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Abstract

New onset diabetes mellitus is frequently observed following hematopoietic stem cell
transplantation (HSCT) and is associated with adverse transplantation outcomes. However, the
outcomes of patients with preexisting diabetes mellitus undergoing HSCT are largely unknown.
We aimed to explore the impact of preexisting diabetes on transplantation outcomes in HSCT.
In a retrospective study, medical charts of 34 HSCT recipients with diabetes mellitus
undergoing allogeneic or autologous transplantation were reviewed and compared with 71
HSCT recipients without diabetes. Primary outcome was overall survival. Secondary outcomes
included hematopoietic recovery, length of hospital stay, febrile neutropenia, acute and chronic
graft-versus-host disease (GVHD), primary disease recurrence, and non-relapse mortality (NRM).
On univariate analysis, there was no difference in transplantation outcomes in recipients with
diabetes compared with recipients without diabetes. However, after adjusting for potential
covariates, multivariate analysis demonstrated that having diabetes before HSCT significantly
predicted outcome and decreased overall survival (hazard ratio 0.51, 95% confidence interval:
0.27–0.97, p value: 0.04). This study suggests that patients with diabetes mellitus undergoing
allogeneic or autologous HSCT may have inferior survival rates and warrant further attention.
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Introduction

Hyperglycemia is a frequent observation following hemato-

poietic stem cell transplantation (HSCT) (1). Stress-induced

hyperglycemia, immunosuppression, receiving steroids for the

treatment of graft-versus host disease (GVHD), and receiving

total parenteral nutrition (TPN) are among the factors which

contribute to post-transplantation hyperglycemia in this popu-

lation (2–7). In addition to hyperglycemia, new-onset diabetes

mellitus is also a frequent observation following HSCT (8–11).

In the setting of HSCT, several studies have illustrated that

post-transplantion hyperglycemia and diabetes can adversely

affect transplantation outcomes including overall survival

(OS), non-relapse mortality (NRM), length of hospital stay,

organ function, and GVHD (1,3–8,12). In this regard,

hyperglycemia due to glucocorticoid therapy for acute

GVHD has been shown to adversely affect OS and

NRM (7). Likewise, TPN-induced hyperglycemia denotes

an increased risk of infections (3,4) and increased time to

neutrophil and platelet recovery (4).

In contrast to bulk of the literature evaluating the effect of

post-transplant hyperglycemia and diabetes, the influence of

pre-transplant diagnosis of diabetes on HSCT outcomes is

largely unknown. Of note, pre-transplant diabetes mellitus is

demonstrated to be an outcome predictor following solid

organ transplantations (13–19). Lower survival rates have

been described in the setting of heart (13) as well as kidney

(18) recipients with diabetes. Additionally, it has been

suggested that preexisting diabetes influences morbidity and

mortality after liver transplantation (14–15,17).

Therefore, the independent impact of pre-transplant dia-

betes in the setting of HSCT merits investigation. In the

present study, we aimed to delineate early and long-term

outcomes among diabetic recipients undergoing autologous or

allogeneic HSCT.

Methods

Data source

This retrospective cohort study was performed in the

Hematology-Oncology, Bone Marrow Transplantation

Correspondence: Toktam Faghihi, Department of Clinical Pharmacy,
Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran,
Iran. Tel/Fax: +982166954709. E-mail: tfaghihi@razi.tums.ac.ir

E
nd

oc
r 

R
es

 2
01

5.
40

:2
0-

24
.

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

K
ai

na
n 

U
ni

ve
rs

ity
 o

n 
04

/0
5/

15
. F

or
 p

er
so

na
l u

se
 o

nl
y.



Research Center at Shariati Hospital, Tehran University of

Medical Sciences (TUMS). We reviewed all adult patients’

records undergoing HSCT since center establishment on

March 1991 up to July 2011 to identify those with pre-

transplantation diagnosis of diabetes. Data of hematopoietic

recipients with preceding diabetes as well as a control group

of age and sex matched HSCT recipients without prior

diabetes were collected for this study. This study was

approved by TUMS ethic committee.

Patient selection and definitions

Studied population consisted of HSCT recipients who had

undergone autologous or allogeneic transplantation and had a

prior to transplantation diagnosis of diabetes mellitus.

Diabetes was defined as fasting plasma glucose (FPG)

�6.99 mmol/L, according to the criteria of American

Diabetes Association (20).

In addition, allogeneic HSCT recipients were included if

(i) had received peripheral blood as stem cell source, (ii) had

received grafts from HLA-matched sibling donors, and

(iii) had received a myeloablative conditioning regimen.

Patients were excluded if they had any of the following:

(i) had received irradiation in the preparative regimen and

(ii) undergoing re-transplantation.

A control group of HSCT recipients with the

above criteria but without pre-transplant diagnosis of dia-

betes were also assigned. In this study, we compared

outcomes in two different groups of diabetic and non-diabetic

patients.

Recipients received conditioning regimen according to the

standard protocols based on the primary disease requiring

transplantation and the setting: allogeneic versus autologous

HSCT. Allogeneic HSCT recipients received prophylactic

therapy for acute GVHD with cyclosporine and methotrexate.

Cyclosporine dose was adjusted based on the trough serum

levels of 83–333 nmol/L. Beta thalassemia major recipients

also received equine antithymocyte globulin.

Supportive care was provided as indicated. Antibiotics

were commenced empirically in cases of febrile neutropenia.

Other supportive measures such as blood products, granulo-

cyte colony stimulating factor, and TPN were prescribed

accordingly.

FPG was measured at least daily in recipients with diabetes

and three times a week in patients without diabetes.

Study end points

Primary outcome included OS. Secondary outcomes included

neutrophil and platelet engraftment, length of hospital stay,

febrile neutropenia, acute and chronic GVHD, primary

disease recurrence or relapse, and NRM. Acute and chronic

GVHD were assessed in patients undergoing allogeneic

transplantation. Hematopoietic recovery, febrile neutropenia,

and acute GVHD were assessed and compared between the

two groups during the length of hospital stay, defined as the

time period of transplantation to discharge. Likewise, inci-

dence of chronic GVHD, relapse/recurrence, survival, and

NRM were reported in the time period of last patient follow-

up in clinic till July 2011 and, therefore, compared between

the two groups in this time frame.

Neutrophil engraftment was defined as the first of three

consecutive days after transplantation that the absolute

neutrophil count exceeded 0.5� 109/L. Platelet engraftment

was defined as the first day of three consecutive days with

platelet count above 20� 109/L without transfusion. NRM

was defined as mortality due to transplant complications

and OS as the time elapsed from transplantation to death from

any cause.

Statistical analysis

We have reported continuous variables as mean ± SD. The

distribution of continuous variables was assessed by the

Kolomogrov–Smirnov test. To compare continuous variables

between the group of patients with diabetes and the control

group, independent sample t-test or the Mann–Whitney U test

was applied to analyze the significance of difference.

Categorical variables between the diabetic and control

groups were compared using the Chi-square test or the

Fisher exact test as appropriate. Probabilities of neutrophil

and platelet recovery, acute and chronic GVHD, OS, NRM for

HSCT recipients with diabetes and HSCT recipients without

diabetes were estimated by the Kaplan–Meier method. Curves

among the two groups were compared by the log rank test in a

univariate analysis.

Multivariate analysis was performed to assess the associ-

ation between confounders and the stated transplant out-

comes. Confounders included sex, age, primary diagnosis

requiring transplantation, post-transplant FPG, and body mass

index (BMI). The Cox proportional hazard regression model

was applied for multivariate analysis. Data of all recipients

were analyzed using a backward stepwise method in Cox

regression analysis. Post-transplantation FPG was first

modeled as a time-dependent variable.

All statistical analysis was performed by STATA software

version 11 (StataCorp, College Station, TX) and a p value

50.05 was considered significant.

Results

Patients

During the study time period (March 1991 up to July 2011),

34 HSCT recipients with diabetes were identified who

fulfilled the study inclusion criteria. Data were compared

with a group of 71 HSCT recipients without diabetes.

In terms of condition requiring transplantation, 5 (14.7%)

patients in the diabetes group had acute myelogenous

leukemia (AML), 2 (5.9%) acute lymphoblastic leukemia

(ALL), 3 (8.8%) chronic lymphocytic leukemia (CML),

12 (35.3%) multiple myeloma, 4 (11.8%) beta thalassemia

major, 6 (17.6%) non-Hodgkin’s lymphoma (NHL), 1 (2.9%)

Hodgkin’s disease (HD), and 1 (2.9%) aplastic anemia.

Similarly, in the non-diabetic group, 16 (22.5%) patients had

AML, 7 (9.9%) CML, 24 (33.8%) multiple myeloma, 7 (9.9%)

beta thalassemia major, 8 (11.3%) NHD, 5 (7%) HD, 2 (2.8%)

aplastic anemia, and 2 (2.8%) myelodysplastic syndrome.

Baseline characteristics of study patients are summarized in

Table 1.

Mean (SD) FPG of study participants after HSCT was 9.54

(3.71) mmol/L in the diabetic group and 6.58 (1.34) mmol/L in
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the control group (p50.001). The median (IQR) duration of

follow-up for survived patients was 1338 d (821–1913) in the

diabetes group and 1450 d (805–1899) in the control group.

Comparison of study endpoints between HSCT
recipients with diabetes and HSCT recipients
without diabetes

As shown in Table 2, there was no difference in mean length

of hospital stay as well as occurrence of the other primary and

secondary outcomes between the two groups.

Kaplan–Meier estimations of study endpoints
between HSCT recipients with diabetes and HSCT
recipients without diabetes

Median times for neutrophil and platelet engraftment, acute

and chronic GVHD as well as median time to febrile

neutropenia, primary disease relapse/recurrence, and OS are

depicted in Table 3. There was no difference between

recipients with diabetes and the control arm.

Multivariate analysis to detect prognostic factors
associated with study outcomes

Risk factors associated with each outcome is demonstrated in

Table 4. Multivariate analysis demonstrated that having

diabetes before HSCT significantly decreased overall survival

(hazard ratio 0.51, 95% confidence interval 0.27–0.97,

p value: 0.04). However, pre-transplantation diagnosis of

diabetes showed no association with other study outcomes.

Primary diagnosis requiring transplantation independently

predicted hematopoietic recovery, febrile neutropenia, and

OS. The age of HSCT recipients demonstrated to be a

prognostic factor for acute GVHD whereas BMI of recipients

was found to have a near significant relationship for chronic

GVHD (hazard ratio 1.41, 95% confidence interval 0.99–2.02,

p value: 0.05).

Discussion

To the authors’ knowledge, this is the first study specifically

aimed to evaluate the outcomes of HSCT in patients with

diabetes. Based on the results of this study, a known diagnosis

of diabetes mellitus pre-transplantation was associated with

decreased OS; however, it did not affect other studied

outcomes. In our work, we observed that having diabetes

affects survival with a hazard ratio of 0.51. This corresponds

to 49% increase in risk of death in diabetic hematopoietic

recipients when compared with non-diabetic recipients.

Of note, we observed this relation after adjusting for

important covariates including post-transplantation FPG.

Thus, results of this study suggest that preexisting diabetes

mellitus could be regarded as a new risk factor for at least one

transplantation outcome.

In corroboration with our results, Pidala et al. evaluated the

impact of dysglycemia following glucocorticoid therapy in

the setting of acute GVHD in a group of patients undergoing

HSCT in a retrospective manner. The study population

incorporated recipients with and without prior diagnosis of

diabetes. The study demonstrated that post-transplant max-

imum and average glucose values would predict OS and

having diabetes mellitus at baseline is associated with higher

maximum and average blood glucose levels. The study

suggested diabetic recipients as a high risk group for

hematopoietic transplantation who deserve particular atten-

tion. However, Pidala et al. trial was not designed to

investigate the specific impact of prior diabetes on outcomes

(7). The presence of diabetes mellitus has also been proposed

to be an important determinant of morbidity in autologous

HSCT. In a case series, Schouten et al. reported outcomes of

eight patients with type 2 diabetes mellitus or an impaired

glucose tolerance undergoing autologous bone marrow trans-

plantation (21). In the study, six recipients suffered life-

threatening infection, three developed acute kinder injury,

four liver injuries, and one congestive heart failure. Likewise

a worse OS has been reported in cancer patients with diabetes

compared with their counterparts without diabetes (22).

The mechanisms underlying the negative influence

of diabetes on survival remain to be elucidated.

Table 1. Patients’ characteristics at baseline.

Diabetes No diabetes

FPG (mmol/L)a 8 (4.39) 4.88 (1.75)**
BW (kg)a 71.63 (14.86) 65.06 (11.75)*
BMI (kg/m2)a 26.80 (5.75) 24.32 (3.86)*
Age (year)a 43.70 (13.90) 43.15 (13.57)
CD34 cell (�106/kg recipient)b 18.76 (59.66) 10.06 (33.18)
Total MNC (�108/kg recipient)b 9.60 (13.46) 7.36 (3.63)
Sex (N, %)

Male 20 40
Female 14 31

Transplantation type (N, %)
Autologue 22 44
Allogeneic 12 27

FPG, fasting plasma glucose; BW, body weight; BMI, body mass index;
MNC, mononucleated cell.

Data are presented as mean (SD) for FBS, BW, BMI, age, CD34 cell, and
total MNC. Data are presented as N (%) for sex and transplantation
type. Mean FPG, BW, and BMI of recipients are reported before
initiation of conditioning regimen.

ap Values are given for the comparison of mean difference between
diabetes and non-diabetes groups using independent sample t-test.

bp Values are given for the comparison of difference between diabetes
and non-diabetes groups using the Mann–Whitney test.

*p Value of50.05. **p Value of50.001.

Table 2. Transplantation outcomes in patients with and without diabetes.

Diabetes
(n¼ 34)

No-diabetes
(n¼ 71)

Length of hospital stay, mean (SD), days 17.58 (10.85) 18.14 (5.34)
Neutrophil engraftmenta (%) 85.3 93
Platelet engraftmenta (%) 44.1 63.4
Febrile neutropeniaa (%) 97.1 93
Acute GVHDa (%) 20.6 16.9
Chronic GVHDb (%) 8.8 14.1
Relapse/recurrenceb (%) 14.7 26.8
Overall survivalb (%) 79.4 88.7
NRMb (%) 17.6 5.6

GVHD, graft-versus-host disease; NRM, non-relapse mortality. None of
the variables were significantly different between the two groups.

aIncidence of neutrophil engraftment, platelet engraftment, febrile
neutropenia, and acute GVHD were assessed during hospitalization
calculated from day of stem cell infusion to discharge.

bIncidence of chronic GVHD, survival, relapse, and NRM were reported
and compared for the median time of patient follow-up.

22 M. Radfar et al. Endocr Res, 2015; 40(1): 20–24
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Long-term diabetes has been shown to impair mobilization

and function of hematopoietic progenitor cells in mice

(23,24). The clinical impact of these finding needs further

research.

In our study, however, a known diagnosis of diabetes

mellitus pre-transplantation did not affect granulocyte and

platelet recovery, acute and chronic GVHD, length of hospital

stay, primary disease recurrence, febrile neutropenia, and

NRM. This result may be attributed to the small sample size

of study population. Additionally, this result may be inter-

preted with the mechanisms underlying the ‘‘diabetes para-

dox’’ theory. This theory delineates that diabetes mellitus is

not independently associated with decreased mortality in

critically ill patients (25).

Regarding the effect of the condition requiring transplant-

ation, we observed that NHD independently predicted

hematopoietic recovery as well as OS and thalassemia

affected hematopoietic recovery. It has been shown that

adult thalassemia patients over 17 years undergoing HSCT

from HLA identical siblings have higher transplantation

related mortality (TRM), a lower OS and thalassemia

free survival (TFS) compared with younger counterparts

undergoing HSCT (26–28). In the present work, however,

we observed that adult patients with thalassemia have inferior

rates of hematopoietic recovery.

Baseline BMI of HSCT recipients has been reported to be

a potential outcome predictor following allogeneic HSCT in

leukemic patients (29). In the present trial, higher BMI had a

near significant association with increased risk of chronic

GVHD. This finding is consistent with Fuji et al. (30)

illuminating an association between obesity and GVHD.

Not surprisingly, diabetic recipients had significantly

higher fasting plasma glucose levels in the post-transplant-

ation period compared with the control arm; mean (SD)

FPG of 9.54 (3.71) mmol/L versus 6.58 (1.34) mmol/L

(p value50.001), respectively. There is growing evidence on

the role of hyperglycemia in the post-transplantation period

on the outcomes of transplantation (3–6).

This study has a number of limitations. This research had a

retrospective nature. Also, it had the limited sample of

diabetic patients. However, this sample consisted of all

diabetic patients undergoing HSCT in our institution. Data on

glycosylated hemoglobin A1c (HbA1c) were not available.

Additionally, information on duration of diabetes, develop-

ment of diabetes complications, type of anti-diabetes medi-

cations, and Karnofsky performance status of recipients were

unavailable. Moreover, heterogeneous population of malig-

nant and non-malignant diseases in this study could have

influenced the results. Finally, incidence of neutrophil

engraftment, platelet engraftment, febrile neutropenia, and

acute GVHD were assessed within hospitalization time.

Conclusion

Patients with diabetes mellitus undergoing HSCT may have

inferior transplantation outcomes compared with recipients

without diabetes mellitus. Considering the rapidly growing

population of diabetes (31), studies on the consequences of

diabetes in the setting of hematopoietic transplantation are

mandatory.
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