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Prevalence of osteoporosis among patients after stem cell
transplantation: a systematic review and meta-analysis
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The prevalence of osteoporosis in post stem cell transplantation (SCT) is poorly defined. We performed a systematic review and
meta-analysis to determine the prevalence of osteoporosis in patients with hematologic diseases who underwent SCT. PubMed,
EMBASE, and Web of Science were searched (from inception to 30th April 2023) using Medical Subject Headlines to find studies that
assessed the prevalence of osteoporosis among post SCT. Thirteen articles meeting the inclusion criteria were included in the
analysis. The pooled prevalence rates of osteoporosis, osteopenia, and decreased bone mineral density (BMD) were determined to
be 14.2% (95% CI 9.7–18.8), 36.0% (95% CI 23.8–48.2), and 47.8% (95% CI 36.6–58.9), respectively. Substantial heterogeneity was
observed among the included studies (I² values ranged from 81% to 99%). Subgroup analyses revealed variations in prevalence
based on gender, follow-up duration, age, region, sample size, and study quality. These findings suggest a high prevalence of
osteoporosis in post-SCT patients. Given the negative impact of osteoporosis on prognosis and recipient survival, clinicians should
prioritize preventive measures, early diagnosis, and effective treatments to minimize its impact.

Bone Marrow Transplantation (2024) 59:785–794; https://doi.org/10.1038/s41409-024-02243-0

INTRODUCTION
Allogeneic or autologous stem cell transplantation (SCT) can cure
a variety of malignant and nonmalignant hematologic diseases [1,
2]. With the advancements in treatment modalities and notable
improvements in safety measures and supportive care, significant
progress has been made in the field of transplantation over the
past few decades, including an expansion of the age limit for
transplantation, an increase in the availability of diverse donors,
enhanced histocompatibility testing, safer conditioning regimens,
more effective graft-versus-host disease (GVHD) prophylaxis, and
improved management of opportunistic infections, all of which
have led to a substantial increase in the number of transplant
recipients and significantly extended the life expectancy of
survivors [1]. The increasing patient population suffering from
late effects of SCT, such as osteoporosis, a systemic condition
characterized by impaired bone microarchitecture and reduced
BMD resulting in bone fragility and increased fracture suscept-
ibility [3, 4], where a 1 SD reduction in BMD approximately doubles
the risk of fracture [3], often leads to functional decline, disability,
chronic pain, significantly impacting patient’s quality of life,
functional independence, and increasing healthcare costs and
mortality rates [5, 6].
Among patients undergoing transplantation, osteoporosis is a

common disease that has been well-documented in solid organ
recipients, especially renal [7], hepatic [8], lung [9, 10], and heart
[11] transplant recipients, revealing its high prevalence and
associated complications. However, its overall prevalence in
post-SCT have not been well-described. Therefore, we decided

to conduct a systematic review of existing studies in this field and
perform a meta-analysis to investigate the global prevalence of
osteoporosis in post-SCT, as this information is of significant
importance for future service planning and resource allocation.

METHODS
Search strategy and selection criteria
We conducted this systematic review following the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement [12].
The study protocol was registered with the PROSPERO International
Prospective Register of systematic reviews (CRD42023401230). We
searched PubMed, EMBASE, and Web of Science for relevant observational
studies on bone health in patients post-SCT, without language restrictions
(Appendix 1), and ended on April 30, 2023. Additionally, we examined
reference lists of previous reviews and key articles for additional studies.

Eligibility criteria and study selection
Two reviewers (Yumei Yang and Jinshu Guo) independently screened titles
and abstracts for eligibility using EndNote (version X9.1) and subsequently
conducted a full-text review.
Inclusion criteria were: (1) Randomized controlled trials (RCTs), cohort, or

case-control studies; (2) Patients with hematologic diseases who under-
went SCT as the study population; (3) Hematologic disease diagnosis based
on International Classification of Diseases (ICD) criteria or medical
professionals’ assessment; (4) Outcome of interest being the prevalence
of osteoporosis and/or osteopenia determined by dual-energy X-ray
absorptiometry (DXA) or quantitative computed tomography (QCT); (5)
Exposure variable including the reporting of BMD measured at specific
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sites (e.g., spine, hip) or total body. Alternatively, studies providing
sufficient data to calculate the prevalence of osteoporosis and osteopenia
were also considered. We excluded pediatric studies, non-English articles,
case series, reviews, conference abstracts, guidelines, and studies with
unclear or insufficient information. For studies published in multiple
reports, we selected the one with the largest sample size and/or the
longest follow-up times as appropriate.

Data extraction and quality assessment
We extracted the following data from each included study: first author,
publication year, journal, country of recruitment, study design, duration of
follow-up, mean or median age of transplantation, proportion of male
participants, number of participants in the cohort and control groups, rates
or numbers of osteoporosis and/or osteopenia cases, details of DXA/QCT
assessments, evaluated sites, underlying hematologic disease, type of
transplant, graft source, and criteria used to diagnose osteoporosis. In
cases where data was missing, we contacted the corresponding authors for
additional information. Two reviewers (Yumei Yang and Jinshu Guo)
independently extracted the data from each study and resolved any
discrepancies through discussion.
The methodological quality of the eligible studies was independently

assessed by the two reviewers using the Newcastle-Ottawa Scale (NOS)
tool [13]. We categorized studies with total scores of 0 to 3, 4 to 6, and 7 to
9 as low, moderate, and high quality, respectively [14].

Statistical analysis
The primary outcome of our meta-analysis was the prevalence of
osteoporosis in post-SCT patients. The secondary outcomes included the
prevalence of osteopenia and decreased BMD (osteoporosis and
osteopenia). Each outcome, such as different follow-up durations or
assessments at different sites, was considered as a separate study and
included in the meta-analysis.
We calculated the prevalence and corresponding 95% confidence

intervals (CIs) using percentages. To account for variations between
studies, a random-effects model was utilized to compute a pooled
estimation, which provided a more conservative estimate of the
prevalence. Statistical heterogeneity between studies was evaluated using
I2, with values ranging from 0% to 100% [15]. Significant heterogeneity was
defined as I2 ≥ 50% and p < 0.05 [16]. Subgroup analyses and meta-
regression were conducted to explore potential sources of heterogeneity.
Sensitivity analyses were performed by excluding individual studies to
assess their impact on the overall results of the meta-analysis. Publication
bias was assessed using funnel plots and, if applicable, Egger’s test. A
significance level of p < 0.05 was considered statistically significant. All

statistical analyses were conducted using R software (version 4.1.2, R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Identification of relevant studies
The search and selection process is shown in Fig. 1. We identified a
total of 1423 articles from the 3 database searches. Of these, 97
full-text articles were retrieved for further screening and 84 articles
were excluded, 13 articles were qualified for the final systematic
review and meta-analysis [17–29].

Characteristics of included studies
Tables 1 and 2 provide a summary of the key characteristics of 13
articles related to osteoporosis in patients undergoing SCT
[17–29]. These articles were conducted across multiple countries,
with 3 articles from America [23, 25, 29], 3 from Canada
[19, 21, 24], 2 from Germany [27, 28], and 5 from other countries
including Spain [17], Switzerland [18], France [20], Sweden [22],
and Italy [26]. Among the included studies, 10 were prospective
cohort studies [17, 19, 20, 22, 23, 25–29], while 3 were
retrospective cohort studies [18, 21, 24], with publication dates
spanning from 1997 to 2022. The mean or median ages of the
patients varied from 31.3 to 57 years [17–29], and the median
follow-up duration after SCT varied from 4 months to 20 years
[17–29]. The cohort sizes in the included articles ranged from 18 to
652 patients [17–29], with 12 articles reporting the proportion of
males, which varied from 0% to 68% [17–20, 22–29].
The majority of patients included in the articles were diagnosed

with hematologic diseases and underwent either allogeneic or
autologous SCT using bone marrow or peripheral blood as graft
sources, although cord blood was also occasionally utilized. Seven
articles reported on the incidence or rate of graft-versus-host
disease (GvHD) [17, 20, 22–25, 27], which ranged from 26% to
90%. The diagnostic criteria for osteoporosis, 12 articles followed
the guidelines established by the World Health Organization
(WHO) [17–20, 22–29], while 1 article did not specify the
diagnostic criteria used [21]. When measuring BMD, 11 articles
utilized DXA [17–20, 22–27, 29], while 1 article employed QCT [28],
and 1 article did not mention the method used for BMD
assessment [21].

1423 records identified from:

Pubmed (n = 61)

Records screened (n = 1327)

Duplicate records removed (n = 96)

Duplicates (n = 5):
Reviews or mechanisms (n = 4):
Meeting abstract (n = 8):
Non-english language (n = 1):
Participants only include pediatric patients (n = 33):
Non-relevant study aims (n = 12):
No data or inadequate reported (n = 14):
Reports (n = 3):
Cross-sectional study (n = 4)

Records removed before screening:

76 reports excluded:
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Fig. 1 PRISMA flow diagram.
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Risk of bias within studies
Details of the quality of the cohort studies as assessed by NOS are
shown in Supplemental Table 1. Most studies included were
ranked as moderate quality according to the NOS scale (4 to
6 stars out of 9).

Outcomes
Prevalence of Osteoporosis among post-SCT. The pooled preva-
lence estimate of osteoporosis from 9 studies (7 articles)
[18–22, 26, 28] was14.2% (95% CI 9.7–18.8, N= 1675), with a
significant evidence of between-study heterogeneity (I2= 81%,
p < 0.01) (Fig. 2a). Osteoporosis incidence rates in lumbar spine
were reported in 7 studies (5 articles) [17, 19, 23, 26, 27], yielding a
pooled prevalence rate of 17.1% (95% CI 7.4–26.8; I2= 93%;
N= 716). Only 2 studies (2 articles) reported osteoporosis
incidence rates in femur [19, 23], resulting in a pooled prevalence
rate of 6.4% (95% CI 3.5–9.4; I2= 0%; N= 261) (Fig. 2b).

Sub-group analysis. The incidence of osteoporosis varied in SCT
based on several factors within the subgroups analyzed (Table 3
and Figs. S1–9). In European studies [18, 20, 22, 26, 28], the
incidence was 15.1% (95% CI 9.5–20.7) higher than the observed
11.5% (95% CI 4.9–18.0) incidence in America [19, 21] (Fig. S1).
Incidence rates of osteoporosis were 13.1% (95% CI 8.5–17.6) for
studies with a follow-up period of one year or longer
[18, 19, 21, 22, 26, 28], and 22.8% (95% CI 17.7–28.5) for studies
with a follow-up period of less than one year [20] (Fig. S2). Among
SCT aged 45 years or older, the incidence was 16.9% (95% CI
12.1–21.6) [18–21, 26], while for those younger than 45 years, it
was 6.3% (95% CI 2.2–10.4) [22, 28] (Fig. S3). Studies with a sample
size exceeding 100 reported an incidence of 18.3 (95% CI
14.0–22.6) [18, 20, 21, 26], whereas studies with a sample size
below 100 reported a lower incidence of 6.7% (95% CI 3.2–10.2)

[19, 22, 28] (Fig. S4). A male proportion of less than 55% in the
studies resulted in a higher incidence of osteoporosis among SCT
(25.0%, 95% CI 18.9–32.0) [26], while a male proportion of 55% or
greater had a lower incidence of 12.7% (95% CI 7.7–17.6)
[18–20, 22, 28] (Fig. S5). High-quality studies indicated an
incidence of osteoporosis of 25.0% (95% CI 18.9–32.0) among
SCT [26], while moderate-quality studies reported a prevalence of
13.0% (95% CI 8.7–17.2) [18–22, 28] (Fig. S6). Subgroup analysis by
publication year after 2010 reported a prevalence of 16.4% (95%
CI 12.7–20.1), whereas studies with publication year before 2010
reported a lower incidence of 11.6% (95% CI 2.6–20.7) (Fig. S7).
Study types and transplantation types showed similar prevalence
to the overall prevalence (Figs. S8 and S9). However, despite these
subgroup analyses, heterogeneity persisted within each subgroup.

Heterogeneity and meta-regression. To further explore the source
of heterogeneity, a meta-regression method was employed. In the
multivariate meta-regression analysis, variables including male
proportion, age, and follow-up period were found to be
statistically significant (p < 0.0069, p= 0.0017, p= 0.0162, respec-
tively) (Table 4), collectively explaining 97.02% of the observed
heterogeneity.

Sensitivity analysis. Sensitivity analyses were performed by
excluding one study at a time to assess its impact on the pooled
prevalence of osteoporosis in SCT. These analyses demonstrated
that no individual study had a significant influence on the overall
results (Fig. 3).

Publication bias. Funnel plots were visually examined to evaluate
the presence of publication bias. The funnel plot observed in SCT
demonstrated asymmetry, suggesting the potential presence of
publication bias (Fig. 4).
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Fig. 2 Forest plot for the estimated osteoporosis prevalence in post-SCT. a The forest plot of overall osteoporosis prevalence in post-SCT.
b The forest plot of osteoporosis prevalence in osteoporosis based on lumbar spine/femur. post-SCT post stem cell transplantation,
CI confidence interval.
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Secondary outcomes. The meta-analysis included 9 studies (7
articles) with a total of 1675 patients to assess the prevalence of
osteopenia post-SCT [18–22, 26, 28]. The reported prevalence of
osteopenia was 36.0% (95% CI 23.8–48.2), with significant
heterogeneity among studies (I2= 99%, p < 0.01) (Fig. S10).
Subgroup analysis for the lumbar spine (10 studies (6 articles))
yielded a pooled prevalence of 32.0% (95% CI 27.3–36.8, N= 776,
I2= 37%, p= 0.11) [17, 19, 23, 26, 27, 29], while femur analysis
(5 studies (3 articles)) [19, 23, 29] resulted in a pooled prevalence
of 33.3% (95% CI 21.0–45.5, N= 321, I2= 73%, p < 0.01) (Fig. S11).
12 eligible studies (9 articles), involving 2090 patients, reported

the prevalence of decreased BMD [18–22, 24–26, 28]. Using a
random-effects model yielded a pooled decreased BMD preva-
lence of 47.8% (95% CI: 36.6–58.9, I2= 97%, p < 0.01) (Fig. S12).
Within the subset of 12 studies (7 articles) [17, 19, 23, 25–27, 29]
comprising 822 patients, the pooled prevalence of decreased BMD

in lumbar spine was 44.3% (95% CI 34.4–54.3, I2= 91%, p < 0.01)
(Fig. S13). Furthermore, analysis of 7 studies (4 articles)
[19, 23, 25, 29] involving 367 patients provided data on the
prevalence of decreased BMD in femur. The pooled prevalence for
this subset was found to be 38.4% (95% CI 27.8–49.0, I2= 70%,
p < 0.01) (Fig. S13).
Results of the ‘leave one-out’ sensitivity analysis indicated that

the no major differences in the magnitude of the summary results
due to the influence of any single study were noted for the
prevalence rates of total osteopenia (Fig. S14), and decreased BMD
(Fig. S15).
The asymmetry funnel plot of osteopenia (Fig. S16) and

decreased BMD (Fig. S17) in SCT indicated that the presence of
potential publication bias. However, further assessment using
Egger’s test for decreased BMD did not reveal substantial
asymmetry (t= 0.28, P= 0.785).

Table 3. Subgroup analysis of the prevalence of osteoporosis in SCT.

Subgroups Number of included studies Osteoporosis

Prevalence 95%CI I2 P value

Regions

Europe 7 15.10% (0.09, 0.21) 84.10% <0.01

North America 2 11.50% (0.49, 0.18) 59% 0.12

Publication years

<2010 4 11.70% (0.03, 0.21) 62% <0.01

≥2010 5 16.40% (0.13, 0.20) 88% 0.03

Study type

Prospective cohort study 7 14.20% (0.08, 0.20) 85% <0.01

Retrospectively cohort study 2 14.00% (0.12, 0.16) 0% 0.81

Age

<45 years 3 6.30% (0.02, 0.10) 0% 0.69

≥45 years 6 16.90% (0.12, 0.22) 79% <0.01

Proportion of males

<55% 1 25.00% (0.19, 0.32)

≥55% 7 12.70% (0.08, 0.18) 80% <0.01

Sample size

<100 4 6.70% (0.03, 0.10) 0% 0.82

≥100 5 18.30% (0.14, 0.23) 77% <0.01

Follow-up duration

<1 year 1 22.80% (0.18, 0.29)

≥1 year 8 13.10% (0.09, 0.18) 77% <0.01

Study quality

High 1 25.00% (0.19, 0.32)

Moderate 8 13.00% (0.09, 0.17) 77% <0.01

Transplant type

Allo-SCT 5 16.40% (0.13, 0.20) 62% 0.03

Auto-SCT 2 16.40% (0.00, 0.33) 93% <0.01

Table 4. Meta-regression analyses.

No. of studies Estimate Standard error z value P value 95% CI

Intercept 0.4095 0.1224 3.3466 0.0008 (0.1697, 0.6494)

Regions 9 −0.0708 0.0385 −1.8391 0.0659 (−0.1463, 0.0047)

Follow-up period 9 −0.0787 0.0327 −2.4039 0.0162 (−0.1429, −0.0145)

Proportion of males 9 −0.1011 0.0374 −2.702 0.0069 (−0.1744, −0.0278)

Age 8 0.0849 0.0271 3.1316 0.0017 (0.0318, 0.1380)
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DISCUSSION
Bone loss and subsequent osteoporosis is a global health crisis
affecting approximately million population and is a common
complication in post-SCT. Understanding the prevalence of
osteoporosis and influencing factors in post-SCT is crucial for
creating personalized interventions to improve outcomes. To best
of our knowledge, this is the first meta-analysis provide an
overview the prevalence of osteoporosis estimates among post-
SCT, based on different countries, settings and populations to
provide a comprehensive summary of the current research and
addressing a critical gap in the current literature. Our results
revealed a relatively high prevalence among post-SCT, with a total
osteoporosis prevalence of up to 14.2% and a lumbar spine
osteoporosis prevalence of up to 17.1%. Additionally, a signifi-
cantly higher prevalence of osteopenia (36.0%), and decreased
BMD (47.8%) were observed among post-SCT, with these findings
also extending to the lumbar spine.
Osteoporosis is a common disease among patients undergoing

transplantation as well as in post-SCT. Although only a limited
number of studies published estimated the prevalence of OP in
hematologic disease patients with SCT worldwide, some general-
izations could be made.
Osteoporosis prevalence demonstrates gender disparities, with

females exhibiting a higher susceptibility compared to males. A
China study of adults aged 40 years or older reported a nearly
fourfold in women (20.6%) compared to men (5.0%) [30], with this
vulnerability escalating progressively with age [6]. Consistent with
these findings, our SCT analysis confirmed higher osteoporosis

prevalence when male ratio falls below 55% (25% vs. 13%).
Gender disparity in osteoporosis persists across populations,
emphasizing the need to consider gender-specific factors in
prevention and management.
Age is a significant risk factor for decreased BMD [19, 26]. Ria

et al. found a robust positive association between age and
decreased BMD prevalence. In the 25–35-year age group, 35%
had a T-score of -1 or below, indicating osteopenia or
osteoporosis. This increased to 77% in individuals over 55 years
[26]. Schimmer et al. reported that advanced age was the sole
significant predictor of reduced bone density following auto-
logous blood or marrow transplantation [19]. Our findings align:
individuals aged 45+ in the SCT population had a higher
osteoporosis incidence (16.9% vs. 6.3%) compared to those
below 45 years old.
Osteoporosis incidence rates in SCT depend on follow-up

duration, as it is influenced by the temporal sequence of
transplant-related bone diseases [31]. Specifically, bone loss
predominantly occurs within the initial 6–12 months, followed
by gradual recovery [20, 26, 27]. Our sub-analysis revealed higher
osteoporosis incidence within the first year post-SCT (22.8%),
decreasing significantly thereafter (13.1%). A similar trend has
been observed in patients undergoing solid organ transplant,
where bone loss occurs within the initial months to one year,
followed by gradual recovery [32].
Osteoporosis prevalence varies by region, with Europe (15.1%)

higher than North America (11.5%). Factors contributing to this
difference include sample sizes, genetics [3] and race [33],
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population density, socioeconomic status [5], healthcare services
[3], risk factor management, and preventive measures [4].
Bone loss correlates with glucocorticoid use duration and

intensity [34]. While steroid exposure is uncommon after auto-SCT,
it strongly correlates with BMD loss following allo-SCT, potentially
increasing the susceptibility to osteoporosis in allo-SCT patients.
However, studies show inconsistent findings regarding BMD
changes in allo-SCT versus auto-SCT patients. Yao et al. observed
similar BMD loss in both groups, despite steroid dosage being a
notable risk factor for BMD changes following allo-SCT, explaining
only a minor portion of the overall variation [23]. Similarly, our
subgroup analysis, showed comparable osteoporosis prevalence
(16.4%) in both allo-SCT and auto-SCT, highlighting the multi-
factorial nature of SCT-related osteoporosis risk.
In this meta-analysis, post-SCT osteoporosis incidence (14.2%)

was comparatively lower than after solid organ transplantations
(18–61%) [7, 8], likely underestimated due to various factors.
Firstly, due to disease progression, relapse, GVHD, serious
infection, and secondary cancer, among other factors, SCT
experience a significantly higher excess mortality rate compared
to the general population [24, 35]. As a result, the number and
scale of research in this field are highly limited. Small sample sizes
hinder statistical power, as evident in our sub-analysis showing
lower osteoporosis prevalence in studies with <100 participants
(6.7%) versus ≥100 (18.3%). Furthermore, majority of included
studies focused on younger blood and marrow transplant
survivors, but as the population of older long-term survivors
grows, post-transplantation osteoporosis incidence is expected to
rise. Moreover, worldwide variation is seen in osteoporosis
prevalence, with higher burdens in Asia and Africa compared to
Europe and North America [36]. Despite comprehensive database
searches, studies were lacking in Asian and African countries.
Immaturity of research may also contribute to underestimation.

Limitations and recommendations for future research
Some limitations should be considered to guide future research in
this area. Firstly, given the different observed outcomes of
osteoporosis in post-SCT, certain patients were repeatedly
included in meta-analysis may introduce bias and compromise
the accuracy of findings. Additionally, limited studies in certain
subgroups may affect result reliability. Consequently, it is
imperative to exercise cautious interpretation, and future inves-
tigations are essential to substantiate the observed effects.
Secondly, the underling disease of the patients in the different
studies are not uniform and the primary outcomes not consistent,
that makes the overall heterogeneity across the eligible studies
was high, and subgroup analyses did not identify significant
variables affecting this heterogeneity, but further meta-regression
showed that male proportion, age, and follow-up period were the
main sources of heterogeneity, explaining 97.02% of it. Future
studies should pay more attention to these potential factors to
better understand their contributing to osteoporosis prevalence
following SCT. Thirdly, in addition to the classical risk factors of
osteoporosis (e.g., age, gender, …), various factors such as
glucocorticoid therapy, immunosuppressive therapy, intensive
chemotherapy, and radiotherapy have been found to contribute
to the development of post-SCT osteoporosis [34, 37]. However,
due to a lack of relevant studies and data, we did not extensively
discuss these factors. More studies will be needed to elucidate in
the future. Fourth, this study might be limited by language bias, as
only articles published in English were included. Finally, also, like
most other meta-analysis, the overall findings from the meta-
analysis were limited by the quality of the primary studies, many
including studies were unpaired cohort studies in different
geographic regions which were the main lead to a moderate
quality of studies, it is necessary for future investigators to
consider these issues when designing, executing, and analyzing
their study.

CONCLUSION
In conclusion, this systematic review and meta-analysis revealed
that osteoporosis is a common comorbidity in SCT. It is essential
for clinicians caring for regular monitoring of BMD status in this
vulnerable group of patients as well as the necessity of preventive
approaches, early diagnosis, and timely intervention to improve
outcomes.
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