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Abstract. Background and aim: There is limited real-world evidence on how metformin use may affect fe-
tal hemoglobin (HbF) levels in patients with hemoglobinopathies. This study describes long-term changes 
in HbF levels in patients with sickle cell anemia (SCA) and thalassemia major who continuously received 
metformin at a standard dose for type 2 diabetes. Methods: Adult patients taking metformin for at least six 
months and had at least three different time points of HbF assessments at three months apart were included. 
Pharmacy refill records were used to evaluate adherence to metformin. Data were collected before metformin 
therapy, and during routine follow up visits. Comparisons were performed using the Wilcoxon matched pairs 
test. Results: Over a period of ten years, five patients with SCA (71%) and two (29%) with thalassemia major 
were enrolled. Metformin was administered orally at doses ranging from 1000 to 2000 mg per day, either 
alone or concurrently with hydroxyurea. Among the participants, four patients (57%) underwent alloge-
neic bone marrow transplantation after 12 to 60 months of initiation of metformin therapy. When compared 
to baseline levels, HbF levels did not exhibit a significant change following one to eight years of metformin 
therapy alone or in combination with hydroxyurea (P=0.58). Conclusions: Collectively, our findings indicate 
that the clinical utilization of metformin at standard doses, either alone or added to hydroxyurea does not 
have any additional effect on HbF levels among patients with hemoglobinopathies even after several years of 
therapy. (www.actabiomedica.it)
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Introduction

Metformin is recommended as a first line treat-
ment for patients with type 2 diabetes, overweight and 
obese nondiabetic individuals (1). It offers potential 

advantages for patients with sickle cell disease (SCD) 
by inducing in-vitro fetal hemoglobin (HbF), a key 
genetic modifier of clinical severity of the disease (2). 
In addition, metformin usage in SCD patients with di-
abetes was associated with significant reductions in the 
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most common SCD-related complications, regard-
less of the study design, and other confounders (3).  
However, the lack of data on HbF levels in this cross-
sectional retrospective cohort study limits its use as a 
HbF booster.

To date, only two exploratory observational studies 
have investigated the effects of metformin on HbF levels 
in clinical practice, and none of these demonstrated a sig-
nificant increase in HbF levels following a standard dose 
of metformin in patients with or without SCD (4, 5).  
Notably, a clinical trial evaluating the impact of met-
formin on HbF levels in patients with SCD is currently 
underway, but the results are still pending (ClinicalTrials.
gov Identifier: NCT02981329). However, a recent small 
prospective interventional study in non-transfusion de-
pendent thalassemia patients reported a limited benefit 
of metformin in enhancing HbF levels (6). To contrib-
ute to the understanding of the role of metformin on 
the reactivation of HbF expression in-vivo, the present 
retrospective study aimed to capture the real-world 
experience regarding the use of metformin and its ef-
fectiveness in inducing HbF changes in an unselected 
population of patients with SCA and thalassemia.

Patients and Methods

Study design and subjects

This was a retrospective longitudinal observational 
study conducted at the SQU Hospital (SQUH) from 
1st January 2007 to 31 December 2022. Data were col-
lected from patients attending the outpatient clinics and 
the pharmacy records at SQUH, which provides a free 
of cost medical care to all Omanis. The study included 
national Omani patients aged over 15 years, taking met-
formin for at least six months and having at least three 
HbF assessments at three months intervals. The medi-
cation history, including dietary supplements and multi-
vitamins of the enrolled patients was carefully evaluated.

Data collection and follow-up visits

The data extraction process involved utilizing a 
case report form designed to retrieve information from 
the electronic database of Sultan Qaboos University 

Hospital (SQUH). Socio-demographic characteris-
tics, baseline and follow-up HbF levels, treatment de-
tails, and outcomes were abstracted for each patient. 
Information regarding metformin prescriptions, doses, 
and durations was collected during the follow-up vis-
its. Two independent investigators carefully reviewed 
all completed data collection forms to ensure clarity 
and consistency. Enrolled patients were monitored 
from the initial HbF reading before commencing met-
formin therapy until three months following the last 
HbF assessment, resulting in varying durations of in-
dividual follow-up. Of note, HbF levels were measured 
in the absence of blood transfusions for at least four 
consecutive weeks. 

Pharmacy refill adherence

The pharmacy refill adherence was measured us-
ing electronic pharmacy records. It was defined as the 
collection of the prescribed metformin refills from the 
SQUH pharmacy. The period between refills was de-
fined as the days between the last prescription of met-
formin and the next collected refill. Adherence over 
the previous 3 months was defined as [(pills dispensed/ 
pills prescribed per day) / days between refills) ×100], as 
previously reported by Grossberg et al. (7). Calculated 
refill adherence rate values above 100% for patients who 
refilled earlier than scheduled were rounded to 100 %.

Outcome measures

The primary outcome was the evaluation of 
HbF levels, which were determined by the cation-
exchange high-performance liquid chromatography 
(HPLC; Bio-Rad VARIANT, Bio-Rad Laboratories, 
Hercules, CA, USA). HbF levels were expressed as a 
percentage of the total hemoglobin variants. The com-
plete blood count was assessed using the automated  
CELL-DYN™ Sapphire (Abbott Laboratories, Chicago, 
Illinois, USA) analyzer, and glycated hemoglobin A1c 
(HbA1c) using Integra 400, as previously reported (5). 

Statistical analysis

Statistical analysis was conducted using the 
Graph Pad PRISM 5.0 software (Graph Pad Software 
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Inc., San Diego, CA, USA). A significance level of  
p < 0.05 was chosen to determine statistically signifi-
cant differences. Quantitative data were summarized 
using mean, standard deviation, and range. The Wil-
coxon matched pairs test was used to evaluate the dif-
ferences among study variables. 

Results

Over a period of ten years, seven patients with 
hemoglobinopathies receiving metformin to treat 
type-2 diabetes were identified and enrolled (Table 1). 
Among of them five patients (71%) were diagnosed 
with sickle cell anemia (SCA), while two patients 
(29%) had thalassemia major. 

Before initiation of metformin therapy, all patients 
exhibited a severe clinical phenotype necessitating reg-
ular blood transfusions, and frequent admissions to the 
outpatient clinics. At metformin initiation, the total 
hemoglobin levels ranged from 7.6 g/dL to 9.5 g/dL  
with a mean value of 8.7 g/dL. Subsequently, four 
patients (57%) underwent an allogeneic  bone mar-
row transplantation (BMT) after 12 to 60 months of 
initiation of metformin. Of note, metformin therapy 
was not suspended during BMT and blood transfu-
sions were used if clinically required only. Metformin 
was administered orally at maintenance doses ranging 
from 1000 to 2000 mg/day (Table 1). The average du-
ration of metformin treatment was four years, with a 
range of one to nine years and a median of four years. 
Among the patients with SCA, two (28.5%) received 
metformin and hydroxyurea concurrently for at least 
five years, while three (43%) received additional in-
sulin treatment. Using adherence threshold of ≥ 90%, 
all patients (100%) were classified as adherent by the 
pharmacy refill method. Prior to metformin initiation, 
HbA1c readings were available in five (71%) patients. 
The levels of HbA1c tend to decrease over time from 
6.1 ± 1 % (range: 4.9 - 7.4%) at 12-16 months com-
pared to levels prior to metformin therapy 7.3 ± 2% 
(range: 6-9.3%). Figure 1A and 1B show changes of 
HbF levels over time in SCA patients after starting 
metformin alone (43%), and metformin with hydroxy-
urea (28.5%), respectively. Both treatment approaches 
failed to demonstrate an increase in HbF levels among 

SCA patients even after one to eight years of therapy. 
Notably, HbF levels remained unchanged in all trans-
planted patients with SCA following BMT. Simi-
larly, in thalassemia patients (28.5%) metformin alone 
was not associated with an increase in HbF levels  
(Figure 1C).

Figure 2 illustrates the comparison of HbF lev-
els before the initiation of metformin therapy and one 
year after treatment in the study population before 
BMT. No statistically significant difference in HbF 
levels was found between baseline and one year after 
imitation of metformin therapy (P=0.57). 

Discussion

Over the last decade, our understanding of the 
pathophysiology of β-hemoglobinopathies has re-
markably improved. As a result, considerable ad-
vancements have been made in developing treatment 
options for SCD. However, economic constraints have 
hindered the widespread utilization of these new ther-
apies in many countries with a high prevalence of SCD 
(8). In this context, metformin has emerged as a prom-
ising option for patients with β-hemoglobinopathies 
owing to its well-established safety profile and rela-
tively affordable cost. Indeed, recent studies have 
opened the floodgates on metformin in SCD (2, 3). 
The real-world experience studies like ours comple-
ment clinical trials to make meaningful observations 
regarding changes in HbF levels in patients with 
hemoglobinopathies receiving metformin alone or in 
combination with hydroxyurea at standard doses. The 
present study provides conclusive evidence that met-
formin alone is insufficient to elevate HbF levels, even 
after prolonged and continuous therapy over a median 
period of four years. These findings confirm and ex-
pand upon the results of a recent small clinical trial 
conducted in non-transfusion-dependent thalassemia 
patients, which demonstrated a limited role of met-
formin in inducing HbF expression in-vivo (6). More-
over, our results align with those reported by Han  
et al. (4) who found that although metformin led to a 
slight, non-significant increase in HbF levels in three of 
five patients with sickle β0-thalassemia, its overall effect 
on HbF levels was minimal. Similarly, Boulassel et al. (5)  
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cultures, which are relatively straightforward systems 
compared to the intricacy of living tissues. Another ex-
planation is that in some patients receiving hydroxyu-
rea with a good clinical response, no detectable rise in 
HbF has been noticed, indirectly reflecting the lack of 
association between HbF and hydroxyurea therapy (9). 
Finally, it could be the variation in genetic elements 
that influence HbF production or differences in drug 
bioavailability and metabolism among the patients 
(10). From a mechanistic standpoint, metformin may 
exhibit a more substantial effect on stressed HSC that 
are already pushed into a proliferative cycle, thereby 
facilitating the reactivation of silenced fetal gamma-
globin genes and leading to the production of red 
cells containing HbF (2). Consequently, it would be 
expected that transplanted patients with hemoglobi-
nopathies who are taking metformin would experience 
a substantial increase in HbF levels as these patients 
undergo both erythropoietic proliferative stress and 
the stress associated with bone marrow transplanta-
tion for several months, followed by a return to normal 
hematopoiesis. However, our findings appear to con-
tradict this observation, as we observed no noticeable 
increase in HbF levels before or after bone marrow 
transplantation in SCD patients receiving metformin 
alone or in combination with hydroxyurea. Even in se-
vere chronic bone marrow stress, metformin does not 
exert potent genetic modification effects on HbF levels 
in vivo, regardless of the administered doses and the 
timing of follow-up visits. 

Our study has several potential limitations that 
should be considered. First, we did not directly measure 
the circulating levels of metformin and instead relied 
on an indirect assessment of drug adherence. However, 
the pharmacy refill procedure is a reliable and validated 
method for measuring adherence behaviour in clinical 
settings (7). Moreover, although HbA1c may not be 
the most accurate marker for diabetes in SCD patients 
(11), the observed trend towards a decrease in HbA1c 
levels from baseline suggests that patients were indi-
rectly adhering to metformin therapy. It is important 
to point out that alternative methods monitoring gly-
cemic control in patients with hemoglobinopathies 
have been proposed to overcome HbA1c limitations. 
Among these methods, measurement of fructosamine 
levels, fasting and non-fasting self-monitoring blood 

in an observational study, reported that metformin 
alone, administered at doses of 1000-2000 mg/day,  
did not increase HbF levels in patients with type  
2 diabetes or polycystic ovary syndrome. These collec-
tive observations further support our findings, dem-
onstrating the absence of significant changes in HbF 
levels following one year of metformin therapy. Inter-
estingly, an in vitro study revealed a significant increase 
of approximately 46% in HbF levels when hydroxyurea 
was administered concurrently with metformin in he-
matopoietic stem cell (HSC) cultures obtained from 
individuals with normal hemoglobin and patients 
with SCD (2). However, these in vitro findings cor-
relate poorly with the in vivo results observed in the 
present study and other recent investigations (4-6). 
Specifically, our study failed to demonstrate any ad-
vantage of combining metformin with hydroxyurea in 
terms of HbF levels, even after an extended period of 
therapy. Similarly, the co-administration of metformin 
and hydroxyurea for six months did not yield statisti-
cally significant differences in clinical and laboratory 
parameters, including HbF levels, in patients with 
non-transfusion-dependent thalassemia (6). Likewise, 
an observational study reported no significant increase 
in HbF levels when a combination of metformin and 
hydroxyurea was administered to patients with sickle 
β

0-thalassemia (4). The unexpectedly weak correlation 
between in vivo outcomes and in vitro results may be 
partially attributed to the inherent simplicity of cell 

Figure 2. Changes in hemoglobin F levels at metformin initia-
tion and one year after therapy in the study population before 
allogeneic bone marrow transplantation.
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