs. after treatment 
b P <0.001 vs. control; ++ P <0.01 before vs. after treatment; +++ P <0.001 before vs. after treatment

Abbreviations: PICP – carboxyterminal propeptide of type I collagen, bAP – bone alkaline phosphatase, tAP – total alkaline phosphatase

TAbLE 3 Markers of bone resorption, serum calcium and potassium levels, and urinary calcium excretion in patients with Graves’ ophthalmopathy 
before and after methylprednisolone treatment (group A and B) or methylprednisolone with alendronate treatment (group C) and in controls

Group A Group B Group C Control group

serum ICTP, ng/ml
before 5.16 ±0.38b 6.66 ±1.08a 3.40 ±0.26 3.97 ±0.18

after 3.27 ±0.27a+++ 4.50 ±0.87++ 3.40 ±0.26

serum CTX, pmol/l
before – – 6515.90 ±919.01a 4272.00 ±347.59

after – – 2561.61±463.77++

urinary DPD 
excretion, nmol/mmol Cr

before 4.74 ±0.4 6.95 ±0.72 7.90 ±1.16b 5.36 ±0.32

after 5.42 ±0.56 8.40 ±0.89c 3.81 ±0.64+++

serum Ca, mmol/l
before 2.29 ±0.01 2.28 ±0.02 2.25 ±0.01 2.29 ±0.05

after 2.31 ±0.01 2.27 ±0.07 2.17 ±0.02

serum P, mmol/l
before 1.44 ±0.03 1.24 ±0.06 1.31 ±0.04 1.42 ±0.03

after 1.39 ±0.03 1.20 ±0.04 1.19 ±0.04

urine Ca, mmol/10 mmol 
Cr/24 h

before 2.97 ±0.13 3.56 ±0.44 2.97 ±0.31 3.19 ±0.18

after 4.33 ±0.37a+++ 3.56 ±0.44 2.91 ±0.31

Values are presented as means ± standard error of the mean. 

a P <0.05 vs. control; + P <0.05 before vs. after treatment 
b P <0.01 vs. control; ++ P <0.01 before vs. after treatment 
c P <0.001 vs. control; +++ P <0.001 before vs. after treatment

Abbreviations: Ca – calcium, Cr – creatinine, CTX – cross-linked C-terminal telopeptide of type I collagen, DPD – deoxypyridinoline, ICTP – 
carboxyterminal telopeptide of type I collagen, P – potassium
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short‑term MPPT could prevent an increase of 
bone resorption in patients with low initial bone 
mass and other risk factors for osteoporosis.

Finally, there is the question whether this 
short‑term high‑dose MPPT administration re‑
duces BMD. BMD measurement after such a short 
treatment may be not insensitive enough to show 
significant differences.14 Newer technologies, such 
as high resolution peripheral quantitative com‑
puted tomography or micromagnetic resonance 
imaging, could be more helpful in identifying 
individual fracture risk in patients on glucocor‑
ticoids.31 Additionally, a direct relationship be‑
tween BMD and fracture risk in glucocorticoid‑ 

‑induced osteoporosis has not been established32 
because fractures occur at higher BMD.33 Repeat‑
ed assessment of BMD after 6 months or 1 year 
was not possible in our study group because some 
of the patients were treated using different reg‑
imens, including short‑term high‑dose MPPT, 
chronic prednisone treatment, or a combination 
of prednisone treatment and radiotherapy.

In conclusion, a harmful effect of short‑term 
MPPT on bone turnover (expressed as a decrease 
of bone formation and an increase of bone resorp‑
tion) was observed in patients with GO and with 
normal or reduced BMD. Combined methylpred‑
nisolone and alendronate treatment in patients 
with decreased BMD may inhibit bone resorp‑
tion caused by methylprednisolone.
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sTREszCzENIE

wPROwAdzENIE Metodą z wyboru leczenia aktywnej oftalmopatii towarzyszącej chorobie Gravesa 
(Graves’ ophthalmopathy – GO) jest immunosupresja za pomocą kortykosterydoterapii. Metoda ta może 
jednak wywołać skutki uboczne, między innymi wpływa na metabolizm tkanki kostnej.
CELE Celem pracy było porównanie wpływu leczenia pulsacyjnego metyloprednizolonem (methylpredni‑
solone pulse therapy – MPPT) łącznie i bez alendronianu na zachowanie się wskaźników obrotu kostnego 
u chorych z GO z normalną i obniżoną gęstością mineralną kości (bone mineral density – BMD).
PACjENCI I mETOdy W badaniu wzięło udział 53 chorych z GO oraz 20 osób zdrowych dobranych 
pod względem płci i wieku. Dwudziestu chorych z prawidłową masa kostną (17 kobiet i 3 mężczyzn 
w wieku 45 ±1,0 lat) otrzymywało wyłącznie MPPT (dożylnie 8 g w ciągu 4 tygodni). Pozostali chorzy 
z obniżoną BMD otrzymywali MPPT bez alendronianu (10 kobiet i 2 mężczyzn w wieku 47 ±1,0 lat) lub 
MP łącznie z alendronianem (18 kobiet i 3 mężczyzn w wieku 47 ±1,0 lat). BMD kręgosłupa i kości 
udowej oceniano przed leczeniem przy użyciu przy użyciu densytometrii kostnej (dual energy X‑ray 
absorptiometry – DEXA). Przed i po MPPT oznaczano wskaźniki tworzenia tkanki kostnej (stężenie 
w surowicy osteokalcyny, C-końcowego propeptydu prokolagenu typu I [PICP], fosfatazy zasadowej) 
oraz wskaźniki resorpcji kostnej (stężenie w surowicy C-końcowego telopeptydu kolagenu typu I [ICTP], 
C-końcowego usieciowanego telopeptydu kolagenu typu 1 [CTX], wapnia [Ca] i potasu [P] oraz wydalanie 
z moczem deoksypirydynoliny, Ca i P).
wyNIKI MPPT spowodowało obniżenie wskaźników tworzenia tkanki kostnej oraz wzrost niektórych 
wskaźników resorpcji tkanki kostnej. MPPT z dodatkiem alendronianu obniżyło zarówno wskaźniki two-
rzenia, jak i resorpcji tkanki kostnej.
wNIOsKI Niekorzystny wpływ leczenia MP na tkankę kostną występuje u chorych z GO zarówno z prawi-
dłową, jak i z obniżoną BMD. Równoczesne stosowanie MPPT i alendronianu u chorych z GO i z obniżoną 
BMD hamuje resorpcję kostną wywołaną podaniem metyloprednizolonu.
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