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ABSTRACT 
Background: Thalassemia is a chronic disease requiring lifelong treatment. The adherence to regular iron 
chelation therapy is important to ensure complication-free survival and good quality of life. 
The study aim to assess the adherence to iron chelation therapy (ICT) in patients with transfusion-dependent 
thalassemia (TDT), evaluate various causes of non-adherence and study the impact of non-adherence on the 

prevalence of complications secondary to iron overload. 
Materials and Methods: Patients with TDT on ICT for > 6 months were enrolled in the study. Hospital records 
were reviewed for demographic details, iron overload status, treatment details, and the prevalence of 
complications. A study questionnaire was used to collect information on adherence to ICT, knowledge of patients, 
and the possible reasons for non-adherence.   

Results:  A total of 215 patients with a mean age of 15.07+7.68 years and an M: F ratio of 2.2:1 were included 
in the study. Non-adherence to ICT was found in 10.7% of patients. Serum ferritin levels were significantly 

higher in the non-adherent group (3129.8+1573.2 µg/l) than the adherent population (2013.1+1277.1 µg/l). 
Cardiac as well as severe liver iron overload was higher in the non-adherent patients. No correlation was found 
between disease knowledge and adherence to ICT. Difficulties in drug administration and many medicines to be 
taken daily were statistically significant reasons for non-adherence. There was no difference in the co-morbidities 
arising due to the iron overload in the two groups. 
Conclusion: Nearly 11% of patients with TDT were non-adherent to ICT. Non-adherence results in higher iron 
overload.  
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INTRODUCTION 
  Thalassemia is an inherited disorder characterized 
by a defect in the genes coding for the globin chain 
of hemoglobin1. Estimates reveal that there are 
about 1,00,000 patients with beta-thalassemia 
syndromes in India and nearly 8,000 to 10,000 new 
patients are added each year2,3. The only curative 

treatment for thalassemia currently is a bone 
marrow transplant. However, it is restricted to only 
a few patients due to the non-availability of an HLA-
matched donor and high cost. Thus, most patients 
receive regular blood transfusions accompanied by 
iron chelation therapy (ICT) as the standard of care. 
The ideal management of a patient with transfusion-
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dependent thalassemia (TDT) requires a 
multidisciplinary therapeutic approach1,3,4. Despite 
these interventions, the patients of TDT have a very 
high rate of morbidity and mortality secondary to 
iron overload in the body. A study from the UK 
showed that about 50% of people with TDT died 
before the age of 35 primarily due to non-adherence 
to regular ICT4. Patients with high serum ferritin 
levels suffered from cardiac complications, liver 
dysfunction, various endocrinopathies as well as 
poor quality of life5. Serum ferritin levels maintained 
below 1000 µg/l were associated with normal life as 
documented earlier6. Thus, improving adherence to 
iron chelation is the most effective way to decrease 
the morbidity and mortality in patients with TDT. 
Adherence refers to the act of voluntary submission 
to some point of view7. Many psychological, social, 
and financial factors can result in non-adherence to 
ICT, thus affecting the quality of life of the patients. 
Data is scarce on adherence to ICT in developing 
countries like India. In a study from Jamshedpur, a 
compliance score was used to find adherence to ICT 
in patients of TDT8. Good compliance was found in 
only 33% patients using the tool.8 In this study, we 
used a Likert scale to assess adherence to ICT. The 
study also attempted to explore the relationship 
between disease knowledge and adherence as 
knowledge could have an impact on the patient’s 
beliefs and attitude towards ICT 9,10,11. Our study also 
explored the causes of non-adherence on an eleven-
point questionnaire. The prevalence of various iron 
overload related complications was compared 
between the adherent and non-adherent 
populations. 
 
MATERIALS AND METHODS 
  Primary objective: 

 To assess the adherence to iron chelation 
therapy in patients with TDT. 

Secondary objectives: 
 To evaluate the relationship between 

disease knowledge and adherence to ICT. 
 To discover the factors that influence 

adherence to iron chelation. 
 To assess the relationship between 

adherence to ICT and complications 
secondary to iron overload. 

A prospective single-arm study was conducted in the 
thalassemia day-care center (TDCC), Department of 
Pediatrics after obtaining approval from the 
Institutional Ethics Committee. Informed consent in 
the vernacular language was obtained from the 
patient/parent before enrolling them in the study. 
All patients with TDT on ICT for more than 6 months 
who consented for the study were included. The 
exclusion criteria were patients on ICT for less than 6 
months, patients not consenting for the study and 
patients with other co-morbidities impairing their 
ability to adhere to ICT (e.g. stroke) 
A study questionnaire (supplementary material) was 
used to collect the following data: a) demographic 
details of the patient such as age, sex, height, and 
weight of the patient b) treatment details of the 
patient as mentioned in their records i.e. the drug 
used for iron chelation, dose, frequency, route and 
number of tablets prescribed per day c) iron 
overload status including mean serum ferritin levels 
from the past 3 years, assessment of cardiac and 
hepatic iron overload by MRI T2* using standardized 
techniques12,13 d) Checking the presence or absence 
of co-morbidities secondary to iron overload from 
their records (Table 1). 
The adherence to ICT was assessed using Likert Scale 
where 1 represented “never missed a dose”, 2 
represented “some of the time” (missed <25% of 
total doses), 3 represented “most of the time” 
(missed 25-50% of total doses) and 4 represented 
“all of the time” (missed >50% of total doses). 
Patients taking >75 % of the prescribed doses (score 
of 1 and 2) were considered to be adherent, whereas 
those with <75% (score 3 and 4) were considered 
non-adherent. The knowledge regarding 
thalassemia, transfusion, and ICT was analyzed using 
a 19-point questionnaire. This included open-ended 
questions so that all the concepts regarding 
thalassemia, transfusion, and ICT could be 
deciphered. The knowledge of the patients was then 
scored. A score of 1 was given for each correct 
response, a score of 0.5 was given when the patient 
was uncertain about the answer, and a score of 0 was 
given for each incorrect response. The knowledge 
regarding the disease and the prevalence of iron 
overload related complications were compared 
between the adherent and non-adherent groups. 
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     Table 1: Case definitions for the co-morbidities 

Co-morbidities Eligibility (age group tested) Definition 

Liver dysfunction Everyone Elevated transaminases (more than 4 times above the 
baseline) or presence of cirrhosis/ fibrosis on 
Ultrasonography.1 

Cardiac failure/ Arrhythmias >10 years Echocardiography report showing ejection fraction <50% 
or arrhythmia. 1 

Short Stature and Retarded 
Growth 

Everyone Height below the third centile for sex and age (based on 
WHO charts) 14 

Delayed Puberty and 
Hypogonadism 

15 ears a) Delayed Puberty: complete lack of pubertal 
development in girls by the age of 13 and in boys by the 
age of 14.  
b) Hypogonadism in boys: the absence of testicular 
enlargement. 
Hypogonadism in girls: the absence of breast 
development by the age of 16 with low LH and FSH in 
both males and females, and testosterone in males and 
estradiol in females. 14 

Hypothyroidism >5 years a) Sub-clinical hypothyroidism: high TSH with normal FT4 
levels. 
B) Overt hypothyroidism: combination of high TSH with 
low FT4 levels. 14 

Diabetes Mellitus >10 years The diagnostic criteria for Glucose Tolerance and DM are 
as follows: 14 

 GTT Serum Glucose at 2 hours >200mg/dl is 
diagnostic of DM. 

 GTT Serum Glucose at 2 hours > 
140<2000mg/dl indicates glucose intolerance. 

 
Hypoparathyroidism >15 years Low serum calcium and high phosphate levels, and low 

parathyroid hormone. 14 
Adrenal Insufficiency >15 years Cortisol levels are used for the assessment of adrenal 

insufficiency. 14 
Bone Disorders >10 years Z score on DEXA scan 14 

 - 1 to - 2.5: osteopenia 

 < - 2.5: osteoporosis 

 
Statistical analysis 
Data was described in terms of range; mean 
±standard deviation (± SD), frequencies (number of 
cases), and relative frequencies (percentages) as 
appropriate. For comparing categorical data, Chi-
square (χ2) test was performed and the exact test 
was used when the expected frequency was less 
than 5. A probability value (p) less than 0.05 was 
considered statistically significant. All statistical 
calculations were done using SPSS (Statistical 
Package for the Social Science) SPSS 21 version 
statistical program for Microsoft Windows. 
 
RESULTS 
   The study was conducted at the TDCC of a tertiary 
care hospital in Punjab, India. A total of 240 TDT 
patients were registered in the unit. Twenty-five 
patients were excluded from the study, 17 were on 
ICT for less than 6 months and 8 did not consent for 
the study. Hence, 215 patients were included in the 

study. The baseline characteristics of the study 
population are mentioned in Table 2. The mean 
serum ferritin was 1458.4+489.1, 2119.6+877.7, 
2146.7+1412.3 and 2296.3+1540.9µg/ml in the age 
groups of <5, 5-10, 10-18, >18 years, respectively. 
The mean serum ferritin in males was 
1986.6+1154.7µg/ml which was significantly lower 
than the mean serum ferritin in females which was 
2455.1+1676.1µg/ml(p=0.018). An MRI T2* to assess 
cardiac and liver iron overload was done in 149 
patients (50 patients were younger than 10 years of 
age and 16 patients older than 10 years did not get 
an MRI done). Moderate to severe cardiac and 
hepatic iron overload was seen in 18.1% and 70.5% 
of patients, respectively. 
Single iron chelator was being administered in 57.2% 
of patients (n=123) and a combination of two or 
more iron chelators was being used for 42.7% (n=92) 
patients. Deferasirox was the most commonly used 
iron chelator. 
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An adherence score of 1 was reported by 26.5% 
(n=57) of the study population, 62.8% (n=135) had 
the score of 2, 10.2% (n=22) had a score of 3 and 
0.5% (n=1) had a score of 4. Thus, 10.7% of patients 
with TDT were non-adherent to the ICT.  
The maximum adherence with ICT was found in the 
age group of 10-18 years (91.4%) and the adherence 
was lesser in the younger patients (p=0.848) (Figure 
1). The adherence in males (90.5%) was found to be 
higher as compared to that in females (86.6%); 
however, the difference was not statistically 
significant (p=0.383). Amongst the currently 
available iron chelators, the adherence rate was 
highest with DFX (91.2%), followed by DFP (87.2%) 
and DFO (83.3%) (p=0.350). Amongst the patients on 
oral chelation regimen, the adherence rates were 
88.3%, 90.6%, and 94.4% in patients who were on <5 
tabs per day, 5-10 tabs per day and >10 tabs per day, 
respectively. (p=0.534). The adherence was highest 
among patients who were taking one dose of the 
drug per day (90.8%) and fell considerably if the 
number of doses was> 3/day (p=0.052). Patients on 
an oral chelation regimen reported better adherence 
(90.1%) as compared to those on a parenteral 
regimen (83.3%), although it could not achieve 
statistical significance (p=0.315). The mean serum 
ferritin in the adherent population was found to be 
significantly lower than the non-adherent population 
(2013.1+1277.1µg/ml vs 3129.8+1573.2µg/ml) 
(p=0.000). Cardiac iron overload was detected in 
71.4% of the non-adherent patients as compared to 
19.0% of the adherent patients (p=0.000). Liver iron 
overload was detected in a similar number of 
patients in both adherent and non-adherent groups 
(91.1% vs 92.9%); however, 78.6% of non-adherent 
patients had severe hepatic iron overload as 
compared to 36.3% of adherent patients (p=0.021). 
The knowledge of patients regarding thalassemia, 
blood transfusion, and ICT was analyzed based on a 
19-point questionnaire. The mean knowledge score 
of the adherent group was 15.8+2.0 and the non-
adherent group was 16.0+2.4(p=0.662). 
The study attempted to find the causes of non-
adherence based on an 11-point questionnaire. The 
various beliefs of the patients regarding ICT are 
shown in Table 3. A higher proportion of non-

adherent patients felt there were too many 
medications and found it difficult to consume the 
medications. Other beliefs like medicines do not 
show immediate results and busy schedules lead to 
missing doses were also documented to be higher in 
the non-adherent population though it could not 
reach statistical significance. Nearly half (47.8%) of 
the non-adherent patients also felt that nothing 
happens if they miss their dose. About 82.3% of the 
adherent population and 73.9% of the non-adherent 
patients agreed to have experienced cost constraints 
while purchasing the medicines.  
An analysis was done to compare the prevalence of 
various iron overload related complications in the 
adherent and non-adherent groups (Table 4). No 
statistical difference was found between the 
prevalence of complications in the two groups. 
 
 
 

 
 
 
  Figure 1. Adherence to iron chelation therapy. Adherence score 

of 1-4. 
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Table 2: Baseline characteristics of the study population 

*denotes that only 206 patients out of 215 analyzed patients had been registered with the thalassemia day care center for more than 1 year. 
So, yearly transfusion requirement of 9 patients who were registered in the last one year could not be calculated. 
 

 
 
Table 3: Beliefs regarding ICT in the two groups of adherent and non-adherent population 
 
 

 
 
 

 
 
 
 
 

Parameters 
Number of 

patients 
Minimum Maximum Mean Standard Deviation 

Age (years) 215 1.50 38.00 15.07 7.68 

Pre-transfusion HB (g/dl) 
215 4.20 11.60 9.20 0.86 

Yearly transfusion requirement* 
(ml/kg/year) 

206 24.00 477.00 236.77 56.77 

Mean ferritin 215 160.75 7594.00 2132.60 1352.65 

(ng/ml)      

Reasons Adherent population (n=192) Non- adherent population (n=23) p 

Disagree(%) Uncertain(%) Agree(%) Disagree(%) Uncertain(%) Agree(%) 

I don’t believe 
that medicines 
are of any help 

87.0 3.6 9.4 82.6 8.7 8.7 0.520 

My ferritin levels 
are not high 
enough for me to 
be on regular iron 
chelation 

84.4 10.4 5.2 82.6 13.0 4.4 0.919 

Medicines don’t 
show immediate 
results 

23.4 8.9 67.7 13.0 0.0 87.0 0.127 

Nothing will 
happen if I miss 
my doses 

51.0 9.4 39.6 47.8 4.4 47.8 0.614 

Too many 
medicines to be 
taken everyday 

46.4 2.6 51.0 17.4 4.3 78.3 0.030 

I keep very busy 
during the day 
and forget my 
dose 

59.9 3.6 36.5 47.8 0.0 52.2 0.262 

It is easier to take 
medicine after 
meal than empty 
stomach 

67.7 1.6 30.7 65.2 0.0 34.8 0.784 

Route of 
administering 
medicines is 
difficult for me 

89.6 2.1 8.3 69.6 0.0 30.4 0.005 

Feel shy to take 
medicines in front 
of others 

94.3 2.1 3.6 91.3 0.0 8.7 0.417 

Cost of medicines 
is too high 

14.6 3.1 82.3 17.4 8.7 73.9 0.368 

There are too 
many side effects 

82.8 6.3 10.9 91.3 0.0 8.7 0.425 
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Table 4: Frequency of complications related to iron overload in two groups 

Complication Total no. of patients 
with the 
complication 

% of total Adherent 
patients with 
complication 

% of total non-adherent 
patients with complication 

p 

Liver dysfunction 
Present 
 
Present(drug related) 
 
Cirrhosis 

 
11 

 
4.7 

 
8.7 
 

 
 
0.294 

7 2.6 8.7 

5 2.6 0.0 

Cardiac dysfunction 
2 1.4 0.0 0.742 

Short stature 
65 28.6 43.5 0.143 

Delayed puberty 
54 49.5 54.5 0.925 

Hypothyroidism 
63 33.7 25.0 0.687 

Glucose tolerance 
Impaired GTT 
 
Diabetes mellitus 

 
10 

 
7.2 

 
0.0 

 
0.257 

3 1.4 7.2 
Hypoparathyroidism 

6 6.3 0.0 0.691 

Adrenal insufficiency 
9 8.5 10.0 0.874 

Bone disorders 
Osteopenia 
 
Osteoporosis 

 
97 

 
63.4 

 
46.7 

 
 
0.407 

38 22.5 40.0 

 
 

DISCUSSION 
   In a cohort of 215 TDT patients with a mean age of 
15.07 years, 89.3% were found to be adherent to ICT. 
The non-adherent population had a higher body iron 
content as compared to the adherent patients. 
These results are comparable to the study done 
by Trachtenberg F et al. that reported more than 
90% adherence towards the two common chelators, 
DFO (n=79) and DFX (n=186). The mean age of the 
population in their study was 22 years. In previous 
studies, adherence, when compared to the age of 
the patients, was found to be higher in children as 
compared to adults 15,16. However, we found a lower 
degree of adherence in children < 10 years as 
compared to adolescents and adults (p=0.848). 
These may be linked to the onset of complications in 
the age group of 10-18 years, following which the 

patients get repetitive counselling on the importance 
of adherence to ICT. In the case of children <5 years, 
the practice of taking the chelator empty stomach in 
the morning lead to skipped doses as reported by the 
parents. They also reported difficulty in 
administering DFX early morning as it has to be 
dispersed in 50-100 ml of water. Film-coated tablets 
are not widely used in our country due to cost 
restraints and only one patient in our cohort was 
using the film-coated tablet.  
 The serum ferritin level in males was significantly 
lower than the females (p=0.018). The self-reported 
adherence in the male population (90.5%) was more 
than that reported in females (86.6%), though it was 
not statistically significant (p=0.383). This could be 
because adolescent boys, compared to girls, were 
more likely to receive the drug under parental 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Trachtenberg%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21523808
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supervision. This; however, is a general observation 
and not systematically studied. 
The adherence with DFX was found to be better than 
that with DFP and DFO. These results are in 
concurrence with many of the earlier studies 
reported in the literature15,17,18,19,20. Rashid et 
al. found that the most commonly cited reason for 
non-adherence with DFO was pain at the site of 
injection16.    We did not find any significant 
difference in adherence between oral and parenteral 
regimen (p =0.315). This may be due to a 
selection bias in our study population that had a very 
small number of patients on a parenteral regimen as 
compared to those on oral chelation regimen. 
Moreover, the patients who are currently on DFO 
have been advised the same due to severe iron 
overload and have chosen DFO over other chelation 
regimens after multiple counselling sessions.  
The adherence was maximum amongst patients 
taking one dose per day and decreased as the 
number of doses per day increased (p=0.052). The 
patients are likely to miss some of their doses when 
they are on multiple doses per day. The analysis with 
the total number of tablets of drug consumed per 
day showed that the adherence increases as the 
number of tablets increases (p =0.534). This 
corroborates with better adherence amongst older 
individuals as compared the younger patients. 
A good adherence with ICT is likely to be associated 
with a lower level of iron accumulation in the body. 
The mean serum ferritin was significantly lower in 
the patients’ adherence to ICT compared to non-
adherent patients (p=0.000). Similar results were 
reported by a study done by  Trachtenberg et 
al.9  However, Lee et al. reported that there was no 
correlation between self-reported adherence with 
serum ferritin levels21. This may be because their 
study reported adherence only for patients on DFO 
alone with about 69% non-adherent and 19% 
severely non-adherent population (taking < 50% of 
their prescribed ICT). 
 We could not find any statistically significant 
difference between the knowledge regarding 
thalassemia/blood transfusion or ICT and adherence 
in patients. Education and counselling of the patients 
impacted adherence to ICT in various previous 
studies9,10,11. Similar to our study, Al‐Kloub MI et 

al. showed that disease knowledge had no relation 
with adherence to ICT in adolescent patients22. 
Too many medicines to be taken daily and difficulties 
in drug administration were the important reasons 
cited by the non-adherent patients. Various other 
authors have also shown the role of situational 
psychological factors, busy work schedule, and social 
stigma as reasons for non-adherence to ICT23.  
Various authors have elucidated the role of lower 
family income, poor family support as well as side 
effects of the chelators as the possible reasons for 
poor adherence in patients21,24,25. All these results 
suggest a complex interplay of physical, social as well 
as psychological factors leading to non-adherence to 
ICT. 
Our study could not find out any statistically 
significant difference in the occurrence of iron 
overload related complications between the 
adherent and non-adherent patients. This could be 
because our population has predominately younger 
individuals who need to be followed up for some 
time for the development of any complications later 
in life18,26,27. 
 
CONCLUSION 
   The study revealed that there is a statistically 
significant relationship between self-reported 
adherence and iron overload status. This may be 
reflected in terms of better clinical outcomes in 
patients with TDT in the future. ICT is more likely to 
be successful if initiated and tailored according to 
the needs and daily routine of the patients. 
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