
Abstract. Background: Survival after allogeneic
hematopoietic stem cell transplantation (allo-HSCT) has
increased but so have long-term sequelae. New-onset post-
transplant diabetes mellitus (PTDM) occurs frequently
following allo-HSCT.  Patients and Methods: Study
endpoints were incidence and risk factors of PDTM. We
studied 599 adult patients suffering from either acute
myeloid leukemia n=220), acute lymphoblastic leukemia
(n=79), chronic myeloid leukemia (n=22), myelodysplastic
syndrome/myeloproliferative neoplasm (n=105), chronic
lymphocytic leukemia  (n=37), lymphoma/myeloma (n=116,
or non-malignant disorders (e.g. bone marrow failure,
hemoglobinopathies) (n=20) who underwent myeloablative
(466; 77.8%) or non-myeloablative (131; 21.9%) allo-HSCT
between 2006 and 2016. Results: Altogether, 39 patients
(6.5%) developed PTDM. In a competing-risk analysis, time
to PTDM was associated with acute grade 2-4 graft-versus-
host-disease (p=0.017). Further cardiovascular risk factors
were hypertension (n=145; 24.2%), coronary artery disease
(n=36, 6%), dyslipidemia (n=139; 23.3%), and stroke
(n=12; 2%).  Conclusion: After allo-HSCT, a significant
number of patients developed PTDM and patients with acute
graft-versus-host-disease were found to have a higher risk

for PTDM. Long-term and continuous follow-up for diabetes
and cardiovascular risk factors after HSCT is important in
order to be able to provide timely and appropriate treatment. 

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a well-established therapy for hematological
malignancies (1). HSCT is associated with many non-disease-
related late effects (2). Furthermore, endocrinopathies such as
ovarian insufficiency, spermatogenesis damage and
hypothyroidism are among the most common late effects after
allo-HSCT (3, 4). Advances in transplantation strategies and
supportive care have contributed to the improvement in
outcome and to a growing number of long-term survivors.
However, due to this development, new health issues are
arising. One major problem is that of metabolic syndrome, a
cluster characterized by diabetes mellitus (DM), abdominal
obesity, atherogenic dyslipidemia, elevated blood pressure,
insulin resistance and proinflammatory and prothrombotic state
(5-7). Post transplantation diabetes mellitus (PTDM) occurs in
10-30% of patients undergoing allo-HCST (8, 9). Despite its
burden, its physiology remains poorly understood (9). A timely
identification of cardiovascular risk factors can lead to early
initiation of risk modification therapy, which in turn reduces
the risk of late cardiovascular morbidity and mortality (2, 6,
10). We herein conducted a retrospective observational study
to ascertain incidence and causes of PTDM and other features
of metabolic syndrome in patients after allo-HCST. 

Patients and Methods
Patients. This retrospective single-center cohort study at the
Department of Hematology of the University Hospital Basel was
performed according to the regulations of the local Ethics
Committee (EKNZ 2019-01810). In total, 599 patients who
underwent allo-HSCT between 2006 and 2016 were included. Data
were analyzed until 11/2018.
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Definitions. DM was diagnosed according to American Diabetes
Association criteria and the recommendations of an international
consensus meeting on PTDM:  Fasting plasma glucose ≥126 mg/dl
(7.0 mmol/l), random plasma glucose ≥200 mg/dl (11.1 mmol/l), 2-
h plasma glucose after an oral glucose tolerance test ≥200 mg/dl
(11.1 mmol/l), or hemoglobin A1c (HbA1c) ≥ 6.5% (11, 12).
Although these initial criteria were established for DM after solid
organ transplantation, these criteria also seem to be useful in DM
after allo-HSCT [as reviewed in (13)]. Early intervention during the
asymptomatic stage of hyperglycemia improves the long-term
outcome in the general population. Therefore, screening for
hyperglycemia and PTDM is indicated in high-risk patients at the
early-stage post HSCT and during the long-term surveillance (13).
However, given the high incidence of new-onset PTDM during the
first 100 days, it may be of benefit to screen all allo-HSCT
recipients routinely early after transplant (13). This is the reason
why we also included patients with DM in the early phase after allo-
HSCT in contrary to solid organ transplantations where patients
should be stable on their likely maintenance immunosuppression,

with stable kidney allograft function and in the absence of acute
infections (12). Caution was exercised in interpreting HbA1c results
as our patients with hematological disorders often received
transfusion support before and after allo-HSCT that might confound
the interpretation of the HbA1c results (13). For this reason, a
patient was classified as having diabetes when the diagnosis was
documented in the patient’s medical record or they received insulin
or oral hypoglycemic medication. Further cardiovascular risk factors
such as hypertension, dyslipidemia, body mass index (BMI) with
overweight and obesity were recorded parameters as already
published elsewhere (2, 10, 14).

Statistical analysis. Statistical analyses, including distribution
analysis and descriptive statistics, were performed with IBM SPSS
25.0 (IBM, Armonk, NY, USA). Comparison between groups was
performed using chi-squared test for categorical variables and
Mann-Whitney or Student’s t-test for continuous variables. Study
endpoints were incidence and risk factors of PDTM. Overall
survival was defined as the time from day of stem cell infusion until
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Table I. Baseline characteristics for patients with and without diabetes.

Total Without diabetes With diabetes prior to With diabetes post p-Value*
(n=599) (n=531, 88.6%) HSCT (n=29, 4.8%) HSCT (n=39, 6.5%)

Age at HSCT, years Median (range) 51.69 (18-72.8) 51.27 (18-72.8) 59.91 (29.9-70.4) 50.53 (19.2-68.0) 0.999
Gender, n (%) Male 353 (58.9%) 309 (58.19%) 21 (72.4%) 23 (58.87%) 0.996

Female 246 (41.1%) 222 (41.81%) 8 (27.6%) 16 (41.03%) 0.996
BMI, kg/m2 Median (range) 23.80 (14-44) 23.70 (14-44) 26.20 (18-38) 24.45 (15-38) 0.114
Comorbidities, Stroke 12 (2.0%) 9 (1.69%) 1 (3.4%) 2 (5.13%) 0.286
n (%) Hypertension 145 (24.2%) 116 (21.85%) 14 (48.28%) 15 (38.46%) 0.001

Coronary heart disease 36 (6.0%) 28 (5.27%) 3 (10.34%) 5 (12.82%) 0.096
Dyslipidemia 139 (23.3%) 106 (19.96%) 9 (31.03%) 24 (61.54%) 0.001

Main diagnosis, MDS/MPN 105 (17.5%) 89 (16.8%) 8 (27.6%) 8 (20.51%) 0.319
n (%) ALL 79 (13.2%) 66 (12.43%) 5 (17.2%) 8 (20.51%)

AML 220 (36.7%) 202 (38.04%) 9 (31.0%) 9 (23.08%)
CML 22 (3.7%) 18 (3.4%) 1 (3.4%) 3 (7.69%)
CLL 37 (6.2%) 30 (5.65%) 4 (13.79%) 3 (7.69%)
Lymphoma 57 (9.5%) 53 (9.98%) 1 (3.4%) 3 (7.69%)
Plasma cell disorders 59 (9.8%) 55 (10.36%) 1 (3.4%) 3 (7.69%)
Non-malignant 20 (3.3%) 18 (3.39%) 0 (0%) 2 (5.13%)

Conditioning Myeloablative 466 (77.8%) 419 (78.91%) 20 (68.9%) 27 (69.23%) 0.427
regime, n (%) Reduced intensity 131 (21.9%) 110 (20.7%) 9 (31.03%) 12 (30.77%)

GvHD, n (%) Acute grade ≥2 257 (42.9%) 221 (41.6%) 14 (48.28%) 22 (56.41%) 0.049
Chronic 213 (35.5%) 182 (34.3%) 11 (37.93%) 20 (51.28%) 0.113

Donor type, n (%) Identical sibling 247(41.2%) 227 (42.7%) 8 (27.59%) 12 (30.78%) 0.305
Unrelated 325 (54.3%) 280 (52.73%) 20 (68.97%) 25 (64.10%) 0.305
Haplo-identical 27 (4.5%) 24 (4.5%) 1 (3.44%) 2 (5.13%)

Stem cell source, Peripheral blood 540 (90.2%) 478 (90.02%) 26 (89.66%) 36 (92.31%) 0.829
n (%) Bone marrow 49 (8.2%) 43 (8.10%) 3 (10.34%) 3 (7.69%)

Cord blood 10 (1.7%) 10 (1.9%) 0 (0%) 0 (0%)
TBI, n (%) Yes 258 (43.1%) 227 (42.18%) 13 (44.83%) 18 (46.15%) 0.922
Steroid therapy, Yes 25 (64.10%)
n (%)

Diabetes resolved, Yes 10 (25.64%)
n (%)

GvHD: Graft-versus-host disease; ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; CLL: chronic lymphocytic leukemia; CML:
chronic myeloid leukemia; MDS: myelodysplastic syndrome; MPN: myeloproliferative neoplasm; TBI: total body irradiation; HSCT: hematopoietic
stem cell transplantation. *Patients with diabetes post HSCT versus those without diabetes. Statistically significant p-values are shown in bold.



death from any cause or last follow-up. Kaplan-Meier curves were
calculated for survival estimates. In the multivariate analyses, the
following risk factors for PTDM were considered: Age at
transplantation, gender, human leukocyte antigen -mismatch, graft-
versus-host disease (GvHD), and total body irradiation (TBI) in the
conditioning regimen. p-Values less than 0.05 were considered as
significant. Two-sided tests were used throughout.

Results

Patient characteristics. The 599 patients with allo-HSCT had
a median age of 51.69 (range=18-72.8) years. A total of 353
were male (58.9%), and included patients receiving transplants
from identical siblings (n=247; 41.2%), unrelated (n=325;
54.3%), and haplo-identical (n=27; 4.5%) donors. Stem cell
source was peripheral blood (90.2%), bone marrow (8.2%), or
cord blood (1.8%). Conditioning regimen, GvHD prophylaxis
and therapy as performed at our center were published
previously (15). The patients’ baseline characteristics are listed
in Table I. Conditioning regimens were largely myeloablative
(n=466; 77.80%), as opposed to reduced intensity (n=131;
21.9%). TBI was used in 258 patients (43.10%). Clinically
relevant grade 2 or more acute GvHD were reported in 257
patients (42.9%), and any grade chronic GvHD in 213
(35.5.%). Overall survival at 3 years was 54% and at 5 years
was 48%, with a median follow-up period of 18 (range=0-
142) months (last follow-up date 11/2018).

Diabetes and cardiovascular risk factors. Twenty-nine
patients suffered from DM before allo-HSCT: 13 patients
(44.83%) had insulin therapy, while 10 (34.48%) had therapy
with oral antidiabetic drugs (Table II); five patients (17.24%)
did not receive any drug therapy and had well-controlled DM
with life-style modifications and in one patient therapy was

unknown. During follow-up, 39 (6.5%) patients developed
PTDM. In these patients, the median age at transplantation
was 50.53 (range=19.2-68.0) years, and 23 patients (58.97%)
were male. There was no difference in the type of diseases
and treatment factors between groups (Table I).

The median time from allo-HSCT to diagnosis of acute
GvHD was 26 (range=4-417) days and median time of onset
of PTDM was 477 (range=11-4,052) days (Figure 1). In
patients with both aGvHD and DM (n=27), in all but two,
aGvHD preceded DM by a median of 240 (range=5-3,622)
days. Twenty-five (64.10%) of the patients developed DM
during or shortly after initiation of steroid therapy (mainly
but not only for acute GvHD, e.g. hemolytic anemia, immune
thrombocytopenia). However, in 10/27 (37.04%) patients
suffering from GvHD, the onset of PTDM was after stopping
steroid therapy (median time interval=130, range=93-3,021
days). In 10 (25.64%) of these patients, diabetes resolved
after discontinuation of the steroid therapy (median time
interval from stopping steroid therapy until resolution of
PTDM was 67 days (range=37-98 days). In the other patients
(n=14; 35.9%), DM was not related to steroid therapy. The
multivariate analysis showed that grade 2-4 acute GvHD was
associated with the risk of developing PTDM (adjusted
hazard ratio=2.237, 95% confidence intervaI=1.140-4.391;
p=0.017). Conversely, no correlation was found with age,
gender, underlying disease, conditioning regimen, stem cell
source, donor, or chronic GvHD (Table I). Therapy for PTDM
was insulin-based in 13 (33.33%), and oral antidiabetics in
eight patients (20.51%), while 18 patients (46.15%) had only
life-style modifications (Table II).   

The median age at transplantation was higher in patients
with DM prior to HSCT compared to patients without DM
(p=0.026) (Table I). However, there was no significant
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Figure 1. Histogram of onset of post-transplant diabetes mellitus
(PTDM) after allogeneic hematopoietic stem cell transplantation.

Table II. Diabetes therapy. 

All (n=68), Diabetes  Diabetes 
n (%) pre-HSCT post-HSCT

(n=29), n (%) (n=39), n (%)

Insulin therapy 26 (38.24%) 13 (44.83%) 13 (33.33%)
Basal only 4 (4.41%) 3 (10.34%) 1 (2.56%)
Bolus only 7 (10.29%) 0 (0%) 7 (17.95%)
Basal and bolus 15 (22.06%) 10 (34.48%) 5 (12.82%)

Oral antidiabetics 18 (26.47%) 10 (34.48%) 8 (20.51%)
Metformin 4 (7.35%) 1 (3.49%) 3 (7.69%)
Glicazidum 1 (5.88%) 1 (0%) 0 (0%)
Sitagliptin 9 (13.24%) 4 (13.79%) 5 (12.82%)
Combination 4 (5.88%) 4 (13.79%) 0 (0%)
therapy

No therapy 23 (33.82%) 5 (17.24%) 18 (46.15%)
Unknown 1 (1.47%) 1 (3.45%) 0 (0%)

HSCT: Hematopoietic stem cell transplantation.



difference in age between patients with PTDM and patients
without during follow-up [50.53 (range=19.2-68.0) versus
51.27 (range=18.0-72.8) years; p=0.999]. Overall, BMI
levels were higher in patients with DM prior to HSCT as
compared to patients without DM [26.2 (range=18-38)
versus 23.70 (range=14-44) kg/m2; p=0.002]. However, BMI
was similar in patients with PTDM compared to patients
without [24.45 (range=15-38) versus 23.70 (range=14-44)
kg/m2; p=0.114]. In patients with diagnosis of either pre- or
post-HSCT DM, other cardiovascular risk factors were more
common. Hypertension was diagnosed in 116 patients
(21.85%) without DM and in 15 patients (38.46%) with post-
HSCT DM (p=0.001). Similarly, patients with DM were
more prone to suffering from dyslipidemia post-HSCT
(n=24; 61.54%) as compared to patients without DM (n=106;
19.96%) (p=0.001). Patients with PTDM more often had
dyslipidemia as compared to patients with a diagnosis of DM
before HSCT (p=0.05), whereas the rate of hypertension was
similar in both groups (p=0.62). Despite higher prevalence
of cardiovascular risk factors, patients with pre- or post-
HSCT DM did not have more events of ischemic stroke
compared to patients with normal glucose values; p=0.146);
the follow-up period may possibly be too short for proper
evaluation of this. But patients with DM prior to or post
HSCT had slightly but not significantly more coronary heart
disease compared to patients without DM [n=5 (12.82%) and
n=28 (5.27%) versus n=3 (10.34%); p=0.096)].

Discussion

Our study showed that PTDM is a relevant complication in
long-term survivors after allo-HSCT and acute GvHD is
associated in many but not all patients with PTDM.
Furthermore, further cardiovascular risk factors such as
dyslipidemia or hypertension were more frequent in patients
with PTDM. Endocrine diseases are well-known common
complications of HSCT (5, 8, 12). Risk factors for the
development of PTDM such as age, non-White ethnicity,
corticosteroids, parenteral nutrition and TBI have been
evaluated in several studies. However, complete mechanisms
causing PTDM are still not well understood (9, 16). Several
studies showed that exposure to high-dose corticosteroids
increase the likelihood of developing PTDM and diabetogenic
immunosuppressive drugs are traditionally believed to be
responsible for the development of DM after HSCT (6, 16, 17).

In our study, we found a correlation between acute GvHD
and PTDM. The association between acute GvHD and
development of metabolic syndrome including DM is not
completely clear. In a study including 86 adults after allo-
HSCT, GvHD status was not associated with metabolic
syndrome (7). Since patients suffering from acute GvHD
mostly need high-dose corticosteroids, this might be a risk
factor for the development of PTDM (13). 

Furthermore, insulin resistance is a well-known feature of
the metabolic syndrome and is highly prevalent in survivors of
HSCT (9). It was shown that impaired glucose tolerance and
hyperinsulinemia are increased in survivors of allo-HSCT
independently of exposure to immunosuppressive medications
or corticosteroids (18). Additionally, a study by Engelhart et al.
revealed that insulin resistance prior to HCST is a determinant
for PTDM (9). In line with these results, another study showed
that patients with PTDM had higher levels of C-peptide before
transplantation, suggesting that pre-transplantation features
other than the use of immunosuppressive drugs might play a
role in the development of PTDM (16). Our results are in line
with this in that patients without GvHD and steroid therapy
also developed PTDM. 

Several studies show a high prevalence of metabolic
syndrome among patients with allo-HCST, the most common
features being dyslipidemia and hypertension (2, 6, 10). In
our studyI a reliable number of patients had other features of
metabolic syndrome other than DM. Overall, these
cardiovascular risk factors were more common among (both
pre- and post-HSCT) diabetic patients compared to non-
diabetic patients.

The following limitations of our study must be taken into
account: Firstly, investigating DM after HSCT was not a
predefined endpoint of this transplantation cohort. Thus,
diagnosis of pre/post HSCT DM was assigned retrospectively
by chart review assessed by a Board-certified endocrinologist.
Secondly, the number of patients with PTDM in our cohort
was rather small. Furthermore, the diagnosis of DM is
difficult because in many cases in the ambulatory setting in
the follow-up period, no fasting glucose levels were feasible
and there were difficulties in interpreting HbA1c results.
There are some differences regarding the incidence/
prevalence of cardiovascular risk factors after allo-HSCT in
our study. Reasons for this might be differences in definitions
used, patient populations analyzed, time periods, and
retrospective versus prospective study.

In conclusion, our study showed that PTDM is an
important complication in long-term survivors after allo-
HSCT and is associated with acute GvHD. A timely
identification and therapy thereof are recommended. Further
evaluation is required to confirm the correlation between
acute GvHD and PTDM and to assess whether acute GvHD
is causally associated with PTDM. 
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