


Cost-Effectiveness of Routine Outpatient Follow-Up Intervals in Adults with Sickle Cell Anemia: A Pilot Study from Cameroon


[bookmark: _xgi2ctfart6b]Abstract
Background: 
Sickle cell disease (SCD) requires lifelong management and monitoring, yet in Cameroon, many adults seek care only during crisis, driving hospitalizations and healthcare costs. This study examined whether adults with sickle cell anemia (SCA) attending ≥3 routine follow-ups annually (≤4 months apart) had lower cost per gain in hospital-free days (HFDs) and painful episodes averted compared to those with fewer or no visits.
Methods
A cost-effectiveness analysis was conducted using retrospective data from 51 patients at Yaoundé Central Hospital. Patients were grouped by follow-up frequency (≥3, 1–2, or none per year). Outcomes included HFDs (primary) and mild-to-severe painful episodes (secondary) over 3 months. Costs, mainly out-of-pocket, comprised consultations, hospital stays, laboratory/imaging tests, consumables, medications, and blood products. Genetic matching with covariate balancing propensity scores were applied to reduce selection bias. Mean costs and effectiveness were estimated through regression methods, with uncertainties assessed using bias-corrected and accelerated (BCa) bootstrap intervals.
Results
Three or more routine follow-ups per year were associated with lower costs and improved outcomes. Compared with no follow-ups, the discounted incremental-cost effectiveness ratio (ICER) was –XAF 88,409.12 (95% CI, –XAF 115,552.60 to –XAF 26,256.74) per HFD, indicating dominance. Versus 1–2 follow-ups per year, the ICER was –XAF 198,231.49 (95% CI, –XAF 446,763.70 to XAF 152,199.10) per HFDs, also suggesting dominance, though Bca bootstrap intervals revealed substantial uncertainty.
Conclusion
Routine follow-up (≥3 per year) for SCA complication monitoring was less costly and yielded more HFDs and fewer painful episodes than no follow-up. Compared with 1–2 follow visits, costs were lower but gains in HFDs and reductions in painful episodes were not significant, reflected in wide confidence intervals. Policies encouraging ≥3 annual follow-ups may reduce the clinical, financial, and psychological burden of SCA on patients, families, and the health system. The certainty of these findings is limited by the small sample size and the short duration (three months) of the retrospective outcome data. 
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Introduction
Sickle cell disease (SCD) arises from a genetic mutation in the beta-globin gene, inherited as an autosomal recessive trait from both parents, resulting in either homozygous or compound heterozygous forms of SCD [1]. Affected individuals produce abnormal hemoglobin (hemoglobin S), which polymerizes in the deoxygenated state, leading to rigid, sickle-shaped, unstable red blood cells that undergo hemolysis easily. The condition is characterized by chronic anemia, vaso-occlusive crises (VOC), acute and chronic systemic inflammation, and progressive organ damage [1,2]. The homozygous form of the disease is known as sickle cell anemia (SCA). Pharmacoeconomic analyses indicate that drug follow-up and management especially for disease-modifying therapies and in some contexts, newer agents are highly cost-effective for SCD patients. As these strategies increase outpatient pharmacy and monitoring costs, they lead to significant savings by lowering the cost of inpatient hospitalizations and emergency department visits due to VOC.

Although the prevalence of SCD is highest in Sub-Saharan Africa, the Middle East, India, and parts of the Mediterranean region, more than 7.7 million people were living with the condition worldwide in 2021 [3]. SCD imposes a high disability and mortality burden across all age groups, with children under five years experiencing the greatest impact driven by high mortality rates in Sub-Saharan Africa [3]. The cause specific mortality rate in Cameroon was estimated between 3 to 5 per 100,000 persons in 2021, with prevalence ranging between 300 to 700 per 100,000 persons [3], predominantly due to SCA.

Pharmacoeconomic evaluations of drug follow-up in SCD focus on how medication adherence and specialized monitoring protocols reduce long-term costs by preventing acute crises. Pharmacoeconomic comparisons by drug class is illustrated in Table 1.

Table 1. Pharmacoeconomic comparisons by drug class
	Drug Class
	Cost-Effectiveness Status
	Primary Economic Driver
	Reference

	Hydroxyurea
	Highly Cost-Effective / Dominant
	Low drug cost; high reduction in hospitalizations and blood transfusions.
	[4–6]

	Newer Biologics
(e.g. Crizanlizumab)
	Variable
	High acquisition costs: often not cost-effective unless hospitalization costs in that region are very high (e.g., USA).
	[7,8]

	Gene Therapies
	Potentially Cost-Effective
	High upfront cost ($2.2 M - $3.1 M) but potentially saves ~$600 k+ in lifetime complication costs.
	[9,10]



Patients with SCD require lifelong health management and frequent emergency department visits. Ensuring equitable access to a minimum standard of care (SOC), regardless of available resources, remains a major challenge in regions where coverage is limited, and treatment is largely financed directly by households out-of-pocket (OOP) [11]. Standards for managing acute and chronic complications, emergency care, and disease-modifying treatments–including hydroxyurea, routine blood transfusions, antibiotic prophylaxis, vaccination, and regular outpatient follow-up visits are indispensable for patients’ survival and minimization of healthcare resource utilization [12–14]. Regular outpatient follow-ups every 3–4 months are recommended as part of SOC to monitor complications. These visits provide opportunities for patient education, mental health support, vital sign checks, organ function monitoring, routine laboratory tests, and assessment of treatment adherence, thereby facilitating early detection of complications and appropriate intervention [13,14]. In Cameroon, follow-ups are inconsistent especially among younger adult patients [15,16].

As a lifetime condition, the physical, psychological, and financial burden of continuous medical care, along with the strain on healthcare resources, places enormous pressure on patients, families, and health systems. We hypothesized that adult SCA patients in Cameroon who consistently attended three or more routine outpatient follow-ups per year ((≤4 months apart) to monitor complications, and who received standard care during vaso-occlusive crises (VOC), would experience fewer painful episodes requiring hospitalization and reduced use of hospital resources compared to those with only 1–2 follow-ups per year (4–6 months apart) or none.

The objective of this pilot study was to compare the cost-effectiveness of different intervals of routine outpatient follow-ups as part of SOC for monitoring SCA complications. Such evidence may serve as a foundation for larger studies and inform policy decisions regarding the implementation of copay healthcare packages for routine outpatient follow-ups in primary healthcare centers across the national territory.

Methods
A cost-effectiveness analysis (CEA) was conducted using individual patient-level data. We retrospectively collected observational data between March 2024 and September 2024 at the Yaoundé Central Hospital (YCH), Cameroon. The CEA compared patients who attended ≥3 outpatient follow-ups per year and received standard VOC treatment during acute pains with those who attended 1–2 follow-ups per year or none plus standard treatment.

Eighty patients who had been followed at YCH for at least 12 months were approached in the outpatient department. None were experiencing acute VOC episodes requiring hospitalization at recruitment. Seventy patients consented to participate, of whom 51 were retained. Exclusion criteria included: incomplete patient-held health records over the past 12 months, treatment at multiple hospitals during the same period, absence of prescription records, undocumented hemoglobin SS diagnosis, and use of hydroxyurea within the past 12 months. Medical data were extracted from patient-held health records and inpatient hospital files at YCH. Ethical approval was obtained from the YCH ethics committee, and all participants provided written informed consent.

[bookmark: _47hxf3kbqamb]Interventions Compared: Outpatient follow-up strategies were defined as: (1) patients attended three or more outpatient visits in the past 12 months, scheduled at most 4 months apart, as part of SOC for monitoring SCA complications (≥3 routine follow-ups per year); (2) patients attended one or two outpatient visits in the past 12 months, 4–6 months apart (1–2 routine follow-ups per year:); and (3) patients did not attend outpatient visits in the past 12 months (no routine follow-ups per year).

[bookmark: _vmgoncvvbhil]Routine follow-ups were defined as outpatient consultations during steady state, including vital signs monitoring, physical examination, and routine laboratory tests. Post-hospital discharge appointments were excluded, as they were considered recovery treatment rather than routine follow-up. All participants were assumed to have received standard care during VOC according to YCH guidelines for SCA.

Clinical outcomes
The initially intended primary outcome was years lost due to disability (prevalence approach), calculated using disabilities weights for severe painful episodes requiring hospitalization, avascular necrosis, ulceration, stroke, and baseline hemoglobin levels (reflecting anemia severity) over the preceding year. However, given the short study duration and limited data availability, hospital-free days (HFDs) during the past 3 months were adopted as the primary outcome. Hospital-free days were defined as the number of days spent outside an inpatient or emergency department bed [17], with ≥8 hours in a hospital bed counted as one hospital day. This measure was selected because it captures multiple SCA scenarios, reflects survival and resource utilization, and facilitates interpretation of the incremental cost-effectiveness ratio (ICER). The 3-month timeframe was selected due to challenges in ensuring complete patient data (particularly prescriptions and hospital consumables) over longer periods. The secondary outcome was number of mild-to-severe painful episodes in the past 3 months. Health benefits of routine follow-up strategies were measured as longer HFDs, and fewer frequency of painful episodes.

Cost calculation
Costs were estimated from a limited healthcare sector perspective, as medical expenses were largely out-of-pocket (OOP) [18]. A societal perspective was not considered because non-medical costs and health service costs (such as staff time, equipment and clinic supplies) were difficult to quantify in this setting. Only direct medical costs were included: outpatient consultation fees, emergency consultation fees, inpatient bed-days, laboratory and imaging tests, hospital consumables, medications, blood products, oxygen therapy, and leg ulcer debridement. Unit costs were obtained from the YCH billing department, and local pharmacies. Total costs were calculated by multiplying unit costs by resource quantities. Costs were recorded in local currency (Central African Franc CFA – XAF), with an average exchange rate of $1 USD ≈ XAF 606.35 in 2024 [19]. Painful episodes treated at home were excluded, as patient/caregiver costs were intractable to determine.

Incremental Cost-Effectiveness Analysis
The cost-effectiveness of ≥3 routine follow-ups per year was compared with no follow-ups per year and with 1–2 follow-ups per year. ICERs were calculated both undiscounted and discounted costs at 3%. Given the observational design, selection bias and unobserved confounding (e.g., genetic and environmental influences on SCA severity) were addressed using genetic matching with covariate balancing propensity score (CBPS) and regression methods to estimate costs and effectiveness. The ICER was defined as the additional cost per unit of HFD gained, computed as the difference in incremental costs between strategies divided by the difference in incremental HFDs. Uncertainty was assessed using bootstrap confidence intervals. Net monetary benefit and willingness-to-pay sensitivity analyses were not performed, as Cameroon lacks a defined cost-effectiveness threshold.

Statistical analysis
Patient characteristics were described using mean, median, and percentages. Observational data in CEA can generate biased estimates due to selection bias and unobserved confounding [20,21]. To address this, genetic matching with CBPS was applied with age, gender, number of hospitalizations/year and blood transfusion sessions/year serving as covariates. Matching was performed for ≥3 follow-ups per year versus no follow-up per year, and for ≥3 follow-ups per year versus 1–2 follow-ups per year. Balanced datasets were analyzed using general linear regression and generalized additive models to estimate mean costs and outcomes. Gamma or Tweedie statistical distributions (to account for zero-cost instances) with log-link functions were applied to estimate mean costs. The mean HFDs and painful episodes across treatments were estimated using beta regression with a logit link and negative binomial with log-link respectively. HFDs was normalized before beta regression using the Smithson and Verkuilen's method to exclude the zeros and ones limits [22]. Total costs per strategy were computed as the sum of estimated marginal costs and used to calculate ICERs.

Uncertainty in ICERs was addressed through patient-level resampling with 2,000 bootstrap iterations to generate bias-corrected and accelerated (BCa) confidence intervals. All analyses were conducted using R software for statistical computing and graphics [23].
Results
Seventeen individuals attended ≥3 follow-ups per year, 13 attended 1–2 follow-ups per year, and 21 had no outpatient routine follow-ups per year. Most participants were female (n = 30, 59%). Patient’s characteristics across follow-up strategies prior to covariate balancing are presented in Table 2.

Table 2. Patient’s characteristics before covariate match-balancing.
	Variable
	No follow-up 
(n =21)
	1–2 follow-ups  
(n = 13)
	≥3 follow-ups 
(n = 17)
	p Value

	Gender, n (%)
	
	
	
	

	Female
	13 (25)
	5 (10)
	12 (23)
	0.194a

	Male
	8 (16)
	8 (16)
	5 (10)
	

	Age (year), Mean (SD)
	23.29 (7.42)
	25.46 (7.52)
	32.59 (13.1)
	0.016b

	Clinical outcome, Median (IQR)

	HFDs (past 3 months)
	79.0 (5.0)
	82.0 (6.0)
	88.0 (4.0)
	<0.001

	Pain episodes (past 3 months)
	4.0 (6.0)
	3.0 (4.0)
	1.0 (1.0)
	0.001

	Hospitalizations (past 12 months)
	2.0 (2.0)
	2.0 (2.0)
	1.0 (1.0)
	<0.001

	Transfusions (past 12 months)
	1.0 (1.0)
	2.0 (1.0)
	0.0 (1.0)
	0.001

	Cost (XAF), Median (IQR)

	Outpatients consult fee
	0 (0)
	5,000 (5,000)
	15,000 (5,000)
	<0.001

	ED consult fee
	10,000 (10,000)
	10,000 (10,000)
	5,000 (5,000)
	<0.001

	Medication
	59,800 (47,800)
	58,000 (55,700)
	23,900 (32,400)
	0.001

	Laboratory test
	19,800 (14,800)
	40,500 (37,250)
	8,500 (16,000)
	0.002

	Imaging
	7,000 (8,000)
	7,000 (8,000)
	0 (7,000)
	0.05

	Hospital consumables
	4,500 (1,900)
	3,400 (3,200)
	1,500 (1,700)
	<0.001

	Transfusion product
	10,000 (20,000)
	20,000 (10,000)
	0 (10,000)
	0.007

	Inpatient bed-stay
	165,000 (75,000)
	120,000 (90,000)
	30,000 (60,000)
	<0.001

	HFDs, Hospital-free Days; ED, Emergency department; XAF, Central African Franc CFA ($1 USD ≈ XAF 606.35) [19]
p-values computed from Krustal-Wallis rank test unless otherwise stated
a p-value from chi-square test
b p-value from the analysis of variance



Costs and effectiveness were estimated using regression methods after genetic matching with CBPS. The estimated marginal means are shown in Tables 3 and 4. Balancing was performed between two strategies at a time, mimicking randomized controlled trial conditions [16]. 

Table 3. Estimated marginal means of clinical outcomes and costs of ≥3 routine follow-ups per year compared no follow-ups per year. 
	Variable
	No follow-ups/year
	
	≥3 follow-ups/year

	
	
	95% CI
	
	
	95% CI

	
	EMM
	Lower
	Upper
	
	EMM
	Lower
	Upper

	Clinical outcome
	
	
	
	
	
	
	

	    HFDs (past 3 months)
	81.93
	81.45
	82.4
	
	84.14
	83.91
	84.37

	    Pain episodes (past 3 months)
	4.44
	3.41
	5.78
	
	1.71
	1.15
	2.55

	Cost (XAF)
	
	
	
	
	
	
	

	    Outpatient consultation fees
	0.00
	0.00
	–
	
	18,428.02
	–
	–

	    Emergency consultation fees
	6,217.73
	4,719.06
	8,192.33
	
	3,359.38
	2,211.88
	5,102.20

	    Medication
	63,688.31
	42,739.33
	94,905.57
	
	23,876.43
	13,228.18
	43,096.16

	    Laboratory test
	31,681.39
	22,271.02
	45,068.01
	
	10,124.44
	7,046.89
	14,546.03

	    Imaging test
	5,432.61
	2,760.46
	10,691.41
	
	2,295.61
	860.19
	6,126.35

	    Hospital consumables
	4,473.93
	3,168.66
	6,316.88
	
	1,052.20
	550.21
	2,012.18

	    Blood products
	13,556.51
	8,409.20
	21,854.51
	
	3,027.41
	1,187.89
	7,715.56

	    Inpatient stay
	173,948.59
	133,413.34
	226,799.75
	
	35,408.61
	21,492.03
	58,336.49

	EMM, Estimated Marginal Mean
XAF, Central African Franc CFA



Table 4. Estimated marginal means of costs and clinical outcomes of ≥3 routine follow-ups per year vs. 1–2 follow-ups per year.
	Variable
	1–2 follow-ups/year
	
	≥3 follow-ups/year

	
	
	95% CI
	
	
	95% CI

	
	EMM
	Lower
	Upper
	
	EMM
	Lower
	Upper

	Clinical outcome
	
	
	
	
	
	
	

	    HFDs (past 3 months)
	81.95
	80.89
	82.95
	
	82.73
	81.82
	83.57

	    Pain episodes (past 3 months)
	2.41
	1.34
	4.33
	
	2.84
	1.46
	5.54

	Cost (XAF)
	
	
	
	
	
	
	

	    Outpatient consultation fees
	7,280.57
	4,978.45
	10,647.21
	
	16,828.05
	10,891.26
	26,000.98

	    Emergency consultation fees
	7,308.28
	3,169.37
	16,852.25
	
	3,800.36
	1,213.03
	11,906.32

	    Medication
	49,177.17
	20,631.62
	117,217.84
	
	31,540.46
	10,522.36
	94,541.62

	    Laboratory test
	35,096.61
	18,094.37
	68,074.88
	
	12,090.01
	5,663.34
	25,809.57

	    Imaging test
	8,692.30
	3,050.64
	24,767.25
	
	3,086.57
	753.68
	12,640.53

	    Hospital consumables
	4,351.32
	1,727.49
	10,960.36
	
	923.87
	225.82
	3,779.73

	    Blood products
	25,239.05
	7,674.64
	83,001.88
	
	2,693.71
	389.80
	18,614.78

	    Inpatient stay
	134,204.20
	64,014.99
	281,352.34
	
	45,071.08
	16,020.56
	126,799.75

	EMM, Estimated Marginal Mean
XAF, Central African Franc CFA



[bookmark: _zigfggkoz6fk]Cost-Effectiveness Analysis
CEA was conducted using estimated marginal means of costs and clinical outcomes derived from regression models after covariate adjustment. Table 5 presents the undiscounted and discounted results of the ≥3 follow-ups per year monitoring strategy compared with no follow-ups per year and 1–2 follow-ups/year. The ≥3 follow-ups per year strategy was associated with both lower costs and better clinical outcomes. Compared with no follow-ups/year, the mean incremental cost (discounted) was –XAF 195,384.15, with an incremental effect of 2.21 HFDs. This indicated substantial cost savings and gains in HFDs. The discounted ICER was –XAF 88,409.12 per HFD, demonstrating dominance (greater effectiveness at lower cost). The 95% bootstrap BCa confidence interval ranged from –XAF 115,552.60 to –XAF 26,256.74 per HFD, confirming robustness in the ICER estimate (Figure 1). Similarly, the ≥3 follow-ups per year strategy was dominant compared with the 1–2 follow-ups per year strategy. The discounted ICER was –XAF198,231.49 per HFD gained. The 95% bootstrap BCa confidence interval was –XAF 446,763.70 to XAF 152,199.10 per HFDs, reflecting significant uncertainty in the ICER estimate. This uncertainty is illustrated in Figure 1. The incremental cost-effectiveness plane indicates that ≥3 follow-ups per year may be more cost-saving than 1–2 follow-ups per year. Nonetheless, the dispersion of points across all quadrants highlights substantial uncertainty in the cost-effectiveness estimates.

Table 5. Cost-effectiveness analysis table of ≥3 routine follow-ups per year compared with 1–2 and no follow-ups per year.
	
	
	
	
	
	
	95% confidence interval‡

	Intervention 
(per year)
	Total cost
(XAF)
	Effect
(HFDs)
	Incremental 
cost 
(XAF)
	Incremental
Effect
(HFDs)
	ICER†
(XAF/HFD)
	Lower
	Upper

	Undiscounted
	
	
	
	
	
	
	

	≥3 follow-ups
	97,572.10
	84.14
	–
	–
	–
	–
	–

	No follow-ups
	298,999.06
	81.93
	-201,426.96
	2.21
	-91,143.42
	-117,110.30
	-37,740.00

	Discounted
	
	
	
	
	
	
	

	≥3 follow-ups
	94,644.94
	84.14
	–
	–
	–
	–
	–

	No follow-ups
	290,029.09
	81.93
	-195,384.15
	2.21
	-88,409.12
	-115,552.60
	-26,256.74

	
	
	
	
	
	
	
	

	Undiscounted
	
	
	
	
	
	
	

	≥3 follow-ups
	116,034.11
	82.72
	–
	–
	–
	–
	–

	1–2 follow-ups
	271,349.50
	81.96
	-155,315.39
	0.76
	-204,362.36
	-866,681.50
	77,097.08

	Discounted
	
	
	
	
	
	
	

	≥3 follow-ups
	112,553.09
	82.72
	–
	–
	–
	–
	–

	[bookmark: _Hlk224553174]1–2 follow-ups
	263,209.02
	81.96
	-150,655.93
	0.76
	-198,231.49
	-446,763.70
	152,199.10

	HFD, Hospital-free Days; ICER, Incremental Cost-Effectiveness Ratio; XAF, Central African Franc CFA
†Negative values indicate that the ≥3 follow-ups per year strategy was less costly and more effective
‡ Bias-corrected and accelerated (BCa) confidence interval of 2000 bootstrap replicates of the ICER distribution
1$ USD ≈ XAF 606.35 [19].



[image: ]
Figure 1. Cost-effectiveness plane showing bootstrap replicates of incremental cost (XAF) and incremental effect (hospital-free days). A) Cost-effectiveness plane of ≥3 versus no follow-ups per year B) Cost-effectiveness plane of ≥3 versus 1–2 follow-ups per year. Each point represents one bootstrap replicate of incremental effect (x-axis) and incremental cost (y-axis). Red marks indicate the incremental-cost effectiveness ratio (ICER). The 95% bootstrap confidence interval (ellipses) is bias-corrected and accelerated. The ICER (graph B) shows considerable uncertainty, with points spanning all quadrants’, indicating cost-effectiveness is subject to uncertainty.
HFD, Hospital-Free Days
1$ USD ≈ XAF 606.35 [19].

The ≥3 follow-ups per year monitoring strategy compared to no follow-up, was also associated with a mean cost saving of XAF 195,384.15 (95% CI: –XAF 338,907 to –XAF 91,129) and an incremental effect of 2.73. pain episodes averted (95% CI: -7.34 to -0.32). The ICER was XAF 71,569.29 (95% CI: –XAF 263,218 to XAF 490,962) per pain episode averted (Table 6). The ICER confidence interval crossed zero, indicating uncertainty in both incremental cost and pain episodes.

The ≥3 follow-ups per year strategy, compared with 1–2 follow-up per year, was associated with a mean cost saving of XAF 150,655.93 (95% CI: –XAF 284,204 to XAF 143,057) and an incremental effect of 0.43 pain episodes averted (95% CI: -1.36 to 2.47). The ICER was –XAF 350,362.63 per pain episode averted (95% CI: –XAF -531,252 to XAF 120,042), suggesting that ≥3 follow-ups per year and the 1–2 follow-up per year complication monitoring strategies do not differ meaningfully in averting mild to severe painful episodes.

Table 6. Cost per clinical unit (pain episodes) averted.
	Intervention
	Incremental 
cost
[95% CI]
	Incremental 
effect†
[95% CI]
	ICER
[95% CI]

	≥3 vs. Zero
follow-ups per year
	[bookmark: _bpp7e2xo9v35]-195,384.15
[bookmark: _fltd8ixjekq9][-338,907 to -91,129]
	-2.73
[-7.34 to -0.32]
	[bookmark: _k7v2hi4rxs3o]71,569.29
[-263,218 to 490,962]

	≥3 vs. 1–2 
follow-ups per year
	[bookmark: _y4d32jez9s5l]-150,655.93
[bookmark: _sak64s3a500l][-284,204 to 143,057]
	0.43
[bookmark: _c2bl1xrnzfoo][-1.36 to 2.47]
	[bookmark: _5c2rahfoh3lh]-350,362.63
[bookmark: _6ojtv6457y8o][-531,252 to 120,042]

	†Mild to severe frequency of painful episodes during the past 3 months
CI, Bias-corrected and accelerated confidence interval
Note: Costs are expressed in Central African Franc CFA (XAF) and 3% discounted



Discussion
This study found that ≥3 routine follow-ups per year for SCA complication monitoring were both less costly and more effective, yielding gains in HFDs. ICER for ≥3 follow-ups per year plus SOC was –XAF 88,409.12 (discounted) per HFD compared with no follow-ups per year, and –XAF 198,231.49 per HFD compared with 1–2 follow-ups per year. Compared with no follow-ups per year, the ≥3 follow-ups per year strategy averted an additional 2.21 mild to severe painful episodes. These findings suggest that ≥3 routine follow-ups per year plus SOC is a more cost-effective approach to both patients and the health system for monitoring complications in this population.

The strategy of three or more routine follow-ups per year for monitoring SCA complications appeared dominant compared with no follow-up, as it was associated with fewer mild-to-severe painful episodes in the three months preceding enrollment. It also appeared less costly than 1–2 follow-ups per year, though without a significant reduction in painful episodes. Wide confidence intervals highlight substantial uncertainty, including the possibility of increased pain episodes or added cost. Moreover, the relatively short observational window (three months) and broad definition of pain (mild to severe) may have limited the ability to accurately capture severe episodes averted. Acute pain in adults remains the primary driver of sickle cell–related emergency department visits and hospitalization [12]. The absence of statistically significant difference in cost per painful episode averted between ≥3 and 1–2 follow-ups per year suggests that larger studies are needed to confirm these findings

Sickle cell patients are high utilizers of healthcare resources, requiring lifelong management. The disease imposes significant physical, psychological, and financial burdens on patients and families. We hypothesized that routine outpatient follow-ups every 3–4 months, as part of SOC, would positively impact disease severity, progression, and survival, while being cost-effective in a setting where healthcare costs are largely OOP and limited specialized care centers. Reduced hospital utilization, including lower demand for blood products and decreased emergency bed occupancy would benefit the healthcare system, particularly given challenges in recruiting blood donors in Cameroon [24].

Uncertainty in ICER estimates was addressed using bootstrap BCa confidence intervals, supporting the robustness of findings. While the confidence intervals between ≥3 follow-ups per year and no follow-ups per year strategy showed plausible certainty in the direction of the ICER in terms of gains in HFDs, that between ≥3 follow-ups per year and 1–2 follow-ups per year was uncertain as shown in Figure 1. Therefore, decision makers should consider the uncertainty and cost-effectiveness thresholds. Although WHO-CHOICE guidelines recommend cost-effectiveness thresholds of one-to-three times gross domestic product per capita in countries without standardized thresholds [25], this was not applied due to limited financial resources in the study population [26], and challenges in quantifying intangible costs associated with living with SCA.

Pharmacoeconomic evaluations of drug follow-up in SCD focus on how medication adherence and structured monitoring protocols reduce long-term costs by preventing acute crises. Standardized follow-up protocols, such as pharmacist-led monitoring, has been shown to optimize hydroxyurea therapy and improve outcome. Transitioning from fixed dosing to the maximum tolerated dose (MTD) through regular follow-ups has proven highly cost-effective [5]. Evidence from a real-world study indicates that pharmacist-managed protocols can double hydroxyurea uptake and MTD achievement over 3.5 years, underscoring the importance of regular outpatient monitoring [27]. Hydroxyurea therapy and active follow-ups may lead to higher fetal hemoglobin (HbF) levels, which in turn reduce the frequency of VOC and hospitalizations.

Medication adherence and follow-up is a primary driver of cost savings in SCD management. In the BABY HUG trial, high adherence to hydroxyurea resulted to significant reduction in acute care utilization and annual medical cost savings of approximately 21% [4]. These savings are largely attributed to offsetting expensive inpatient care with lower-cost outpatient monitoring. Conversely, patients with poor adherence (medication possession ratio <50%) often incur higher overall healthcare expenditure, due to frequent emergency visits and higher complication rates [28]. In high-resource settings, the costs of drug procurement and monitoring are typically outweighed by the savings of avoided hospitalizations.

Previous studies in both adults and children have demonstrated the clinical benefits of routine follow-ups, including improved adherence to treatment, reduced emergency visits [28,29], lower hospitalization rates, and early detection of organ damage through regular screening [13,30]. While expert guidelines recommend routine follow-ups as part of standard SCD management, few studies have examined their cost-effectiveness in primary care. A systematic review found that structured visits reduced costs compared with the cost of acute care during illness [31]. In Cameroon, the average annual treatment cost remains unknown and is likely to vary substantially depending on the patient’s place of residence, access to care (rural versus urban), and the type of medical facility (private or state-owned). A study conducted in Congo–where healthcare settings and local currency are like those in Cameroon–reported that, over a 90-day follow-up, the cost of treating a patient with uncomplicated VOC in an outpatient referral hospital ranged from XAF 22,400 to 153,000 [32]. In low-resource settings, where patients and families bear the burden of healthcare costs, policies promoting regular routine follow-ups such as copay packages and fully-funded consultation fees, could yield substantial benefits.

A key strength of this pilot study was the use of real-world clinical data of the population under study and the use of genetic matching CBPS to account for selection bias and unobserved confounding [20,21]. Confounding was further reduced through recruitment of patients not receiving disease-modifying treatments (hydroxyurea, regular antibiotics, or chronic transfusions).

The main limitations of this study include the short study period, small sample size, inclusion of only adult patients, and challenges in verifying completeness of paper-based patient records. Despite these limitations, the evidence supports policies encouraging ≥3 routine follow-ups per year to monitor SCA complications. Larger studies could provide stronger evidence and inform subsidized or free follow-up programs for SCD patients in Cameroon.
Conclusion
This pilot study suggests that routine outpatient follow-ups (≥3 per year, ≤4 months apart) are both clinically beneficial and cost-effective for adults with SCA in Cameroon. The findings from this pilot study provides plausible evidence to support policies that institutionalize regular follow-up care within primary healthcare settings. Such policies could ease the clinical, financial, and psychological burden of SCA on patients, families, and the national healthcare system. However, studies with larger multicenter samples and longer follow-up periods would help confirm the findings and provide stronger evidence for policy recommendations.
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