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INTRODUCTION

ß-thalassaemia represents a group of recessively inherited 
haemoglobin disorders. The homozygous state known as 
BTM, results in a severe haemolytic anaemia requiring 
regular blood transfusions. However, frequent blood 
transfusions have been associated with iron overload [1-3]. ß 
thalassaemia is the most common single gene disorder in 
Pakistan with a gene frequency of 5-8% and about 8-10 
million carriers in the country [4] and it is present in all ethnic 
groups [5].

Frequent blood transfusions lead to deposition of iron in 
multiple organs especially liver, heart, endocrine glands, skin 
and musculoskeletal system. Most clinical manifestations of 
iron overload do not appear until the second decade of life in 
patients with inadequate iron chelation. Endocrine 
abnormalities are among the most common complications of 
thalassaemia major [6-8]. 

Among these endocrine abnormalities, impaired glucose 
tolerance and diabetes mellitus are the major endocrinopathy 
which occurs due to transfusion related haemosiderosis and is 
found in 9-15% of patients with beta-thalassaemia worldwide, 
accounting for significant morbidity [9-11]. DM in 
thalassaemia patients is a distinct form of DM. It is peculiar in 
many aspects including its pathophysiology as it occurs due to 

resistance of insulin at target receptors, as well as islet cell 
insufficiency which can even lead to absolute deficiency of 
insulin [12].

A study of 142 chronically transfused patients with beta 
thalassaemia major noted diabetes mellitus in 14.6% cases 
with mean 12 years of transfusion and an average serum 
ferritin of 2000 μg/l [13].

Main risk factors associated with DM are poor compliance 
with iron chelation leading to secondary iron overload in 
pancreas resulting destruction of pancreatic β cell, advanced 
age at the start of intensive chelation therapy, liver cirrhosis or 
severe fibrosis, viral infection and/or genetic factors [14, 15].

The strongest predictor for the development of diabetes in 
some studies was the amount and duration of transfusion 
therapy [16], with every decade of transfusion exposure 
increasing the odds of developing diabetes by a further 2.5 
times [8].

There appears to be a reduction in the frequency of diabetes in 
patients who have been more adequately chelated [13]. A 
study reported overall diabetes rate of 10% [17] is less than 
the 20% reported in Brittenham and coworkers’ cohort of 59 
patients, aged 7 to 31 Years [18]. Diabetes mellitus increases 
the risk for cardiac complications; heart failure, hyperkinetic 
arrhythmias and myocardial fibrosis irrespective of 
myocardial iron overload [19, 20].

Knowing the fact that DM is one of the well-known endocrine 
complications of β-thalassaemia major patients on transfusion 
therapy, this study had been designed to see the frequency of 
DM in BTM patients of Pakistan and its association with age, 
height, weight, number of transfusions, total duration of blood 
transfusion and serum ferritin. This will help us in planning an 
optimum transfusion therapy, proper and early iron chelation, 
prevention, monitoring and diagnosis of DM at an early stage 
and last but not the least prompt management of DM in this 
group of patients of developing country.   

PATIENTS AND METHODS

The study was conducted at National Institute of Blood 
Disease & Bone Marrow Transplantation Karachi. Sample 
size was calculated based on previously reported frequency of 
diabetes mellitus to be 14.6% [13]. Study design was 
descriptive cross sectional study and sample technique was 
non-probability purposive. Inclusion criteria were BTM 
patients confirmed on the basis of DNA analysis for 
thalassaemia mutations, Age 5 years and above and either 
gender. Exclusion criteria were ß-thalassaemia trait and 
ß-thalassaemia intermedia, Compound heterozygote cases of 
HbD, HbE, HbS or HbC trait either diagnosed on 
haemoglobin electrophoresis or thalassaemia gene mutation 
analysis, on medication known to cause glucose intolerance 
(e.g. corticosteroids), those diagnosed as cases of secondary 
diabetes mellitus (e.g. Cushing syndrome).

Patients with BTM meeting the inclusion criteria were 
enrolled in the study from haematology clinics. The study was 
approved from the institutional board/ethics committee.  The 
purpose and procedure of the study was explained to the 
parents /patients. An informed consent was taken from each 
patient or their parents (in the case of minor). Patients were 
asked to visit with overnight fasting.

Blood samples were collected in the morning as a basal 

sample for estimation of plasma glucose in sodium fluoride 
tube, a glycolysis inhibitor containing potassium oxalate as an 
anticoagulant. 3 ml of whole blood was taken from each 
patient. Samples were centrifuged at 6000rpm for 10 minutes 
in order to obtain plasma. One ml of glucose reagent was 
added in 10 ul of plasma and incubated for 10min at 370C. 
Plasma samples were analyzed for glucose on STAT FAX 
3300, a spectrophotometer by glucose oxidase method.

Either fasting plasma glucose of ≥ 126mg/dl on two occasions 
or venous plasma glucose of ≥ 200mg/dl, 2h after ingestion of 
75g oral glucose load was considered diagnostic for diabetes 
mellitus [21]. For children, a dose of 1.75 g/kg (to a maximum 
of 75 g) was used for OGTT [22]. 

STATISTICAL METHOD

 Data was analyzed on statistical software SPSS version 17. 
Frequency and percentage were computed for categorical data 
like gender and diabetes mellitus in thalassaemia major. Mean 
and SD were computed for numerical data like age, weight, 
height and duration of transfusion. Stratification was done 
with regard to age, gender, weight, number of transfusions 
and serum ferritin to observe the effect on the outcome 
variables through chi-square test. P value ≤ 0.05 was taken as 
significant. 

RESULTS

General Characteristics

Out of total 188 studied patients, there were 83 (44.1%) male. 
Median age was 12.5 (10-17) years. Median height and 
weight of the patients were 130 (120-146) cm and 26 (21-35) 
kg respectively. Median age at first transfusion was 7 (6-7) 
months. Based on plasma glucose levels, 11 (5.8%) and 26 
(13.8%) patients had diabetes mellitus and impaired glucose 
tolerance (IGT) respectively. Diabetes status of the patients 
and its association with age, height, weight, age, age at first 
transfusion are discussed in detail in Table 1.

71 (37.7%) patients, were taking tablet deferasirox, 68 
(36.1%) were on deferiprone, while 38 (20.2%) patients were 
on desferrioxamina + deferiprone combination. No iron 
chelation therapy was received by 11 (5.9%) patients (Fig. 1).  

Fig. (1). Iron Chelation Therapy (n=188).

Significant difference of serum ferritin level was observed in 
between non-diabetic vs. DM patients (p-value 0.043) and 
IGT vs. DM patients (p-value 0.023). However, insignificant 
difference was observed among non-diabetic vs. IGT (p-value 
0.501) and normal vs. IGT vs. DM (p-value 0.083) (Fig. 2). 
Significant relationship was observed between serum ferritin 
and diabetic status (p-value 0.013) (Fig. 2).

Fig. (2). Serum Ferritin level (in ng/ml) with Respect to 
Diabetic Status.

DISCUSSION

IThe frequency of DM in our study was low in contrast to the 
local study in which they retrospectively analyzed BTM 
patients for endocrinopathy [16]. Lower frequencies have also 
been demonstrated in our population [23, 24]. This is 
probably due to the fact that higher percentages of patients 
were on iron chelation. Our findings are comparable to those 
explained [25] in Iran. However, higher frequencies were 
reported in India [26], in Egypt [27], in Cyprus [28], in Oman 
[29] and in Tehran [30]. Poor iron chelation could be the most 
likely cause.

Of our total 188 patients, 105 were female demonstrating a 
female preponderance. This is in contrast to the results of 
some studies [31-33] reporting an opposite gender 
distribution.

In our study the median age at first blood transfusion in DM 
group was 6 years and is lower than reported by a multicenter 

study in Tehran, pointing towards the earlier transfusion need 
in our patient population [30]. Similar findings were observed 
in another study [34]. Higher age was reported in few studies 
[25-29]. The probable reasons of patients presented at higher 
age in these studies were that they enrolled the patients with 
advance age or their patients have received fewer blood 
transfusions as compare to our study so as the complications 
of iron overload may have manifested in advance age group.

In our study the median age of first blood transfusions for DM 
is lower than other study [30]. Lower median age at first 
transfusion for DM in our study explains that they have 
exposed to blood transfusion at an earlier age than those with 
non-diabetics. In our study the median duration of blood 
transfusions is almost similar to reported by a study [32].

In our study the median serum ferritin is significantly high in 
both the groups. Similarly higher serum ferritin was reported 
in other studies. [25, 32, 35].

A cross-sectional study of 382 BTM patients treated with 
regular transfusions and desferrioxamine, demonstrated that 
patients with serum ferritin level >2,500 ng/ml were 3.53 
times (95% CI 1.09 11.40) more likely to have DM [36]. 
Some studies have also reported that ferritin levels of patients 
with DM were not significantly different from those patients 
who had no DM [30, 34]. This may be explained by 
pathophysiology other then pancreatic iron overload. 

In our study the median frequency of blood transfusion per 
year is higher than the results obtained by a study [35]. Those 
who required frequent blood transfusions were more prone for 
diabetes and impaired glucose tolerance as compare to those 
who required less frequent blood transfusions. 

CONCLUSION

Frequency of diabetes mellitus and impaired glucose 
tolerance (IGT) was found in 11 (5.8%) and 26 (13.8%) 
patients respectively out of 188 patients. We found an 
association of DM with higher ages, raised serum ferritin, 
increase number of blood transfusion and total duration of 
blood transfusions. These findings are not novel, but provide 
insights into the complications of thalassaemia in a 
developing country. It also highlights the possible prevention 
of IGT/DM in thalassaemic patients. Patients with BTM need 
periodic evaluation for early recognition and prevention of 
this complication by early and regular chelation therapy for 
the improvement of the quality of life. As persistence of high 
blood sugar levels in DM lead to various complications 
involving central nervous system, heart, fatal electrolyte 
imbalance and death, so one should be cautious and vigilant to 
screen these patients in second decade of life regularly for the 
development of DM. However, as this was a cross sectional 
study, more cohort follow on studies is needed.
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Research Article

Abstract: Objective: Diabetes mellitus is well-known endocrine complication of beta thalassaemia major patients. This study aims to 
determine the frequency of diabetes mellitus in BTM patients and to examine its association with age, height, weight, number of transfusions, 
serum Ferritin and total duration of blood transfusion.

Methods:  Fasting blood samples of BTM patients were analyzed for plasma glucose level by glucose oxidase method. Plasma fasting glucose 
level ≥ 126mg/dl on two occasions was considered as diabetes mellitus. Patients with fasting plasma glucose levels ranged from 100 to 
125mg/dl were assessed further by oral glucose tolerance test (OGTT). 

Results: Of 188 patients, 151 (80.3%) were non-diabetic patients; frequency of diabetes mellitus and impaired glucose tolerance (IGT) was 
found in 11 (5.8%) and 26 (13.8%) patients respectively. Higher age group (median age 12.5 years) (p-value < 0.001), frequency of transfusion 
(p-value < 0.001), total duration of blood transfusion (p-value 0.007) were found important risk factors.

Conclusion: Our findings confirmed the importance of screening and monitoring of blood sugar levels in thalassaemic patients. However, it 
also provides an insight regarding its associations with higher age raised serum Ferritin and total duration of blood transfusions.

Keywords: Diabetes mellitus, β-thalassaemia major, Impaired glucose tolerance, Oral Glucose Tolerance Test (OGTT), Haemochromatosis.
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thalassaemia is the most common single gene disorder in 
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million carriers in the country [4] and it is present in all ethnic 
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multiple organs especially liver, heart, endocrine glands, skin 
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patients with inadequate iron chelation. Endocrine 
abnormalities are among the most common complications of 
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which occurs due to transfusion related haemosiderosis and is 
found in 9-15% of patients with beta-thalassaemia worldwide, 
accounting for significant morbidity [9-11]. DM in 
thalassaemia patients is a distinct form of DM. It is peculiar in 
many aspects including its pathophysiology as it occurs due to 

resistance of insulin at target receptors, as well as islet cell 
insufficiency which can even lead to absolute deficiency of 
insulin [12].

A study of 142 chronically transfused patients with beta 
thalassaemia major noted diabetes mellitus in 14.6% cases 
with mean 12 years of transfusion and an average serum 
ferritin of 2000 μg/l [13].

Main risk factors associated with DM are poor compliance 
with iron chelation leading to secondary iron overload in 
pancreas resulting destruction of pancreatic β cell, advanced 
age at the start of intensive chelation therapy, liver cirrhosis or 
severe fibrosis, viral infection and/or genetic factors [14, 15].

The strongest predictor for the development of diabetes in 
some studies was the amount and duration of transfusion 
therapy [16], with every decade of transfusion exposure 
increasing the odds of developing diabetes by a further 2.5 
times [8].

There appears to be a reduction in the frequency of diabetes in 
patients who have been more adequately chelated [13]. A 
study reported overall diabetes rate of 10% [17] is less than 
the 20% reported in Brittenham and coworkers’ cohort of 59 
patients, aged 7 to 31 Years [18]. Diabetes mellitus increases 
the risk for cardiac complications; heart failure, hyperkinetic 
arrhythmias and myocardial fibrosis irrespective of 
myocardial iron overload [19, 20].

 

Knowing the fact that DM is one of the well-known endocrine 
complications of β-thalassaemia major patients on transfusion 
therapy, this study had been designed to see the frequency of 
DM in BTM patients of Pakistan and its association with age, 
height, weight, number of transfusions, total duration of blood 
transfusion and serum ferritin. This will help us in planning an 
optimum transfusion therapy, proper and early iron chelation, 
prevention, monitoring and diagnosis of DM at an early stage 
and last but not the least prompt management of DM in this 
group of patients of developing country.   

PATIENTS AND METHODS

The study was conducted at National Institute of Blood 
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size was calculated based on previously reported frequency of 
diabetes mellitus to be 14.6% [13]. Study design was 
descriptive cross sectional study and sample technique was 
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patients confirmed on the basis of DNA analysis for 
thalassaemia mutations, Age 5 years and above and either 
gender. Exclusion criteria were ß-thalassaemia trait and 
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HbD, HbE, HbS or HbC trait either diagnosed on 
haemoglobin electrophoresis or thalassaemia gene mutation 
analysis, on medication known to cause glucose intolerance 
(e.g. corticosteroids), those diagnosed as cases of secondary 
diabetes mellitus (e.g. Cushing syndrome).

Patients with BTM meeting the inclusion criteria were 
enrolled in the study from haematology clinics. The study was 
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purpose and procedure of the study was explained to the 
parents /patients. An informed consent was taken from each 
patient or their parents (in the case of minor). Patients were 
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sample for estimation of plasma glucose in sodium fluoride 
tube, a glycolysis inhibitor containing potassium oxalate as an 
anticoagulant. 3 ml of whole blood was taken from each 
patient. Samples were centrifuged at 6000rpm for 10 minutes 
in order to obtain plasma. One ml of glucose reagent was 
added in 10 ul of plasma and incubated for 10min at 370C. 
Plasma samples were analyzed for glucose on STAT FAX 
3300, a spectrophotometer by glucose oxidase method.

Either fasting plasma glucose of ≥ 126mg/dl on two occasions 
or venous plasma glucose of ≥ 200mg/dl, 2h after ingestion of 
75g oral glucose load was considered diagnostic for diabetes 
mellitus [21]. For children, a dose of 1.75 g/kg (to a maximum 
of 75 g) was used for OGTT [22]. 

STATISTICAL METHOD

 Data was analyzed on statistical software SPSS version 17. 
Frequency and percentage were computed for categorical data 
like gender and diabetes mellitus in thalassaemia major. Mean 
and SD were computed for numerical data like age, weight, 
height and duration of transfusion. Stratification was done 
with regard to age, gender, weight, number of transfusions 
and serum ferritin to observe the effect on the outcome 
variables through chi-square test. P value ≤ 0.05 was taken as 
significant. 

RESULTS

General Characteristics

Out of total 188 studied patients, there were 83 (44.1%) male. 
Median age was 12.5 (10-17) years. Median height and 
weight of the patients were 130 (120-146) cm and 26 (21-35) 
kg respectively. Median age at first transfusion was 7 (6-7) 
months. Based on plasma glucose levels, 11 (5.8%) and 26 
(13.8%) patients had diabetes mellitus and impaired glucose 
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and its association with age, height, weight, age, age at first 
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71 (37.7%) patients, were taking tablet deferasirox, 68 
(36.1%) were on deferiprone, while 38 (20.2%) patients were 
on desferrioxamina + deferiprone combination. No iron 
chelation therapy was received by 11 (5.9%) patients (Fig. 1).  

Fig. (1). Iron Chelation Therapy (n=188).

Significant difference of serum ferritin level was observed in 
between non-diabetic vs. DM patients (p-value 0.043) and 
IGT vs. DM patients (p-value 0.023). However, insignificant 
difference was observed among non-diabetic vs. IGT (p-value 
0.501) and normal vs. IGT vs. DM (p-value 0.083) (Fig. 2). 
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DISCUSSION

IThe frequency of DM in our study was low in contrast to the 
local study in which they retrospectively analyzed BTM 
patients for endocrinopathy [16]. Lower frequencies have also 
been demonstrated in our population [23, 24]. This is 
probably due to the fact that higher percentages of patients 
were on iron chelation. Our findings are comparable to those 
explained [25] in Iran. However, higher frequencies were 
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In our study the median age at first blood transfusion in DM 
group was 6 years and is lower than reported by a multicenter 
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in our patient population [30]. Similar findings were observed 
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advance age or their patients have received fewer blood 
transfusions as compare to our study so as the complications 
of iron overload may have manifested in advance age group.

In our study the median age of first blood transfusions for DM 
is lower than other study [30]. Lower median age at first 
transfusion for DM in our study explains that they have 
exposed to blood transfusion at an earlier age than those with 
non-diabetics. In our study the median duration of blood 
transfusions is almost similar to reported by a study [32].

In our study the median serum ferritin is significantly high in 
both the groups. Similarly higher serum ferritin was reported 
in other studies. [25, 32, 35].

A cross-sectional study of 382 BTM patients treated with 
regular transfusions and desferrioxamine, demonstrated that 
patients with serum ferritin level >2,500 ng/ml were 3.53 
times (95% CI 1.09 11.40) more likely to have DM [36]. 
Some studies have also reported that ferritin levels of patients 
with DM were not significantly different from those patients 
who had no DM [30, 34]. This may be explained by 
pathophysiology other then pancreatic iron overload. 

In our study the median frequency of blood transfusion per 
year is higher than the results obtained by a study [35]. Those 
who required frequent blood transfusions were more prone for 
diabetes and impaired glucose tolerance as compare to those 
who required less frequent blood transfusions. 

CONCLUSION

Frequency of diabetes mellitus and impaired glucose 
tolerance (IGT) was found in 11 (5.8%) and 26 (13.8%) 
patients respectively out of 188 patients. We found an 
association of DM with higher ages, raised serum ferritin, 
increase number of blood transfusion and total duration of 
blood transfusions. These findings are not novel, but provide 
insights into the complications of thalassaemia in a 
developing country. It also highlights the possible prevention 
of IGT/DM in thalassaemic patients. Patients with BTM need 
periodic evaluation for early recognition and prevention of 
this complication by early and regular chelation therapy for 
the improvement of the quality of life. As persistence of high 
blood sugar levels in DM lead to various complications 
involving central nervous system, heart, fatal electrolyte 
imbalance and death, so one should be cautious and vigilant to 
screen these patients in second decade of life regularly for the 
development of DM. However, as this was a cross sectional 
study, more cohort follow on studies is needed.
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Table 1. Comparison of Diabetes Status with General Characteristics of the Patients.

overall cases
(n=188 )

Non-diabetic cases
(n=151)

IGT Cases
(n=26)

DM Cases
(n=11)

p-valuea† p-valueb† p-valuec† p-valuedParameters

Age
(years)

Age of first
Transfusion  (months)

Height
(cm)

Weight
(kg)

Frequency of transfusions
per year

Duration of blood
transfusion (in years)

12.5 (10-17)

7 (6-7)

130 (120-146)

26 (21-35)

20 (12-24)

13 (11-17)

IGT: Impaired glucose tolerance test, DM: Diabetes Mellitus, SD: Standard Deviation
a: normal vs IGT cases, b: normal vs DM cases, c: IGT vs DM cases, d: normal vs IGT vs DM cases
†Mann-whitney U test applied,    Kruskal-Wallis test applied
*p-value <0.05

12 (10-16)

7 (6-11)

128 (119-141)

25 (21-32)

12 (12-24)

11 (11-14)

16 (11.75-19)

6 (6-17)

134 (123-153)

31 (20-42)

24 (12-24)

15 (13-18) 

19 (15-20)

6 (6-7)

150 (130-155)

35 (30-40)

20 (20-24)

17 (15-20)

0.010*

0.082

0.070

0.087

0.002*

0.031*

0.001*

0.157

0.004*

0.002*

0.006*

<0.001*

0.181

0.635

0.300

0.384

0.959

0.298*

<0.001*

0.101

0.005*

0.003*

<0.001*

0.007

Median (IQR) Median (IQR) Median (IQR) Median (IQR)
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INTRODUCTION

ß-thalassaemia represents a group of recessively inherited 
haemoglobin disorders. The homozygous state known as 
BTM, results in a severe haemolytic anaemia requiring 
regular blood transfusions. However, frequent blood 
transfusions have been associated with iron overload [1-3]. ß 
thalassaemia is the most common single gene disorder in 
Pakistan with a gene frequency of 5-8% and about 8-10 
million carriers in the country [4] and it is present in all ethnic 
groups [5].

Frequent blood transfusions lead to deposition of iron in 
multiple organs especially liver, heart, endocrine glands, skin 
and musculoskeletal system. Most clinical manifestations of 
iron overload do not appear until the second decade of life in 
patients with inadequate iron chelation. Endocrine 
abnormalities are among the most common complications of 
thalassaemia major [6-8]. 

Among these endocrine abnormalities, impaired glucose 
tolerance and diabetes mellitus are the major endocrinopathy 
which occurs due to transfusion related haemosiderosis and is 
found in 9-15% of patients with beta-thalassaemia worldwide, 
accounting for significant morbidity [9-11]. DM in 
thalassaemia patients is a distinct form of DM. It is peculiar in 
many aspects including its pathophysiology as it occurs due to 

resistance of insulin at target receptors, as well as islet cell 
insufficiency which can even lead to absolute deficiency of 
insulin [12].

A study of 142 chronically transfused patients with beta 
thalassaemia major noted diabetes mellitus in 14.6% cases 
with mean 12 years of transfusion and an average serum 
ferritin of 2000 μg/l [13].

Main risk factors associated with DM are poor compliance 
with iron chelation leading to secondary iron overload in 
pancreas resulting destruction of pancreatic β cell, advanced 
age at the start of intensive chelation therapy, liver cirrhosis or 
severe fibrosis, viral infection and/or genetic factors [14, 15].

The strongest predictor for the development of diabetes in 
some studies was the amount and duration of transfusion 
therapy [16], with every decade of transfusion exposure 
increasing the odds of developing diabetes by a further 2.5 
times [8].

There appears to be a reduction in the frequency of diabetes in 
patients who have been more adequately chelated [13]. A 
study reported overall diabetes rate of 10% [17] is less than 
the 20% reported in Brittenham and coworkers’ cohort of 59 
patients, aged 7 to 31 Years [18]. Diabetes mellitus increases 
the risk for cardiac complications; heart failure, hyperkinetic 
arrhythmias and myocardial fibrosis irrespective of 
myocardial iron overload [19, 20].

Knowing the fact that DM is one of the well-known endocrine 
complications of β-thalassaemia major patients on transfusion 
therapy, this study had been designed to see the frequency of 
DM in BTM patients of Pakistan and its association with age, 
height, weight, number of transfusions, total duration of blood 
transfusion and serum ferritin. This will help us in planning an 
optimum transfusion therapy, proper and early iron chelation, 
prevention, monitoring and diagnosis of DM at an early stage 
and last but not the least prompt management of DM in this 
group of patients of developing country.   

PATIENTS AND METHODS

The study was conducted at National Institute of Blood 
Disease & Bone Marrow Transplantation Karachi. Sample 
size was calculated based on previously reported frequency of 
diabetes mellitus to be 14.6% [13]. Study design was 
descriptive cross sectional study and sample technique was 
non-probability purposive. Inclusion criteria were BTM 
patients confirmed on the basis of DNA analysis for 
thalassaemia mutations, Age 5 years and above and either 
gender. Exclusion criteria were ß-thalassaemia trait and 
ß-thalassaemia intermedia, Compound heterozygote cases of 
HbD, HbE, HbS or HbC trait either diagnosed on 
haemoglobin electrophoresis or thalassaemia gene mutation 
analysis, on medication known to cause glucose intolerance 
(e.g. corticosteroids), those diagnosed as cases of secondary 
diabetes mellitus (e.g. Cushing syndrome).

Patients with BTM meeting the inclusion criteria were 
enrolled in the study from haematology clinics. The study was 
approved from the institutional board/ethics committee.  The 
purpose and procedure of the study was explained to the 
parents /patients. An informed consent was taken from each 
patient or their parents (in the case of minor). Patients were 
asked to visit with overnight fasting.

Blood samples were collected in the morning as a basal 

sample for estimation of plasma glucose in sodium fluoride 
tube, a glycolysis inhibitor containing potassium oxalate as an 
anticoagulant. 3 ml of whole blood was taken from each 
patient. Samples were centrifuged at 6000rpm for 10 minutes 
in order to obtain plasma. One ml of glucose reagent was 
added in 10 ul of plasma and incubated for 10min at 370C. 
Plasma samples were analyzed for glucose on STAT FAX 
3300, a spectrophotometer by glucose oxidase method.

Either fasting plasma glucose of ≥ 126mg/dl on two occasions 
or venous plasma glucose of ≥ 200mg/dl, 2h after ingestion of 
75g oral glucose load was considered diagnostic for diabetes 
mellitus [21]. For children, a dose of 1.75 g/kg (to a maximum 
of 75 g) was used for OGTT [22]. 

STATISTICAL METHOD

 Data was analyzed on statistical software SPSS version 17. 
Frequency and percentage were computed for categorical data 
like gender and diabetes mellitus in thalassaemia major. Mean 
and SD were computed for numerical data like age, weight, 
height and duration of transfusion. Stratification was done 
with regard to age, gender, weight, number of transfusions 
and serum ferritin to observe the effect on the outcome 
variables through chi-square test. P value ≤ 0.05 was taken as 
significant. 

RESULTS

General Characteristics

Out of total 188 studied patients, there were 83 (44.1%) male. 
Median age was 12.5 (10-17) years. Median height and 
weight of the patients were 130 (120-146) cm and 26 (21-35) 
kg respectively. Median age at first transfusion was 7 (6-7) 
months. Based on plasma glucose levels, 11 (5.8%) and 26 
(13.8%) patients had diabetes mellitus and impaired glucose 
tolerance (IGT) respectively. Diabetes status of the patients 
and its association with age, height, weight, age, age at first 
transfusion are discussed in detail in Table 1.

 

 

71 (37.7%) patients, were taking tablet deferasirox, 68 
(36.1%) were on deferiprone, while 38 (20.2%) patients were 
on desferrioxamina + deferiprone combination. No iron 
chelation therapy was received by 11 (5.9%) patients (Fig. 1).  

Fig. (1). Iron Chelation Therapy (n=188).

Significant difference of serum ferritin level was observed in 
between non-diabetic vs. DM patients (p-value 0.043) and 
IGT vs. DM patients (p-value 0.023). However, insignificant 
difference was observed among non-diabetic vs. IGT (p-value 
0.501) and normal vs. IGT vs. DM (p-value 0.083) (Fig. 2). 
Significant relationship was observed between serum ferritin 
and diabetic status (p-value 0.013) (Fig. 2).

Fig. (2). Serum Ferritin level (in ng/ml) with Respect to 
Diabetic Status.

DISCUSSION

IThe frequency of DM in our study was low in contrast to the 
local study in which they retrospectively analyzed BTM 
patients for endocrinopathy [16]. Lower frequencies have also 
been demonstrated in our population [23, 24]. This is 
probably due to the fact that higher percentages of patients 
were on iron chelation. Our findings are comparable to those 
explained [25] in Iran. However, higher frequencies were 
reported in India [26], in Egypt [27], in Cyprus [28], in Oman 
[29] and in Tehran [30]. Poor iron chelation could be the most 
likely cause.

Of our total 188 patients, 105 were female demonstrating a 
female preponderance. This is in contrast to the results of 
some studies [31-33] reporting an opposite gender 
distribution.

In our study the median age at first blood transfusion in DM 
group was 6 years and is lower than reported by a multicenter 

study in Tehran, pointing towards the earlier transfusion need 
in our patient population [30]. Similar findings were observed 
in another study [34]. Higher age was reported in few studies 
[25-29]. The probable reasons of patients presented at higher 
age in these studies were that they enrolled the patients with 
advance age or their patients have received fewer blood 
transfusions as compare to our study so as the complications 
of iron overload may have manifested in advance age group.

In our study the median age of first blood transfusions for DM 
is lower than other study [30]. Lower median age at first 
transfusion for DM in our study explains that they have 
exposed to blood transfusion at an earlier age than those with 
non-diabetics. In our study the median duration of blood 
transfusions is almost similar to reported by a study [32].

In our study the median serum ferritin is significantly high in 
both the groups. Similarly higher serum ferritin was reported 
in other studies. [25, 32, 35].

A cross-sectional study of 382 BTM patients treated with 
regular transfusions and desferrioxamine, demonstrated that 
patients with serum ferritin level >2,500 ng/ml were 3.53 
times (95% CI 1.09 11.40) more likely to have DM [36]. 
Some studies have also reported that ferritin levels of patients 
with DM were not significantly different from those patients 
who had no DM [30, 34]. This may be explained by 
pathophysiology other then pancreatic iron overload. 

In our study the median frequency of blood transfusion per 
year is higher than the results obtained by a study [35]. Those 
who required frequent blood transfusions were more prone for 
diabetes and impaired glucose tolerance as compare to those 
who required less frequent blood transfusions. 

CONCLUSION

Frequency of diabetes mellitus and impaired glucose 
tolerance (IGT) was found in 11 (5.8%) and 26 (13.8%) 
patients respectively out of 188 patients. We found an 
association of DM with higher ages, raised serum ferritin, 
increase number of blood transfusion and total duration of 
blood transfusions. These findings are not novel, but provide 
insights into the complications of thalassaemia in a 
developing country. It also highlights the possible prevention 
of IGT/DM in thalassaemic patients. Patients with BTM need 
periodic evaluation for early recognition and prevention of 
this complication by early and regular chelation therapy for 
the improvement of the quality of life. As persistence of high 
blood sugar levels in DM lead to various complications 
involving central nervous system, heart, fatal electrolyte 
imbalance and death, so one should be cautious and vigilant to 
screen these patients in second decade of life regularly for the 
development of DM. However, as this was a cross sectional 
study, more cohort follow on studies is needed.
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INTRODUCTION

ß-thalassaemia represents a group of recessively inherited 
haemoglobin disorders. The homozygous state known as 
BTM, results in a severe haemolytic anaemia requiring 
regular blood transfusions. However, frequent blood 
transfusions have been associated with iron overload [1-3]. ß 
thalassaemia is the most common single gene disorder in 
Pakistan with a gene frequency of 5-8% and about 8-10 
million carriers in the country [4] and it is present in all ethnic 
groups [5].

Frequent blood transfusions lead to deposition of iron in 
multiple organs especially liver, heart, endocrine glands, skin 
and musculoskeletal system. Most clinical manifestations of 
iron overload do not appear until the second decade of life in 
patients with inadequate iron chelation. Endocrine 
abnormalities are among the most common complications of 
thalassaemia major [6-8]. 

Among these endocrine abnormalities, impaired glucose 
tolerance and diabetes mellitus are the major endocrinopathy 
which occurs due to transfusion related haemosiderosis and is 
found in 9-15% of patients with beta-thalassaemia worldwide, 
accounting for significant morbidity [9-11]. DM in 
thalassaemia patients is a distinct form of DM. It is peculiar in 
many aspects including its pathophysiology as it occurs due to 

resistance of insulin at target receptors, as well as islet cell 
insufficiency which can even lead to absolute deficiency of 
insulin [12].

A study of 142 chronically transfused patients with beta 
thalassaemia major noted diabetes mellitus in 14.6% cases 
with mean 12 years of transfusion and an average serum 
ferritin of 2000 μg/l [13].

Main risk factors associated with DM are poor compliance 
with iron chelation leading to secondary iron overload in 
pancreas resulting destruction of pancreatic β cell, advanced 
age at the start of intensive chelation therapy, liver cirrhosis or 
severe fibrosis, viral infection and/or genetic factors [14, 15].

The strongest predictor for the development of diabetes in 
some studies was the amount and duration of transfusion 
therapy [16], with every decade of transfusion exposure 
increasing the odds of developing diabetes by a further 2.5 
times [8].

There appears to be a reduction in the frequency of diabetes in 
patients who have been more adequately chelated [13]. A 
study reported overall diabetes rate of 10% [17] is less than 
the 20% reported in Brittenham and coworkers’ cohort of 59 
patients, aged 7 to 31 Years [18]. Diabetes mellitus increases 
the risk for cardiac complications; heart failure, hyperkinetic 
arrhythmias and myocardial fibrosis irrespective of 
myocardial iron overload [19, 20].

Knowing the fact that DM is one of the well-known endocrine 
complications of β-thalassaemia major patients on transfusion 
therapy, this study had been designed to see the frequency of 
DM in BTM patients of Pakistan and its association with age, 
height, weight, number of transfusions, total duration of blood 
transfusion and serum ferritin. This will help us in planning an 
optimum transfusion therapy, proper and early iron chelation, 
prevention, monitoring and diagnosis of DM at an early stage 
and last but not the least prompt management of DM in this 
group of patients of developing country.   

PATIENTS AND METHODS

The study was conducted at National Institute of Blood 
Disease & Bone Marrow Transplantation Karachi. Sample 
size was calculated based on previously reported frequency of 
diabetes mellitus to be 14.6% [13]. Study design was 
descriptive cross sectional study and sample technique was 
non-probability purposive. Inclusion criteria were BTM 
patients confirmed on the basis of DNA analysis for 
thalassaemia mutations, Age 5 years and above and either 
gender. Exclusion criteria were ß-thalassaemia trait and 
ß-thalassaemia intermedia, Compound heterozygote cases of 
HbD, HbE, HbS or HbC trait either diagnosed on 
haemoglobin electrophoresis or thalassaemia gene mutation 
analysis, on medication known to cause glucose intolerance 
(e.g. corticosteroids), those diagnosed as cases of secondary 
diabetes mellitus (e.g. Cushing syndrome).

Patients with BTM meeting the inclusion criteria were 
enrolled in the study from haematology clinics. The study was 
approved from the institutional board/ethics committee.  The 
purpose and procedure of the study was explained to the 
parents /patients. An informed consent was taken from each 
patient or their parents (in the case of minor). Patients were 
asked to visit with overnight fasting.

Blood samples were collected in the morning as a basal 

sample for estimation of plasma glucose in sodium fluoride 
tube, a glycolysis inhibitor containing potassium oxalate as an 
anticoagulant. 3 ml of whole blood was taken from each 
patient. Samples were centrifuged at 6000rpm for 10 minutes 
in order to obtain plasma. One ml of glucose reagent was 
added in 10 ul of plasma and incubated for 10min at 370C. 
Plasma samples were analyzed for glucose on STAT FAX 
3300, a spectrophotometer by glucose oxidase method.

Either fasting plasma glucose of ≥ 126mg/dl on two occasions 
or venous plasma glucose of ≥ 200mg/dl, 2h after ingestion of 
75g oral glucose load was considered diagnostic for diabetes 
mellitus [21]. For children, a dose of 1.75 g/kg (to a maximum 
of 75 g) was used for OGTT [22]. 

STATISTICAL METHOD

 Data was analyzed on statistical software SPSS version 17. 
Frequency and percentage were computed for categorical data 
like gender and diabetes mellitus in thalassaemia major. Mean 
and SD were computed for numerical data like age, weight, 
height and duration of transfusion. Stratification was done 
with regard to age, gender, weight, number of transfusions 
and serum ferritin to observe the effect on the outcome 
variables through chi-square test. P value ≤ 0.05 was taken as 
significant. 

RESULTS

General Characteristics

Out of total 188 studied patients, there were 83 (44.1%) male. 
Median age was 12.5 (10-17) years. Median height and 
weight of the patients were 130 (120-146) cm and 26 (21-35) 
kg respectively. Median age at first transfusion was 7 (6-7) 
months. Based on plasma glucose levels, 11 (5.8%) and 26 
(13.8%) patients had diabetes mellitus and impaired glucose 
tolerance (IGT) respectively. Diabetes status of the patients 
and its association with age, height, weight, age, age at first 
transfusion are discussed in detail in Table 1.

71 (37.7%) patients, were taking tablet deferasirox, 68 
(36.1%) were on deferiprone, while 38 (20.2%) patients were 
on desferrioxamina + deferiprone combination. No iron 
chelation therapy was received by 11 (5.9%) patients (Fig. 1).  

Fig. (1). Iron Chelation Therapy (n=188).

Significant difference of serum ferritin level was observed in 
between non-diabetic vs. DM patients (p-value 0.043) and 
IGT vs. DM patients (p-value 0.023). However, insignificant 
difference was observed among non-diabetic vs. IGT (p-value 
0.501) and normal vs. IGT vs. DM (p-value 0.083) (Fig. 2). 
Significant relationship was observed between serum ferritin 
and diabetic status (p-value 0.013) (Fig. 2).

Fig. (2). Serum Ferritin level (in ng/ml) with Respect to 
Diabetic Status.

DISCUSSION

IThe frequency of DM in our study was low in contrast to the 
local study in which they retrospectively analyzed BTM 
patients for endocrinopathy [16]. Lower frequencies have also 
been demonstrated in our population [23, 24]. This is 
probably due to the fact that higher percentages of patients 
were on iron chelation. Our findings are comparable to those 
explained [25] in Iran. However, higher frequencies were 
reported in India [26], in Egypt [27], in Cyprus [28], in Oman 
[29] and in Tehran [30]. Poor iron chelation could be the most 
likely cause.

Of our total 188 patients, 105 were female demonstrating a 
female preponderance. This is in contrast to the results of 
some studies [31-33] reporting an opposite gender 
distribution.

In our study the median age at first blood transfusion in DM 
group was 6 years and is lower than reported by a multicenter 

study in Tehran, pointing towards the earlier transfusion need 
in our patient population [30]. Similar findings were observed 
in another study [34]. Higher age was reported in few studies 
[25-29]. The probable reasons of patients presented at higher 
age in these studies were that they enrolled the patients with 
advance age or their patients have received fewer blood 
transfusions as compare to our study so as the complications 
of iron overload may have manifested in advance age group.

In our study the median age of first blood transfusions for DM 
is lower than other study [30]. Lower median age at first 
transfusion for DM in our study explains that they have 
exposed to blood transfusion at an earlier age than those with 
non-diabetics. In our study the median duration of blood 
transfusions is almost similar to reported by a study [32].

In our study the median serum ferritin is significantly high in 
both the groups. Similarly higher serum ferritin was reported 
in other studies. [25, 32, 35].

A cross-sectional study of 382 BTM patients treated with 
regular transfusions and desferrioxamine, demonstrated that 
patients with serum ferritin level >2,500 ng/ml were 3.53 
times (95% CI 1.09 11.40) more likely to have DM [36]. 
Some studies have also reported that ferritin levels of patients 
with DM were not significantly different from those patients 
who had no DM [30, 34]. This may be explained by 
pathophysiology other then pancreatic iron overload. 

In our study the median frequency of blood transfusion per 
year is higher than the results obtained by a study [35]. Those 
who required frequent blood transfusions were more prone for 
diabetes and impaired glucose tolerance as compare to those 
who required less frequent blood transfusions. 

CONCLUSION

Frequency of diabetes mellitus and impaired glucose 
tolerance (IGT) was found in 11 (5.8%) and 26 (13.8%) 
patients respectively out of 188 patients. We found an 
association of DM with higher ages, raised serum ferritin, 
increase number of blood transfusion and total duration of 
blood transfusions. These findings are not novel, but provide 
insights into the complications of thalassaemia in a 
developing country. It also highlights the possible prevention 
of IGT/DM in thalassaemic patients. Patients with BTM need 
periodic evaluation for early recognition and prevention of 
this complication by early and regular chelation therapy for 
the improvement of the quality of life. As persistence of high 
blood sugar levels in DM lead to various complications 
involving central nervous system, heart, fatal electrolyte 
imbalance and death, so one should be cautious and vigilant to 
screen these patients in second decade of life regularly for the 
development of DM. However, as this was a cross sectional 
study, more cohort follow on studies is needed.
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gender. Exclusion criteria were ß-thalassaemia trait and 
ß-thalassaemia intermedia, Compound heterozygote cases of 
HbD, HbE, HbS or HbC trait either diagnosed on 
haemoglobin electrophoresis or thalassaemia gene mutation 
analysis, on medication known to cause glucose intolerance 
(e.g. corticosteroids), those diagnosed as cases of secondary 
diabetes mellitus (e.g. Cushing syndrome).

Patients with BTM meeting the inclusion criteria were 
enrolled in the study from haematology clinics. The study was 
approved from the institutional board/ethics committee.  The 
purpose and procedure of the study was explained to the 
parents /patients. An informed consent was taken from each 
patient or their parents (in the case of minor). Patients were 
asked to visit with overnight fasting.

Blood samples were collected in the morning as a basal 

sample for estimation of plasma glucose in sodium fluoride 
tube, a glycolysis inhibitor containing potassium oxalate as an 
anticoagulant. 3 ml of whole blood was taken from each 
patient. Samples were centrifuged at 6000rpm for 10 minutes 
in order to obtain plasma. One ml of glucose reagent was 
added in 10 ul of plasma and incubated for 10min at 370C. 
Plasma samples were analyzed for glucose on STAT FAX 
3300, a spectrophotometer by glucose oxidase method.

Either fasting plasma glucose of ≥ 126mg/dl on two occasions 
or venous plasma glucose of ≥ 200mg/dl, 2h after ingestion of 
75g oral glucose load was considered diagnostic for diabetes 
mellitus [21]. For children, a dose of 1.75 g/kg (to a maximum 
of 75 g) was used for OGTT [22]. 

STATISTICAL METHOD

 Data was analyzed on statistical software SPSS version 17. 
Frequency and percentage were computed for categorical data 
like gender and diabetes mellitus in thalassaemia major. Mean 
and SD were computed for numerical data like age, weight, 
height and duration of transfusion. Stratification was done 
with regard to age, gender, weight, number of transfusions 
and serum ferritin to observe the effect on the outcome 
variables through chi-square test. P value ≤ 0.05 was taken as 
significant. 

RESULTS

General Characteristics

Out of total 188 studied patients, there were 83 (44.1%) male. 
Median age was 12.5 (10-17) years. Median height and 
weight of the patients were 130 (120-146) cm and 26 (21-35) 
kg respectively. Median age at first transfusion was 7 (6-7) 
months. Based on plasma glucose levels, 11 (5.8%) and 26 
(13.8%) patients had diabetes mellitus and impaired glucose 
tolerance (IGT) respectively. Diabetes status of the patients 
and its association with age, height, weight, age, age at first 
transfusion are discussed in detail in Table 1.

71 (37.7%) patients, were taking tablet deferasirox, 68 
(36.1%) were on deferiprone, while 38 (20.2%) patients were 
on desferrioxamina + deferiprone combination. No iron 
chelation therapy was received by 11 (5.9%) patients (Fig. 1).  

Fig. (1). Iron Chelation Therapy (n=188).

Significant difference of serum ferritin level was observed in 
between non-diabetic vs. DM patients (p-value 0.043) and 
IGT vs. DM patients (p-value 0.023). However, insignificant 
difference was observed among non-diabetic vs. IGT (p-value 
0.501) and normal vs. IGT vs. DM (p-value 0.083) (Fig. 2). 
Significant relationship was observed between serum ferritin 
and diabetic status (p-value 0.013) (Fig. 2).

Fig. (2). Serum Ferritin level (in ng/ml) with Respect to 
Diabetic Status.

DISCUSSION

IThe frequency of DM in our study was low in contrast to the 
local study in which they retrospectively analyzed BTM 
patients for endocrinopathy [16]. Lower frequencies have also 
been demonstrated in our population [23, 24]. This is 
probably due to the fact that higher percentages of patients 
were on iron chelation. Our findings are comparable to those 
explained [25] in Iran. However, higher frequencies were 
reported in India [26], in Egypt [27], in Cyprus [28], in Oman 
[29] and in Tehran [30]. Poor iron chelation could be the most 
likely cause.

Of our total 188 patients, 105 were female demonstrating a 
female preponderance. This is in contrast to the results of 
some studies [31-33] reporting an opposite gender 
distribution.

In our study the median age at first blood transfusion in DM 
group was 6 years and is lower than reported by a multicenter 

study in Tehran, pointing towards the earlier transfusion need 
in our patient population [30]. Similar findings were observed 
in another study [34]. Higher age was reported in few studies 
[25-29]. The probable reasons of patients presented at higher 
age in these studies were that they enrolled the patients with 
advance age or their patients have received fewer blood 
transfusions as compare to our study so as the complications 
of iron overload may have manifested in advance age group.

In our study the median age of first blood transfusions for DM 
is lower than other study [30]. Lower median age at first 
transfusion for DM in our study explains that they have 
exposed to blood transfusion at an earlier age than those with 
non-diabetics. In our study the median duration of blood 
transfusions is almost similar to reported by a study [32].

In our study the median serum ferritin is significantly high in 
both the groups. Similarly higher serum ferritin was reported 
in other studies. [25, 32, 35].

A cross-sectional study of 382 BTM patients treated with 
regular transfusions and desferrioxamine, demonstrated that 
patients with serum ferritin level >2,500 ng/ml were 3.53 
times (95% CI 1.09 11.40) more likely to have DM [36]. 
Some studies have also reported that ferritin levels of patients 
with DM were not significantly different from those patients 
who had no DM [30, 34]. This may be explained by 
pathophysiology other then pancreatic iron overload. 

In our study the median frequency of blood transfusion per 
year is higher than the results obtained by a study [35]. Those 
who required frequent blood transfusions were more prone for 
diabetes and impaired glucose tolerance as compare to those 
who required less frequent blood transfusions. 

CONCLUSION

Frequency of diabetes mellitus and impaired glucose 
tolerance (IGT) was found in 11 (5.8%) and 26 (13.8%) 
patients respectively out of 188 patients. We found an 
association of DM with higher ages, raised serum ferritin, 
increase number of blood transfusion and total duration of 
blood transfusions. These findings are not novel, but provide 
insights into the complications of thalassaemia in a 
developing country. It also highlights the possible prevention 
of IGT/DM in thalassaemic patients. Patients with BTM need 
periodic evaluation for early recognition and prevention of 
this complication by early and regular chelation therapy for 
the improvement of the quality of life. As persistence of high 
blood sugar levels in DM lead to various complications 
involving central nervous system, heart, fatal electrolyte 
imbalance and death, so one should be cautious and vigilant to 
screen these patients in second decade of life regularly for the 
development of DM. However, as this was a cross sectional 
study, more cohort follow on studies is needed.
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