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Background: Up to now, the combinations of ferrous fumarate—folic acid (FF-FA) and
(FG-MV) have been
government in the province of Papua. Nevertheless, there is no a specific economic evaluation
that has been applied to investigate the cost-effectiveness of FF-FA and FG-MV.

Objective: This study aimed to investigate the cost-effectiveness of FF-FA and FG-MV

to be implemented in Teluk Bintuni,

ferrous  gluconate—multivitamins implemented by the local

as one of the districts with the highest
prevalence of iron deficiency anemia in Papua by taking the healthcare perspective
into account.

Methods: A prospective observational study was applied by considering two groups of
women (15-49 years old) with iron deficiency anemia who received FF-FA and FG-MV
from September to November 2018. Applying a purposive sampling method, respondents
were selected from 875 targeted women in six sub-districts, who met inclusion criteria. To
estimate the total cost, we applied a healthcare perspective that considered direct medical
cost only (eg, the procurement cost of iron tablets, cost of Hb test, and cost of healthcare
visit). To estimate the effectiveness of intervention, we applied two major parameters, such
as Hb level and utility score in quality-adjusted life year (QALY). The cost-effectiveness
values were evaluated by using the criteria on the cost-effectiveness of healthcare interven-
tion according to the threshold of gross domestic product (GDP) per capita (cost per QALY
gained).

Results: From 875 targeted women in six sub-districts who met inclusion criteria, we found
approximately 222 women with moderate—severe iron deficiency anemia and 110 women
with complete data in the group of FF-FA (n=69) and FG-MV (n-41). The results showed
that there were significant differences (p-value <0.05) on the number of respondents, age,
oral iron cost, total healthcare cost and utility score in both intervention groups. Comparing
the use of FG-MV with FF-FA, we estimated the incremental cost-effectiveness ratios
(ICERs) would be $255.77 per controlled patient, $142.09 per patient with Hb increment
>2.00 g/dL, $79.93 per patient with Hb increment >1.00 g/dL, and $11.59 per QALY gained.
Conclusion: The ICER was estimated to be $11.59 per QALY gained, which was highly cost-
effective, according to GDP-based cost-effectiveness threshold. In addition, the utility score of
women with iron deficiency anemia was considered to be the most influential factor impacting
the cost-effectiveness value.

Keywords: ICER, cost per controlled patient, cost per patient with Hb increment >2.00 g/
dL, cost per patient with Hb increment >1.00 g/dL, cost per QALY gained
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Introduction
Iron deficiency anemia is caused by a condition of iron
metabolism disorder (eg, increased iron demand, limited
external supply, and increased blood loss), which might
lead to long-term conditions of insufficient iron." Several
guidelines for the prevention and eradication of anemia
have been issued, such as recommended regiment, dosage,
cost and effectiveness of alternative interventions, which
resulted in the use of iron tablets as one of the recom-
mended interventions to prevent anemia.> >

As one of the provinces with high prevalence of iron
deficiency anemia in Indonesia, the use of iron tablets has
been adopted by the province of Papua through a specific
regulation on the supply chain management of iron
tablets.® In 2018, approximately 42.0% of iron tablets
have been distributed successfully in the province of
Papua.® Next to distribution rate, there are no relevant
indicators that can be used to assess the effectiveness of
this intervention. Up to now, the combinations of ferrous
fumarate—folic acid (FF-FA) and ferrous gluconate—multi-
vitamins (FG-MV) have been implemented by the local
government in the province of Papua. Nevertheless, there
is no a specific economic evaluation that has been applied
to investigate the cost-effectiveness of FF-FA and FG-MV.
According to the guidelines on the management of iron
deficiency anemia, the selection of iron supplementation
should be based on its cost-effectiveness.” Hence, this
study aimed to investigate the cost-effectiveness of FF-
FA and FG-MV to be implemented in Teluk Bintuni, as
one of the districts with the highest prevalence of iron
deficiency anemia in Papua by taking the healthcare per-
spective into account.

Methods

A prospective observational study was applied by con-
sidering two groups of women with iron deficiency ane-
mia who received FF-FA and FG-MV from September to
November 2018. We classified mild, moderate and severe
iron deficiency anemia based on the concentrations of
hemoglobin (Hb) in the blood. Mild iron deficiency ane-
mia corresponded to a level of Hb concentration of 10.0—
109 g/dL and 11.0-11.9 g/dL for pregnant and non-
pregnant women, respectively.® Moderate iron deficiency
anemia corresponded to a level of 7.0-9.9 g/dL and 8.0-
109 g/dL for pregnant and non-pregnant women,
respectively.® Meanwhile, severe iron deficiency anemia
corresponded to a level less than 7.0 g/dL and 8.0 g/dL

for pregnant and non-pregnant women, respectively.®
Applying a purposive sampling method, respondents
were selected from 875 targeted women in six sub-
districts, who met inclusion criteria (eg, 1549 years
old pregnant and non-pregnant women with moderate
and severe iron deficiency anemia). All these partici-
pants, including under 18 years old, signed an informed
consent on their own behalf to allow a 30-day interven-
tion. The response to treatment was monitored in 4 weeks
since the Hb level should increase within this period,
although an improvement can also be obtained after
a few days.’ Respondents with incomplete data would
be excluded. To measure the Hb level, a portable
(HemoCue 201™,
Sweden) was used in selected sub-districts from rural

HemoCue analyzer Angelholm,
(Kaitaro, Aranday, Tembuni and Meyado) and urban
area (Manimeri and Bintuni). The ethical permission for
this study was obtained from the Ethics Committee of
Universitas Padjadjaran, Indonesia (approval number:
172/UN6.KEP/EC/2018) and this study was conducted
in accordance with the Declaration of Helsinki. In addi-
tion, participants under 18 years of age were approved by
the ethics committee to provide informed consent on their
own behalf.

To estimate the costs of FF-FA and FG-MV treatment,
we applied the healthcare perspective that considered
direct medical cost only.'”'" For direct medical costs, we
calculated the procurement cost of iron tablets, cost of Hb
test, and cost of healthcare visit, which represented all
costs covered by the local government. To estimate the
effectiveness of intervention, we applied two major para-
meters, such as Hb level and utility score in quality-
adjusted life year (QALY). Several criteria were selected
to apply Hb level as the effectiveness parameters, such as
the number of controlled patients who gained normal Hb
due to intervention (11.00 g/dL and 12.00 g/dL for preg-
nant and non-pregnant women, respectively),'? the number
of patients with minimal Hb increment at 2.00 g/dL,"* and
1.00 g/dL during 30 days.'* To assess patients’ utility
score, we used a generic tool from EuroQol entitled
EuroQol-5 Dimensions-5 Levels (EQ5DS5L), which can
measure the quality of life from five dimensions (eg,
abilities to mobility, self-care, usual activities, pain or
discomfort and anxiety or depression) within the
Indonesian value set.'?

To estimate the incremental cost-effectiveness ratio
(ICER), we used this following formula:
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(Cost FF — FA) — (Cost FG — MYV)

ICER = Efoc Efoct
( ffectiveness F A) B ( Jffectiveness MV)

FF FG

The cost-effectiveness values were evaluated by using the
criteria on the cost-effectiveness of healthcare intervention
according to the threshold of gross domestic product (GDP)
per capita (cost per QALY gained): (i) highly cost-effective
(less than one GDP per capita); (ii) cost-effective (between
1-3 times GDP per capita); and (iii) cost-ineffective (more
than 3 times GDP per capita) [10]. Univariate sensitivity
analysis was performed to investigate the effects of different
input parameters on cost and health outcomes, by varying
each parameter at value of + 25% while keeping other para-

meters constant. 16,17

Results

From 875 targeted women in six sub-districts who met
inclusion criteria, we found approximately 222 women
with moderate—severe iron deficiency anemia and 110
women with complete data in the group of FF-FA (n=69)
and FG-MV (n-41). The results showed that there was
a significant difference on the number of respondents in
both intervention groups in each district (p-value =0.02).
Furthermore, there was also a significant difference of age
in both intervention groups (p-value =0.02). The result
showed that the majority of respondents (61.8%) with
moderate—severe iron deficiency anemia were adolescent
girls (15-20 years old), specifically in Teluk Bintuni. For
respondents’ ethnicity and Hb level, there were insignif-
icant differences in both intervention groups (p-value
<0.05). More detailed information about the characteristics
of respondents can be seen in Table 1.

We applied several parameters to estimate the cost-
effectiveness value. The results showed that there were
significant differences on oral iron cost, total healthcare
cost and utility score in both intervention groups (p-value
<0.05) (see Table 2). In a comparison with FF-FA, FG-MV
was considered to be less costly, yet less effective. We
estimated the ICERs would be $255.77 per controlled
patient, $142.09 per patient with Hb increment >2.00 g/
dL, $79.93 per patient with Hb increment >1.00 g/dL, and
$11.59 per QALY gained (see Figure 1). Applying GDP
per capita of Indonesia ($3894) as the threshold of cost-
effectiveness in the context of cost per QALY gained, the
use FG-MV can be considered to be highly cost-effective.
In particular, the result of sensitivity analysis showed that
the utility score of patients in the group of FF-FA was

considered to be the most influential factor impacting the
cost-effectiveness value (see Figure 2).

Discussion
The results showed that there were significant differences
on the number of respondents in each district and age in
both intervention groups, which might be caused by spe-
cific socio-demographic factors. The number of women
with moderate—severe iron deficiency anemia in urban
area (Manimeri and Bintuni) was reported to be higher
than in rural area (Kaitaro, Aranday, Tembuni and
Meyado) due to higher number of urban population than
rural population. The population density in Manimeri and
Bintuni were reported to be 18.55 and 56.87 people/kilo-
meter square, respectively. These numbers were much
higher than the population density in Aranday (1.89 peo-
ple/kilometer square), Meyado (1.50 people/kilometer
square), Kaitaro (0.92 people/kilometer square), and
Tembuni (0.69 people/kilometer square).'® The result of
this study is similar to the result of a previous study on the
adherence to iron-folate supplement for pregnant women
in Northern Ethiopia, which took 182 respondents from
urban area and only 18 respondents from rural area.'” In
addition, it should be highlighted that supplementation
program in Indonesia is monitored by the primary health-
care centers, where the activities in urban area were
reported to be more active with higher patients’ compli-
ance level than in rural area.’® In a comparison with
women in urban area, women in rural area tend to have
more limited knowledge about the benefits of oral iron
treatment.”’ Furthermore, the result of this study found
that young women (15-20 years old) dominantly experi-
ence moderate-to-severe iron deficiency anemia, which is
similar with the result of a previous study in India that
mentioned the highest prevalence of iron deficiency ane-
mia was found in adolescent girls (10-19 years old).*
These findings also strengthen the result of a previous
study by Righetti et al, which mentioned that young
women need more iron cellular and riboflavin than older
women. >

Two major parameters of Hb level and utility score
were applied to assess the effectiveness of intervention.
As the clinical outcome in this study, Hb level was mea-
sured twice, before and after intervention. We found 9
women (7 in FF-FA and 2 in FG-MV) who gained normal
Hb level after a 30-day intervention, whilst several guide-
lines mentioned that the use of oral iron therapy might

require at least 90 days to gain normal Hb level.>*** In
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Table | Characteristics of Respondents

Characteristics Total (n=110) FF-FA (n=69) FG-MV (n=41) p-value
Residence 0.02*
Bintuni (urban) 40 (36.37%) 29 (42.03%) Il (26.83%)
Manimeri (urban) 34 (30.91%) 23 (33.33%) Il (26.83%)
Aranday (rural) 6 (5.45%) 0 (0.00%) 6 (14.63%)
Meyado (rural) 17 (15.46%) 7 (10.14%) 10 (24.40%)
Kaitaro (rural) 7 (6.36%) 5 (7.25%) 2 (4.88%)
Tembuni (rural) 6 (5.45%) 5 (7.25%) | (2.43%)
Age 0.02*
15-20 68 (61.82%) 49 (71.01%) 19 (46.34%)
21-25 10 (9.09%) 4 (5.80%) 6 (14.64%)
26-30 10 (9.09%) 4 (5.80%) 6 (14.64%)
31-35 9 (8.18%) 6 (8.70%) 3 (7.31%)
3640 7 (6.36%) 4 (5.80%) 3 (7.31%)
4145 5 (4.55%) I (1.45%) 4 (9.76%)
4649 I (0.91%) | (1.44%) 0 (0.00%)
Ethnicity 0.93
Papuan 73 (66.36%) 46 (66.67%) 27 (65.85%)
Non-Papuan 37 (33.64%) 23 (33.33%) 14 (34.15%)
Severity of anemia
Pre intervention 0.10
Severe 16 (14.55%) 13 (18.84%) 3 (7.32%)
Moderate 94 (85.45%) 56 (81.16%) 38 (92.68%)
Mild 0 (0.00%) 0 (0.00%) 0 (0.00%)
Normal 0 (0.00%) 0 (0.00%) 0 (0.00%)
Post intervention 0.79
Severe 11 (10.00%) 9 (13.04%) 2 (4.88%)
Moderate 55 (50.00%) 30 (43.48%) 25 (60.98%)
Mild 31 (28.18%) 21 (30.44%) 10 (24.39%)
Normal 13 (11.82%) 9 (13.04%) 4 (9.75%)

Note: *Statistically significant (p-value <0.05).
Abbreviations: FF-FA, ferrous fumarate—folic acid; FG-MV, ferrous gluconate-multivitamin.

Table 2 Parameter of Cost and Effectiveness

Parameter Group p-value
FF-FA (n=69) FG-MV (n=41)
Cost of oral iron $3.80 $2.07 0.00%*
Cost of Hb test $7.32 $7.32 1.00
Cost of healthcare visit $32.02 $32.02 1.00
Total healthcare cost $43.14 $41.41 0.00%*
Number of controlled patients who gained normal Hb 7 2 0.30
Number of patients with Hb increment >2.00 g/dL 15 6 0.35
Number of patients with Hb increment >1.00 g/dL 33 17 0.52
Utility (QALY) 233 1.23 0.00%*

Note: *Statistically significant (p-value <0.05).
Abbreviations: FF-FA, ferrous fumarate—folic acid; FG-MV, ferrous gluconate—multivitamins; Hb, hemoglobin; QALY, quality-adjusted life year.
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ICER

Cost per controlled parient - [ 555,77

Cost per patient with Hb increment >2.00 g/dL _ $142.09

Cost per patient with Hb increment >1.00 g/dL [ $79.93

Cost per QALY gained . $11.59

$0.00

Figure | Incremental cost-effectiveness ratio (ICER).

$100.00 $200.00 $300.00

Sensitivity Analysis

Cost GFFFFAT NN
Cost of HbHESEN I
Cost of FG-MVlII

$8.50 $9.50 $10.50

m Upper value

Figure 2 One-way sensitivity analysis.

particular, we applied two other different cut-off values to
compare the progression of iron deficiency anemia status,
such as number of patients with Hb increment >2.00 g/dL
and >1.00 g/dL, according to the WHO’s guideline.*® This
approach was applied since every woman with iron defi-
ciency anemia has a different condition and nutrient
intake. In addition, utility score in QALY was applied as
the effectiveness intervention since iron deficiency anemia
was reported to be an independent risk factor for decreased
health-related quality of life in older individuals, according
to a large population-based cohort study.?® In this study,
we found a significant difference of utility score in FF-FA
(2.33 QALYs) and FG-MV (1.23 QALYs).

To estimate the cost-effectiveness value, we considered
only the healthcare perspective by taking direct medical
costs into account, which is very relevant with the current
situation since the local government is facing the biggest
challenges in the efforts to manage various healthcare

$11.50 $12.50 $13.50

m Lower value

programs within limited resources. In this study, we esti-
mated the relevant costs that the healthcare provider spent
in providing oral iron treatment for iron deficiency anemia
women. Annually, the government provides 200 iron
tablets (FF-FA or FG-MV) per pregnant or reproductive
woman. Nevertheless, there was a lack of cost-
effectiveness study on the use of oral iron treatment in
Indonesia. This study took into account the potential
switch of FG-MV into FF-FA to be implemented in
a high prevalence area of iron deficiency anemia in
Indonesia. As the current treatment, FF-FA has been
used since 2017 in Teluk Bintuni. As the potential alter-
native, FG-MYV is available in the private market and more
accessible than FF-FA. The result showed the healthcare
provider required $43.14 and $41.41 per patient to provide
FF-FA and FG-MV, respectively. Utility scores that could
be yielded were 2.33 QALYs and 1.23 QALY in the group
of FF-FA and FG-MV,

respectively. As the new
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intervention, it can be interpreted that FG-MV was less
costly and less effective than FF-FA. The ICER was esti-
mated to be $11.59 per QALY gained, which was highly
cost-effective, according to GDP-based cost-effectiveness
threshold. In addition, the utility score of women with iron
deficiency anemia was considered to be the most influen-
tial factor impacting the cost-effectiveness value, which
strengthened a recent study by Wouters et al that high-
lighted a significant association between women with ane-
mia and lower health-related quality of life.*®

Despite the fact that FF or FG was available in a single
formula, the use of these oral tablets in this study was
combined with other complements, such as FA and MV.
One of the major novelties of this study is to make
a comparison between the potential combination of FG-
MV and FF-FA. In a country with a limited budget, such
as Indonesia, it is critical to analyze the cost-effectiveness of
new interventions by making a comparison with the current
treatment. The more economic evaluations, the better
resources for the stakeholder on making evidence-based
decisions.””*® Next to the novelty, several limitations were
found in this study. Firstly, we considered this study from the
healthcare perspective only. We did not consider costs from
other perspectives, such as the societal perspective that
could estimate direct non-medical and indirect costs.
Secondly, we did not take into account the capital costs
that might lead the policy makers into poor resource-
allocation decisions. Thirdly, compliance to oral iron sup-
plementation was not explored in this study. Even though
iron supplementation programs have traditionally been
delivered through health centers in Indonesia, the compli-
ance remains a big problem. Taking into account these
limitations in the further study is required to complete the
recommendation of this initial study. Because country situa-
tions and programmatic challenges vary so greatly in
Indonesia, the result of this study is expected to assist the
stakeholder on developing guidelines and criteria of oral iron
treatment by considering national health policies, needs,
priorities and resources within local values and preferences.

Conclusion

In the context of total healthcare cost per patient, approxi-
mately $43.14 and $41.41 were required to provide FF-FA and
FG-MV, respectively. Utility scores that could be yielded were
2.33 QALYs and 1.23 QALY in the group of FF-FA and FG-
MV, respectively. As the new intervention, it can be interpreted
that FG-MV was less costly and less effective than FF-FA. The
ICER was estimated to be $11.59 per QALY gained, which

was highly cost-effective, according to GDP-based cost-
effectiveness threshold. In addition, the utility score of
women with iron deficiency anemia was considered to be the
most influential factor impacting the cost-effectiveness value.
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