
1Thilakarathne S, et al. BMJ Open 2025;15:e086825. doi:10.1136/bmjopen-2024-086825

Open access�

Serum folate and dietary folate intake in 
beta thalassaemia trait: a case–control 
study from Sri Lanka

Shyamali Thilakarathne  ‍ ‍ ,1,2 Udayanga Prasad Jayaweera,3 
Thushari Uthpala Herath,1 Renuka Silva,4 Anuja Premawardhena  ‍ ‍ 5,6

To cite: Thilakarathne S, 
Jayaweera UP, Herath TU, et al.  
Serum folate and dietary folate 
intake in beta thalassaemia 
trait: a case–control study 
from Sri Lanka. BMJ Open 
2025;15:e086825. doi:10.1136/
bmjopen-2024-086825

	► Prepublication history 
and additional supplemental 
material for this paper are 
available online. To view these 
files, please visit the journal 
online (https://doi.org/10.1136/​
bmjopen-2024-086825).

Received 23 March 2024
Accepted 24 March 2025

For numbered affiliations see 
end of article.

Correspondence to
Dr Shyamali Thilakarathne;  
​shyamali.​thilakarathne@​ahs.​
pdn.​ac.​lk

Original research

© Author(s) (or their 
employer(s)) 2025. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ Group.

ABSTRACT
Objectives  Ineffective erythropoiesis, although at a mild 
degree, could make individuals with beta thalassaemia 
trait (BTT) vulnerable to folate deficiency. This could be 
more pronounced in communities where dietary intake of 
folate is substantially lower. We aimed to assess serum 
folate levels and dietary folate consumption in individuals 
with BTT and compare them with healthy matched 
controls.
Design  A case–control study.
Setting  This study was conducted between June 2021 
and June 2022 at a regional thalassaemia centre in Sri 
Lanka.
Participants  The study includes 100 sets of samples, 
including a BTT and an age-matched, sex-matched and 
body mass index-matched healthy individual from the 
same household in each set, aged between 6 and 25 
years.
Primary and secondary outcome measures  The 
primary outcomes were serum folate levels and the 
daily dietary intake of folate in BTTs and controls. Serum 
folate levels were determined using a fully automated 
Cobas immunoassay analyser. The dietary folate intake 
was determined by recording 24-hour dietary recall 
recorded over 3 consecutive days, with the average intake 
calculated.
Results  The results suggested that 34% of cases and 
24% of controls had serum folate deficiency (<3 ng/mL), 
while 37% of cases and 49% of controls were at risk 
(3–5.9 ng/mL) for folate deficiency. Overall, the serum 
folate level was not significantly different between the 
cases (mean; 4.88 ng/mL) and the controls (mean; 4.76 ng/
mL) (p=0.759). Dietary folate intake was lower than the 
recommended dietary allowances in both groups, but not 
significantly different between the groups.
Conclusions  There were high levels of folate deficiency 
in both controls and those with BTT, while those with BTT 
were no more likely to be folate deficient than the controls. 
Based on our findings, a policy of indiscriminate folic acid 
supplementation for all with BTT does not seem rational.

INTRODUCTION
Beta thalassaemia is one of the most common 
inherited blood disorders in the world, 
with an estimated 350 million in the world 
carrying the affected gene. In Sri Lanka, 2.2% 
of the population are beta thalassaemia traits 

(BTTs).1 In general, BTTs do not show clin-
ical symptoms, but mild anaemia is usually 
present. The degree of ineffective erythro-
poiesis in BTT is clearly much less than that 
observed in the more severe syndromes, 
such as non-transfusion-dependent and 
transfusion-dependent thalassaemia.2

Folate is a naturally found water-soluble 
vitamin that acts as a coenzyme for many 
important biochemical reactions, including 
nucleic acid synthesis, and is required for red 
blood cell formation.3 Humans and other 
animals cannot synthesise folate. However, 
plants and bacteria are capable of synthe-
sising it, which is found in leafy vegetables, 
egg yolks, legumes, liver and some citric 
fruits. Dietary folates are derived from the 
basic structure of folic acid (pteroylglutamic 
acid).4 The pharmaceutical preparation of 
folic acid is the synthetic form used in supple-
ments, fortified foods and for treatment. The 
bioavailability of food folate is around 50% 
lower than that of folic acid.

The reference ranges of serum folic acid 
for adults and children are 2–20 ng/mL 
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and 5–21 ng/mL, respectively.5 According to the WHO, 
a serum folate concentration below 3 ng/mL indi-
cates biochemical deficiency.6 The main cause of folate 
deficiency is dietary folate deficiency compared with 
malabsorption and chronic diseases. Although the daily 
requirement of folic acid is 65–300 µg/day for infants and 
children and 400 µg/day for adults, multivitamins invari-
ably contain 0.8–1.1 mg of folic acid and this has become 
the daily supplementation in most instances. However, 
depending on the disease condition, a dose of 5 mg/day 
is also recommended.7 8

Folic acid replacement is a standard practice for many 
diseases, including severe thalassaemia syndromes such as 
transfusion-dependent and non-transfusion-dependent 
thalassaemia. Some clinicians recommend lifelong folic 
acid treatment for BTT, perhaps with the intention to 
mitigate the effects of mild ineffective erythropoiesis, 
though the practice is not universal.2 9 Folate deficiency 
is known to be relatively common in many communities 
where thalassaemia is also widely prevalent. Studies on 
folate levels in those with BTT have yielded contradictory 
results.10 11 Folate deficiency can be high in certain coun-
tries, especially in circumstances where the dietary intake 
too can be compromised.12 Would a practice of universal 
supplementation of folate for BTTs irrespective of their 
social circumstances be justifiable, or should such a prac-
tice be considered in situations where the community 
folate deficiency is high?

We designed this study to assess serum folate levels 
and dietary folate consumption in those with BTT and 
compared it with healthy matched controls.

MATERIALS AND METHODS
Study design and study population
This study was a case–control study including 100 sets of 
samples aged between 6 and 25 years. WinPepi software, 
V.11.65, was used to calculate sample size at the signifi-
cance level of 5%, power 80%, mean difference of 6 ng/
mL and SD of 15 ng/mL for equal number of cases and 
controls.13 14 The study was conducted between June 
2021 and June 2022 at the adult and adolescent thalas-
saemia centre, Ragama, Sri Lanka. Past records of family 
screenings conducted at the thalassaemia centre since 
2018 were perused to identify families with thalassaemia 
trait. If there were individuals with thalassaemia trait 
(case) and a normal healthy sibling (control) in the same 
household, the individuals or parents/guardians were 
contacted, and the consent and/or assent was obtained 
for the study. Only case–control pairs who gave the 
written consent and satisfied the inclusion and exclusion 
criteria were recruited for the study. Cases were defined 
as BTTs without any other acute or chronic disorders. 
Controls were defined as age-matched, sex-matched and 
body mass index (BMI)-matched healthy individuals from 
the same household. The difference in age between the 
case and the control of each pair was not more than 3 
years. None of the subjects were on medications or folic 

acid supplements. The exclusion criteria include a recent 
history of folic acid treatment, any other inherited blood 
disorders and any other chronic diseases.

Data collection and sampling
At the time of recruitment, subjects or parents were 
interviewed to gather sociodemographic data (age, sex, 
ethnicity, place of residence and household income) 
and anthropometric measurements (height and weight) 
of participants into an interviewer-administered ques-
tionnaire. Participants’ medical records were carefully 
observed for any information on inherited blood disor-
ders or chronic disease conditions. Both cases and 
controls were analysed for nutrition consumption and 
serum folate level. The dietary intake of each participant 
was determined by recording a 24-hour dietary recall of 
all the foods and beverages they consumed, with portion 
sizes estimated using household measures on three 
consecutive days, and the average was calculated. The 
dietary information of children was obtained by their 
parents or guardians. Daily dietary intakes of folate and 
other selected nutrients were determined using a food 
composition database for Sri Lankan mixed dishes. The 
blood specimens of the participants were drawn into two 
tubes; ethylenediaminetetraacetic acid anticoagulated 
tube and a plain tube, after a 12-hour overnight fast, 
between 9.00 and 11.00, by venipuncture. Full blood 
count test of all samples was performed within 4 hours 
of collection, and the same sample was stored at 4°C 
and analysed for haemoglobin fractions using the high-
performance liquid chromatography method within the 
same day. Blood samples in the plain tubes were allowed 
to clot, and serum was separated and stored at 2°C–8°C. 
The serum folic acid level was determined within 48 hours 
using a fully automated Cobas immunoassay analyser.

The explanatory variables comprised gender (male 
and female), ethnicity (Sinhala, Tamil, Moors), place of 
residence (urban and rural) and family income (<US$82, 
US$82–US$165, US$165–US$247, US$247–US$330 and 
>US$330). According to the Sri Lankan BMI classifica-
tion for adults, its range ≥25 kg/m2 is considered obese, 
23–24.9 kg/m2 is considered overweight, 18.5–22.9 kg/
m2 is considered normal and <18.5 kg/m2 is considered 
underweight.15 For the children, sex-specific BMI for age 
charts available in the Sri Lanka Child Health Develop-
ment Record were used to determine the obese (BMI 
more than +2 SD), overweight (BMI between +1 and 
+2 SD) and wasting (BMI below −2SD).15

Age groups (6–9, 10–11, 12–15, 16–18 and above 
18 years) were considered to compare dietary intakes 
against recommended dietary allowances (RDA) for Sri 
Lankans.16

The diagnosis of BTT was established on the basis of 
haemoglobin A2 (HbA2) level>3.5%, and the subjects 
with HbA2 level below 3.2% were considered normal 
controls. A serum folate concentration<3.0 ng/mL was 
defined as folate deficiency, while a serum folate concen-
tration between 3 and 5.9 ng/mL was defined as a possible 
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deficiency.6 According to WHO guidelines, anaemia was 
defined among different age groups as follows: a haemo-
globin concentration (Hb)<115 g/L for children 5–11 
years old, an Hb<120 g/L for children 12–14 years old, an 
Hb<120 g/L for females≥15 years old and an Hb<130 g/L 
for males≥15 years old.17

However, when determining the full blood count 
parameters, complete information could be obtained 
from 94 cases and 91 controls only. Similarly, the prev-
alence of anaemia and underweight among the control 
group was determined using data from 98 participants 
due to missing data.

Statistical analysis
Data were analysed using SPSS V.20.0. Continuous vari-
ables were expressed as mean±SD (normal distribution), 
and categorical variables were expressed in frequency. 
The student’s t-test and Mann-Whitney U test were used 
to identify significant differences in anthropometric 
measurements, full blood count parameters, serum folate 
levels and dietary intakes between BTT and the control 
groups. The Pearson correlation coefficient test was used 
to identify the relationship between five family income 
levels and certain health/dietary factors of the control 
group. A p<0.05 involved in this study was considered 
significant. In the stage of study designing (sampling), 
demographic/socioeconomic characteristics and anthro-
pometric measurements which would be confounders 
were controlled by matching cases and controls with 
nearly similar characteristics. Therefore, the effect of 
confounders due to the above variables on the final 
outcomes is likely to be minimum.

Patient and public involvement
Patients and the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of this 
research.

RESULTS
Of the 100 pairs of participants in the study, 66 (66%) pairs 
were females. The current study consisted of case–control 
pairs from all three main ethnicities living in Sri Lanka, 
namely Sinhalese (91/100; 91%), Tamil (2/100; 2%) and 
Muslims (7/100; 7%). Out of 100 pairs, 39 (39%) were 
from urban areas, while 61 (61%) were dwellers from 
rural areas. The majority of case–control pairs in the study 
group (49%; 49/100) had a household income between 
US$82 and US$165 (table  1), which in comparison 
with the report of Household Income and Expenditure 
Survey 2019, Sri Lanka, falls into the poor income (upper 
range).18 Based on a multivariate analysis of the collected 
data, none of the variables (demographic/socioeconomic 
characteristics and anthropometric measurements) were 
identified as confounders for serum folate level (age, 
p=0.066; sex, p=0.822; ethnicity, p=0.831; sector distribu-
tion, p=0.299; level of income, p=0.412; weight, p=0.060) 
and dietary folate level (age, p=0.060; sex, p=0.147; 

ethnicity, p=0.880; sector distribution, p=0.373; level of 
income, p=0.056; weight, p=0.070).

There were statistically significant differences between 
BTTs (cases) and controls for all full blood count param-
eters, including red blood cell count, Hb, mean corpus-
cular volume, mean corpuscular haemoglobin (MCH), 
MCH concentration, red cell distribution width and 
HbA2 (p<0.05) (table 2).

There were no significant differences in mean serum 
folate levels between BTTs and normal controls (table 3 
and figure 1).

The dietary recall survey did not show significant differ-
ences between folate, total energy and protein intake 
between cases and controls who were from the same 
household. Dietary folate intakes of all age groups were 
less than the RDA for Sri Lankans in both cases and 
controls (table  4).16 The daily average intake of total 
energy was also less than the RDA in most age groups. 
Significantly, all the males and females in age groups of 
12–15 and 16–18 years showed a daily protein intake less 
than the RDA except the female cases between 12 and 15 
years (online supplemental table).

Among the non-BTTs (controls), 30/98 (30.6%) were 
underweight. Of them, 23/30 (76.6%) are females (data 
are not shown). The prevalence of anaemia among the 
controls was 17% (n=16). According to the Pearson 

Table 1  Demographic characteristics, socioeconomic 
characteristics and anthropometric measurements of case–
control pairs

Demographic and 
socioeconomic 
characteristics Cases (n=100) Controls (n=100)

Gender Male 34 34

Female 66 66

Age (years) 6–9 15 (M;5, F;10) 11 (M;3, F;8)

10–11 11 (M;6, F;5) 11 (M;4, F;7)

12–15 29 (M;3, F;26) 38 (M;14, F;24)

16–18 23 (M;12, F;11) 19 (M;9, F;10)

>18 22 (M;8, F;14) 21 (M;4, F;17)

Ethnicity Sinhala 91 91

Tamil 2 2

Muslims 7 7

Sector 
distribution

Urban 39 39

Rural 61 61

Household 
income (US$)

<82 3 3

82–165 49 49

165–247 36 36

247–330 11 11

>330 1 1

Height (cm) 149.7±19.6* 152.7±15.12*

Weight (kg) 42.1±18.2* 42.9±15.7*

*Values are given as mean±SD.
F, female; M, male.

https://dx.doi.org/10.1136/bmjopen-2024-086825
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coefficient correlation analysis, haemoglobin (r(98)=0.36, 
p=0.004), dietary folate (r(100)=0.60, p=0.000) and 
protein intake (r(100)=0.71, p=0.000) of the control 
group show a positive correlation with the family income 
levels.

DISCUSSION
Our study showed no significant difference in mean 
serum folate levels in BTTs compared with healthy 
controls. Notably, quite a high proportion of BTTs as well 
as the non-trait controls showed serum folate deficiency 
(34% and 24%), whereas a further 37% of cases and 49% 
of controls were at risk for folate deficiency. Similar to 
our data, Gallerani et al did not find significant differ-
ences in serum folate levels between BTTs and normal 
controls in Italy.10 However, they had not investigated 
the dietary folate consumption of the participants and 

could not explain the nutritional folic acid status of their 
population. To our knowledge, this is the first study to 
demonstrate the nutritional status and the serum folate 
level of BTTs simultaneously. The control group included 
age-matched, sex-matched and BMI-matched individuals 
from the same household where the cases were recruited. 
Therefore, the impact of socioeconomic and genetic 
factors on results was minimal.

Several studies not involving individuals with BTT from 
Sri Lanka have identified folate deficiency to be common 
in people of adolescent age groups. They include a 
study from Southern Sri Lanka where folate deficiency 
was found in 54.6% of school boys and 52.5% of school 
girls between the ages of 12 and 16 years.19 Two separate 
studies found that 43.6% of adolescent girls20 and 28% of 
school dropouts21 are folate deficient in Colombo (the 
capital city). The high folate deficiency in the community 
found in Sri Lanka seems to be no different from studies 
done in South and Southeast Asia. Two studies of adoles-
cent girls reported that the prevalence of folate deficiency 
in Karnataka, India,12 and the delta region of Myanmar22 
was 19% and 54%, respectively. A similar high prevalence 
(40–50%) was reported from studies of pregnant women 
in Southeast Asia23 and 26.3% of pregnant women in a 
rural area of Haryana, India.24 The high prevalence of 
folate deficiency is not limited to Asia. 31.3% of Ethio-
pian women between 15 and 19 years,25 and 20.1% (36 of 
179) and 14.7% (61 of 416) of adolescent girls from rural 
and urban areas of Edirne, Turkey,26 were folate deficient.

In the current study, no significant differences were 
observed in dietary folate intake between BTTs and 
controls for any age group. Likewise, total energy and 
protein intake between cases and controls also showed 
no differences between the two groups (online supple-
mental table). This is likely to be influenced by the study 
design, where controls were recruited from the same 
households as those with BTT. The low dietary intake of 
folate and total energy in both cohorts identified in this 
backdrop cannot be ignored. Similarly, the daily average 
intake of total protein was less than the recommended 

Table 2  The mean value±SD and differences of full blood 
count parameters between beta thalassaemia traits and 
normal controls

Parameter

Cases 
(mean±SD)
(n=94; M=34, 
F=60)

Controls 
(mean±SD)
(n=91; M=32, 
F=59) P value

RBC (×1012/L) 5.59±0.65 4.73±0.40 0.000*

Hb (g/L)

 � M 113.6±16.9 140.6±13.5 0.000*

 � F 102.8±09.7 127.4±09.4 0.000*

MCV (fL) 61.31±4.09 83.72±4.00 0.000*

MCH (pg) 19.11±1.55 27.95±1.97 0.000*

MCHC (g/dL) 31.05±1.54 33.39±1.54 0.000*

RDW (cv%) 15.98±1.22 12.87±1.03 0.000*

HbA2 (%) 5.05±0.57 2.61±0.32 0.000*

*There is a statistically significant difference (p<0.05).
F, female; Hb, haemoglobin level; HbA2, haemoglobin A2; M, male; MCH, 
mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin 
concentration; MCV, mean corpuscular volume; RBC, red blood cell count; 
RDW, red cell distribution width.

Table 3  Summary of serum folate level in each study group

Cases (n=100) Controls (n=100)

Male (n=34) Female (n=64) Total Male (n=34) Female (n=64) Total

Mean serum 
folate±SD (ng/mL)*

4.67±2.41 5.00±3.65 4.88±3.27 5.05±2.24 4.61±2.59 4.76±2.48

Range (ng/mL) 0.87–9.93 1.0–15.64 0.87–15.64 0.82–12.15 1.19–12.02 0.82–12.15

Number (%) of 
individuals with 
serum folate<3 ng/
mL

10 (10%) 24 (24%) 34 (34%) 5 (5%) 20 (20%) 25 (25%)

Number (%) of 
individuals with 
serum folate 
between 3–5.9 ng/
mL

14 (14%) 22 (22%) 36 (36%) 17 (17%) 31 (31%) 48 (48%)

*No statistically significant differences between total cases and controls (p=0.759).

https://dx.doi.org/10.1136/bmjopen-2024-086825
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dietary allowance for Sri Lankans in most age groups, 
especially in age groups of 12–15 and 16–18 years.16 The 
high anaemia prevalence in the control group (18–20% 
across the age groups studied) is in keeping with anaemia 
prevalence surveys done in Sri Lanka in children and 
adolescents.27 The high anaemia prevalence in the 
control population could be due to iron deficiency and 
coexisting alpha thalassaemia, which was not assessed in 
the current study.

In the present study, family income showed a signifi-
cant association (p<0.05) with haemoglobin level, dietary 
folate and protein intake of the control group. Nearly 
half of the study participants fall into the poor socioeco-
nomic category when compared with the national survey 
of household income.18 Therefore, socioeconomic status 

and related factors such as nutrition intake and dietary 
diversification can affect the folate status of people. As 
in the current study, Htet et al reported poor dietary 
folate intake in the folate-deficient group of their study.22 
According to Obeid et al, dietary folate intake was not 
sufficient to achieve optimal folate status in the majority 
of German women who were not exposed to mandatory 
folate fortification.28

There are very few studies that have assessed the thera-
peutic benefit of folic acid in those with BTT. In one such 
study with symptomatic BTT, Tabei et al reported that 
folic acid supplementation could improve Hb levels of 
BTTs from 116 to 119 g/L.29 After administration of folic 
acid for 3 months, bone pain complaints and symptoms of 
fatigue decreased.

Figure 1  Mean serum folate levels of cases and controls.

Table 4  The dietary folate intake among cases and controls

Age group (years) Gender RDA16 Case (mean±SD) Control (mean±SD) P value

6–9 M 300 107.61±17.02 134.47±41.56 0.297

F 300 136.59±50.98 161.30±55.80 0.477

10–11 M 400 178.94±93.28 175.68±125.34 0.394

F 400 235.07±125.69 151.49±57.53 0.167

12–15 M 400 198.84±129.07 183.32±140.88 0.900

F 400 183.65±104.39 178.99±103.49 0.969

16–18 M 400 221.09±103.73 213.94±70.59 0.831

F 400 167.36±108.45 153.52±65.86 0.944

>18 M 400 224.30±103.51 255.85±135.64 0.865

F 400 162.30±69.38 201.30±116.82 0.525

F, female; M, male; RDA, recommended dietary allowance.
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Folic acid replacement is not without its own risks.30 
The adverse effects of excessive folic acid intake include 
exacerbation of the clinical manifestations of vitamin 
B12 deficiency among elderly people,31 impaired natural 
killer cell cytotoxicity among women more than 60 years 
old,32 development of dihydrofolate reductase polymor-
phism and33 development of prostate cancers.34 Thus, it 
is clear that arbitrary folic acid prescription for people, 
including for those with BTT, should not be considered 
a harmless practice. Though there might be a benefit of 
folic acid supplementation for those individuals with BTT 
with deficiency, our study was not designed to assess this. 
The high prevalence of serum folate deficiency in those 
with BTT as well as the controls, together with the overall 
low dietary folate consumption, justifies the recommen-
dation of food fortification with folate.

Clinical values and limitations
To the best of our knowledge, this study represents the 
most comprehensive analysis to date on the serum and 
dietary folate of BTTs and healthy controls. We would like 
to acknowledge several limitations in our study. First, the 
subjects of this study primarily consisted of participants 
from a single thalassaemia centre, potentially impacting 
the results due to geographical location, lifestyle and 
dietary habits. To strengthen the evidence base, future 
studies may expand the sample size and include partici-
pants from different regions and multiple localities. Not 
measuring red cell folate and only using serum folate 
as a marker of folic acid deficiency is a technical limita-
tion. Moreover, the dietary intake of each participant was 
determined by recording a 24-hour dietary recall. The 
inherent ‘recall’ losses of this method are acknowledged 
by us.

CONCLUSIONS AND RECOMMENDATIONS
There were high levels of folate deficiency in both 
controls and those with BTT (>24% and 34%), but those 
with BTT were no more likely to be folate deficient than 
the controls. Folic acid supplementation for all with BTT 
does not seem rational based on our findings.
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