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Objectives: This study has two primary objectives: (a) to conduct a comparative 
cost-effectiveness analysis of four commonly used oral iron supplements for 
treating iron-deficiency anemia during pregnancy in China, including ferrous 
succinate sustained-release tablets, polysaccharide-iron complex capsules, 
iron protein succinylate oral solution, and iron dextran oral solution; and (b) 
to assess the budget impact of including ferrous succinate sustained-release 
tablets in the National Reimbursement Drug List (NRDL) on national medical 
insurance expenditures.
Methods: A decision tree model was developed to analyze the cost-effectiveness 
based on treatment efficacy derived from a network meta-analysis. A sensitivity 
analysis was conducted to address uncertainties in the parameters. Subsequently, 
a budget impact analysis model was utilized to calculate the effect of including 
ferrous succinate sustained-release tablets in the NRDL on the expenditures of 
employee medical insurance funds, resident medical insurance funds, and the 
total medical insurance fund expenditures.
Results: The cost-effectiveness analysis showed that ferrous succinate 
sustained-release tablets are a cost-effective treatment option. When compared 
to polysaccharide-iron complex capsules, the additional cost per effect of the 
ferrous succinate sustained-release tablets is $3.23. If these tablets are included 
in the NRDL, the total medical insurance expenditure on oral iron preparations 
for treating iron-deficiency anemia in pregnant women is expected to decrease 
from $160.14 million to $156.82 million between 2025 and 2027.
Conclusion: Ferrous succinate sustained-release tablets are a cost-effective 
treatment option for iron-deficiency anemia during pregnancy in China.
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1 Introduction

Anemia is the third leading cause of disability worldwide, accounting for 5.7% of all 
years of life lost due to disability, making it a significant contributor to the global burden 
of disease (1). The most common type of anemia during pregnancy is iron-deficiency 
anemia (IDA), which occurs when there is insufficient iron intake, increased demand, or 
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excessive loss of iron. IDA accounts for about 60% of all anemia 
cases during pregnancy (2, 3). The primary causes of IDA in 
pregnant women include increased iron demand (4), inadequate 
daily iron intake, and poor iron absorption (5–8). In China, 13.9% 
of women are affected by iron deficiency anemia during 
pregnancy (9).

As pregnancy progresses, there is an increase in both blood 
volume and the number of red blood cells to support the growth 
of the fetus and placental tissues, requiring an additional 600 to 
800 mg of iron (10). However, since dietary iron absorption is 
only about 10% per day, the total amount of iron absorbed from 
food is relatively low. When iron intake is insufficient, expectant 
mothers easily develop IDA, which can negatively impact fetal 
development, maternal health, and overall pregnancy outcomes 
(11–13). Women with IDA may experience symptoms such as 
palpitations, shortness of breath, and irritability, and in severe 
cases, IDA can lead to heart failure and premature birth (14–16). 
Once a mother’s iron stores are depleted, meeting her iron needs 
through diet  alone becomes challenging (17), making iron 
supplementation essential.

The treatment of IDA during pregnancy aims to replenish iron 
stores and restore normal hemoglobin levels (18, 19). Current 
treatment options include oral iron, intravenous iron, and 
combined nutritional interventions (20, 21). Oral iron 
supplementation is an effective, relatively inexpensive, and safe 
method to treat IDA (22–25). Ferrous salts are preferred due to 
their superior absorption and bioavailability compared to ferric 
salts (26, 27). Multivitamin formulas often contain insufficient 
iron to correct anemia and may include other minerals that hinder 
iron absorption (28).

Existing economic evaluations mainly compare oral and 
intravenous iron treatments, with few studies focusing on the 
different types of oral iron preparations. No definitive conclusions 
have been reached regarding their economic advantages (29–31). 
Given the limited medical resources and rising healthcare costs, 
it is essential to base clinical practices on economic value. 
Assessing the clinical efficacy and economic value of IDA 
therapies during pregnancy is crucial for selecting the most 
appropriate treatment options. In China’s oral iron market, the 
leading products are polysaccharide iron complex and iron 
protein succinylate oral solution, while ferrous succinate 
sustained-release tablets and iron dextran oral solution have 
smaller market shares (32). Currently, there are no studies 
comparing their economic feasibility.

To optimize the allocation of medical resources, it is essential 
to evaluate the economic feasibility of various treatments and 
conduct a budget impact analysis for medical insurance. This 
study first assesses the cost-effectiveness of four common oral 
iron supplements used to treat iron deficiency anemia during 
pregnancy, focusing on the perspective of the Chinese healthcare 
system. It then performs a budget impact analysis from the 
viewpoint of Chinese payers, examining the potential impact of 
incorporating these supplements into the NRDL on medical 
insurance expenditures over the next 3 years. This analysis aims 
to provide decision support and empirical reference for medical 
insurance policies.

2 Methods

2.1 Network meta-analysis

We carried out a comprehensive literature search using several 
databases, including PubMed,1 Embase,2 the Cochrane Library,3 China 
National Knowledge Infrastructure (CNKI, https://www.cnki.net/), 
Wanfang Data,4 and the VIP Database for Chinese Technical 
Periodicals (VIP, http://www.cqvip.com/), to identify relevant 
publications. This search was limited to manuscripts published before 
March 4, 2024. The detailed search strategy for each database is 
provided in Supplementary Figure S1. Following predefined inclusion 
and exclusion criteria, eligible studies were selected for data extraction 
and analysis using Stata 18.0. The primary efficacy outcome was the 
total effective rate, defined as the percentage of patients achieving 
either a markedly effective response (Hb > 110 g/L) or an effective 
response (an increase in Hb of >20 g/L from baseline). The resulting 
efficacy estimates were used as inputs for the cost-effectiveness model.

2.2 Cost-effectiveness analysis

Cost-Effectiveness Analysis (CEA) is a pharmacoeconomic 
method used when the same clinical outcome metrics are used as 
health outputs (33). In this study, the total effective rate was used as 
the sole outcome indicator for effectiveness, and the incremental cost-
effectiveness ratio (ICER) represents the additional cost required to 
achieve a 1% increase in total effective rate. While no established 
willingness-to-pay (WTP) threshold exists specifically for this 
outcome measure in China, we assumed 1 times the 2023 per capita 
disposable income ($5,523 per 1% increase in total effective rate) as a 
contextual reference point rather than a strict decision threshold 
(34–37). Given the uncertainty surrounding appropriate threshold 
values, our primary cost-effectiveness conclusions are based on 
probabilistic sensitivity analysis using cost-effectiveness acceptability 
curves (CEAC), which demonstrate the probability that each 
intervention represents the most cost-effective option across a 
continuous range of possible WTP values, providing decision-makers 
with comprehensive information under parameter uncertainty. The 
formula for calculating ICER is as follows (38):

	

( )
( )

    
/     
ICER Cost of Intervention Cost of Comparator

Outcome of Intervention Outcome of Comparator
= −

−

A decision tree model was constructed using TreeAge software 
to systematically evaluate and compare the cost-effectiveness of four 
oral iron supplements for treating IDA during pregnancy (39). This 
modeling approach provides a structured analytical framework to 
represent the treatment pathway and synthesize evidence on costs 

1  https://pubmed.ncbi.nlm.nih.gov/

2  https://www.embase.com/

3  https://www.cochranelibrary.com/

4  https://www.wanfangdata.com.cn/
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and effects, as depicted in Figure  1. The model integrated key 
parameters, including the clinical effectiveness for each treatment 
and the direct drug acquisition costs, in order to calculate the 
primary model outputs. These outputs were the total cost and total 
effectiveness for each strategy, which were then used to determine 
the final ICERs. The model covered a 28-week time span, reflecting 
the standard treatment period where iron supplements are initiated 
in mid-pregnancy and continued for 3–6 months or until 3 months 
postpartum (40). From the perspective of the Chinese health 
system, we used the total effective rate from the network meta-
analysis as the health output. Since all medicines are administered 
orally with low incidence of adverse drug reactions, we assumed 
high patient compliance and calculated only direct medical costs. 
Costs were calculated as follows:

	

( )    
    

    

Cost C average daily treatment cost treatment
period unit drug cost dose number of times
per day number of days of treatment

= ×
= × ×
×

2.3 Sensitivity analysis

To evaluate the robustness of model results, we  performed 
one-way deterministic sensitivity analyses by individually varying 
each parameter listed in Table 1. For effectiveness parameters (total 
effective rates), we used the 95% credible intervals (CI) derived from 
our Bayesian network meta-analysis. For cost parameters, we varied 
all cost variables by ±10% from the base case values to account for 
potential price fluctuations and regional cost variations.

A probabilistic sensitivity analysis was performed to evaluate 
overall parameter uncertainty. In this analysis, parameters for cost and 
effectiveness were simultaneously sampled from their respective 
probability distributions (Gamma for costs; Beta for effectiveness) 
over 1,000 Monte Carlo simulations. The results of these simulations 
were used to generate a cost-effectiveness acceptability curve, which 
illustrates the probability of each intervention being the most cost-
effective option across a range of WTP thresholds.

2.4 Budget impact analysis

A budget impact analysis (BIA) model estimated expected 
expenditure changes for the Chinese healthcare system (41), 
comparing two scenarios: ferrous succinate sustained-release tablets 
retained in or removed from the National Reimbursement Drug 
List (NRDL).

We used the 2020 population size of China as a baseline and 
combined it with data from the National Statistical Bulletin on the 
Development of Basic Medical Security. This data shows that the 
medical insurance participation coverage remains stable at over 95%. 
Therefore, we assumed a participation rate of 95% for this analysis 
(Table 2).

The market share projection is mainly based on the sales data of 
2023 in the CHPA released by IQVIA, combined with the market 
share change data provided by enterprises from 2021 to 2023 and the 
results of expert interviews for prediction. We assume that the average 
annual growth rate of the market share of ferrous succinate sustained-
release tablets is 1% when they are retained in the NRDL, and 0.7% 
when they are removed from the NRDL (Table 3).

The budget impact analysis employed a 3-year time horizon 
(2025–2027). From the Chinese health insurance payer perspective, 
the analysis examined outpatient expenses for IDA during pregnancy, 
including only medication and routine examination costs covered by 
reimbursement. Based on National Healthcare Security 
Administration guidelines, we assumed 80% reimbursement rates for 
Class B drugs, with specific rates of 70% for urban workers and 50% 
for urban and rural residents.

3 Results

3.1 Network meta-analysis

The network meta-analysis included 14 different therapeutic 
interventions from 28 studies encompassing 3,692 patients, 
forming a well-connected evidence network (Supplementary  
Figure S2). Risk of bias assessment showed acceptable 
methodological quality across included studies (Supplementary  

FIGURE 1

Decision tree model of four common oral iron supplements for the treatment of iron deficiency anemia in pregnancy.
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Figure S3). Using ferrous succinate sustained-release tablets as 
reference, the network meta-analysis generated effectiveness 
estimates for all interventions (Supplementary Figure S4). From 
this comprehensive network, we derived the following total effective 
rates for our four target interventions: polysaccharide-iron complex 
capsules (82.0%), ferrous succinate sustained-release tablets 
(96.0%), iron protein succinylate oral solution (87.0%), and iron 
dextran oral solution (75.0%), which served as efficacy parameters 
in our cost-effectiveness model.

3.2 Cost-effectiveness analysis

3.2.1 Base-case analysis
In this study (Table 4), ferrous succinate sustained-release tablets 

had the lowest ICER at $3.23, meaning the incremental cost per 1% 
increase in total effective rate was $3.23. This figure is significantly 
lower than the patient’s WTP threshold of $8,285, making ferrous 
succinate sustained-release tablets a favorable treatment option. On 

the other hand, Iron protein succinylate oral solution had a very high 
ICER of $110.53, while iron dextran oral solution was a dominated 
strategy, being both more costly and less effective than the comparator.

TABLE 1  Sensitivity analysis parameter settings.

Parameters Base value Minimum value Maximum value Probability distribution

Total cost/($)

Polysaccharide-iron Complex 

Capsules (Cost 1)
75.06 67.55 82.57 gamma

Ferrous Succinate Sustained-release 

Tablets (Cost 2)
120.35 108.32 132.39 gamma

Iron Protein Succinylate Oral 

Solution (Cost 3)
627.69 564.92 690.46 gamma

Iron Dextrose Oral Solution (Cost 4) 870.04 783.04 957.04 gamma

Outcomea/(%)

Polysaccharide-iron Complex 

Capsules (Outcome 1)
82.00 72.00 91.00 beta

Ferrous Succinate Sustained-release 

Tablets (Outcome 2)
96.00 87.00 99.00 beta

Iron Protein Succinylate Oral 

Solution (Outcome 3)
87.00 65.00 100.00 beta

Iron Dextrose Oral Solution 

(Outcome 4)
75.00 64.00 84.00 beta

aOutcome refers to the total effective rate (%) for each oral iron supplement, representing the percentage of patients who achieved successful treatment response as derived from the network 
meta-analysis.

TABLE 2  Target number of patients from 2025 to 2027 (10,000 people).

Category 2025 2026 2027

National population 141024.00 140864.00 140669.00

Maternal population 1410.24 1408.64 1406.69

Diseased population 196.02 195.80 195.53

Target population 186.22 186.01 185.75

Employee 

population
51.77 51.71 51.64

Urban and rural 

residents
135.38 135.23 135.04

TABLE 3  Percentage of oral iron drug utilization for each of the two 
scenarios, 2025 to 2027 (%).

Scenario Name of 
drug

2023 2025 2026 2027

Scenario 1

Ferrous Succinate 

Sustained-release 

Tablets

20.2 22.0 22.9 23.8

Polysaccharide-

iron Complex 

Capsules

33.0 36.6 38.4 40.2

Iron Protein 

Succinylate Oral 

Solution

31.2 29.8 29.1 28.4

Iron Dextrose Oral 

Solution
8.8 7.8 7.3 6.8

Scenario 2

Ferrous Succinate 

Sustained-release 

Tablets

20.2 22.2 23.2 24.2

Polysaccharide-

iron Complex 

Capsules

33.0 36.4 38.1 39.8

Iron Protein 

Succinylate Oral 

Solution

31.2 29.4 28.5 27.6

Iron Dextrose Oral 

Solution
8.8 7.2 6.6 6.0
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3.2.2 Sensitivity analysis
The one-way sensitivity analysis confirmed that these two 

interventions were not favorable options. The ICER for iron protein 
succinylate oral solution remained significantly higher than the WTP 
threshold across the tested parameter ranges, while iron dextran oral 
solution consistently remained a dominated strategy 
(Supplementary Figures S5 and S6). In contrast, ferrous succinate 
sustained-release tablets showed ICER values consistently lower than 
the WTP threshold, confirming its cost-effectiveness advantage 
(Figure 2).

The effectiveness of polysaccharide-iron complex capsules 
significantly influenced the outcomes, ranging from 87.0 to 99.0% 
within a 95% credible interval according to the network meta-analysis. 
The ICER comparisons demonstrated that both Iron protein 
succinylate oral solution and Iron dextran oral solution were 
consistently less favorable across this range (Figure 3), while ferrous 
succinate sustained-release tablets remained stable and advantageous 
across most effectiveness variations.

The results of the probabilistic sensitivity analysis are presented 
in the cost-effectiveness acceptability curve in Figure 4. The curve 
shows that for any WTP value above the calculated ICER of $3.23 
per 1% increase in total effective rate, ferrous succinate sustained-
release tablets have the highest probability of being the most cost-
effective option. The analysis demonstrates a rapid increase in this 
probability, reaching nearly 100% at a WTP of approximately $10. 
This indicates that the economic advantage of ferrous succinate 
sustained-release tablets is robust and confirmed at a very low WTP 
threshold, and it remains the definitive optimal choice across all 
higher values, including the contextual reference point of $5,523. 
These probabilistic results strongly support the base-case findings 
under parameter uncertainty.

3.3 Budget impact analysis

Under the scenario where ferrous succinate sustained-release 
tablets are withdrawn from the NRDL, the total medical insurance 
payment for oral iron supplementation in pregnant patients with IDA 
is projected to increase from approximately $149.70 million to $152.91 
million from 2025 to 2027. The total Medicare payment for insured 
employees increases from about $52.20 million to $53.32 million, and 

for insured residents, it increases from around $97.50 million to 
$99.59 million (Table 5).

Conversely, if ferrous succinate sustained-release tablets remain 
in the NRDL, the total Medicare payment for treating pregnant 
patients with iron-deficiency anemia with oral iron supplements from 
2025 to 2027 is projected to decrease from approximately $160.14 
million to $156.82 million. The total Medicare payment for insured 
employees decreases from about $55.84 million to $54.68 million, and 
for insured residents, it decreases from around $104.30 million to 
$102.14 million (Table 6).

4 Discussion

This study evaluated the pharmacoeconomic value of four common 
oral iron supplements for treating IDA in pregnancy within the Chinese 
healthcare system. Our findings revealed that ferrous succinate 
sustained-release tablets offer a highly favorable cost-effectiveness profile, 
with a low incremental cost-effectiveness rate ($3.23) falling significantly 
below the willingness-to-pay threshold. This conclusion’s robustness was 
confirmed through consistent results across the base-case, one-way, and 
probabilistic sensitivity analyses, highlighting their potential as a priority 
treatment option. In contrast, the other evaluated alternatives were found 
to be economically unfavorable.

Our cost-effectiveness analysis has several important limitations. 
First, the cost analysis focused solely on direct drug acquisition costs 
and excluded expenses related to laboratory tests, registration fees, 
and medical consultations. Second, we excluded indirect costs such 
as productivity losses, transportation costs, and caregiver burden, 
which could be substantial from a societal perspective. Third, our 
analysis assumed perfect patient adherence based on controlled 
clinical trial data, while real-world adherence rates may vary 
significantly between different iron formulations due to dosing 
frequency, side effect profiles, and patient preferences. Finally, our 
effectiveness data derived from clinical trials may not fully represent 
diverse patient populations in routine practice. While these 
limitations may introduce some bias, the relative cost-effectiveness 
comparisons remain valid as most excluded costs would be consistent 
across treatment options. Therefore, the results still provide valuable 
insights for policy decisions.

An important consideration concerns the selection of cost-
effectiveness thresholds. In the absence of established thresholds 

TABLE 4  Results of the base-case analysis.

Regimen Outcome/(%) Total 
Cost/($)

Incremental 
outcome/(%)

Incremental 
cost/($)

Average 
CER/($/%)

ICER/($/%)

Polysaccharide-iron 

Complex Capsules
82.00 75.06 0 0 0.85 —

Ferrous Succinate 

Sustained-release 

Tablets

96.00 120.35 14.00 45.29 1.25 3.23

Iron Protein 

Succinylate Oral 

Solution

87.00 627.69 5.00 552.63 7.08 110.53

Iron Dextrose Oral 

Solution
75.00 870.04 −7.00 794.98 11.63 Dominated
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specific to iron deficiency anemia treatment during pregnancy in 
China, we  referenced per capita disposable income for threshold 
estimation. However, individual willingness-to-pay varies 
considerably across different stakeholders. Our cost-effectiveness 
acceptability curve analysis addresses this uncertainty by 
demonstrating the probability of cost-effectiveness across varying 
threshold values, enabling healthcare providers, pregnant women, 

and health system decision-makers to apply criteria appropriate to 
their specific circumstances and resource constraints.

Using the budget impact analysis model, we evaluated how the 
inclusion of ferrous succinate sustained-release tablets in the NRDL 
affects payments to the employee health insurance fund, the resident 
health insurance fund, and the overall expenditure of the health 
insurance fund. When ferrous succinate sustained-release tablets are 

FIGURE 2

Tornado diagram-polysaccharide iron complex vs ferrous succinate sustained release tablets.

FIGURE 3

Single factor sensitivity analysis of the effective rate of polysaccharide iron capsule treatment.
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included for the treatment of IDA, the total payment from the health 
insurance fund decreases. Between 2025 and 2027, the net impact on 
health insurance fund payments is projected to decline from 
approximately $9.65 million to $3.13 million. Specifically, the 
incremental expenditure for employee health insurance will fall from 
about $3.37 million to $1.09 million, while the incremental expenditure 
for resident health insurance will decrease from approximately $6.29 
million to $2.04 million.

As the treatment of IDA during pregnancy is the main application 
scenario for ferrous succinate sustained-release tablets, and the main 

sales of oral iron products such as ferrous succinate sustained-release 
tablets are derived from this therapeutic area, this study limits the 
target population to patients with IDA during pregnancy and does not 
account for other uses of ferrous succinate sustained-release tablets. 
Therefore, the estimation of the impact on the medical insurance fund 
may be  biased. Additionally, the study assumed that the health 
insurance payment ratio remained unchanged and did not consider 
the actual higher payment ratios. It only considered routine outpatient 
treatment and not hospitalization of patients with IDA during 
pregnancy, which may introduce bias in the measurement of the 
health insurance fund payment. Finally, the sales data used in the 
study are speculative based on historical data and expert interviews, 
without fully considering policy factors such as bulk purchasing, 
reform of health insurance payment methods, and the impact of 
possible low-priced generics in the same therapeutic area, which may 
lead to biased market share estimation.

5 Conclusion

Based on our comprehensive economic evaluation, ferrous 
succinate sustained-release tablets represent the most cost-effective 
option for treating iron deficiency anemia during pregnancy in 
China, with an incremental cost-effectiveness ratio of $3.23 per 1% 
increase in treatment effectiveness. Inclusion of ferrous succinate 
sustained-release tablets in the National Reimbursement Drug List 
would reduce national medical insurance expenditures year by year 
from 2025 to 2027 while ensuring optimal therapeutic outcomes. 
These findings provide strong economic evidence to support 
healthcare policy decisions favoring ferrous succinate sustained-
release tablets as a priority treatment option for iron deficiency 
anemia in pregnancy.

FIGURE 4

Monte Carlo cost-effectiveness acceptability curve.

TABLE 5  Changes in total Medicare fund payments from 2025 to 2027 
under the withdrawal scenario (Millions of Dollars).

Year Partial 
payment for 

insured 
employees

Partial 
payment for 

insured 
residents

Total 
Medicare 
payments

2025 52.20 97.50 149.70

2026 52.76 98.56 151.32

2027 53.32 99.59 152.91

TABLE 6  Changes in total Medicare fund payments from 2025 to 2027 
under the access scenario (Millions of Dollars).

Year Partial 
payment for 

insured 
employees

Partial 
payment for 

insured 
residents

Total 
Medicare 
payments

2025 55.84 104.30 160.14

2026 55.27 103.23 158.50

2027 54.68 102.14 156.82

https://doi.org/10.3389/fpubh.2025.1596874
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al.� 10.3389/fpubh.2025.1596874

Frontiers in Public Health 08 frontiersin.org

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

LZ: Conceptualization, Methodology, Investigation, Formal 
Analysis, Visualization, Writing – Original Draft. ZZ: Data curation, 
Investigation, Methodology, Writing – review & editing. BZ: Data 
curation, Investigation, Methodology, Writing – review & editing. HG: 
Funding acquisition, Resources, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596874/
full#supplementary-material

References
	1.	Gardner WM, Razo C, McHugh TA, Hagins H, Vilchis-Tella VM, Hennessy C, et al. 

Prevalence, years lived with disability, and trends in anaemia burden by severity and 
cause, 1990–2021: findings from the global burden of disease study 2021. Lancet 
Haematol. (2023) 10:e713–34. doi: 10.1016/S2352-3026(23)00160-6

	2.	Pantopoulos K. Oral iron supplementation: new formulations, old questions. 
Haematologica. (2024) 109:2790–801. doi: 10.3324/haematol.2024.284967

	3.	Chaparro CM, Suchdev PS. Anemia epidemiology, pathophysiology, and etiology 
in low- and middle-income countries. Ann N Y Acad Sci. (2019) 1450:15–31. doi: 
10.1111/nyas.14092

	4.	Churchill D, Nair M, Stanworth SJ, Knight M. The change in haemoglobin 
concentration between the first and third trimesters of pregnancy: a population study. 
BMC Pregnancy Childbirth. (2019) 19:359. doi: 10.1186/s12884-019-2495-0

	5.	Drakesmith H, Pasricha S-R, Cabantchik I, Hershko C, Weiss G, Girelli D, et al. 
Vaccine efficacy and iron deficiency: an intertwined pair? Lancet Haematol. (2021) 
8:e666. doi: 10.1016/S2352-3026(21)00201-5

	6.	Santhakumar S, Athiyarath R, Cherian AG, Abraham VJ, George B, Lipiński P, et al. 
Impact of maternal iron deficiency anemia on fetal iron status and placental iron 
transporters in human pregnancy. Blood Cell Mol Dis. (2023) 99:102727. doi: 
10.1016/j.bcmd.2023.102727

	7.	Camaschella C. Iron-deficiency anemia. N Engl J Med. (2015) 372:1832–43. doi: 
10.1056/NEJMra1401038

	8.	Pasricha S-R, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. Lancet. 
(2021) 397:233–48. doi: 10.1016/S0140-6736(20)32594-0

	9.	Tan J, He G, Qi Y, Yang H, Xiong Y, Liu C, et al. Prevalence of anemia and iron 
deficiency anemia in Chinese pregnant women (IRON WOMEN): a national cross-sectional 
survey. BMC Pregnancy Childbirth. (2020) 20:670. doi: 10.1186/s12884-020-03359-z

	10.	Kirthan JPA, Somannavar MS. Pathophysiology and management of iron 
deficiency anaemia in pregnancy: a review. Ann Hematol. (2024) 103:2637–46. doi: 
10.1007/s00277-023-05481-2

	11.	Jung J, Rahman MM, Rahman MS, Swe KT, Islam MR, Rahman MO, et al. Effects 
of hemoglobin levels during pregnancy on adverse maternal and infant outcomes: a 
systematic review and meta-analysis. Ann N Y Acad Sci. (2019) 1450:69–82. doi: 
10.1111/nyas.14112

	12.	Elmore C, Ellis J. Screening, treatment, and monitoring of Iron deficiency Anemia 
in pregnancy and postpartum. J Midwifery Womens Health. (2022) 67:321–31. doi: 
10.1111/jmwh.13370

	13.	Leung TW, Damodaran P, Torres R, Chuncharunee S, Chu MY, Gamilla Z, et al. 
Expert consensus on improving iron deficiency anemia management in obstetrics and 
gynecology in Asia. Int J Gynecol Obstet. (2023) 163:495–509. doi: 10.1002/ijgo.14804

	14.	Finkelstein JL, Kurpad AV, Bose B, Thomas T, Srinivasan K, Duggan C. Anaemia 
and iron deficiency in pregnancy and adverse perinatal outcomes in southern India. Eur 
J Clin Nutr. (2020) 74:112–25. doi: 10.1038/s41430-019-0464-3

	15.	Benson AE, Shatzel JJ, Ryan KS, Hedges MA, Martens K, Aslan JE, et al. The 
incidence, complications, and treatment of iron deficiency in pregnancy. Eur J Haematol. 
(2022) 109:633–42. doi: 10.1111/ejh.13870

	16.	Igbinosa I, Berube C, Lyell DJ. Iron deficiency anemia in pregnancy. Curr Opin 
Obstet Gynecol. (2022) 34:69–76. doi: 10.1097/GCO.0000000000000772

	17.	Lo JO, Benson AE, Martens KL, Hedges MA, McMurry HS, DeLoughery T, et al. 
The role of oral iron in the treatment of adults with iron deficiency. Eur J Haematol. 
(2023) 110:123–30. doi: 10.1111/ejh.13892

	18.	Kumar A, Sharma E, Marley A, Samaan MA, Brookes MJ. Iron deficiency anaemia: 
pathophysiology, assessment, practical management. BMJ Open Gastroenterol. (2022) 
9:e000759. doi: 10.1136/bmjgast-2021-000759

	19.	Girelli D, Ugolini S, Busti F, Marchi G, Castagna A. Modern iron replacement 
therapy: clinical and pathophysiological insights. Int J Hematol. (2018) 107:16–30. doi: 
10.1007/s12185-017-2373-3

	20.	Stoffel NU, von Siebenthal HK, Moretti D, Zimmermann MB. Oral iron 
supplementation in iron-deficient women: how much and how often? Mol Asp Med. 
(2020) 75:100865. doi: 10.1016/j.mam.2020.100865

	21.	Sifakis S, Pharmakides G. Anemia in pregnancy. Ann N Y Acad Sci. (2000) 
900:125–36. doi: 10.1111/j.1749-6632.2000.tb06223.x

	22.	Leung C, Rivera L, Furness JB, Angus PW. The role of the gut microbiota in 
NAFLD. Nat Rev Gastroenterol Hepatol. (2016) 13:412–25. doi: 10.1038/nrgastro.2016.85

	23.	Celis AI, Relman DA, Huang KC. The impact of iron and heme availability on the 
healthy human gut microbiome in  vivo and in  vitro. Cell Chem Biol. (2023) 
30:110–126.e3. doi: 10.1016/j.chembiol.2022.12.001

	24.	Kortman GAM, Raffatellu M, Swinkels DW, Tjalsma H. Nutritional iron turned 
inside out: intestinal stress from a gut microbial perspective. FEMS Microbiol Rev. (2014) 
38:1202–34. doi: 10.1111/1574-6976.12086

	25.	Jaeggi T, Kortman GAM, Moretti D, Chassard C, Holding P, Dostal A, et al. Iron 
fortification adversely affects the gut microbiome, increases pathogen abundance and 

https://doi.org/10.3389/fpubh.2025.1596874
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596874/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1596874/full#supplementary-material
https://doi.org/10.1016/S2352-3026(23)00160-6
https://doi.org/10.3324/haematol.2024.284967
https://doi.org/10.1111/nyas.14092
https://doi.org/10.1186/s12884-019-2495-0
https://doi.org/10.1016/S2352-3026(21)00201-5
https://doi.org/10.1016/j.bcmd.2023.102727
https://doi.org/10.1056/NEJMra1401038
https://doi.org/10.1016/S0140-6736(20)32594-0
https://doi.org/10.1186/s12884-020-03359-z
https://doi.org/10.1007/s00277-023-05481-2
https://doi.org/10.1111/nyas.14112
https://doi.org/10.1111/jmwh.13370
https://doi.org/10.1002/ijgo.14804
https://doi.org/10.1038/s41430-019-0464-3
https://doi.org/10.1111/ejh.13870
https://doi.org/10.1097/GCO.0000000000000772
https://doi.org/10.1111/ejh.13892
https://doi.org/10.1136/bmjgast-2021-000759
https://doi.org/10.1007/s12185-017-2373-3
https://doi.org/10.1016/j.mam.2020.100865
https://doi.org/10.1111/j.1749-6632.2000.tb06223.x
https://doi.org/10.1038/nrgastro.2016.85
https://doi.org/10.1016/j.chembiol.2022.12.001
https://doi.org/10.1111/1574-6976.12086


Zhang et al.� 10.3389/fpubh.2025.1596874

Frontiers in Public Health 09 frontiersin.org

induces intestinal inflammation in Kenyan infants. Gut. (2015) 64:731–42. doi: 
10.1136/gutjnl-2014-307720

	26.	Mayneris-Perxachs J, Cardellini M, Hoyles L, Latorre J, Davato F, Moreno-
Navarrete JM, et al. Iron status influences non-alcoholic fatty liver disease in obesity 
through the gut microbiome. Microbiome. (2021) 9:104. doi: 10.1186/s40168-021-01052-7

	27.	Ning S, Zeller MP. Management of iron deficiency. Hematology. (2019) 
2019:315–22. doi: 10.1182/hematology.2019000034

	28.	Tolkien Z, Stecher L, Mander AP, Pereira DIA, Powell JJ. Ferrous sulfate 
supplementation causes significant gastrointestinal side-effects in adults: a systematic review 
and Meta-analysis. PLoS One. (2015) 10:e0117383. doi: 10.1371/journal.pone.0117383

	29.	Li L, Yang S, Fang F, Tian L, He Y, Li J, et al. The value of second-line anti-HER2 
therapy in metastatic HER-2 positive patients: a cost-effectiveness analysis in China. 
Front Pharmacol. (2024) 15:1382120. doi: 10.3389/fphar.2024.1382120

	30.	Lewkowitz AK, Stout MJ, Cooke E, Deoni SC, D’Sa V, Rouse DJ, et al. Intravenous 
versus oral iron for iron-deficiency anemia in pregnancy (IVIDA): a randomized 
controlled trial. Am J Perinatol. (2022) 39:808–15. doi: 10.1055/s-0041-1740003

	31.	Ray S, Neogi SB, Singh R, Devasenapathy N, Zodpey S. Is IV iron sucrose a cost-
effective option for treatment of severe anaemia in pregnancy as compared with oral 
iron? Health Policy Plan. (2021) 35:1339–46. doi: 10.1093/heapol/czaa110

	32.	Gamad N, Saha PK, Sharma P, Suri V, Chakrabarti A, Saha L. A randomized 
controlled trial comparing the efficacy, tolerability, and cost of oral iron preparations in 
iron-deficiency anemia in pregnancy. J Obstet Gynaecol Res. (2021) 47:3828–41. doi: 
10.1111/jog.14999

	33.	Liu C, Zhang Q, Hui P, Wang Y, Li G, Cao G, et al. Safety monitoring of oral iron 
supplements in pregnant women with anemia: a multi-center observational clinical study. 
Ther Adv Drug Saf. (2023) 14:20420986231181335. doi: 10.1177/20420986231181335

	34.	Xu Q, Yan W, Li L, Liu B. Cost-effectiveness analysis of duodenal–jejunal bypass 
sleeve device for people with obesity. Heal Econ Rev. (2025) 15:32. doi: 
10.1186/s13561-025-00623-w

	35.	Lan Q, Liu Y, Xu F, Li M, Li Y, Yang T, et al. Cost-effectiveness of presbyopia 
correction among seven strategies of bilateral cataract surgery based on a prospective 
single-blind two-center trial in China. Ophthalmol Ther. (2022) 11:2067–82. doi: 
10.1007/s40123-022-00562-3

	36.	Iino H, Hashiguchi M, Hori S. Estimating the range of incremental cost-
effectiveness thresholds for healthcare based on willingness to pay and GDP per capita: 
a systematic review. PLoS One. (2022) 17:e0266934. doi: 10.1371/journal.pone.0266934

	37.	Zhao X, Meng T, Wang K, Yan X, Liu Y, Li X. Comprehensive evaluation of 
compound Kushen injection combined with zoledronic acid in treating bone metastasis 
cancer pain based on meta-analysis and decision tree model. Front Pain Res. (2025) 
5:1512925. doi: 10.3389/fpain.2024.1512925

	38.	Cai H, Zhang L, Li N, Chen S, Zheng B, Yang J, et al. Cost-effectiveness of Osimertinib 
as first-line treatment and sequential therapy for EGFR mutation-positive non-small cell lung 
Cancer in China. Clin Ther. (2019) 41:280–90. doi: 10.1016/j.clinthera.2018.12.007

	39.	Rognoni C, Gerzeli S. Ferric carboxymaltose for patients with heart failure and 
iron deficiency in Italy: cost–effectiveness and budget impact. J Comp Eff Res. (2019) 
8:1099–110. doi: 10.2217/cer-2019-0074

	40.	Benson CS, Shah A, Stanworth SJ, Frise CJ, Spiby H, Lax SJ, et al. The effect of iron 
deficiency and anaemia on women’s health. Anaesthesia. (2021) 76:84–95. doi: 
10.1111/anae.15405

	41.	Imaz-Iglesia I, Carmona M, García-Carpintero EE, Pedrosa-Pérez L, Martínez-
Portillo A, Alcalde-Cabero E, et al. Updating and refining of economic evaluation of 
rotavirus vaccination in Spain: a cost–utility and budget impact analysis. Viruses. (2024) 
16:1194. doi: 10.3390/v16081194

https://doi.org/10.3389/fpubh.2025.1596874
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/gutjnl-2014-307720
https://doi.org/10.1186/s40168-021-01052-7
https://doi.org/10.1182/hematology.2019000034
https://doi.org/10.1371/journal.pone.0117383
https://doi.org/10.3389/fphar.2024.1382120
https://doi.org/10.1055/s-0041-1740003
https://doi.org/10.1093/heapol/czaa110
https://doi.org/10.1111/jog.14999
https://doi.org/10.1177/20420986231181335
https://doi.org/10.1186/s13561-025-00623-w
https://doi.org/10.1007/s40123-022-00562-3
https://doi.org/10.1371/journal.pone.0266934
https://doi.org/10.3389/fpain.2024.1512925
https://doi.org/10.1016/j.clinthera.2018.12.007
https://doi.org/10.2217/cer-2019-0074
https://doi.org/10.1111/anae.15405
https://doi.org/10.3390/v16081194

	Four oral iron supplements for treating iron-deficiency anemia during pregnancy in China: a cost-effectiveness and budget analysis
	1 Introduction
	2 Methods
	2.1 Network meta-analysis
	2.2 Cost-effectiveness analysis
	2.3 Sensitivity analysis
	2.4 Budget impact analysis

	3 Results
	3.1 Network meta-analysis
	3.2 Cost-effectiveness analysis
	3.2.1 Base-case analysis
	3.2.2 Sensitivity analysis
	3.3 Budget impact analysis

	4 Discussion
	5 Conclusion

	References

