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Objective: To investigate the effects of digital health interventions for improving adherence to oral iron supplementation in pregnant women.

Literature search: Five databases were searched from their inception to October 2023 with no date restrictions.

Study selection: Randomized controlled trials (RCTs) that assessed the effects of digital health interventions on adherence to oral iron supplementation (e.g., tablets and capsules) compared to non-digital health interventions for pregnant women were eligible.

Data synthesis: We calculated standardized mean differences (SMDs) and mean differences (MDs) with 95% confidence intervals (CIs) for continuous variables using the inverse variance method. We calculated odds ratios (OR) with 95%CI for categorical variables using the Mantel–Haenszel model. The certainty of the evidence was assessed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach. The risk of bias of the included RCTs was assessed using the Cochrane risk of bias tool 2.0.

Results: Ten trials with 1,633 participants were included. Based on 7 trials, digital health interventions can improve objective adherence rate comparing with non-digital health interventions (1,289 participants, OR = 4.07 [2.19, 7.57], p < 0.001, I2 = 69%) in pregnant women. Digital health interventions can improve subjective adherence behavior comparing with non-digital health interventions (3 trials, 434 participants, SMD = 0.82 [0.62, 1.01], p < 0.001, I2 = 0%) in pregnant women. Based on 3 trials, digital health interventions can improve tablets consumption comparing with non-digital health interventions (333 participants, SMD = 1.00 [0.57, 1.42], p < 0.001, I2 = 66%) in pregnant women. Digital health interventions can improve hemoglobin level comparing with non-digital health interventions (7 trials, 1,216 participants, MD = 0.59 [0.31, 0.88], p < 0.001, I2 = 93%) in pregnant women.

Conclusion: Digital health interventions were effective at improving adherence to oral iron supplementation and hemoglobin levels in pregnant women.
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1 Introduction

Iron deficiency is the most common pathologic cause of anaemia in pregnancy, which is a prevalent global health problem associated with adverse maternal and fetal outcomes (1, 2). The World Health Organization (WHO) estimates that over 40 percent of pregnancies are complicated by anaemia (3, 4). The recommended intervention for iron deficiency is oral iron supplementation (5–7), which is safe, cost-effective, easily accessible, and effective if tolerated. Considerable evidence suggests that iron supplementation reduces anaemia and iron deficiency during pregnancy (4, 8–10). However, ensuring optimal adherence to prescribed iron regimens remains a critical factor affecting its effectiveness (11, 12).

The WHO defined adherence as “the extent to which a patient’s behavior matches the agreed recommendations from a healthcare provider (13, 14).” Several strategies improve adherence to oral iron supplementation in pregnant women, such as health-care professional training, individual counselling or group education sessions, financial incentives, and family/peer support (15, 16). Nevertheless, the sustained impact of these intervention strategies is limited, with only a modest effect (11, 17–19). Innovative, engaging, and sustainable techniques are imperative to enhance adherence to oral iron supplementation. In response to this challenge, digital health interventions have emerged as a promising tool to improve adherence in various healthcare settings.

Digital health interventions (20, 21), including mobile applications, telehealth platforms and wearable devices, represents an innovative approach to addressing this issue. Digital health interventions have been shown to help pregnant women better manage health issues during pregnancy, increase awareness of changes during pregnancy and intervene in time to address potential risks (22, 23). These interventions have the potential to provide personalised support, timely reminders, and educational resources to pregnant women to improve their adherence to oral iron supplementation. Understanding the role of digital health in promoting adherence to iron supplementation during pregnancy is critical to advancing healthcare practices and ensuring the well-being of both mothers and infants (24, 25). Nevertheless, there is no review synthesising the latest clinical evidence on the effectiveness of digital health interventions in promoting adherence to oral iron supplementation in pregnant women.

Therefore, this systematic review and meta-analysis aims to comprehensively assess the effectiveness of digital health interventions on adherence to oral iron supplementation in pregnant women.



2 Methods

The review is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (26), and follows the Cochrane Handbook for Systematic Reviews of Interventions, Version 6.3 (27). The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO): CRD42024498830.


2.1 Electronic searches

We searched PubMed, Embase, The Cochrane Library, Web of Science, and Scopus until October 2023 with no date restrictions. The search strategy was developed with the following key terms: pregnant women, digital health intervention, adherence, and oral iron supplementation (see Supplementary Table S1) for the full search strategy). The manual search of references was conducted in addition to the electronic database search to identify potentially eligible records.



2.2 Selection criteria

Studies were selected independently by two authors using predefined criteria. Disagreements were resolved by consensus. In cases where the full manuscript was not available, the author was contacted by e-mail. Randomized controlled trials (RCTs) investigating oral iron supplementation (e.g., tablets and capsules) adherence in digital health interventions compared with non-digital health interventions for pregnant women were eligible. Pregnant women of any gestational age and parity were eligible. Digital health interventions are interventions delivered through digital technologies such as text messages, phone calls, websites, and apps. Previous studies (28, 29) have shown that results between subjective and objective measures of adherence are not always consistent, and the study by Cross et al. (14) categorized adherence measures into subjective and objective measures. Therefore, the primary outcomes assessed adherence to oral iron supplementation (with objective and/or subjective measure) and tablets consumption. The objective measure is objective adherence rate, i.e., the proportion of people with high adherence (calculated from used/unused prescription pill count). The subjective measure is subjective adherence behavior, i.e., the participants’ self-reported behavior questionnaire. The tablets consumption is quantified by calculating total number of tablets taken per week. The secondary outcomes assessed the effects of oral iron supplementation with digital health interventions using hemoglobin level (g/dL). Trials conducted on animals were excluded. Trials not available in English were excluded. No date restrictions were used.



2.3 Data extraction

Data from the included studies were independently extracted by 2 authors guided by Cochrane handbook (27). Any disagreement was resolved by discussion as required. The following descriptive data were extracted: author, country of study, published year, participant characteristics (sample size, age, and gender), intervention characteristics, and outcome measures. The primary outcome measures were objective adherence rate, subjective adherence behavior, and tablets consumption. The secondary outcome measure was hemoglobin level. We extracted immediate post-intervention data as primary outcome data for meta-analyses.



2.4 Data analysis

We used random-effects models for all meta-analyses due to the expected heterogeneity between the studies. We calculated standardized mean differences (SMDs) and mean differences (MDs) with 95% confidence intervals (CIs) for continuous variables with the inverse variance method. We calculated odds ratio (OR) and 95% confidence intervals (CI) for category variables with the Mantel–Haenszel model. SDs were calculated from available data (eg, 95% CI or p value) following the Cochrane guidelines where necessary (27, 30). The effect size was interpreted as small (0.2), moderate (0.5), or large (0.8). Statistical heterogeneity was assessed using the I2, with classification as low (I2 < 25%), moderate (I2 = 25–50%), substantial (I2 = 50–75%), and considerable (I2 > 75%) (27). Publication bias was assessed through visual inspection of funnel plot, if a sufficient number of studies was included in the analysis (31). We planned no subgroup analyses due to the limited number of studies. We conducted sensitivity analyses by omitting studies one by one in order to assess the robustness of meta-analyses’ results. We used Review Manager (version 5.4.1) to perform all statistical analyses.

Two reviewers independently conducted an evaluation of the methodological quality of the original articles using the Cochrane risk of bias tool (version 2, ROB2) (32). This tool assesses seven potential sources of bias across five domains, including randomization process, intended interventions, missing outcome data, measurement of the outcome, and selection of the reported result. Each trial underwent assessment in these five bias domains, resulting in a summary risk-of-bias score for each domain and an overall classification (low risk, some concerns, or high risk of bias). Any disagreements were addressed through discussion or adjudication. The outcomes from these assessments were visualized and analyzed using an Excel RoB2 tool (32).

The quality of evidence for each outcome was evaluated based on the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) guidelines (33). Given that only Randomized Controlled Trials (RCTs) were included, each outcome was initially assigned a high level of certainty. Two reviewers conducted the assessment of evidence quality using the GRADE system, and any potential disagreements were addressed through discussion.




3 Results


3.1 Study selection and participants’ characteristics

The preliminary database search yielded 1,130 citations (Figure 1). After removing duplicate records, 849 records remained. After reviewing the titles and abstracts, 752 records were excluded as they failed to meet the eligibility criteria. Ninety-five full texts were then screened, resulting in the exclusion of 85 studies. Of the excluded studies, 62 were excluded due to an inappropriate intervention, 16 due to an incorrect study design and 7 due to incomplete data. A manual search did not identify any further articles. Finally, 10 trials with 1,633 participants were considered eligible for inclusion.

[image: Figure 1]

FIGURE 1
 Flowchart of the study selection process.


Descriptive characteristics of the 10 included trials are detailed in Table 1. Trials were published from 2014 to 2023 containing 1,633 participants (mean age: 24.3 to 29.6 years). Three trials were conducted in India (34–36), with the remainder in Indonesia (37), Saudi Arabia (38), Ethiopia (39), Indonesia (40), Malaysia (41), Jordan (42), Ahvaz (43). The intervention during for the included trials were 4 to 12 weeks, participants were followed up immediately postintervention. There is significant variation in the elements of the digital health interventions. Five trials conducted digital health interventions with WhatsApp (36–38, 40, 42), four with SMS (35, 36, 39, 43), two with phone call (34, 36), and one with web-based education program (41). Almost all the trials were multi-component interventions. All trials except two (40, 42) delivered the intervention components of reminder. Furthermore, all trials but one (34) had an education intervention component. Three trials assessed adherence through different subjective adherence behavior measures using Medical Adherence Rating Scale (MARS-5) (35), Perceived behavior control score (41), and Compliance check list (42).



TABLE 1 Characteristics of included studies.
[image: Table1]



3.2 Risk-of-bias assessment

Details of the risk of bias assessment are provided in Figures 2, 3. The assessment resulted in high risk of bias in 1 trial (36), some concerns of bias in 4 trials (37, 38, 41, 42), and low risk of bias in 5 trials (34, 35, 39, 40, 43). Due to insufficient information, almost half of trials were scored unclear risk in the randomization process or/and deviations from the intended interventions. Most of the trials were unclear or high risk of the selection of the reported result because of the lacked a pre-registered protocol, with only three studies reporting a registered protocol for the clinical trial (36, 38, 39).

[image: Figure 2]

FIGURE 2
 Risk of bias for all included studies.
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FIGURE 3
 Summary of distribution of different biases.




3.3 Effects of interventions

The GRADE summary of findings for the outcomes is reported in Table 2.



TABLE 2 The GRADE summary of findings for the outcomes.
[image: Table2]



3.4 Objective adherence rate

Based on 7 trials, there was moderate-certainty evidence that digital health interventions can improve objective adherence rate comparing with non-digital health interventions (1,289 participants, OR = 4.07 [2.19, 7.57], p < 0.001, I2 = 69%, Figure 4) in pregnant women. If we excluded the study of Berhane et al. (39) the I2 decreased to 23% and the results remained unchanged (1,045 participants, OR = 2.98 [1.99, 4.46], p < 0.001, I2 = 23%). The funnel plot of objective adherence rate was almost visually symmetrical, indicating that there is no obvious publication bias (Supplementary Figure S1).

[image: Figure 4]

FIGURE 4
 Effect of digital health interventions on the objective adherence rate.




3.5 Subjective adherence behavior

There was high-certainty evidence that digital health interventions can improve subjective adherence behavior comparing with non-digital health interventions (3 trials, 434 participants, SMD = 0.82 [0.62, 1.01], p < 0.001, I2 = 0%, Figure 5) in pregnant women.

[image: Figure 5]

FIGURE 5
 Effect of digital health interventions on the subjective adherence behavior.




3.6 Tablets consumption

Based on 3 trials, there was moderate-certainty evidence that digital health interventions can improve tablets consumption comparing with non-digital health interventions (333 participants, SMD = 1.00 [0.57, 1.42], p < 0.001, I2 = 66%, Figure 6) in pregnant women.

[image: Figure 6]

FIGURE 6
 Effect of digital health interventions on the tablets consumption.




3.7 Hemoglobin level

There was low-certainty evidence that digital health interventions can improve hemoglobin level comparing with non-digital health interventions (7 trials, 1,216 participants, MD = 0.59 [0.31, 0.88], p < 0.001, I2 = 93%, Figure 7) in pregnant women. If we excluded the study of Elsharkawy et al. (38) the I2 decreased to 76% and the results remained unchanged (1,020 participants, MD = 0.50 [0.31, 0.68], p < 0.001, I2 = 76%). The funnel plot of hemoglobin level was basically symmetrical, suggesting no significant publication bias (Supplementary Figure S2).
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FIGURE 7
 Effect of digital health interventions on the hemoglobin level.





4 Discussion

This systematic review and meta-analysis found that, based on low- to high-quality evidence, digital health interventions were effective in improving adherence to oral iron supplementation and hemoglobin levels in pregnant women. There was high level of evidence that digital health interventions can improve the subjective adherence behavior of pregnant women compared to conventional treatment. On the basis of a moderate level of evidence, digital health interventions can improve the objective adherence rate and tablet consumption of pregnant women compared to conventional treatment. Digital health interventions can improve the hemoglobin level of pregnant women compared to conventional treatment with low level of evidence. Sensitivity analyses did not alter any results, indicating robust main findings. In the future, digital health interventions can be considered as a routine approach to improve adherence to oral iron supplementation in pregnant women. By adopting this strategy, we expect to substantially improve the effectiveness of oral iron supplementation in preventing anaemia in pregnant women.

There was considerable heterogeneity in the results of the meta-analyses of the objective adherence rate and hemoglobin level. The heterogeneity in the objective adherence rate may be partly explained by the study by Berhane et al. (39). When this study was excluded, the heterogeneity was reduced to I2 = 23%. Differing from other studies with simple digital technology intervention, the intervention of Berhane et al. was a multidimensional digital health intervention including picture-based health education and counselling and SMS reminders. The high heterogeneity in hemoglobin levels resulted from several factors, though excluding the study by Elsharkawy et al. (38). Significantly reduced the heterogeneity to I2 = 76%, but it was still highly heterogeneous. The baseline hemoglobin levels of participants in each trial were variable, and the doses of oral iron supplementation prescribed were also different, all of which contributed to the high clinical heterogeneity of post-intervention hemoglobin levels between trials. Furthermore, due to the limited number of studies, visual inspection of funnel plots should be interpreted with caution when determining publication bias.

To our knowledge, this is the first systematic review to evaluate the efficacy of digital health interventions on adherence to oral iron supplementation in pregnant women. A previous review (11) by Gomes et al. investigated the efficacy of interventions to increase adherence on micronutrient supplementation during pregnancy. The review found that most education-based interventions, consumption monitoring by volunteer health workers or family members, text message reminders, free provision of supplements, community-mobilized multi-component interventions and participatory action research interventions improved adherence. However, no meta-analyses were carried out due to the limited number of trials available. Since the publication of this review in 2021, numerous RCTs (34–41) examining digital health interventions on adherence to oral iron supplementation have been published. Furthermore, this review found that different digital intervention components may have variable effects on oral iron supplementation adherence. Ariyani et al. (40) showed that when there was no reminder component in the intervention, it may reduce the objective adherence rate (OR: 2.00 [0.48, 8.32]) compared with the pooled OR (4.07 [2.17, 7.65]). Additionally, Sontakke et al. (34) demonstrated that objective adherence rates may also be reduced when there was no educational component in the intervention (OR: 1.76 [0.90, 3.43]). However, due to the insufficient number of studies, no subgroup analyses could be conducted by intervention type (reminder/non-reminder or education/non-education). More relevant studies are needed in the future to explore which digital intervention programs are the most effective in enhancing adherence to oral iron supplementation.

Several limitations of this systematic review and meta-analysis are worth highlighting. Firstly, due to the limited number of studies included in each meta-analysis, publication bias tests and subgroup analyses could not be conducted. Second, the results of the meta-analyses of objective adherence and hemoglobin levels were highly heterogeneous. Also, the number of studies on subjective adherence was limited, and future studies on the subjective adherence behavior of pregnant women should be strengthened. In addition, there are different subjective adherence behavior scales across studies (35, 41, 42), and no uniformly standardized subjective adherence behavior scales are currently available. Finally, the trials included in this review all evaluated the effectiveness of adherence immediately post-intervention and lacked long-term adherence outcomes.

It is noteworthy that future research could further explore the benefits of different digital technologies in improving adherence to oral iron supplementation in pregnant women (44). This investigation could include, but is not limited to, mobile applications, smart devices, remote monitoring systems, among others. By comparing the effectiveness of different digital technologies, we can gain a more comprehensive understanding of which tools are most effective for different subgroups of pregnant women, allowing for personalised optimisation of digital health interventions to meet the specific needs of diverse cohorts of people (45, 46). These tailored intervention approaches promise to play a crucial role in future maternal health management, providing more effective clinical support to improve adherence to oral iron supplementation and prevent anaemia. However, the clinical application of digital health interventions in maternal health still faces challenges such as privacy, data security and cultural differences (47–49). In addition, more large-scale studies are needed to validate the effectiveness and sustainability of these technologies.



5 Conclusion

There was low- to high-quality evidence supporting digital health interventions for improving adherence to oral iron supplementation and hemoglobin levels in pregnant women. Clinicians could consider digital health interventions to improve adherence to oral iron supplementation in pregnant women, potentially enhancing the effects of oral iron supplementation.
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Description of intervention

“Telephonic intervention for 4 weeks comprising of text reminders, whatsapp audio
messages and telephonic calls.

Video-assisted nutrition education, leaflet distribution, and SMS alert twice a day for four

weeks.

Daily educational and reminder messages through whatsapp through personal chat

Standard therapy following the study guidelines with the addition of fortnightly mobile
phone call reminders.
One educational health message and four reminders in Arabic every week through the

whatsapp platform.

Brochure with take-home key message (in local languages); Counselling and discussion
on uptake of the IFAS and risk factors of NTDs and other adverse pregnant and birth
outcome as well as methods of preventing them; Reminding SMS text messages via
mobile phone.

During week 1, each video was disseminated daily for 6days, followed by a weekly
reminder in weeks 2 to 5. These changes were made because of logitic problems and
practicality. We used whatsapp to deliver the videos to the participants in the intervention
‘group. Bach video session lasted for approximately 3to 5 min.

A web application-based antenatal education program.

Received individualized teaching and the video from the researcher via the whatsapp

application on their smart phones.

From the 16th week of pregnancy, three reminders and four educational health messages

were sent to participants in the intervention group every week for 12 weeks.

Description of col

Usual care.

Usual care.

Standard antenatal care and

health information.
Standard therapy.
Usual care.

Usual care without

preconception picture-based

education and counselling.

Usual care.

A face-to-face antenatal

education program.

Standard care.

Usual care.

Outcomes measures,
follow-up (weeks)

Objective adherence rate

Hemoglobin level.

Objective adherence rate Medical
Adherence Rating Scale (MARS-5)

Hemoglobin level.

‘Tablets consumption.

Hemoglobin level Objective
adherence rate.

Hemoglobin level Tablets
consumption Objective adherence

rate.

Objective adherence rate.

Hemoglobin level Perceived behavior

control score.

Objective adherence rate.

Hemoglobin level Compliance check
list.

Hemoglobin level Tablets
consumption objective adherence

rate.





OPS/images/fmed-11-1375622-g001.jpg
Records identited from"
130

p
. Recrds omoved betore
pites e -3 ool [—r—
et St s e e v 052)
S Sene (25
‘Scopus (217)
[ J—
(n=849) ( 2)
P — [ J—— [E—
b j preoss 1

{ {

Reports assessed for elghbity Reports assessed for aighbiity
(n=95) | Reports exclugea: (n=11) —

Interventions falled to meet Reports excluded:

inclusion citera (1=62) Interventions faied to meet

Not-RCTS (n=16) inclusion crtera (n=11)
Incomplete data (7)

Studies included in meta-
analysis (n=10)






OPS/images/fmed-11-1375622-g002.jpg
As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

®Lowrisk # Some concerns M High risk





