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Introduction

Hematopoietic stem cell transplantation (HSCT) is a 
potential curative treatment for various malignant or non-
malignant hematologic diseases, including acute leukemia, 
myelodysplastic syndrome, myeloproliferative neoplasm, 
lymphoma, multiple myeloma, and aplastic anemia [1]. The 
global incidence of HSCT has demonstrated a consistent 
upward trajectory [2-4]. Recent advancements, such as the 
utilization of post-transplant cyclophosphamide-based regi-
mens for effective graft versus host disease (GVHD) control, 
diverse conditioning regimens, and improved supportive 
care, have led to a notable increase in HSCT using alternative 
donors and transplantations for elderly patients [5-9]. Never-

theless, HSCT remains associated with significant treatment-
related mortality, ranging from 0%-5% for autologous HSCT 
and 7%-27% for allogeneic HSCT [10]. Relapse, GVHD, and 
infections are associated with early mortality in HSCT [11]. 
Additionally, various long-term complications can manifest, 
including chronic GHVD, secondary malignancies, cardio- 
vascular, pulmonary, renal, and neurologic toxicity, immune 
dysfunction, endocrine dysfunction, and psychological dis-
orders [12]. As the frequency of HSCT increases, the rate 
of long-term survival after transplantation also increases. 
However, due to the impact of these long-term complica-
tions, even patients who survive without relapse after HSCT 
exhibit a relatively shorter life expectancy than the general 
population [13,14]. 
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Purpose  Numerous patients experience long-term complications after hematopoietic stem cell transplantation (HSCT). This study 
aimed to identify the frequency and risk factors for psychiatric and endocrine complications following HSCT through big data analyses.
Materials and Methods  We established a cohort of patients with hematologic disease who underwent HSCT in Korea between 2010 
and 2012 using the Health Insurance Review & Assessment Service data. A total of 3,636 patients were identified, and insurance 
claims were tracked using psychiatric and endocrine diagnostic International Classification of Diseases, 10th Revision codes for the 
ensuing decade. We identified the incidence rates of long-term complications based on the baseline disease and HSCT type. Prognos-
tic factors for each complication were scrutinized using logistic regression analysis.   
Results  A total of 1,879 patients underwent allogeneic HSCT and 1,757 patients received autologous HSCT. Post-HSCT, 506 patients 
were diagnosed with depression, 465 with anxiety disorders, and 659 with diabetes. The highest incidence of long-term complica-
tions occurred within the first year post-HSCT (12.2%), subsequently decreasing over time. Risk factors for depressive disorders after 
allogeneic HSCT included female sex, a total body irradiation–based conditioning regimen, and cyclosporine. Identified risk factors 
for diabetes mellitus comprised old age, total body irradiation–based conditioning regimen, and non-antithymocyte globulin protocol. 
Regarding autologous HSCT, only female sex was identified as a risk factor for depressive disorders, whereas elderly patients and 
those with multiple myeloma were identified as poor prognostic factors for diabetes mellitus.
Conclusion  The incidence of long-term psychiatric and endocrine complications post-HSCT remains high, and patients with risk fac-
tors for these complications require vigilant follow-up.
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Therefore, comprehensively understanding the occurrence 
rates and risk factors of long-term complications associated 
with transplantation is a growing imperative. Although 
some studies have reported long-term complications follow-
ing hematopoietic stem cell transplantation, no large-scale 
research has been conducted in Korea.

In this study, using the Korean National Health Insurance 
(KNHI) and the Health Insurance Review and Assessment 
(HIRA) databases, we explored long-term psychiatric and 
endocrine/rheumatoid complications following autologous 
or allogeneic hematopoietic stem cell transplantation. 

Materials and Methods

1. Data source
We used the KNHI Claims Database from the HIRA. In 

Korea, enrollment in the KNHI program is mandatory for 
nearly 97% of the population, with the exception of the 
remaining 3% covered under the Medical Aid Program. 
Healthcare providers are required to permit HIRA to review 
all medical costs covered by the KNHI for this population. 
Thus, HIRA has a huge database that contains informa-
tion on all medical claims for nearly all Koreans, excluding 
details on procedures or drugs not covered by the national 
health insurance. Moreover, upon approval, HIRA makes 
this database available for various studies conducted by 
Korean researchers. According to the Act on the Protection 
of Personal Information Maintained by Public Agencies, this 
database consists of concealed data on individuals’ identities 
using unidentifiable codes. 

2. Study population and definitions
We established a cohort of patients with hematologic dis-

ease who received HSCT in Korea between 2010 and 2012, 
utilizing data from the HIRA. The data of patients who 
had the International Classification of Diseases, 10th Revi-
sion (ICD-10) for hematologic diseases and claims codes for 
HSCT procedures between 2010 and 2012 were retrieved. 
To detect all procedure codes for HSCT, we employed the 
X5131, X5133, and X5135 codes for allogeneic HSCT and the 
X5132, X5134, and X5136 codes for autologous HSCT. 

Following the identification of patients, all medical claims 
that occurred between the date of HSCT and December 31, 
2018, were captured to identify patients diagnosed with psy-
chiatric or endocrine/rheumatoid diseases during this peri-
od. To obtain information on newly diagnosed psychiatric 
and endocrine/rheumatoid diseases, we applied a minimum 
1-year washout window period before detecting the ICD-10 
code for psychiatric and endocrine/rheumatoid diseases. 
Therefore, individuals with an ICD-10 code for these condi-
tions between January 1, 2009, and the HSCT date were not 
regarded as newly diagnosed patients and were not assigned 
to the group with psychiatric and endocrine/rheumatoid 
diseases. We used the ICD-10 codes F10-19, F32-33, F40-41, 
F43, and F45 for psychiatric diseases, whereas codes E10, 
E11, E03, M05, and M05 for endocrine/rheumatoid diseases. 
Relevant information, including age, sex, stem cell source for 
HSCT, conditioning method, and immunosuppressant was 
obtained from the HIRA database. 

3. Statistical analysis
All patients with missing data were excluded from the 

statistical analysis. A multivariate logistic regression model 
was used to analyze the risk factors for psychiatric diseases. 

Excluded (n=237)
- Patients who were not diagnosed with hematologic
  diseases (acute leukemia, myelodysplastic syndrome, 
  aplastic anemia, multiple myeloma, lymphoma, 
  myelofibrosis) before receiving HSCT

Analyzed (n=3,636)

Patients who received allogeneic or autologous HSCT
January 1, 2010-December 31, 2012 (n=3,873)

Patients who received allogeneic or autologous HSCT
due to hematologic diseases

(acute leukemia, myelodysplastic syndrome, aplastic 
anemia, multiple myeloma, lymphoma, myelofibrosis)

January 1, 2010-December 31, 2012 (n=3,636)

Fig. 1.  Summary of the patient flow diagram. HSCT, hematopoietic stem cell transplantation.
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Statistical significance was established at p < 0.05. All statisti-
cal analyses were performed using the SAS software ver. 9.4 
(SAS Institute Inc., Cary, NC) and R statistical software ver. 
3.3.3 (R Foundation for Statistical Computing, Vienna, Aus-
tria; http://cran.r-project. org/).

Results

Between January 2010 and December 2012, a total of 3,873 
patients were registered under the HSCT procedures code. 
Among them, we excluded 237 patients who were not diag-
nosed with hematologic diseases, including acute myeloid 
leukemia, acute lymphoblastic leukemia, myelodysplastic 
syndrome, aplastic anemia, multiple myeloma, lymphoma, 

and myelofibrosis; subsequently, 3,636 patients were enrolled 
in this study (Fig. 1).

A total of 1,879 patients received allogeneic HSCT and 
1,757 patients received autologous HSCT. Patients who 
underwent allogeneic HSCT were younger than those who 
underwent autologous HSCT. Among patients who under-
went allogeneic HSCT, 65.7% were under 50 years and 34.0% 
were 50-65 years of age; in contrast, among patients who 
underwent autologous HSCT, 39.3% were under 50 years 
and 60.1% were 50-65 years of age. Additionally, allogeneic 
HSCT was mostly performed in patients with acute leukemia 
(71.5%; 52.3% with acute myeloid leukemia and 19.3% with 
acute lymphoid leukemia) and myelodysplastic syndrome 
(18.0%). Meanwhile, autologous transplantation was pre-
dominantly performed in patients with multiple myeloma 

Table 1.  Baseline characteristics of the study population

 Total Allogeneic HSCT Autologous HSCT p-value

Total 3,636 (100) 1,879 (51.7) 1,757 (48.3) 
Sex    
    Male 2,078 (57.2)    1,044 (55.6) 1,034 (58.9)  < 0.001
    Female 1,558 (42.9)  835 (44.4) 723 (41.2)   
Age (yr)    
    < 50 1,926 (53.0)   1,235 (65.7) 691 (39.3) < 0.001
    50-65 1,693 (46.6)   638 (34.0) 1,055 (60.1) 
    > 65 17 (0.5)   6 (0.3) 11 (0.6) 
Baseline disease    
    Myeloid leukemia 1,101 (30.3) 982 (52.3)   119 (6.8) < 0.001
    Lymphoid leukemia 376 (10.3) 362 (19.3)  14 (0.8) 
    Myelodysplastic syndrome 343 (9.4) 339 (18.0)   4 (0.2) 
    Aplastic anemia 70 (1.9) 69 (3.7)  1 (0.1) 
    Multiple myeloma  873 (24.0) 24 (1.3)   849 (48.3) 
    Lymphoma 850 (23.4) 86 (4.6)  764 (43.5) 
    Myelofibrosis 23 (0.6) 17 (0.9)   6 (0.3) 
Stem cell source    
    Bone marrow 290 (8.0) 267 (14.2) 23 (1.3) < 0.001
    Peripheral blood 3,327 (91.5) 1,593 (84.8) 1,734 (98.7) 
    Cord blood 19 (0.5) 19 (1.0) 0 ( 
Conditioning    
    Total body irradiation 531 (14.6) 451 (24.0) 80 (4.6) < 0.001
    Busulfan based 2,106 (57.9) 1,358 (72.3) 748 (42.6) 
    ATG 1,007 (27.7) 1,006 (53.5) 1 (0.1) 
Immunosuppressant    
    Tacrolimus    
        No 2,902 (79.8) 1,147 (61.0) 1,755 (99.9) < 0.001
        Yes 734 (20.2) 732 (39.0) 2 (0.1) 
    Cyclosporin    
        No 2,415 (66.4) 661 (35.2) 1,754 (99.8) < 0.001
        Yes 1,221 (33.6) 1,218 (64.8) 3 (0.2) 
Values are presented as number (%). Because of rounding, percentages may not total 100. ATG, antithymocyte globulin; HSCT, hematopoi-
etic stem cell transplantation.
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(48.3%) and lymphoma (43.5%). Patients who underwent 
allogeneic HSCT mostly required immunosuppressant, 
whereas those who underwent autologous HSCT did not 
require such drugs (Table 1).

After HSCT, 506 patients (13.9%) were diagnosed with 
depression, 465 (12.8%) with anxiety disorders, 81 (2.2%) 
with adjustment disorders, and 77 (2.1%) with somatoform 
disorders. Additionally, 659 patients had diabetes (18.1%), 
213 had thyroid disease (5.9%), and 33 had rheumatoid dis-
ease (0.9%). Overall, no significant differences were observed 
between patients who received allogeneic HSCT and those 
who received autologous HSCT (Table 2). The incidence of 
long-term psychiatric and endocrine/rheumatoid complica-
tions was the highest at 12.2% and 13.1%, respectively, within 
one year of HSCT, decreasing over time (5.2% and 4.2% at 
2nd year and 3.6% and 2.3% at 3rd year) (Fig. 2).

Risk factors for depressive disorder, the most common psy-
chiatric complication following allogeneic HSCT, included 
female sex (odds ratio [OR], 1.364; 95% confidence interval 
[CI], 1.088 to 1.712; p=0.007), underlying dyslipidemia (OR, 
1.363; 95% CI, 1.044 to 1.780; p=0.023), total body irradia-

tion (TBI)–based conditioning regimen (OR, 1.592; CI, 1.194 
to 2.120; p=0.002), and use of cyclosporine (OR, 1.383; 95% 
CI, 1.056 to 1.811; p=0.019). Underlying hematological dis-
eases were not significantly associated with the occurrence 
of depressive disorders (p=0.618). Risk factors for diabetes 
mellitus, the most common endocrine complication, were 
identified as older age (≥ 50; OR, 1.658; 95% CI, 1.303 to 2.110; 
p < 0.001), TBI-based conditioning regimen (OR, 1.529; 95% 
CI, 1.168 to 2.003; p=0.002), and non–antithymocyte globulin 
(ATG) protocol (OR, 0.554; 95% CI, 0.432 to 0.711; p < 0.001) 
(Table 3). For autologous HSCT, only female sex (OR, 1.302; 
95% CI, 1.040 to 1.630; p=0.021) was identified as a risk factor 
for psychiatric complications. Old age (≥ 50; OR, 2.235; 95% 
CI, 1.721 to 2.904; p < 0.001) and a diagnosis of multiple mye-
loma (OR, 2.178; 95% CI, 1.169 to 4.058; p=0.038) were identi-
fied as poor prognostic factors for diabetes mellitus (Table 4).

Table 2.  Incidences of psychiatric and endocrine/rheumatoid complications following transplantation

Complication Total (n=3,636) Allogeneic (n=1,879) Autologous (n=1,757)

Depressive disorder 506 (13.9) 265 (14.1) 241 (13.7)
Anxiety disorder 465 (12.8) 216 (11.5) 249 (14.2)
Adjustment disorder 81 (2.2) 45 (2.4) 36 (2.1)
Somatoform disorders 77 (2.1) 33 (1.8) 44 (2.5)
Substance abuse disorder 32 (0.9) 17 (0.9) 15 (0.9)
Diabetes 659 (18.1) 343 (18.3) 316 (18.0)
Thyroid disease 213 (5.9) 103 (5.5) 110 (6.3)
Rheumatoid disease 33 (0.9) 15 (0.8) 18 (1.0)
Values are presented as number (%).

Fig. 2.  The time of diagnosis of psychiatric and endocrine/rheumatoid complications after hematopoietic stem cell transplantation 
(HSCT). (A) The time of diagnosis of psychiatric complication after HSCT. (B) The time of diagnosis of endocrine/rheumatoid complica-
tion after HSCT.
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Discussion 

Our study incorporated a substantial volume of real-world 
medical data from adult patients who underwent HSCT 
with a follow-up period of at least seven years. The findings 
revealed that approximately 31.9% of patients experienced 
psychiatric disorders post-HSCT, with depression and anxi-
ety disorders being the most prevalent, along with adjust-
ment and somatoform disorders. Considering that the preva-
lence of major depression in the general population of Korea 
is reported to be approximately 5% [15], our results suggest a 
significant occurrence of psychiatric disorders among HSCT 
patients. Previous studies have reported depression and/or 
anxiety rates of up to 40% within a few years after HSCT, 

gradually decreasing after the first year [16]. In our study, 
psychiatric complications were most prevalent during the 
first year of HSCT, showing a gradual decline thereafter. 

Cheon et al. [17] reported that female survivors showed 
higher psychiatric distress. Consistent with this finding, 
we also observed that female recipients experienced more 
depressive disorders after both allogeneic and autologous 
HSCT. Therefore, emphasizing psychological counseling 
during the initial 1-2 years after HSCT is crucial, especially 
for female recipients. 

A previous study reported that patients with allogeneic 
HSCT might be at a greater risk of psychiatric distress than 
patients with autologous HSCT because of their decreased 
physical function [18]; however, in our study, no significant 

Table 3.  Risk factors associated with long-term complications following allogeneic hematopoietic stem cell transplantation

Variable
  Depressive disorder   Diabetes mellitus

 Incidence, n (%) OR p-value Incidence, n (%) OR p-value

Age (yr)   0.714   < 0.001
    < 50 (n=1,228) 256 (20.9) 1 (  250 (20.4) 1 ( 
    ≥ 50 (n=641) 142 (22.2) 1.049 (0.813-1.353)  165 (25.7) 1.658 (1.303-2.110) 
Sex   0.007   0.855
    Male (n=1,039) 197 (19.0) 1 (  225 (21.7) 1 ( 
    Female (n=830) 201 (24.2) 1.364 (1.088-1.712)  190 (22.9) 1.022 (0.813-1.284) 
Comorbidity      
    Hypertension (n=329) 77 (23.4) 1.093 (0.805-1.483) 0.570   
    Diabetes (n=253) 51 (20.2) 0.829 (0.585-1.175) 0.293   
    Dyslipidemia (n=450) 116 (25.8) 1.363 (1.044-1.780) 0.023   
Baseline disease   0.618   < 0.001
    Myeloid leukemia (n=979) 213 (21.8) 1 (  251 (25.6) 1 ( 
    Lymphoid leukemia (n=361) 68 (18.8) 0.838 (0.613-1.144)  102 (28.3) 1.116 (0.843-1.478) 
    MDS (n=338) 77 (22.8) 1.168 (0.857-1.591)  32 (9.5) 0.341 (0.228-0.510) 
    Aplastic anemia (n=69) 14 (20.3) 1.061 (0.564-1.999)  4 (5.8) 0.266 (0.094-0.750) 
    Multiple myeloma (n=20) 4 (20.0) 1.033 (0.336-3.170)  3 (15.0) 0.446 (0.128-1.555) 
    Lymphoma (n=85) 20 (23.5) 1.224 (0.719-2.082)  23 (27.1) 1.202 (0.721-2.005) 
    Myelofibrosis (n=17) 2 (11.8) 0.486 (0.108-2.177)  0 ( < 0.001 (0-> 999.999) 
Stem cell source   0.946   0.335
    Bone marrow (n=266) 64 (24.1) 1 (  57 (21.4) 1 ( 
    Peripheral blood (n=1,584) 329 (20.8) 1.024 (0.723-1.451)  353 (22.3) 1.254 (0.873-1.800) 
    Cord blood (n=19) 5 (26.3) 1.201 (0.406-3.555)  5 (26.3) 0.758 (0.249-2.303) 
Conditioning   0.002   0.002
    Non-TBI (n=1,418) 280 (19.8) 1 (  275 (19.4) 1 ( 
    TBI (n=451) 118 (26.2) 1.592 (1.194-2.12)  140 (31.0) 1.529 (1.168-2.003) 
ATG   0.363   < 0.001
    No (n=863) 183 (21.2) 1 (  241 (27.9) 1 ( 
    Yes (n=1,006) 215 (21.4) 1.124 (0.874-1.445)  174 (17.3) 0.554 (0.432-0.711) 
Immunosuppressant   0.019   0.007
    Tacrolimus (n=651) 126 (19.4) 1 (  168 (25.8) 1 ( 
    Cyclosporin (n=1,218) 272 (22.3) 1.383 (1.056-1.811)  247 (20.3) 0.697 (0.537-0.904) 
Adjusted for age, sex, comorbidity, baseline disease, stem cell source, conditioning, ATG, and immunosuppressant. ATG, antithymocyte 
globulin; MDS, myelodysplastic neoplasm; OR, odds ratio; TBI, total body irradia tion.
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difference was observed between patients who received allo-
geneic HSCT and those who received autologous HSCT.

Sun et al. [19] reported that patients exposed to TBI, those 
with chronic GVHD, and those exposed to prednisone had 
a significantly increased risk of psychological problems. In 
our study, depressive disorder was more prevalent in the TBI 
group than those who did not undergo TBI conditioning. 
Previous studies also suggested that factors, including bur-
den of disease, pain, decreased physical function, concerns 
about long-term health, familial or social role, and financial 
issues were associated with the occurrence of psychiatric 
disorders in HSCT survivors [12,18,20]. However, our study 
solely analyzed diagnoses based on ICD codes, limiting our 
ability to assess the consequences of accounting for patients’ 
symptoms or their socioeconomic circumstances. 

Several studies have reported that patients who have 
undergone transplantation experienced an elevated risk of 
insulin resistance and glucose intolerance [21-24]. Baker et al. 
[25] compared HSCT survivors with their siblings to assess 
the occurrence of late complications after HSCT. They report-
ed that survivors of allogeneic HSCT had a three-fold higher 
risk of diabetes even after adjusting for age, sex, and body 
mass index [25]. Additionally, they reported that older age 
increased the risk of diabetes; however, the odds of devel-
oping diabetes decreased over time post-HSCT [25]. Simi-
larly, our study demonstrated that the incidence of diabetes 
increased in both allogeneic and autologous HSCT recipients. 

The highest incidence of endocrine complications occurred 
within the first year post-HSCT, gradually decreased over 
time following HSCT. 

Our study also identified a TBI-based conditioning regi-
men as a risk factor for the development of diabetes after 
HSCT. Consistent with our findings, several previous studies 
on pediatric patients have reported an association between 
TBI conditioning and the development of insulin resist-
ance and diabetes [21,26,27]. Although evidence is limited, 
abdominal radiation exposure may be associated with the 
development of diabetes. Administration of chemotherapy 
agent, immunosuppressive agents, and excessive inflamma-
tion during the transplantation process have also been sug-
gested as risk factors for post-transplantation diabetes [21,23-
25]. Most patients who underwent allogeneic HSCT were 
administered calcineurin inhibitors, such as cyclosporine 
or tacrolimus, as GVHD prophylaxis. Calcineurin inhibi-
tors affect glucose metabolism and insulin secretion and are 
associated with post-transplant diabetes [28]. However, tac-
rolimus and cyclosporine differ in their impact on glucose 
metabolism, with a higher incidence of diabetes associated 
with tacrolimus use compared to cyclosporine in solid organ 
transplantation [28-30]. Consistent with solid organ trans-
plantation study findings, our study demonstrated that in 
allogeneic HSCT, the use of tacrolimus was associated with a 
higher risk of diabetes. Therefore, switching from tacrolimus 
to cyclosporine may improve glycemic control under certain 

Table 4.  Risk factors associated with long-term complications following autologous hematopoietic stem cell transplantation

Variable
  Depressive disordera)   Diabetes mellitusb)

 Incidence, n (%) OR p-value Incidence, n (%) OR p-value

Age (yr)   0.494   < 0.001
    < 50 (n=680) 155 (22.8) 1 (   98 (14.4) 1 ( 
    ≥ 50 (n=1,052) 261 (24.8) 0.916 (0.712-1.178)  307 (29.2) 2.235 (1.721-2.904) 
Sex   0.021   0.315
    Male (n=1,020) 223 (21.9) 1 (  228 (22.4) 1 ( 
   Female (n=712) 193 (27.1) 1.302 (1.040-1.630)  177 (24.9) 1.125 (0.894-1.415) 
Comorbidity      
    Hypertension (n=509) 134 (26.3) 1.060 (0.819-1.372) 0.660   
    Diabetes (n=340) 93 (27.4) 1.213 (0.917-1.606) 0.176   
    Dyslipidemia (n=434) 111 (25.6) 1.024 (0.789-1.330) 0.858   
Baseline disease   0.066   0.038
    Myeloid leukemia (n=119) 24 (20.2) 1 (  14 (11.8) 1 ( 
    MM (n=849) 243 (28.6) 1.534 (0.918-2.565)  232 (27.3) 2.178 (1.169-4.058) 
    Lymphoma (n=764) 149 (19.5) 0.997 (0.600-1.658)  159 (20.8) 1.578 (0.859-2.896) 
Conditioning   0.694   0.347
    Busulfan based (n=736) 144 (19.6) 1 (  155 (21.1) 1 ( 
    Non-busulfan based (n=996) 272 (27.3) 1.079 (0.740-1.573)  250 (25.1) 0.826 (0.553-1.231) 
MM, multiple myeloma; OR, odds ratio. a)Adjusted for age, sex, comorbidity, baseline disease, conditioning, b)Adjusted for age, sex, base-
line disease, conditioning. 
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circumstances. Additionally, the group that did not receive 
ATG had a higher risk of developing diabetes. This could be 
attributed to the relatively higher incidence of GVHD in the 
ATG nonuse group, leading to a longer exposure period to 
steroids or immunosuppressive agents. 

After autologous HSCT, diabetes is most likely to occur in 
patients with multiple myeloma. This association might be 
attributed to the fact that multiple myeloma often relapses 
even after HSCT, and patients continue to receive chemo-
therapy, including high-dose steroids, after relapse.

The primary limitation of our study is that we lacked 
clear information about each patient’s disease course, pre-
cise medication duration including immunosuppressant 
and steroid, the presence of GVHD, physical functions, and 
financial difficulties, as the HIRA data primarily consists of 
medical claims data. Consequently, there were limitations in 
assessing how each of risk factors precisely affects long-term 
complications. Nevertheless, since there has been a paucity 
of large-scale research about long-term complications after 
HSCT, our study has strengths as the large-scale study using 
real-world medical data from adult patients with a sufficient 
follow-up period.
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