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response at baseline (p < 0.05). Logistic regression demon-
strated a significant association between lower baseline vita-
min A levels and increased odds of inadequate Hb response, 
particularly in moderate IDA subjects (OR = 1.28, p < 0.05). 
A direct association was observed between baseline reti-
nol and Hb, this relationship likely to be dependent on IL-6 
levels. In conclusion, low vitamin A status is a significant 
limiting factor contributing to the inadequate Hb increment 
during IFA supplementation, which may be particularly rel-
evant in regions where vitamin-A deficiency is still a public 
health concern.

Keywords  Iron-deficiency anemia · Hemoglobin · 
Vitamin-A · Iron–folic acid

Introduction

Anemia continues to be a major public health challenge in 
India, particularly among adolescent girls [1]. Anemia prev-
alence in this population is alarmingly high, with an overall 
estimation of 47.5% in India [2]. Chronic iron deficiency, 
caused by insufficient dietary intake of iron, can lead to iron 
deficiency anemia (IDA) which accounts for more than 50% 
of anemia cases. IDA is characterized by a decrease in eryth-
rocytes, hemoglobin (Hb), and oxygen saturation, which can 
cause physical and mental health problems in adolescent 
girls, and increase the risk of complications during preg-
nancy and childbirth [3]. In order to address this issue, oral 
iron supplementation using Iron–Folic Acid (IFA) has been 
implemented as a standard frontline nutritional interven-
tion. The National Programme recommends daily therapeu-
tic supplementation of IFA for women of reproductive age 
with mild and moderate anemia to replenish depleted iron 
stores [4]. Despite these efforts, the prevalence of anemia 

Abstract  Iron deficiency anemia (IDA) is a persistent pub-
lic health challenge in India, particularly among adolescent 
girls. Despite the use of Iron–Folic Acid (IFA) intervention, 
the IDA prevalence remains high due to variability in the 
degree of hemoglobin (Hb) response to supplementation. 
This study aimed to investigate whether the baseline levels 
of vitamin-A and pro-inflammatory cytokines influence the 
Hb increase following IFA supplementation in adolescent 
girls with IDA. Blood samples were collected from girls 
aged 15–19 y at baseline (day-0) and after 3 months of sup-
plementation (day-90). The Hb was estimated using an ana-
lyzer, serum levels of ferritin, TfR, hepcidin, IL-6, TNF-α 
were measured using ELISA and vitamin A was estimated 
using HPLC. Based on the change in Hb (day-0–day-90), the 
response was categorized as good (≥ 1.0 g/dL) and inade-
quate (< 1.0 g/dL). Nearly 50% IDA subjects exhibited inad-
equate Hb increment. This group had elevated IL6 levels 
and decreased vitamin-A levels compared to the good Hb 
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in India has shown no significant improvement. In fact, the 
prevalence has reported to be spiked by 9.2% points from 
2015–2016 to 2019–21 [5]. Moreover, the response to iron 
supplementation is not uniform even among individuals with 
good compliance, indicating the involvement of additional 
factors that may limit the Hb response to iron supplements 
[6, 7].

Erythrocyte metabolism is a multifaceted process that 
requires not only adequate iron but also a balance of other 
factors. Among these, proinflammatory cytokines and 
micronutrient status play a significant role. Reports suggest 
that Hb levels are sensitive to the elevated levels of cytokines 
such as interleukin-6 (IL-6), tumor necrosis factor-alpha 
(TNF-α) particularly in chronic inflammatory conditions 
[8]. However, the significance of these cytokines in a low-
grade inflammatory (LGI) state in modulating Hb levels is 
still not yet clear. The LGI is characterized by subtle and 
mild elevations of pro-inflammatory cytokines within the 
healthy range and often persist sub-clinically without any 
noticeable symptoms. Similarly among the micronutrients, 
the vitamin-A influence on Hb levels has been extensively 
reported, often coexisting with IDA. In addition, vitamin-A 
status is suggested to be associated with LGI, which poten-
tially impacts the Hb improvement in anemia under iron sup-
plementation [9, 10]. In light of the above, it is imperative 
to understand the interplay of these factors in modulating 
Hb levels in IDA subjects undergoing IFA supplementation. 
Therefore, we hypothesize that the underlying levels of pro-
inflammatory cytokines and vitamin-A may influence the 
Hb improvement under therapeutic IFA intervention. To test 
the hypothesis, serum levels of IL-6, TNF-α and Vitamin A 
were assessed and their relationship with the degree of Hb 
change were examined in adolescent girls with IDA during 
a 3-month IFA supplementation.

Methods and Materials

Study Design

This study was conducted among adolescent girls aged 
15–19 years and studying in a public social-welfare resi-
dential educational institute in Hyderabad, India. This study 
was performed in line with the principles of the Declaration 
of Helsinki. Institutional ethical approval (CR/7/IVA/2022) 
was obtained; all participants signed an informed consent/
assent form to participate in this study. Assuming the preva-
lence of anemia among adolescent girls is approx. 70% [11], 
the sample size was calculated based on 95% confidence 
interval (CI), 5% margin of error with 10% nonrespond-
ers, which was found to be approx. 330 adolescent girls. 
The exclusion criteria were girls who had blood transfu-
sions within the last six months, any ongoing infections, 

and significant clinical consequences like excessive blood 
loss and were taking any nutritional supplements. IDA was 
defined as per WHO criteria (Hb level < 12 g/dL, serum fer-
ritin < 15 ng/mL, and C-reactive protein (CRP) < 5 mg/dL).

Participant’s Characteristics

Socio-demographic characteristics and clinical history (age 
of menarche, duration of menses, history of worm infesta-
tion and malaria infection) were obtained by trained profes-
sionals using validated questionnaires. Height, weight, and 
mid-upper arm circumference (MUAC) were recorded using 
a stadiometer, seca weighing balance, and non-stretchable 
tape respectively. Adjusted BMI Z-scores were calculated 
using height and weight measurements. Physical Activ-
ity Questionnaire for Adolescents (PAQ-A) was used to 
record physical activity. Family socioeconomic status was 
measured based on education, occupation and ownership of 
assets. Dietary patterns were recorded based on the respec-
tive institute’s weekly schedule of the diet.

Iron–Folic Acid Supplementation

All participants were subjected to deworming with a single 
dose of 400 mg albendazole prior to supplementation. Mod-
erate (Hb: 8–10.9 g/dl) and mild (Hb: 11–11.9 g/dl) cases 
were then administered a therapeutic dose of two sugar-
coated IFA tablets per day (each with 60 mg of elemental 
iron and 500 mcg of folic acid) for a period of 90 days, in 
accordance with the Intensified National Iron Plus Initia-
tive (I-NIPI) guidelines of the India’s national programme 
[4]. Adolescent girls who had severe anemia were informed 
and recommended to visit the nearest health facility as per 
the programme. Compliance was recorded by collecting the 
empty blisters in addition to daily supervision under medical 
attendant. To be considered compliant, participants had to 
take IFA tablets for at least 60 out of the 90 prescribed days.

Biochemical Measurements

Blood samples were collected on day-0 and day-90 and Hb 
was estimated using Autoanalyzer (Horiba ABX Micros 
ES-60). Blood samples were centrifuged at 1500× g for 
15 min, serum sample/plasma was extracted and stored at 
−20 °C refrigerator. Serum samples were used to quantify 
the levels of ferritin (DRG, Springfield, NJ), TfR, hepci-
din, IL-6 and TNF-α (R&D Systems, Minneapolis, MN) 
by using sandwich ELISA at both time points. CRP (DRG, 
Springfield, NJ) was estimated at only day-0. Vitamin A 
levels were assessed using standard HPLC protocol. Based 
on the level of Hb increment after 3-months supplementation 
(day-0–day-90), subjects were stratified into good (≥ 1 g/dL) 
and inadequate (< 1 g/dL) responses [12].
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Statistical Analyses

Statistical analyses were conducted using SPSS (Version-23) 
and R statistical packages. Data were investigated for nor-
mality using the Shapiro–Wilk test, and normally distributed 
values were reported as mean and SD, while non-normally 
distributed values were reported as median with IQR range 
(25th and 75th percentile). Wilcoxon signed-rank test and t 
test were used for comparisons. Logistic regression analysis 
was performed with the Hb response category as a depend-
ent variable. Multiple linear regression was performed with 
the baseline Hb levels as dependent variables. The signifi-
cance level was set at p < 0.05.

Results

A total of 334 adolescent girls were screened for blood 
Hb levels, 165 subjects (49%) were identified with Hb lev-
els < 12 g/dL. Of these anemic subjects, 142 (86%) were 
found to be moderate and mild IDA. These IDA subjects 
underwent therapeutic IFA supplementation for 90 days. 
During the supplementation timeline, 24 subjects were 
dropped out of the study due to adverse events, leaving study 
site, non-availability during endpoint blood sample collec-
tion and refusal to continue. Finally, a total of 118 subjects 
contributed blood samples at day-0 and day-90. As per the 
predetermined compliance criteria, 87 (74%) subjects with 
moderate (n = 49) and mild (n = 38) IDA were considered 
for further analysis (Fig. 1). The average age of participants 
was 17.71 ± 0.45 years and the majority of them (94%) had 
normal BMI. On a scale of 1 (low) to 5 (high), the mean 
physical activity level was found to be 2.58 ± 0.50 indicating 
moderate activity (Table 1). Participants were found to be 
of middle, lower middle and lower class of family socioeco-
nomic status. All participants shared the same institutional 
food environment at their respective residential facilities.

Overall, the mean Hb levels increased significantly by 
11.6%. Using the defined criteria for Hb response, 50.5% 
(n = 44) of subjects were categorized as having a good 
response, while the remaining 49.5% (n = 43) exhibited an 
inadequate response. In good responders, mean Hb levels 
increased remarkably by 21.1%, accompanied by marked 
improvements in ferritin, transferrin receptor (TfR), and 
hepcidin. Conversely, in the inadequate response group, only 
2.3% increment in Hb was observed with ferritin increase of 
up to 1.8-fold, which was below the defined cutoff of 15 ng/
mL (Table 2). Notably, baseline hepcidin and ferritin levels 
significantly differed between the two response groups.

The median baseline (day 0) IL-6 levels were significantly 
higher in the inadequate response group (2.55 pg/mL) than 
in the good response group (1.99 pg/mL) (Fig. 2a). Vitamin 
A levels increased significantly from baseline to follow-up 

in the good response group (4.73 μg /dL, p < 0.01), but there 
was no significant change in vitamin A levels from baseline 
to follow-up in the inadequate response group (Table 2). The 
mean baseline vitamin A levels were significantly different 
between good (30.82 μg/dL) and inadequate (27.48 μg/dL) 
response groups (p < 0.05) (Fig. 2b).

Fig. 1   Flow chart outlining the participants selection for analysis

Table 1   Descriptive characteristics of adolescent girls with iron defi-
ciency anemia

MUAC​: mid-upper arm circumference (MUAC), BMI: body mass 
index, PAQ-A: physical activity questionnaire-adolescents

Characteristic Mean ± SD or 
n (%) (n = 87)

Age (years) 17.71 ± 0.45
Height (cm) 152.21 ± 5.73
Weight (kg) 44.65 ± 5.89
MUAC (cm) 22.70 ± 2.01
BMI Z-scores
 Underweight (− 3 SD to − 2 SD) 5 (5.8)
 Normal weight (− 2SD to + 1SD) 82 (94.2)
 Overweight (+ 1SD to + 2SD) –

Physical activity (PAQ-A) [1 (Low)–5 (High) points] 2.58 ± 0.50
Family Socioeconomic status
 Upper –
 Upper middle class –
 Middle class 24 (27.5)
 Lower middle class 62 (71.3)
 Lower 1 (1.2)
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Simple Pearson correlation analysis showed a direct 
significant association between serum retinol and Hb at 
day-0 (r = 0.40, p < 0.01, data not shown) in the inadequate 
response. Logistic regression showed an increase in serum 

retinol levels of 1 g/dL reduced the chance of being in the 
inadequate Hb response. The effect was more evident in the 
individuals with moderate anemia at day-0, which showed 
for every 1 g/dL decrease results in 28% (OR = 1.28) more 

Table 2   The levels of blood and serum biomarkers at day-0 and day-90 of the IFA supplementation in adolescent girls with Iron deficiency ane-
mia

Data represented in a: mean ± SD, b:median (25th, 75th percentile); ND not detectable, NA not applicable; Significance level *p < 0.05, **p < 0.01 
and ***p < 0.001, Δ: difference (day-90–day-0); #Hepcidin values were available for total (n = 51), good response (n = 29) and inadequate 
response (n = 22) groups.
Good Hb response (ΔHb >  = 1.0 g/dL), Inadequate Hb response (ΔHb < 1.0 g/dL), ΔHb: Hb at day-90—day-0, TfR: Transferrin receptor, IL-6: 
Interleukin-6, TNF-α: Tumor necrosis factor-alpha

Total (n = 87) Good response (n = 44) Inadequate response (n = 43)

Day-0 Day-90 Δ Differ-
ence

Day-0 Day-90 Δ Differ-
ence

Day-0 Day-90 Δ Difference

Iron homeostasis biomarkers
Hemoglo-

bina (g/
dL)

10.54 ± 1.05 11.76 ± 1.26 1.22*** 
(0.95, 
1.48)

10.37 ± 1.09 12.56 ± 0.96 2.19*** 
(1.89, 
2.51)

10.70 ± 1.0 10.95 ± 0.99 0.25*** 
(0.31, 
0.54)

Ferritinb 
(ng/mL)

1.75 (0.08, 
4.87)

16.08 (3.05, 
34.66)

14.33*** 1.28 (0.01, 
3.28)

27.05 (7.58, 
51.08)

25.76*** 2.58 (1.0, 
6.28)

7.23 (0.89, 
21.78)

4.64*

TfRb (μg/
mL)

8.93 (6.24, 
14.18)

7.05 (4.60, 
10.76)

− 1.88 ** 10.65 (6.30, 
19.01)

5.66 (3.75, 
8.42)

− 4.98*** 8.75 (5.61, 
10.99)

9.34 (6.03, 
12.86)

0.59

Hepcidinb# 
(ng/mL)

0.22 (0.06, 
0.9)

3.41 (0.65, 
12.98)

3.19*** 0.12 (0.05, 
0.64)

6.22 (1.16, 
17.11)

6.09*** 0.53 (0.14, 
1.52)

1.20 (0.21, 
11.72)

0.67

Serum cytokines and micronutrient
IL-6b (pg/

mL)
2.26 (1.41, 

3.27)
1.66 (1.12, 

2.47)
− 0.59** 1.87 (1.36, 

2.79)
1.47 (0.91, 

2.38)
− 0.40 2.55 (1.66, 

3.67)
1.99 (1.21, 

2.61)
− 0.56*

TNF-alphab 
(pg/mL)

0.86 (0.66, 
1.06)

0.74 (0.62, 
0.92)

− 0.12 0.77 (0.68, 
0.98)

0.74 (0.62, 
0.96)

− 0.03 0.88 (0.65, 
1.13)

0.73 (0.62, 
0.91)

− 0.15

Vitamin Aa 
(µg/dL)

29.15 ± 6.45 35.01 ± 13.37 5.85*** 
(2.68, 
9.02)

30.82 ± 6.89 39.37 ± 15.06 8.54** 
(3.49, 
13.60)

27.48 ± 5.54 30.64 ± 9.81 3.16 (− 0.27, 
6.59)

Fig. 2   Representing baseline a serum Interleukin 6 level (median (25th and 75th percentile)) with Wilcoxon signed-rank test (b) and serum reti-
nol (mean ± SD) with unpaired t-test
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likely to show inadequate Hb response (Table 3). Similarly 
in the baseline, multiple linear regression analysis showed an 
association between retinol and Hb (p < 0.05) in the inade-
quate Hb response after adjustment with potential confound-
ing factors such as serum ferritin, BAZ, CRP, socioeconomic 
status and physical activity. However, this association was 
not sustained after adjustment with IL6 (Table 4). 

Discussion

In the present study, we showed that the baseline serum 
retinol levels were low in the inadequate Hb response and 
significantly differentiated the response groups, particularly 
in moderate IDA subjects after IFA therapeutic supplemen-
tation. To the best of our knowledge, this is the first study 
to signify the importance of vitamin-A in understanding the 
variability in the Hb improvement during IFA supplementa-
tion in adolescent girls.

Despite an overall substantial increase in hemoglobin lev-
els with more than 50% reduction in anemia, we observed 
considerable variation in the Hb change from baseline to 
endline, consistent with other studies in India [11, 13]. 
Nearly 50% of individuals showed an Hb increment of less 
than 1.0 g/dL. Within this inadequate response group, 70% 
had baseline serum retinol levels in the low status (< 30 μg/
dL), whereas 3 subjects had vitamin A deficiency (VAD). 
Though, the VAD definition as per WHO standard cutoff 
(< 20 μg/dL) is typically applied to preschool-age children 
[14], which has also been commonly adopted for adults as 

well. Nevertheless, several reports suggest that suboptimal 
levels are associated with the typical VAD features including 
anemia, particularly in adolescents and women of reproduc-
tive age [15–17], and potentially increase the risk of IDA 
[18]. The relative contributions of vitamin A and iron levels 
to anemia manifestation have been extensively documented 
in experimental studies. Consequently, several clinical stud-
ies have evaluated the efficacy of combined iron and retinol 
supplementation in alleviating the anemia prevalence. While 
the reported findings have been mixed, a pattern has emerged 
in the efficacy of these interventions. Notably, studies con-
ducted in regions with a vitamin A deficiency (VAD) preva-
lence exceeding 15% demonstrated significant effectiveness 
compared to those conducted in regions with lower VAD 
prevalence [10, 19–23]. The present study is particularly rel-
evant as it was conducted in Rangareddy District, Telangana 
state, one of Indian states with a high VAD prevalence with 
moderate to severe public health significance. Recent esti-
mates report VAD prevalence in adolescent girls as around 
20% in the study area [24]. In this context, our findings that 
the insufficient Hb increment despite IFA supplementation 
suggest that IDA in this population might be influenced by 
vitamin A levels.

Further, the present study identified significant mild ele-
vation in the baseline IL-6 levels in the inadequate response 
group compared to the adequate response group. This obser-
vation is noteworthy due to the established fact that there 
is a reciprocal bidirectional interaction between vitamin A 
levels and subclinical low-grade opportunistic infections. 
Modulation of immune function via inflammation is one 
the potential mechanism that describes vitamin A associa-
tion with low Hb [25]. The generalized linear model in the 
current study further supports this mechanism as there was 
a direct association between serum retinol and Hb levels 
after adjusting for potential confounding factors, and the 
association was found to be insignificant when adjusted for 
IL-6 levels. IL-6 is a known pro-inflammatory cytokine that 
is stimulated during chronic inflammatory conditions. At 
molecular level, IL-6 has been reported to trigger the acti-
vation of hepcidin—a pivotal regulator of iron homeostasis 
[26]. High hepcidin levels target ferroportin, the iron export 
protein, for internalization and degradation. This effectively 
removes ferroportin from the cell surface, hindering iron 

Table 3   Logistic regression analyses with the Hb response (good 
and inadequate) as the dependent variable and retinol as the inde-
pendent variable

The model was adjusted for BAZ (Body mass index for age Z score), 
ferritin, baseline hemoglobin, CRP (C-reactive protein),
IL-6 (Interleukin-6), Family socioeconomic status, physical activity. 
CI: confidence interval, OR: odds ratio. (N: ∞ = 49, † = 29, ‡ = 20)

Group (Baseline Hb) β OR 95% CI p

Total∞ (< 12.0 g/dL) 0.091 1.09 0.005–0.175 < 0.05
Moderate† (< 11.0 g/dL) 0.247 1.28 0.014–0.479 < 0.05
Mild‡ (≥ 11.0 g/dL) 0.021 1.02 − 0.150–0.194 0.805

Table 4   Multiple regression 
model: Baseline Hb as 
dependent variable in the 
adequate response category

Both models, with and without IL-6 (Interleukin-6), were adjusted for BAZ (Body mass index for age Z 
score), ferritin and CRP (C-reactive protein), Family socioeconomic status, physical activity. CI confidence 
interval

Baseline Independent 
variable

Without IL6 correction With IL6 correction

β (95% CI) p β (95% CI) p

Retinol 0.072 (− 0.002–0.147) < 0.05 0.041 (− 0.039–0.122) 0.331
IL6 − 0.166 (− 0.348–0.016) 0.098
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export from enterocytes and macrophages, and ultimately 
affects iron mobilization. Hepcidin production is primar-
ily stimulated by iron status, specifically high iron levels, 
however during inflammation these levels were predomi-
nantly regulated by cytokines. Hepcidin acts to withhold 
iron from circulation, preventing its absorption and utiliza-
tion for erythropoiesis. In line with this, we identified mild 
elevation in serum hepcidin levels at the baseline within 
the group exhibiting an inadequate response. However, this 
association failed to maintain similar statistical significance 
post-supplementation (data not shown), likely due to poten-
tial modulation of IL-6 levels during the intervention [27]. 
Moreover, the IL-6 pathway sheds light on one mechanism; 
it is worthy to acknowledge that retinol influence on Hb lev-
els likely extends beyond this pathway. Its regulation of iron 
metabolism likely involves additional factors such as BMP6 
and erythropoietin, which may play independent or syner-
gistic roles to modulate Hb levels [28]. Emerging research 
suggests retinol may induce BMP6, which in turn regulates 
iron mobilization by controlling hepcidin expression [28]. 
Additionally, retinol can directly influence erythropoietin, 
a hormone that stimulates red blood cell production [29]. 
These multifaceted roles imply low vitamin A status poten-
tially limit Hb improvement despite iron supplementation. 
However, the precise pathway remains unclear, necessitating 
further investigation.

In addition, the present study observed that the good 
(> 1 g/dL Hb increase) Hb response was determined by base-
line Hb (r = −0.56, p < 0.001, data not shown), which is sup-
porting the evidence that low levels of Hb at the beginning 
exert positive impact on the improvement of Hb levels dur-
ing IFA supplementation [30]. Furthermore, we observed a 
significant increase in hepcidin in the good response, which 
is consistent with literature suggesting that under IFA sup-
plementation, iron stores get replenished and hepcidin levels 
tend to increase to reduce further iron absorption [26].

The present study has the following limitations. First, 
subjects with IDA who did not receive IFA intervention 
were not included due to ethical reasons. Second, Individ-
ual dietary assessment was not conducted due to logistical 
constraints. Finally, a relatively high rate of dropout and 
non-compliance led to a limited sample size.

In conclusion, the present study brings evidence that low 
vitamin A status can act as a potential limiting factor for 
adolescent girls with inadequate Hb increment during IFA 
supplementation. This finding is particularly relevant in 
regions where vitamin A deficiency (VAD) remains a public 
health concern. Combined interventions aimed to improve 
both iron and vitamin A status might be needed to effectively 
target IDA in this population.
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