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Background: Fetal hemoglobin (HbF) is found at a measurable amount in red blood cells (RBCs) called F cells. High fetal 
hemoglobin (HbF) levels are linked with milder forms of sickle cell disease (SCD). However, some patients with high HbF levels 
still have severe symptoms. This variability has been associated with HbF per F cell (HbF/F cell) concentration; thus, it is 
hypothesized that high HbF/F cell (≥10 pg) is crucial in determining SCD disease severity rather than the overall HbF and F cell 
levels. This study assessed the utility of these three HbF parameters as predictors of SCD clinical events in Tanzania.
Methods: A retrospective cohort study was conducted at Muhimbili University of Health and Allied Sciences, involving 92 SCD 
individuals aged ≥6 years, not on hydroxyurea, between September 2022 and February 2023. Data was collected from the Sickle Pan- 
African Research Consortium (SPARCO)-Tanzania registry. HbF/F cell was calculated as: HbF/F cell = (HbF% × MCH pg)/F cell%. 
STATA version 15 was used to analyze the association between HbF parameters and clinical events measured by ordinal logistic 
regression. A p-value <0.05 was considered statistically significant.
Results: Of the 92 SCD participants, the median age was 16 (IQR: 10–21) years, 53 (57.6%) were below 18 years, and males were 48 
(52.2%). Eighty-two patients (89.1%) had HbF/F cells below 10pg. Males had significantly higher HbF/F cell levels with a median of 
6.4 (IQR: 4.3–9.5) pg compared to females 5.3 (IQR: 3.5–6.5) pg (p-value = 0.004). Although, we did not observe a statistically 
significant association between HbF/F cell with clinical parameters, increased HbF and F cell percentages correlated with reduced odds 
of multiple blood transfusions by 11% (p-value = 0.016) and 3% (p-value = 0.020), respectively.
Conclusion: In this cohort, HbF and F cell levels remain important predictors of disease severity, as higher levels predicted reduced 
requirement for multiple blood transfusions in SCD patients, while HbF/F cells did not correlate with SCD clinical events.
Keywords: sickle cell, F cell, fetal hemoglobin per F cell, clinical parameters, disease severity

Introduction
Sickle cell disease (SCD) results from a mutation in codon 6 of the β-globin gene, replacing Adenine (A) with Thymine 
(T) and causing the substitution of glutamic acid by valine amino acid. This leads to the formation of abnormal 
hemoglobin S (HbS), replacing normal adult hemoglobin A (HbA). Under low oxygen tension, HbS polymerizes, 
leading to red blood cells (RBCs) sickling. The rate and extent of polymerization depend on the duration and severity 
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of deoxygenation. This leads to vaso occlusive crisis which is characterized by pain episodes and end organ failure.1–3 

Vaso-occlusion in sickle cell disease (SCD) results from blocked blood vessels, thrombosis, and fat embolization, leading 
to hypoxia, ischemia, and inflammation. The combination of these factors makes SCD pain uniquely severe.4

F cells, a subset of RBCs, contain measurable amounts of fetal hemoglobin (HbF), a key modifier of SCD 
complications. HbF levels and intracellular HbS concentration influence the polymerization process. HbF and its hybrid 
form (α2βSγ) have high oxygen affinity, inhibiting HbS polymerization a critical factor in SCD pathophysiology. By 
reducing intracellular HbS concentration, HbF decreases the likelihood of sickling, serving as a protective disease 
modifier.1–3,5,6 HbF production in SCD individuals varies due to multiple factors, primarily genetics. The Arab-Indian 
and Senegal haplotypes are linked to higher HbF levels (20–30%), while the Bantu haplotype, common in Africans, 
including Tanzanians, is associated with lower HbF production.7,8 Different levels of HbF are associated with varied 
clinical presentation, with higher levels linked to milder disease manifestations.3,6 Furthermore, the definition of a high 
HbF level varies, with some studies setting the cutoff at ≥10% and others as low as 5.4%. Nevertheless, higher HbF 
levels, regardless of the threshold, have been linked to lower mortality.6 However, individuals with SCD exhibit variable 
levels and distributions of HbF in their RBCs, leading to diverse symptoms. Clinical presentations vary widely among 
individuals, ranging from asymptomatic to severe disease.1,6 While the association between HbF and clinical manifesta-
tions has traditionally focused on absolute HbF levels, there are reports of patients with high HbF levels still developing 
severe disease. Additionally, the response to hydroxyurea, a medication inducing HbF production, varies among patients, 
with some responding to treatment and some not, possibly due to uneven distribution of HbF in treated patients.1,3 

Therefore, it is suggested that the distribution of HbF among F-cells is more crucial in predicting disease severity in 
SCD. It has been hypothesized that the high HbF/F cell (≥10pg) is associated with milder disease in SCD, rather than the 
overall percentage of HbF and F cell since the later do not inform the number of F-cells with high enough HbF 
concentration to protect against polymerization.9 The therapeutic impact of HbF/F cell levels may vary across popula-
tions due to genetic variations such as sickle cell haplotypes, environmental variances such as infection, geographical 
background, and biological factors such as age and sex.3,10

Despite studies in Asia, Europe and America associating overall HbF levels with clinical presentations of SCD,1 little 
research has been done on the concentration of HbF within F cell (HbF/F cell) as a predictor of the clinical severity of 
SCD. Hypothetical modelling predicted that Hb F/F cell is the most critical element in the pathophysiology of sickle cell 
anemia.3 A study in Uganda suggested that high HbF levels are associated with milder disease.11 In Tanzania, a baseline 
study explored the variability of HbF and HbF/F cell among SCD patients but did not investigate their association with 
clinical presentations.12 Therefore, this study aimed to evaluate the utility of HbF, F cells and Hb F/F cell as predictors of 
the severity of clinical presentation of SCD in patients of Tanzanian origin.

Materials and Methods
This retrospective cohort study was conducted at Muhimbili University of Health and Allied Sciences (MUHAS) 
between September 2022 and February 2023. It involved a secondary analysis of data from 92 individuals with SCD, 
stored at MUHAS in the SPARCO-Tanzania registry. The patients, who attended at Muhimbili National Hospital, Amana 
Regional Hospital, and Temeke Regional Hospital, were included in the parent study through serial sampling. Our study 
was nested within an ongoing parent study titled

Comparative Study of Sickle Cell Disease (SCD) Modifiers in Ghana, Nigeria, and Tanzania: Investigation of Fetal Hemoglobin 
Parameters and Clinical Manifestations. 

Inclusion Criteria
Tanzanian individuals confirmed to have SCD through Hemoglobin Electrophoresis or High-Performance Liquid 
Chromatography (HPLC) showing HbS >70%, with HbF levels measured at or above the age of 6 years, and with 
complete data in the SPARCO-Tanzania database were included. Individuals with SCD who were not in a steady state or 
who were on hydroxyurea therapy were excluded. All 92 participants with complete data in the SPARCO-Tanzania 
database were enrolled in the study.
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Data Collection
Socio-demographic and clinical data were collected from the SPARCO-Tanzania database, and Case Report Form (CRF) 
was filled out during the ongoing parental study. Socio-demographic data included age, sex and residence, and clinical 
data constituted the clinical presentation, history of painful crises, blood transfusions, febrile illnesses, acute chest 
syndrome, dactylitis, hospital admissions and blood counts. Blood Counts were measured by an automated haematology 
analyser (Sysmex XT 2000i Kobe, Japan), HbF levels were measured by HPLC machine Variant II (Biorad, Hercules, 
CA, USA), and the percentage of F cells was measured by flow cytometry (Becton Dickinson).

Measurement of Variables
The study focuses on clinical parameters, such as painful crises, blood transfusions, febrile illnesses, dactylitis, priapism, 
acute chest syndrome, and hospital admissions, as the outcome variables. These recurrent events serve as dependent 
variables. The independent variables, that predict fetal hemoglobin (HbF) parameters, include age and sex. Additionally, 
intermediate variables, such as HbF (%), F cells (%) and HbF per F cell (pg), are considered predictors of the outcome, 
influencing the occurrence of the clinical parameters.

Data Management and Statistical Analysis
In this study, the HbF and F cells level were categorized as low, intermediate and high, based on the distribution of the HbF and 
F cell levels of our study participants. The cut-off points for low, intermediate and high HbF levels used were ≤2.3%, 2.4%–7.1% 
and ≥7.2% respectively. The cut-off points for low, intermediate and high F cell levels were ≤13.2%, 13.3%–32.4% and ≥32.5% 
respectively. The cut-off points of 2.3% and 7.1% for HbF as well as 13,2% and 32.4% for F cells represent the 25th and 75th 

percentiles, respectively, in the distribution of these parameters in our study population. HbF/F cell was categorized as low and 
high whereby, the cut-off levels for low and high HbF/ F cell concentrations were (<10 pg) and (≥10 pg), respectively.3 Since 
there was no throughput method for obtaining the ratio of HbF to F cell levels, it was then calculated using the following formula: 
Hb F/F cell = (MCH (pg) × HbF %)/F cell %. However, this method assumes that each F-cell contains an equal amount of HbF.2,3

Recorded clinical parameters such as febrile, priapism, pain crises, hospital admission, dactylitis and blood transfu-
sion were observed in their frequencies of occurrence in a lifetime. The occurrence and frequency of clinical events were 
self-reported by participants or participant parent/guardian whereby; the specific asked clinical parameter (recurrent 
event) was graded according to their number of occurrences ie Noted by “No” for no occurrence, “<5” occurrence of less 
than five times, “5–10” occurrence of five to ten times and “>10” occurrence of more than ten times in a life time. The 
“recurrent events” are clinical parameters that measure the severity of the disease by their frequency of occurrence in 
a specific time (such as per year) to a SCD individual.13 Since the occurrence of recurrent events was observed in a fixed 
lifetime during the study period, it was difficulty to categorize individuals of different age groups and length of lifetime 
into one group of severe or mild disease. Therefore, they were narrated as observed.

The data from the SPARCO-Tanzania registry are accessible within Tanzania. The data was collected on a Microsoft 
Excel spreadsheet and later exported to STATA version 15 for analysis. Categorical variables were summarized as 
frequencies and percentages, while continuous variables were summarized using median and interquartile ranges. The 
Mann–Whitney test was used to compare the fetal hemoglobin levels between the different social demographic groups. 
Since HbF parameters (levels of HbF (%), F cells (%) and HbF/ F cell (pg)) have collinearity, we only used univariable 
ordinal logistic regression to assess the crude association between fetal hemoglobin parameters (predictors) and the 
frequency of the clinical parameters (outcomes) such as febrile, priapism, pain crises, hospital admission, dactylitis and 
blood transfusion. Crude odds ratios with their 95% confidence interval (CI) were computed and a p-value of less than 
0.05 was considered statistically significant in determining the strength of these associations.

Ethical Consideration
The Study Adheres to the Ethical Guidelines Set Forth by the Declaration of Helsinki
Ethical approvals for SPARCO-Tanzania and the parental study “Comparative study of Sickle Cell Disease (SCD) 
modifiers in Ghana, Nigeria and Tanzania; investigation of HbF parameters and clinical manifestation” were obtained 
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from the MUHAS Research Ethics Committee (numbers MUHAS-REC-12-2020-453 and MUHAS-REC- 01-2021-463, 
respectively). For the parental study, all participants provided written informed consent. Each eligible parent/guardian 
was given a thorough description of the study and its objective, as well as assurance that his or her decision to participate 
or not participate would have no bearing on his or her child’s care. Participants could change their minds and leave the 
study at any time. There were no additional patients enrolled in the current study. Only collected data from SPARCO - 
Tanzania registry and through the ongoing parental study (Comparative Study of Sickle Cell Disease (SCD) Modifiers in 
Ghana, Nigeria, and Tanzania: Investigation of Fetal Hemoglobin Parameters and Clinical Manifestations) has been used 
within Tanzania. The informed consent from the participants for the current study was not obtained, and the requirement 
for consent was waived by an ethic committee (Institutional Review Board) for the current data analysis. To ensure 
confidentiality, data has been kept on computers and protected by passwords.

Results
Among the 92 SCD patients recruited, 53 (57.6%) were children under 18 years of age, and 39 (42.4%) were adults. The 
median age was 16 (IQR: 10–21) years, and males were 48 (52.2%). The majority of the patients 87 (96.4%) resided in 
Dar es Salaam (Table 1).

Of the 92 patients, 69 (75.0%), had low and intermediate HbF levels (levels <7.2%), with a median level of 4.5% (IQR: 
2.3–7.2). Similarly, the majority of the patients 72/92 (78.3%), had F cell levels that fell within the low and intermediate 
range (levels <32.5%), with a median of 21.6% (IQR: 13.2–32.5). Consequently, a significant proportion of the study 
participants 82 (89.1%) was found to have low levels of HbF/F cell, with a median of 5.6 (IQR: 4.0–8.0) pg (Table 2).

Among the 92 study participants, 76 (82.6%) and 75 (81.5%) reported had more than 10 episodes of pain crises and 
febrile illnesses, respectively, while 50 (54.3%), 18 (19.6%) and 15 (16.3%) of the study participants reported less than 5 
episodes of blood transfusion, hospital admissions and dactylitis, respectively, in their lifetime (Table 3).

Males had significantly higher HbF/F cell levels compared to females, median 6.4 (IQR: 4.3–9.5) pg versus 5.3 (IQR: 
3.5–6.5) pg; p-value = 0.004). However, there was no significant difference in HbF and F cell levels between male and female. 
Also, there were no significant differences in HbF, F cells, or HbF/F cell levels between the different age groups (Table 4).

The HbF and F cell levels showed significant association with the requirement of multiple blood transfusions in sickle 
cell patients. As the unit of HbF levels increased, it significantly decreased the odds of receiving multiple blood 
transfusions in all combined groups by 11% (OR: 0.89; 95% CI: 0.802–0.968; p-value = 0.016) (Figure 1). Again, as 

Table 1 Social Demographic Characteristics of the 
Study Participants (N = 92)

Characteristics Frequency (%) / (IQR)

Age group (years)

< 18 53 (57.6)

≥ 18 39 (42.4)

Median age in years 16 (IQR: 10–21)

Sex

Male 48 (52.2)

Female 44 (47.8)

Residence

In Dar es salaam 87 (94.6)

Outside Dar es salaam 5 (5.4)

Notes: N - indicates total number of participants, < - indicates 
less than, and ≥ - indicates greater than or equal to.
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the unit of F cells increased, it significantly reduced the odds of receiving multiple blood transfusions in all combined 
groups by 3% (OR: 0.971; 95% CI: 0.947–0.995; p-value = 0.020) (Figure 2). However, there was no significant 
association between the concentration of HbF/F cell and clinical parameters (frequency of clinical events) (Figure 3).

Table 2 Levels of Fetal Hemoglobin Parameters of the 
Study Participants (N=92)

Variable n (%) / (IQR)

Level of HbF

Low (≤ 2.3%) 23 (25.0)

Intermediate (2.4% – 7.1%) 46 (50.0)

High (≥ 7.2%) 23 (25.0)

Median level of Hb F 4.45 (IQR: 2.3–7.1)

Level of HbF per F cells

Low (<10 pg) 82 (89.1)

High (≥ 10 pg) 10 (10.9)

5.63 (IQR: 4.0–8.0)

Level of F cells

Low (≤ 13.2%) 23 (25.0)

Intermediate (13.3% - 32.4%) 49 (53.3)

High (≥ 32.5%) 20 (21.7)

Median level of F cells 21.60 (IQR:13.2–32.5)

Abbreviations: N, total number of participants; n, number of parti-
cipants; IQR, interquartile range; <, less than; ≤, indicates less than or 
equal to; ≥, greater than or equal to.

Table 3 The Occurrence of Clinical Parameters (Recurrent Events) in the Study Participants (N=92)

Clinical Parameters 
(Recurrent Events)

Proportion of Patients (%) According To The Number of Occurrences  
of a Clinical Parameter in a Lifetime

NIL <5 5–10 >10

Febrile 1.1 3.3 14.1 81.5

Priapism 95.7 3.3 0.0 1.1

Acute chest syndrome 88.0 7.6 1.1 3.3

Pain crises 3.3 5.4 8.7 82.6

Hospital admission 73.9 19.6 3.3 3.3

Dactylitis 76.1 16.3 2.2 5.4

Blood transfusion 20.7 54.3 18.5 6.5

Abbreviations: N, indicates total number of participants; <, indicates less than; >, indicates greater than.
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Discussion
This retrospective study aimed to assess the link between HbF, F cells, and HbF/F cell levels and clinical parameters in 
Tanzanian SCD patients. We observed that as the percentage of HbF and F cells increased, the risk of receiving multiple 
blood transfusions was significantly reduced. However, HbF/ F cell levels were not associated with sickle cell clinical 
events in this cohort.

Table 4 Comparison of Medians of Hb F, F Cells and Hb F per F Cells Levels Between Patients with Different 
Socio Demographic Characteristics

Median (IQR)

Patient’s characteristics Hb F (%) p – value F cell p – value Hb F/F cells p – value

Age group (years)

< 18 4.9 (3.2–7.3) 0.186 22.4 (15.8–33.5) 0.088 5.7 (4.1–7.8) 0.779

≥ 18 3.7 (2.1–6.6) 20.0 (11.9–27.2) 5.4 (3.9–8.3)

Sex

Male 5.0 (2.9–7.0) 0.267 20.2 (12.8–29.3) 0.286 6.4 (4.3–9.5) 0.004

Female 3.8 (2.1–7.5) 22.2 (14.3–33.9) 5.3 (3.5–6.5)

Abbreviations: IQR, interquartile range; <, indicates less than; ≥, indicates greater than or equal to. 
Notes: Bolded value (0.004) indicates statistically significant differences at p <0.05.

Figure 1 Forest plot showing the association between fetal hemoglobin level and clinical parameters (recurrent events).

Figure 2 Forest plot showing the association between F cell level and clinical param Seters (recurrent events).
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The study found that 75.0%, 78.3%, and 89.1% of participants had HbF, F cell, and Hb F/F cell levels below the 
thresholds (≥7.2%, ≥32.5%, and ≥10 pg, respectively), and most of these participants 87 (96.4%) live in Dar es Salaam.

This is consistent with the previous two studies conducted in Tanzania, both of which involved participants from Dar 
es Salaam and reported lower median HbF levels among SCD patients compared to their British counterparts. Notably, 
none of the patients from either Tanzania or Britain were on hydroxyurea.14,15 Genetic factors, such as SNPs in the β- 
globin gene cluster, variations in genes like BCL11A, and environmental factors like hypoxia, infections, and inflamma-
tion, contribute to HbF regulation.3,14–16 The higher SCD burden in African populations, coupled with conditions like 
malaria and the Bantu sickle cell haplotype, which is associated with lower HbF levels, highlights differences in HbF 
production and regulation between populations.3,12,14–17

Our study found that males had significantly higher median HbF/F cell levels than females, contradicting previous 
studies that reported higher HbF and F cell levels in females.18,19 These findings suggest complex genetic influences on 
HbF levels and can be due to X-linked polymorphisms.1,12,18–23 These discrepancies may be due to differences in sample 
sizes and participants’ ages. Our smaller sample size (92 participants) and younger median age (16 years) compared to 
sample size of 222 with a median age of 20 years in a study done in Tanzania and 150 participants with a mean age of 7.3 
± 3.6 years in a study done in Nigeria could influence the results.18,19 The influence of puberty hormones in females 
might also contribute, although age-related trends in HbF levels beyond age 10 are inconsistent.21,24 Additionally, 
differences in study methodologies, such as our retrospective cohort study versus others’ descriptive cross-sectional 
designs, can affect the generalizability and findings of the research. In our study, a smaller sample size due to incomplete 
socio-demographic data and potential recall bias from asking participants about lifetime clinical events limited the depth 
of our analysis within the available timeframe. These constraints might influence the generalizability of our results and 
the accuracy of the relationship between exposure and outcomes, especially when compared to cross-sectional studies 
that capture data at a single point in time and may not face the same limitations.

This study found no statistically significant differences in HbF, F cells, and HbF/F cell levels across age groups. 
While levels seemed lower in adults (≥18 years) than in children, the predominance of participants under 18 (median age: 
16) may explain this phenomenon. HbF levels generally decline with age and become less stable after 10 years, aligning 
with findings from a Nigerian study.25

When we examined the clinical parameters in our study participants, 82.6% and 81.5% reported experiencing more 
than 10 times pain crises and febrile illness, respectively, and 54.3% had experienced fewer than 5 episodes of blood 
transfusion in their lifetime. These results are consistent with the findings of a study done in Tanzania that found the main 
reason for admission among adults was pain, while, in children, it was fever and severe anemia.26,27 This suggests that 
geographical factors, environmental influences such as infections like malaria prevalent in Tanzania, and the Bantu sickle 
cell haplotype common among Africans can increase the occurrence of clinical manifestations of SCD.3,12,14–17

Figure 3 Forest plot showing the association between Hb F/ F cell level and clinical parameters (recurrent events).
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Our study investigated the relationship between Hb F parameters (Hb F, Hb F/F cell, and F cells) and clinical events. 
We found a significant reduction in the risk of multiple blood transfusions with increased percentages of HbF and F cells. 
This aligns with the study in Uganda which reported fewer hospital admissions, transfusions, and severe pain episodes in 
individuals with Hb F levels ≥10%.11 A study conducted in Los Angeles, USA, also noted a reduction in recurrent events 
in SCD patients with HbF levels of 20%.13 A study done in Boston, USA, highlighted that protective cells increase with 
Hb F levels, with significant protection starting at 10% HbF.3

In our study, Hb F/F cell levels ≥10 pg were associated with reduced dactylitis, febrile illness, pain crises, and 
transfusions although they were not statistically significant, possibly due to the generally low Hb F/F cell levels (median 
5.63 pg, IQR: 4.00 −7.98 pg) observed in 89.1% of participants. This means the Hb F in the F cells of these patients was 
relatively low and less protective against polymerization, as suggested in the Boston study that at least 10 pg of Hb F/F cell is 
needed to prevent Hb S polymerization when oxygen saturation is low.3 However, Hb F concentration is unevenly distributed 
among F cells. For instance, with an Hb F level of 20%, only 1% to 24% of cells might have protective Hb F levels (~10 pg). 
Lower overall Hb F levels result in fewer or no protected cells. Specifically, 15%, 25%, and 70% of red blood cells (RBCs) 
are protected at 10%, 20%, and 30% Hb F levels, respectively, while a 5% Hb F level offers no clinical protection.3 

Therefore, even participants with high Hb F levels in our study might have had fewer than 10% protected cells, explaining 
their frequent clinical events. As it was described in previous studies that the HbF per F-cell calculation used assumes that the 
distribution of HbF per F-cell is uniform, which is almost always incorrect, and that the characteristics of this distribution are 
likely a better predictor of clinical severity.2,3 These findings highlight the need to consider both the overall Hb F level and 
the Hb F/F cell concentration when assessing disease severity in SCD patients, as even high Hb F levels can result in severe 
manifestations if the concentration of Hb F distributed in each F cell is insufficient to prevent Hb S polymerization.

There were several limitations to this study. The study was retrospective in nature, and this may have led to possible recall 
bias on the frequency of clinical events. We also calculated the HbF/F cell manually which could have introduced errors. 
Additionally, the focus on a single region (Dar es Salaam) limited the generalizability of the results. We recommend more 
extensive prospective studies involving diverse regions of Tanzania and utilizing high-throughput techniques for better 
control of the confounding factors as well as more accurate and efficient measurement of HbF/F cell.

Conclusion
In this cohort, HbF and F cell levels remain important predictors of disease severity, as higher levels predicted reduced 
requirement for multiple blood transfusions in SCD patients, while HbF/F cells did not correlate with SCD clinical 
events. Furthermore, patients with SCD in Tanzania generally had low levels of HbF parameters, indicating the potential 
usefulness of treatments aimed at boosting F cell and HbF levels, such as Hydroxyurea therapy. We recommend to invest 
in expanding F cell and HbF levels by doing pharmacogenetic studies for personalized medicine, such as optimizing 
hydroxyurea dosage.
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