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INTRODUCTION

Summary

Corticosteroids remain the first-line treatment of immune thrombocytopenia (ITP),
but increase the risk of osteoporosis and fractures. Bisphosphonates are used for the
treatment of osteoporosis, but their usage among patients with ITP has not been
systemically described. We investigated the risk of fractures and the use of bisphos-
phonates in adult patients with primary (pITP) and secondary ITP (sITP) compared
with matched comparators in a nationwide registry-based cohort study. We iden-
tified 4030 patients with pITP (median age 60years [IQR, 40-74]), 550 with sITP
(median age 59 years [IQR, 43-74]) and 182 939 age—sex-matched general population
comparators. All individuals were followed for incident fractures. Bisphosphonate
use was estimated for calendar-years and in temporal relation to the ITP diagnosis.
Adjusted cause-specific hazard ratio (csHR) for any fracture was 1.37 (95% confi-
dence interval [CI] 1.23; 1.54) for pITP and 1.54 (1.17; 2.03) for sITP. The first-year
csHR was 1.82 (1.39; 2.40) for pITP and 2.78 (1.58; 4.91) for sITP. Bisphosphonate use
over calendar-years and in the early years following ITP diagnosis was higher among
patients with ITP diagnosis compared with the general population. In conclusion,
the risk of fractures and the use of bisphosphonates are higher in patients with ITP
compared with the general population.
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disease as well as immediate or late effects from treatment
contribute.>”’

Immune thrombocytopenia (ITP) is an autoimmune dis-
order where an immune reaction against platelets causes
isolated thrombocytopenia and a subsequent elevated risk
of bleeding.! Adult patients with ITP suffer from reduced
survival and quality of life,”” as well as increased risks of
thrombosis, infection and cancer.>®® Mechanisms be-
hind these health events are not well understood, but it has
been suggested that both immune dysfunction of the ITP

The preferred first-line treatment of ITP remains
high-dose corticosteroids, either as a short course of
prednisolone or pulsed dexamethasone.'™'' Patients
with ITP are generally exposed to corticosteroids for a
short period, but accumulated doses over time still re-
main high due to long exposure time, repeated courses
or combination treatment regimens including low-dose
corticosteroids.'"'?

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

1464 wileyonlinelibrary.com/journal/bjh

Br ] Haematol. 2024;204:1464-1475.


www.wileyonlinelibrary.com/journal/bjh
mailto:
https://orcid.org/0000-0002-1098-8134
https://orcid.org/0000-0002-4478-1297
https://orcid.org/0000-0001-8905-0220
mailto:nikolaj.mannering2@rsyd.dk
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fbjh.19301&domain=pdf&date_stamp=2024-02-01

MANNERING ET AL.

JHa 1465

Exposure to corticosteroids is associated with bone-
related morbidity, such as osteoporosis and fractures, even
in low-dose regimens.”™® Furthermore, the majority of
patients with ITP are female and >50years of age™'” with a
biologically elevated risk of osteoporosis, making consid-
erations regarding bone-related side-effects of treatment
relevant."®'” Hip fractures are also known to be associated
with increased mortality.'**° However, it has not been inves-
tigated whether patients with ITP suffer from an increased
risk of fractures.

The cumulative doses of corticosteroids used in patients
with ITP and other patients are generally high.*"** Previous
studies have shown a decrease in bone mineral density
(BMD) and a high prevalence of glucocorticoid-induced
osteoporosis in I'TP, but with the beneficial effects of bis-
phosphonates.”® Bisphosphonates are key elements in the
treatment of osteoporosis,** but the general use of bisphos-
phonates in relation to the diagnosis of ITP and whether it
differs from its use in the general population have not been
investigated.

In this nationwide study, we present data quantifying
the risk of fractures and the use of bisphosphonates over
calendar-years and in temporal relation to the diagnosis of ITP.

MATERIALS AND METHODS
Data sources

The Danish health registries comprise valid and nationwide
data with continuous updates.”>*® They contain informa-
tion regarding hospitalizations since 1977, hospital outpa-
tient and emergency room (ER) registrations since 1994 and
data on prescription drugs dispensed since 1995 for all in-
habitants of Denmark and allow individual-level record
linkage across them. > 27230

Patients with haematological conditions are solely
managed in public hospitals, and all hospital contacts
in Denmark are assigned a diagnosis code by physicians
using the International Classification of Diseases (ICD)
and registered in the Danish National Patient Registry
(DNPR).***

We retrieved data from the DNPR on inpatient and
outpatient hospital contacts and associated ICD codes.
The Danish Civil Registration System (DCRS)* provided
data on sex, date of birth, migration and death. Data on
redeemed prescriptions for bisphosphonates from 1995
and onwards were retrieved from The Danish National
Prescription Registry.31

Identification of patients, comparators and
health events

We used the designated codes for ITP in the ICD-8 (287.10)
(1977-1993) and ICD-10 (D69.3) (1994-2016) for identi-
fication of patients in the DNPR (Table S1). Patients were
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categorized as having secondary ITP (sITP) if they were reg-
istered with at least one underlying qualifying diagnosis be-
fore or up to 30 days after registration of ITP (Table $2).2%7!
This approach was similar to another study by our group
(Figure S1).” Index data was the first registration of ITP in
the DNPR, and each patient was assigned up to 40 age-sex-
matched comparators from the general population. The
comparators were allotted the same index date as the pa-
tients, and all individuals were followed until the first of:
fracture (emergency room or in-hospital), emigration, death
or the end of December 2016. Individuals with a history of
fractures before the index date were excluded from the inci-
dence analyses. Fractures were aggregated in five categories:
hip and femoral, humeral, distal antebrachial, axial (costal,
vertebral or pelvic fracture) and a category with the first
registration of any of the four aforementioned (Table S3).
Fractures were identified in the DNPR using previously ap-
plied methods (Table $3).3? Procedural codes and dates for
dual X-ray absorptiometry (DXA) scans were identified in
the DNPR.

Prevalent comorbidity at inclusion was based on diag-
noses registered in the DNPR before or at the index date
and categorized into nine groups. We mainly used the
Quan 2011 updated Charlson Comorbidity Index (ccn,®
while other categories were defined solely on registrations
of specific ICD-codes in the DNPR (Table S4). The ap-
plied Quan 2011 categories were: metastatic solid cancer/
tumour, chronic pulmonary disease, diabetes mellitus,
dementia, congestive heart failure and myocardial infarc-
tion (the latter two joined in the category ‘heart disease’).
The remaining categories were: alcohol-related diag-
noses, autoimmune disease, hyperparathyroidism and
osteoporosis (Tables S3 and S4). This approach of classi-
tying individual-level comorbidity in longitudinal studies
through the DNPR has been proven to be valid.** However,
many patients with osteoporosis are diagnosed and treated
in the primary sector, hence not registered in the DNPR.
We therefore also included a covariate with the prevalent
use of bisphosphonates as a proxy measure for potential
non-registered bone-demineralizing disorder.

Many fractures are treated without hospitalization in the
ER. Since ER registrations were available in the DNPR from
1994 and prescription data only were available from 1995 on-
wards, we excluded patients diagnosed before 1995.

Statistical analyses

Baseline characteristics were presented as medians with an
interquartile range (IQR) for age and proportions with 95%
confidence intervals (95% CIs) for distributions of sex, age
groups, study periods, prevalent comorbidity, prevalent frac-
ture and use of bisphosphonate.

We estimated 1st, 2-5th, 6-10th year and overall in-
cidence rates (IRs) and 95% ClIs for each type of fracture
among patients and comparators. IRs were estimated as the
number of fractures per 1000 persons per year (1000 PY).
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Corresponding incidence rate ratios (IRRs) and 95% ClIs
were estimated for comparison of incidences in patients and
comparators. We applied the Altman-Bland method to test
for interaction between subgroup estimates.>

We used Cox proportional hazard regression to estimate
unadjusted and adjusted cause-specific hazard ratios (csHR)
for fractures in patients with ITP compared with the gen-
eral population. We adjusted for effects of age, sex, calendar
decade of diagnosis, comorbidity and the presence of prev-
alent bisphosphonate use. Fine-Gray proportional subdis-
tribution hazard regression treating death and emigration
as competing events was applied to estimate unadjusted
as well as adjusted subdistribution hazard ratios. The cu-
mulative incidence proportions of fractures were also esti-
mated.”®?” Time-split analyses estimating overall, 1st year,
2-5th year and 6-10th year estimates after the index date
were performed for both Cox and Fine-Gray regressions.
Cumulative incidence proportions were stratified by age
groups and calendar-years.

Since individuals could receive multiple prescriptions
over time, descriptive data on bisphosphonates were esti-
mated as prevalence proportions of patients and compara-
tors receiving a minimum of one prescription in a year with
full follow-up. This was done for both calendar-years and for
each year in a period of 5years prior to and 10years after the
diagnosis of ITP.

All analyses were done separately for set of patients
with pITP or sITP and their respective general population
comparators.

As sensitivity analyses, we estimated the csHRs of frac-
tures using only individuals with no history of fractures and
in individuals previously treated with bisphosphonates.

All data management and statistical analyses were per-
formed using Stata 17.0 (StataCorp, 4905 Midtown Dr.,,
College Station, TX 77845, USA).

RESULTS

We included 4030 patients with pITP, 550 with sITP and
182959 age-sex-matched comparators (Table 1).

Total follow-up time was 27732 PY for patients (median
5.3 years), while comparators were followed for 1298 141 PY
(median 6.6years).

Women comprised 53% of pITP and 63% of sITP. The
median age was 60years (IQR 40-74) for pITP and 59years
(IQR 43-74) for sITP. Age groups were equally distributed
(18-59 years, 60+ years) (Table 1).

The mean comorbidity score was 0.35 (95% CI 0.34;
0.37) for pITP and 0.35 (95% CI 0.31; 0.40) for sITP.
Comparators had a mean score of 0.23 (95% CI 0.23; 0.23)
and 0.22 (95% CI 0.22; 0.23) for pITP and sITP respec-
tively (Table 1). The proportions of prevalent osteoporo-
sis, DXA-scans and bisphosphonate users were higher in
patients with pITP and sITP compared with the general
population (Table 1).

Incidences of fractures

The overall IR for any fracture was 12/1000 PY (95% CI 11;
14) for pITP and 10/1000 PY (95% CI 10; 10) for comparators,
corresponding to an IRR of 1.2/1000 PY (95% CI 1.1; 1.4).
The first-year IRR was 1.8 (95% CI 1.4; 2.4), but diminished
in the following years (Table 2).

The overall IRR for hip and femoral fractures was 1.2
(95% CI 1.0; 1.4) and elevated to 2.3 (95% CI 1.5; 3.2) in the
first year, but diminished thereafter (Table 2).

The overall IR of any fracture was 15 (95% CI 11; 20) for
sITP and 11 (95% CI 11; 12) for comparators, correspond-
ing to an IRR of 1.4 (95% CI 1.0; 1.8). The IRR remained
significantly elevated 5years after the diagnosis of ITP
(Table 2).

The first-year cumulative incidences for any fracture were
1.5% (95% CI 1.2; 2.0) for pI'TP and 0.91% (95% CI 0.86; 0.96)
for comparators (Table 3; Figure 1). Differences remained
until the end of the fifth year.

For hip and femoral fractures, first-year cumulative in-
cidences were 0.84% (95% CI 0.59; 1.18) for pI'TP and 0.39%
(95% CI 0.36; 0.42) for comparators.

For sITP, the first-year cumulative incidences for any
fracture were 2.7% (95% CI 1.5; 4.5) in patients and 1.0%
(95% CI 0.9; 1.2) in comparators (Table 3; Figure 1). Again,
differences remained until the end of the fifth year.

Differences between patients and comparators gener-
ally evened out over time for both pITP and sITP (Table 3;
Figure 1).

Risk of fractures

The overall risk of any fracture for pITP was elevated with
an adjusted csHR of 1.37 (95% CI 1.23; 1.54) and 1.54 (95%
CI 1.17; 2.03) for sITP. The first-year overall adjusted csHR
was 1.82 (95% CI 1.39; 2.40) for pI'TP and 2.78 (95% CI 1.58;
4.91) for sITP, and remained elevated through the 2-5th year
(Table S5; Figure 2).

This was mainly driven by an increased risk of distal
antebrachial and hip and femoral fractures in both pITP
and sITP, while the risk of humeral and axial fractures was
slightly elevated for pITP (Table S5; Figure 2).

The general trend for most types of fractures was that the
risk diminished over time (Figure 2).

Stratifications

We found an increased risk of any fracture for patients with
pITP aged 18-59 years with an overall adjusted csHR of 1.47
(95% CI 1.19; 1.80) and with the risk persisting over time
(Table S5; Figure 2; Figure S2). The corresponding estimates
for 60+ years were 1.36 (95% CI 1.19; 1.56) in pITP.

Both men and women with pITP had an increased risk of
any fracture, but the risk did not differ across sexes.
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TABLE 1 Baseline characteristics of included patients with primary (pITP) and secondary ITP (sITP) and general population age-sex-matched

Comparators pITP (%)
(95% CI) (n=161020)

Secondary ITP (%)
(95% CI) (n=550)

Comparators sITP (%)
(95% CI) (n=21939)

comparators.
Primary ITP (%)
Name (95% CI) (n=4030)
Women 53 (525 55)

Age (years, median [IQR])
Mean age at death (years)

59.8 (39.6; 73.5)
76.9 (76.2; 77.7)

Age groups
18-59years 50.2 (48.6; 51.8)
60+ years 49.8 (48.2; 51.4)

Calendar-years

1995-2005 38.6 (37.1; 40.2)
2006-2016 61.4 (59.8; 62.9)
Comorbidities

Alcohol consumption

Autoimmune disease

Cancer (solid, metastatic)

Chronic pulmonary disease

Dementia

Diabetes mellitus

Heart disease

Hemiplegia

Hyperparathyroidism
Comorbidity score

Comorbidity score (mean)
Bone disease

Prevalent fracture any type

Prevalent osteoporosis

Prevalent use of

bisphosphonates
Prevalent DXA scan 6.03 (5.31; 6.81)
Incident DXA scan 13.28 (12.24; 14.36)

6.05 (5.34; 6.84)
9.43 (8.54; 10.37)
1.17 (0.86; 1.55)
7.84 (7.03; 8.71)
1.84 (1.44; 2.30)
3.10 (2.59; 3.68)
9.50 (8.62; 10.45)
0.45 (0.26; 0.70)
0.15 (0.05; 0.32)

0.35 (0.34; 0.37)

10.67 (9.73; 11.66)

2.56 (2.09; 3.09)
3.85(3.27; 4.49)

53 (53; 54)
59.8 (39.6; 73.5)
83.0 (82.8; 83.1)

50.2 (50.0; 50.5)
49.8 (49.5; 50.0)

38.6 (38.4; 38.9)
61.4 (61.1; 61.6)

3.22 (3.13; 3.30)
4.18 (4.08; 4.28)
0.48 (0.44; 0.51)
5.86 (5.75; 5.98)
1.49 (1.43; 1.55)
1.85 (1.78; 1.91)
5.85 (5.74; 5.97)
0.27 (0.24; 0.29)
0.24 (0.22; 0.26)

0.23 (0.23; 0.23)

9.93 (9.78; 10.07)

1.78 (1.71; 1.84)
3.04 (2.95; 3.12)

4.61 (4.50; 4.71)
8.80 (8.66; 8.94)

63 (59; 67)
58.9 (42.8; 73.6)
74.7 (73.0; 76.4)

51.3 (47.0; 55.5)
48.7 (44.5; 53.0)

44.5 (40.3; 48.8)
55.5 (51.2; 59.7)

5.64 (3.86; 7.91)
5.45 (3.71; 7.70)
0.36 (0.04; 1.31)
9.82 (7.46; 12.62)
0.91 (0.30; 2.11)
4.00 (2.52; 5.99)
8.91 (6.66; 11.61)
0.73 (0.20; 1.85)
1.09 (0.40; 2.36)

0.36 (0.31; 0.40)

10.91 (8.43; 13.82)

5.09 (3.41; 7.27)
5.45 (3.71; 7.70)

7.82 (5.72; 10.39)

22.73 (19.29; 26.46)

63 (62; 63)
58.9 (42.6; 73.7)
81.3 (81.0; 81.6)

51.4 (50.7; 52.0)
48.6 (48.0; 49.3)

44.4 (43.8; 45.1)
55.6 (54.9; 56.2)

2.82 (2.61; 3.05)
4.54 (4.27; 4.83)
0.52 (0.43; 0.63)
5.67 (5.37; 5.99)
1.44 (1.29; 1.61)
1.73 (1.56; 1.91)
4.94 (4.66; 5.24)
0.24 (0.18; 0.32)
0.22 (0.17; 0.30)

0.22 (0.22; 0.23)

9.91 (9.52; 10.32)
2.07 (1.89; 2.27)
3.72 (3.47; 3.98)

5.21 (4.92; 5.51)

11.24 (10.83; 11.67)

Note: Baseline table with characteristics of patients with primary and secondary ITP (columns 2 and 4) and their comparators (columns 3 and 5). Numbers are percentages,
unless otherwise stated. The proportion of women was higher in secondary ITP compared to primary ITP, and comorbidity was generally more pronounced among patients
compared with the general population. The category ‘autoimmune disease’ included connective tissue disease, inflammatory bowel disease and rheumatoid arthritis.

Abbreviations: DXA, dual X-ray absorptiometry; ITP, immune thrombocytopenia.

The risk across calendar-years increased for pITP with
a csHR from 1.26 (95% CI 1.09; 1.46) in 1995-2005 to 1.56
(95% CI 1.31; 1.86) in 2006-2016 (Table S5; Figure S2).

Similar findings were found for sITP in all subgroups.

Use of bisphosphonates

The use of bisphosphonates was significantly elevated in
patients with pITP from 1998 to 2008 compared with the
general population, but equalized in more recent years
(Figure 3). For sITP, significant differences were found in the
period from 2007 to 2016.

We also found that the use of bisphosphonates was not
elevated prior to, but rose significantly in a 5-year period fol-
lowing pITP (Figure 3). The same applied to sITP, but with
an elevated use prior to sITP, although not significantly.

Sensitivity analysis

We performed two sensitivity analyses. The first one ex-
cluded all individuals with any type of prevalent fracture,
and the second included only individuals previously treated
with bisphosphonates. This did not change the overall re-
sults (Tables S6 and S7).

85U801 SUOLILLOD BATe81D 3dedldde auy Aq pauseno ae Ss[ole YO ‘88N JO S3INJ o} Ak 8UlUO A8]1M UO (SUOTIPUOO-pUB-SWISH WD A8 | 1M A1 1pul|UO//SdNL) SUORIPUOD pUe SWLB | 81 88S *[7202/50/.2] Uo Ariqiauljuo A[IM Hewued ueyinos JO Ariqi AiseAun Aq TOE6T UlQ/TTTT 0T/I0p/woo A8 1M ARIq Ul |uo//Sdny wouy pepeojumod ‘v ‘#Z0Z ‘TFTZS9ET



13652141, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/bjh.19301 by University Library Of Southern Denmark, Wiley Online Library on [27/05/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘eruadolfooquuory) sunurwi |J 1 ] ‘Anowondiosqe Ae1-Y [enp ‘yVX( :SUOIRIAIQQY
"$20°0=4 SEM 9107-900T 03 S00T-S661 WOIJ SaJeI U 358I0UT dY) 10J an[eA-d Surpuodsariod ay, . 'c¢0'0=d sem 183k )G~ PUE IST Y} UIIMJAQ 2INJOR1Y AUE JO $)I UL AUIIIP A} UT UOLDBI)UI JO I$3) PUBG-UBWI[Y dY) 10j an[ea-d oy,
'sdnod jsour 10y awIT) J9A0 PAYSTUTWIP SIOUIJIP Inq ‘porrad Apnis oy ut A[xea syuaryed 10y 1oydry A[[erousd o1om sorjel pue sajey ‘d.L] A1epuodass pue Arewrrd yirm syuarjed ur (YY) SOIILT )BT 2OUIPIOUT PUE (SY]) SIIBI 2OUIPIOU] :9JON

(7 S A0) (L6°8T ‘6%°S) TT'0T (LT'148£°0) 00'T (L£°01°£0°0T) T#°0T (0T°€T49T°8) ¥¥01 amjoely fuy

RISK OF FRACTURES AND BISPHOSPHONATE USE IN ITP

)
(0g°€ *€T°0)
(16'C8%°0) T€'T
(8%°€ %T°0) 9T'T
(89°C15°0) 8T'T

(STTH0T) €91
(L6°€%5L°0) 68T
(80°C%€°0) ¥6°0
(S6'¢ £°0) 88'T
(T€°€56°0) £8'T

(T0°S *0S°T) 98°C
(102 2T°0) #8'1
(26997'T) €T°€
(687 ¢0°0) ¥8°0
(LL:685°0) LT'T

760 (08°TT £6'6) S8°0T
Ir'1

#6T 110 67T
(167 ‘6L°€) 1€'F
(08'T*66'T) 9¢°C
(65°S “17'%) L6'F

(€0°TT £E°0T) LT'IT

(6T 817) €5°C
(00°S ‘86°¢) 97'¥
(Tt6T9I1D) 15T
(687 ¥8°¢) 1€F

(LLTT406'8) €201

(00°€%69'T) ST'T
(€9°G°6L°€) 65°F
(TT°e s8N #9'C
(69%10°¢) 9L°€

)
($5°868°0) SL'T
(T9T1 465°T) L9'S
(25°868°0) SL'C
(6£7€T¥0°€) 8€'9

(61°LT TTTI) TT'81
(1001 £T°T) LLY
(5£°668°'T) 0T'F
(88°65T°0) 1L'¥
(OT'%1°LS%) #0°8

(8%°0S “TO'LT) T€°6T
(€591 €0°T) €1F
(80°T€ £902) T8I
(¢S 71 %67°0) SOC
(£9'1T50°¢) €1°8

(69°T4€9°0) 90'T
(8S°T€£0) OT'T
(0T'C*88°0) 6€°'T
(TP 141£°0)20°T

(0S°T%0°T) 9T
(98°168°0) 1€°'T
(€S'TUI8°0) €T'T
(S6'1:56°0) 8€'T
(SP'198°0) 11T

(LE°T6ET) 08'T
(#8T:TL0) TS’ T
(zTern 6Lt
(8€°TSH0) ¥T'T
FTe WS LTT

(SFTH10) 62T
(06°€ £05°€) 69°¢
(7' *01°2) ST'T
(167 *97'%) 89°'%

(68°01 ‘8T°0T) 85°01
(9%'7*81'7) T€'T
(£8°¢ '8%°¢) §9°¢
(ThTis17) 8T'T
F6'7:SSH) PLF

(#9'6 %9'8) €£1'6
(50T 29T €81
(o7 ove) 0L
#6T TS LT
(LT 79°€) ¥6'€

(L8 FS T FF'C
(€8'6C8°0) SO
(T£'%°80°7) €T°E
(599 €v€) LL'F

(T8'STLT'TT) 6T°€T
(07T ¥0'E
(85°6:50°¢) €T'F
(Gadiaikixs
(£8'9°50'%) LTS

(L¥'12909°TT) SH°91
(LTS0S T) 8LC
(S6'6 *6£°F) 19°9
(0T'F7%€6'0) S6'T

(99°21 ‘¢£°9) 568

[eIxy

WNIYoRIqRIUE [BISI
SNISWNE]

anway pue diy

123K q1QT—9 $9JeT 2INJORI]
amjoely Auy

[erxy

WNIYORIGaIUE [BISI
snIowWngy

1wy pue dig

1024 [16-7 S2)BI dIN)ORI]
ainjoery Auy

[EDxav)

WNIYORIGIUE [2ISI(T
SNISWNE]

1wy pue dry

T84 ST S9jeI 2INIORI]

(FS'TT S °01) €0°T1 (LTYLEV'TT) LL'TT amjyoeyy fuy
(6L7%€€7) SS°T
(0L'760'%) 8€'¥
(€£'7*8TT) 05T
(ELFTID) TH'F

(TTTT T7°01) 8T 1T

(€SI *€€°0T) 16°01

(LT€T16'07) 90°'TC

LTS FFT) 787

(FL61 9% T1) 0°ST
(15'9%9¢7) T6'¢
(56'888°€) 06'S
(T8'S96'T) 8¢'€
(95°6 :9¢'%) 9%'9

(0££T*LLTT) 90781

(CT61405°6) TS°€T

(05°8¥% HT'ST) 66'F¢€

(9£°0T *%0'%) 65°9

(8€T0ID ¥T'T
(LS°T1486°0) ST'T
(€7'1£6°0) 811
(LS'TL6°0) ¥TT
FFL90D) €TT
FLTTTD) 9F'T
(6T196°0) I’
(67 T€T'T) 0€'T
(8LTLIT) SFT

(2G0T *F1°0T) €€°0T
(6£°TTT 1€°T
(18°¢ ‘65°¢) 0L°¢€
(9T°T%60°7) 8T'T
(BLF0SF) 19F

(90°01 *9%'6) SL'6

(06°01 “TH0T) 9901

(T€1T5%°07) 88°0C
(ST'7998°¢) 00'F

(08°T¢10°T) 9€°'T
(L§'T°98°0) #S'T
(S0'T¥8°0) ¥E'1
(FETiTL0) SE'T
(LT'TH6°0) 9%'1
(L¥'T*86°0) 09T
(LLT%8°0)FTT
(ITTIrn 651
(€TTLL0) 9€'T

(09°€°0€°7) 88°C [eIxy
(0€°5°L9°¢) 7'¥
(SFe8TO LT snIawNE
(#9°9°T8'%) §9°S 1wy pue digg
(#6'91 66°T1) STFI
(SL'E18T°01) 6811
(€01 *6L7€T) STLT
(0TL*SL'Y) 18°G

wniydeIqajue [eIsiq

9107-900¢ 21n3oey Auy

$00T-5661 2midesy Auy
s1eaf +09 a1njoely Auy

s1eak 6681 2Injoery Auy

[[BI9A0 Sajel aanjder]

(ID %S6) (ID %S6) (ID %S6) (ID %S6) (ID %S6) (ID %S6) ureN
d.LIS ¥4I d.LIS s10jexeduro) d.LI A1epuodag dL1d ydI d.1L1d sxojeredwo) dLI Arewrnxg

BRITISH JOURNAL OF HAEMATOLOGY

BJHae

‘s10jeIRdUIOD paypdIew
-xos—ade uonerndod 1erouad pue g1 ] A1epuodes pue Arewrid yiim syuarjed UT $aIN)ORIJ JO SOTJRI 2)BI 2DUIPIOUT pue s1eak-uosiad 00T 1od $2IN)00IJ JO I9QUUINU SB SITNSLIUN UT S2JBI DUWIPIOU] 7 FTIV L



MANNERING ET AL.

D 1469

BJHa

BRITISH JOURNAL OF HAEMATOLOGY

TABLE 3 Cumulative incidences of different types of fractures after 1, 5 and 10years after diagnosis of ITP, and end of study time in patients with
primary and secondary ITP and general population age-sex-matched comparators.

Primary ITP (%)
Name (95% CI) (95% CI)

Comparators pITP (%)

Secondary ITP (%) Comparators sITP (%)
(95% CI) (95% CI)

End of Ist year
Hip and femur
Humerus
Distal antebrachium
Axial

Any fracture

0.84 (0.59; 1.18)
0.18 (0.08; 0.37)
0.62 (0.40; 0.91)
0.26 (0.14; 0.47)
1.54 (1.18; 2.00)

End of 5th year
Hip and femur 2.56 (2.07; 3.14)
Humerus 1.21 (0.88; 1.63)

Distal antebrachium
Axial

Any fracture

1.97 (1.54; 2.50)
1.24 (0.90; 1.66)
5.84 (5.05; 6.71)

End of 10th year
Hip and femur 4.14 (3.44; 4.93)
Humerus 2.31 (1.78; 2.94)

Distal antebrachium
Axial
Any fracture

End of study period
Hip and femur
Humerus
Distal antebrachium

Axial

3.37 (2.72; 4.11)
2.06 (1.58; 2.65)
9.28 (8.19; 10.45)

6.54 (5.46; 7.76)
3.47 (2.57; 4.56)
5.60 (4.34; 7.08)
3.79 (2.86; 4.90)

0.39 (0.36; 0.42)
0.17 (0.15; 0.19)
0.37 (0.34; 0.40)
0.18 (0.16; 0.20)
0.91 (0.86; 0.96)

2.16 (2.08; 2.24)
1.02 (0.96; 1.07)
1.72 (1.65; 1.79)
1.04 (0.99; 1.10)
4.80 (4.68; 4.92)

4.06 (3.94; 4.18)
1.92 (1.84;2.01)
3.20 (3.09; 3.31)
1.96 (1.88; 2.05)
8.89 (8.71; 9.07)

7.39 (7.13; 7.66)
3.49 (3.30; 3.68)
5.94 (5.63; 6.26)
3.91 (3.69; 4.14)

0.76 (0.26; 1.85)
<0.70
1.39 (0.62; 2.72)
<0.70
2.74 (1.54; 4.51)

3.35 (1.99; 5.26)
1.66 (0.78; 3.12)
2.78 (1.56; 4.59)
1.92 (0.95; 3.49)
8.39 (6.03; 11.23)

5.50 (3.56; 8.04)
2.64 (1.37; 4.59)
4.69 (2.89; 7.14)
2.85 (1.54; 4.84)
11.78 (8.77; 15.26)

6.51 (4.22;9.46)
4.23 (2.04; 7.65)
5.98 (3.78; 8.87)
4.55 (2.46; 7.62)

0.37 (0.30; 0.46)
0.24 (0.18; 0.32)
0.46 (0.37; 0.56)
0.22 (0.17; 0.30)
1.02 (0.88; 1.16)

1.99 (1.80; 2.20)
1.18 (1.04; 1.35)
2.12 (1.92; 2.34)
1.18 (1.03; 1.34)
5.15 (4.83; 5.49)

4.07 (3.77; 4.40)
2.17 (1.95; 2.41)
3.89 (3.59; 4.20)
2.23 (2.00;2.47)
9.52 (9.05; 10.01)

8.88 (5.89; 12.62)
4.07 (3.59; 4.59)
7.00 (6.29; 7.76)
5.15 (3.49; 7.25)

Any fracture 15.27 (13.33; 17.33)

16.17 (15.73; 16.62)

14.59 (10.85; 18.86) 20.18 (15.99; 24.73)

Note: Cumulative incidence proportions of subgroups of fractures at time points after diagnosis of ITP. The competing events were death and emigration. For a corresponding

graphic illustration, please see Figure 1.

Abbreviations: DXA, dual X-ray absorptiometry; ITP, immune thrombocytopenia.

DISCUSSION

The risk of fractures was elevated for both pITP and sITP, in
particular hip and femoral fractures. The risks were high-
est in the first years after diagnosis but diminished in the
following years. The use of bisphosphonates over calendar-
years and in temporal relation to the diagnosis of ITP was
elevated for both pITP and sITP compared with the general
population.

Patients with both pITP and sITP had significantly more
comorbidities than the comparators, but all analyses were
adjusted for potential confounding factors and effect mod-
ifiers. We also estimated the subhazard ratios for fractures
with death as a competing event. This resulted in lower and
insignificant estimates compared to csHRs, indicating the
presence of competing risk events.

The largest fracture risks were found in hip and femoral
fractures for both pI'TP and sITP. Patients with hip and femo-
ral fractures are usually admitted to a hospital for treatment,
while the other groups of fractures are often managed at an
ER. However, fractures treated at an ER are still recorded

correctly with updated codes after discharge, but these data
were only available from 1994 and onwards. Axial fractures
may be associated with unspecific symptoms and diagnos-
tic delay, and many are not diagnosed.*®* In spite of this,
the risk was elevated in pITP. Patients with pITP are often
in a hospital follow-up, and therefore health events, such as
a fracture, are more likely to be captured. An elevated risk
of vertebral fractures in other autoimmune diseases, such as
rheumatoid arthritis, has also been found.*° Specific reasons
for this are unknown, but the varying severity and chronic-
ity of the diseases could explain this.

Fracture risk was more pronounced during the first year
after ITP diagnosis. Guidelines for the treatment of ITP with
corticosteroids recommend short courses with fast taper-
ing,"” but despite this, accumulated doses may reach 2-3g
of prednisolone'' during induction therapy. Furthermore,
corticosteroids can be administered as concomitant therapy
in addition to later-line therapies.'” Whether this early in-
creased risk of fracture is causally related to the use of high-
dose corticosteroids in ITP remains unelucidated, but one
study found that exposure to corticosteroids causes a rapid
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FIGURE 1 Cumulative incidences for different types of fractures. Graphs illustrating the cumulative incidences, including 95% confidence
intervals, for different types of fractures in primary and secondary ITP and general population age-sex-matched comparators. Blue lines
represent primary ITP, and red lines represent secondary ITP. Solid lines represent patients, and dashed lines represent comparators. ITP, immune
thrombocytopenia.

85U801 SUOLILLOD BATe81D 3dedldde auy Aq pauseno ae Ss[ole YO ‘88N JO S3INJ o} Ak 8UlUO A8]1M UO (SUOTIPUOO-pUB-SWISH WD A8 | 1M A1 1pul|UO//SdNL) SUORIPUOD pUe SWLB | 81 88S *[7202/50/.2] Uo Ariqiauljuo A[IM Hewued ueyinos JO Ariqi AiseAun Aq TOE6T UlQ/TTTT 0T/I0p/woo A8 1M ARIq Ul |uo//Sdny wouy pepeojumod ‘v ‘#Z0Z ‘TFTZS9ET



MANNERING ET AL. D 1471
BJHa
BRITISH JOURNAL OF HAEMATOLOGY
Sex, age—groups, calendar—years & overall estimates Time-splitted estimates
(A) . (B) ;
Male | |
| Ha gl
1 i
1 Any I
Female I p—— [ e
—_— | —a—
1 |_h_|
1 1
| L
18-59 years I —— I
-l 1 ——
1 —o—i
! !
1 f 1
60+ years | ——f Hip and femoral ! | Primary ITP
—— T
——
1 1
i H—— e istyear
1 1
1995-2005 ||'_°_'. . 1 e 2-5th year
1 ® Primary ITP —lo—
» : :I—o—i 6-10th year
o H ® Secondary ITP i
g 2006-2016 " I—..—I Humerus i
S I L5 =
© : e Secondary ITP
_t
Any : ,_._."' : m  istyear
1 1
| | —e— = 2-5th year
Hi d f | | ——
Ip and femoral I ! .
: N = Distal antebrachium : " 6-10thyear
\ t
Humerus : I—O.—I [ e —
1 1
1 1
1 H—
Distal antebrachium ! —— 1—0—|
—_—
' Axial '
1 T
Axial ! p—— H——
5 = e —
1 1
0 .5 1 1.5 2 2.5 3 3.5 0 1 2 3 4 5 6 7

Hazard ratios (adjusted) with 95% Cls

FIGURE 2

Hazard ratios (adjusted) with 95% Cls

Hazards ratio plot with 95% confidence intervals for fractures. A graphic illustration of adjusted hazard ratios for fracture risks for both

primary and secondary ITP. (A) represents the overall fracture risk for each fracture group and stratifications by age and sex. (B) represents the time-
split estimates of Ist year, 2-5th year and 6-10th year risks. Cls, confidence intervals; ITP, immune thrombocytopenia.

and early decreasing BMD.*" Fear of bleeding and fatigue
are widespread symptoms in ITP and correlate to disease se-
verity."! This could constrain patients from participating in
sports and exercises, thereby reducing BMD and increasing
the first-year risk of fracture due to inactivity.* The gradual
fracture risk reduction in the following years could, con-
versely, be correlated to a better acceptance and treatment
control of the ITP disease. Furthermore, the autoimmune
features underlying the ITP disease itself’ could also en-
hance the effect of pro-inflammatory cytokines associated
with decreasing BMD, such as in rheumatoid arthritis (RA),
where®™* patients also suffer from an elevated risk of hip
and vertebral fractures independent of corticosteroid use
due to disease inflammation.** Another study found a HR
of 1.8 for fracture in a 5-year period following the diagnosis
of monoclonal gammopathy of undetermined significance,
similar to our estimates.*®

Patients aged 18-59 years had a relatively higher and per-
sisting risk of fractures compared with patients aged 60+
years. Since corticosteroids are the greatest risk factor for
developing secondary osteoporosis in individuals <50years,
clinical focus on osteoporosis in this young patient group is
of great importance.47

Other haematological diseases not treated with corticoste-
roids are also associated with an increased risk of fractures.

Farmer et al. found an elevated risk of osteoporotic femoral
fractures for some myeloproliferative neoplasms, which are
associated with chronic inflammation.”***** Some types of
lymphoma are underlying sITP,°>*" and are associated with
an increased risk of both fractures and osteoporosis follow-
ing treatment.”>>* This could contribute to an elevated frac-
ture risk in sITP.

The use of bisphosphonates rose in the years fol-
lowing ITP, possibly indicating a clinical awareness of
bone-demineralizing disease following treatment with
corticosteroids. Comorbidities associated with a prior high
cumulative use of corticosteroids (e.g. chronic pulmonary
disease, autoimmune disease) were more prevalent in ITP in
general, particularly for sITP, with a 2.5-fold increased pro-
portion of prevalent osteoporosis and a 1.5- and 2.0-fold in-
creased use of prevalent incident DXA-scans respectively.*?
The use over calendar-years diminished for pITP but per-
sisted for sITP. This could indicate a persisting clinical focus
on bone-demineralizing disease in sITP, as well as an aware-
ness of sITP being characterized by high comorbidity and
associated with poor prognosis.>”>> Whether these findings
should increase the use of bisphosphonates in ITP is un-
known, but one study found a significant increase in BMD
following treatment with concomitant bisphosphonates in
patients with I'TP exposed to corticosteroids.”®
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FIGURE 3  Use of bisphosphonates in patients with ITP and comparators. Illustration of the use of bisphosphonates measured as a minimum of one
registered prescription within a year of full follow-up. Blue (left) represents point estimates and confidence intervals for primary ITP, while red (right)
represents secondary I'TP. Yellow represents comparators. Both developments over calendar-years (top) and the temporal relation to the diagnosis of ITP
(bottom) are illustrated. ITP, immune thrombocytopenia.
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Limitations

We categorized patients as suffering from primary and sec-
ondary ITP based on qualifying diagnoses that were either
pre-existing or diagnosed within the first 30 days after ITP
diagnosis. In spite of this, misclassifying sITP as pITP could
occur since sITP is not a well-defined entity and an asso-
ciated sITP-defining diagnosis may first become obvious
later.”” Patients with sITP are generally more burdened with
comorbidity and have shorter survival than patients with
pITP.? Some outcomes for sITP also lacked statistical power.

We investigated fractures that are usually associated with
concomitant osteoporosis, but lacked data to determine
whether fractures were indeed osteoporotic fractures. We
also presumed an association between corticosteroids and
fracture risk, but lacked granular treatment data to investi-
gate this potential causality. Despite adjusting all analyses,
we do not know the impact of other potential confounders
or effect modifiers either.

Changes in registration practices in the DNPR over time
could also influence results.

CONCLUSION

This study shows an elevated risk of fractures and a more
frequent exposure to bisphosphonates in adult patients with
pITP and sITP compared with the general population. The
potential relationship between the increased risk of fractures
and the immune dysfunction underlying ITP remains un-
known. Further studies are needed to correlate this risk with
the exposure to corticosteroids and I'TP severity in order to
identify patients who could benefit from bisphosphonates,
and whether the use of bisphosphonates could prevent frac-
tures in this population.
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