
©2023 AccScience Publishing

REVIEW ARTICLE

Pulmonary Hypertension among Children and Adolescents with 
Sickle Cell Anemia: A Systematic Review and Meta-analysis

Vishnu Shankar Hariharan*

Department of Internal Medicine, Hindu Mission Hospital, Chennai, India
*Corresponding author: Vishnu Shankar Hariharan, Email: vishank91@gmail.com

 Received: September 16, 2022; Accepted: April 7, 2023; Published: April 20, 2023 DOI: 10.36922/itps.198
Copyright: Author(s). This is an open-access article distributed under the terms of the Attribution Non-Commercial 4.0 International 
4.0 (CC BY-NC 4.0), which permits all non-commercial use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

Abstract:

Pulmonary hypertension (PHT) is a major life-threatening complication associated with sickle cell anemia (SCA). However, there 
is scarcity of evidence in pooling the knowledge regarding the prevalence of PHT in the pediatric SCA patients. Hence, this 
systematic review was done to determine the pooled prevalence of PHT among SCA children and adolescents. Until January 
2021, systematic searches were conducted in MEDLINE, SCOPUS, Web of Science, ScienceDirect, Cochrane library, and Google 
Scholar. The listed studies’ caliber was evaluated using the Newcastle Ottawa scale. The results of a meta-analysis using a random-
effects model included a pooled prevalence and 95% confidence intervals (CIs). In total, 31 studies with 3686 participants were 
included in the study. Majority of the included studies (26 out of 31 studies) had low risk of bias. The final pooled prevalence of 
PHT among children and adolescents with SCA was 22% (95% CI: 18 – 26%). Maximum burden of PHT among SCA children 
was reported in Europe (26%) and Eastern Mediterranean region, while the least burden was found in Africa (17%). There was 
a significant heterogeneity found between the studies in our analysis (I2 = 87.8%; P < 0.001). The presence of publication bias 
indicated by an asymmetrical funnel plot was also found. About one in five children and adolescents with SCA suffer from PHTN. 
The burden is maximum in Europe followed by Eastern Mediterranean region. Diagnostic and intervention packages targeting 
these patients should be developed and implemented across the high-risk settings.
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1. Introduction

Sickle cell anemia (SCA) is one of the most 
common inherited genetic hematological 
condition affecting children and adolescents [1]. 
It can be characterized by the red cell sickling 
accompanied by end organ damage due to vaso-
occlusion and hemolytic anemia [1]. Almost 5% 
of the world population were found to be healthy 
carriers of SCA or thalassemia gene [2]. About 
300,000 children are born with severe form of 
these conditions, with majority occurring in 
low- and low middle-income countries [2]. SCA 

is associated with several different complications 
with varying severity.

Pulmonary hypertension (PHT) is a major 
life-threatening complication associated with 
SCA [3]. It is a hemodynamic illness characterized 
by increased vascular resistance of pulmonary 
circulation. The previous studies have shown that 
SCA is frequently associated with PHT among 
children and adolescents [3,4]. The occurrence 
of PHT in SCA patients is caused by hemolytic 
reaction and distorted nitric acid metabolism [5,6]. 
It may remain clinically silent for prolonged period 
and can be discovered late during illness. It has 
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also been reported to be a severe complication of 
SCA leading to an accelerated death [7]. Hence, 
PHT occurring secondary to SCA is classified as 
a separate condition as the mortality due to SCA-
PHT can be 10  times higher than SCA patients 
without PHT [8,9].

A diagnosis of PHT can be established by the 
right ventricular catheterization with end systolic 
pressure value ≥25  mmHg. However, there are 
certain non-invasive methods available to diagnose 
PHT such as Doppler echocardiography. It can 
be used to assess the tricuspid valve regurgitant 
velocity (TRV). TRV ≥2.5 m/s among SCA patients 
has been established as a surrogate marker for 
PHT [10-12]. Several studies have made efforts to 
determine the burden of PHT using TRV among 
children and adolescents with SCA [13-16]. 
However, studies have reported wide variation in 
the prevalence of PHT among SCA children and 
adolescents. However, there is scarcity in pooling 
the knowledge regarding the prevalence of PHT in 
the pediatric SCA patients. Hence, this study was 
conducted to pool the evidence reporting the PHT 
among SCA children and adolescents and report a 
pooled estimate.

2. Materials and methods

2.1. Design

We conducted a systematic review and meta-
analysis of observational studies. We followed the 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) checklist for 
reporting systematic reviews incorporating meta-
analyses for reporting our review [17].

2.2. Eligibility criteria

2.2.1. Type of studies

For the present study, articles describing the 
prevalence of PHT among SCA patients were 
considered. There were no limitations based on 
the site or design of the study. Unpublished data 
and grey literature were discarded, but studies with 
complete texts or abstracts were included.

2.2.2. Type of participants

Studies conducted among children and adolescents 
(aged up to 19 years), irrespective of their ethnicity, 

comorbid status, or severity of the condition were 
included in the study.

2.2.3. Type of outcome measure

Studies reporting the prevalence of PHT 
and diagnosed it using either the right heart 
catheterization or transthoracic Doppler 
echocardiography were included in the study.

2.3. Search strategy

To find relevant information, we created a 
thorough search strategy and conducted thorough, 
methodical searches in databases and search 
engines such as MEDLINE, SCOPUS, Web 
of Science, ScienceDirect, Cochrane library, 
and Google Scholar. To conduct the search, we 
employed free-text headings and MeSH—selected 
medical subject headings. The phrases “SCA,” 
“PHT,” “Pulmonary Arterial Hypertension,” 
“Children,” “Adolescent,” “Epidemiology,” 
“Prevalence,” and “Burden” were used in different 
combinations in PubMed and other search engines. 
Without regard to language, the search period was 
set from the database’s establishment through 
January 2021. In addition, we manually searched 
for any articles meeting the inclusion criteria and 
cross-checked the bibliographies of the research 
we have retrieved.

2.4. Study selection

Title, keyword, and abstract screening — or primary 
screening — was carried out initially. The complete 
text of the articles that might meet the eligibility 
requirements was obtained. The retrieved full 
texts were then subjected to a further screening to 
determine their eligibility based on pre-established 
standards.

2.5. Data extraction

A pre-defined template was used as a data 
extraction form to obtain the following set of data: 
authors, title of study, year of publication, study 
period, study design, setting, country/region, total 
sample size, sampling criteria, diagnostic tool 
and measures, cutoff, statistical tests, outcome 
assessment details, average age, non-response 
rate, and burden of PHT.
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2.6. Risk of bias (quality) assessment

The risk of bias evaluation was done using the 
Newcastle-Ottawa scale, which has been modified 
for cross-sectional studies [18]. Six domains and two 
criteria are used to evaluate the bias risk. The sample 
representativeness, sample size justification, rate 
of non-responses, information on non-responders, 
and use of validated measuring tools are the 
primary factors associated to participant selection. 
The second criterion relates to the participants’ 
outcomes and comprises two subdomains: outcome 
assessment using a blinded, independent assessment 
and record linkage, and statistical tests used. Based 
on the degree of bias risk, each of these domains 
was rated as either high-risk (one point) or low-risk 
(zero point). Studies having three or more points 
were considered high risk.

2.7. Statistical analysis

With the final group of chosen studies, a meta-
analysis was carried out using STATA 14.2’s 
“metaprop” command package (StataCorp, College 
Station, TX, USA) [19]. To reduce the impact 
of extremely tiny or large values on the overall 
estimate and stabilize the variance, we employed the 
Freeman Tukey double arcsine transformation [19]. 
Because of the anticipated heterogeneity, a random 
effects model was used, and the final data were 
given as pooled prevalence with a 95% confidence 
interval (CI). Using a forest plot, these combined 
estimations were visually shown.

Using the I2 statistic and the Chi-square of 
heterogeneity, heterogeneity was assessed. I2 value 
was utilized to assess the heterogeneity, and P < 0.05 in 
the Chi-square test indicates significant heterogeneity 
[20]. Due to the significant heterogeneity in our 
research, we also conducted subgroup analysis and 
meta-regression. This strategy was used to investigate 
the cause of the high level of heterogeneity. A funnel 
plot was used to examine and depict publication bias. 
Using Egger’s test, we also evaluated the asymmetry 
of the plot. Publication bias was deemed statistically 
significant when the P-value was 0.10 or higher [21].

3. Results

3.1. Study selection

In primary screening, 189 full-text studies were 
retrieved, which after removal of duplicates become 

171 studies. These studies, in addition to the three 
articles retrieved from the bibliography of the 
screened articles, underwent secondary screening. 
Finally, we included data from 31 studies with 
3686 participants satisfying the inclusion criteria 
(Figure 1) [13-16,22-48].

3.2. Study characteristics

Majority of the studies (11 out of 31) were 
prospective in nature, while 10 studies were 
retrospective and cross-sectional in nature. Most 
studies (19 out of 31) were conducted in United 
States of America (USA) followed by Nigeria (5) 
and India (2). The mean age of study participants 
ranged from 6.2 to 16.1 years. The sample sizes 
among the included studies varied from 20 to 
630. All the studies have used transthoracic 
Doppler ultrasonography to measure tricuspid 
regurgitation velocity (TRV) for diagnosing 
PHT. Almost all the studies have used the cutoff 
2.5  m/s to diagnose PHT except Nouraie et al. 
that used the cutoff of 2.7 m/s 38. Regarding the 
quality assessment, five out of 31 studies were of 
poorer quality, while all other studies had good 
quality (Table 1).

Figure 1. Flowchart showing the search strategy 
and selection of studies.
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Table 1. Characteristics of the included studies (n = 31)
Study 
no.

First author 
and year

Region Country Study design Sample 
size

Study 
participants

Criteria 
and  
cut ‑ off

Mean 
age (in 
years)

Quality 
of 
evidence

1 Agha et al. 
2014 [22]

Europe Egypt Cross ‑ 
sectional

80 Children 
and younger 
population with 
SCA under basal 
conditions

TRJV 
and 2.5

12.7 High

2 Allen et al. 
2019 [13]

America USA Retrospective 105 Children ≥10 years 
of age with SCA 
who underwent 
an outpatient 
transthoracic 
echocardiogram as 
part of a screening 
program.

TRJV 
and 2.5

15 High

3 Ambrusko  
et al. 2006 [14]

America USA Retrospective 44 Pediatric SCA 
patients

TRJV 
and 2.5

14.8 High

4 Chinawa et al. 
2020 [15]

Africa Nigeria Cross ‑ 
sectional

51 Children aged 3 
years to 17 years, 
who attended the 
sickle cell clinics 
of the study 
hospitals and were 
in steady state 

TRJV 
and 2.5

9.7 High

5 Colombatti  
et al. 2010 [16]

Europe Italy Prospective 37 SCA children >3 
years old at steady 
state

TRJV 
and 2.5

6.2 High

6 Cox et al.  
2014 [23]

Africa Tanzania Prospective 215 Children and 
adolescents aged 
9–19 years, HbSS 
by hemoglobin 
electrophoresis 
and high ‑ 
performance liquid 
chromatography 
for SCA

TRJV 
and 2.5

14.1 High

7 Dahoui et al. 
2010 [24]

EMR Lebanon Prospective 85 All patients with 
hemoglobin 
SS, Sb0thal, or 
Sbþthal seen at 
the comprehensive 
sickle cell clinic at 
Children’s Cancer 
Center of Lebanon

TRJV 
and 2.5

12.9 High

8 Eddine et al. 
2012 [25]

America USA Retrospective 40 Children with SCA TRJV 
and 2.5

14.2 High

9 Forrest et al. 
2012 [26]

America USA Retrospective 85 Children with Hb 
SS and Hb Sb0 
thalassemia older 
than 6 years of age

TRJV 
and 2.5

12.1 High

(Cont’d...)
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Study 
no.

First author 
and year

Region Country Study design Sample 
size

Study 
participants

Criteria 
and  
cut ‑ off

Mean 
age (in 
years)

Quality 
of 
evidence

10 Gordeuk et al. 
2011 [27]

America USA Prospective 160 Participants with 
SCA who had 
clinical evaluation, 
echocardiography 
and 6 ‑ min walk 
test performed at 
steady ‑ state

TRJV 
and 2.5

13 High

11 Gore et al. 
2018 [28]

SEAR India Cross ‑ 
sectional

38 Children with SCA TRJV 
and 2.5

NA High

12 Hagar et al. 
2007 [29]

America USA Retrospective 61 Children with SCA TRJV 
and 2.5

12.7 High

13 Hebson et al. 
2015 [30]

America USA Retrospective 630 Children with SCA TRJV 
and 2.5

11.7 High

14 Jesus Rojas  
et al. 2018 [31]

America USA Prospective 29 Children with SCA TRJV 
and 2.5

NA High

15 Lamina et al. 
2019 [32]

Africa Nigeria Cross ‑ 
sectional

200 SCA children 
aged 1 to 12 
years attending 
the sickle cell 
clinic who were in 
steady state

TRJV 
and 2.5

6.6 Low

16 Liem et al. 
2007 [33]

America USA Prospective 51 Children with SCA TRJV 
and 2.5

14 High

17 Liem et al. 
2009 [34]

America USA Prospective 78 Children with SCA TRJV 
and 2.5

14.3 High

18 Minniti et al. 
2009 [35]

America USA Prospective 310 Children and 
adolescents with 
SCA

TRJV 
and 2.5

13 High

19 Molavi et al. 
2014 [36]

EMR Iran Retrospective 70 Children with SCA TRJV 
and 2.5

NA High

20 Mondal et al. 
2018 [37]

America USA Retrospective 20 Children with SCA TRJV 
and 2.5

10.4 High

21 Nelson et al. 
2007 [38]

America USA Prospective 53 SCA patients 
under the age of 
10 years

TRJV 
and 2.5

12.4 High

22 Nouraie et al. 
2020 [39]

America USA Prospective 469 Children and 
adolescents with 
SCA

TRJV 
and 2.7

12 High

23 Onalo et al. 
2020 [40]

Africa Nigeria Cross ‑ 
sectional

176 Children with SCA TRJV 
and 2.5

10.4 Low

24 Onyekwere  
et al. 2008 [41]

America USA Cross ‑ 
sectional

52 Children and 
adolescents with 
SCA

TRJV 
and 2.5

16.1 High

25 Pashankar  
et al. 2008 [42]

America USA Prospective 62 Children with SCA TRJV 
and 2.5

13.5 High

Table 1. (Continued)

(Cont’d...)
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Study 
no.

First author 
and year

Region Country Study design Sample 
size

Study 
participants

Criteria 
and  
cut ‑ off

Mean 
age (in 
years)

Quality 
of 
evidence

26 Patel et al. 
2016 [43]

SEAR India Cross ‑ 
sectional

50 All patients 
between the age 
group of 5 to 18 
years diagnosed 
to have sickle cell 
syndromes

TRJV 
and 2.5

11.3 Low

27 Peter et al. 
2019 [44]

Africa Nigeria Cross ‑ 
sectional

100 SCA subjects 3–14 
years of age in 
their steady state

TRJV 
and 2.5

7 Low

28 Qureshi et al. 
2006 [45]

America USA Retrospective 32 Children with SCA TRJV 
and 2.5

8.9 High

29 Sedak et al. 
2009 [46]

America USA Cross ‑ 
sectional

48 Children with SCA TRJV 
and 2.5

12 High

30 Sokunbi et al. 
2017 [47]

Africa Nigeria Cross ‑ 
sectional

175 SCA subjects 
with haemoglobin 
genotype SS aged 
5 – 18 years

TRJV 
and 2.5

8.8 Low

31 Suell et al. 
2005 [48]

America USA Retrospective 80 Children with SCA TRJV 
and 2.5

15.6 High

EMR: Eastern Mediterranean region; NA: not available; SCA: sickle cell anemia; SEAR: South East Asian region; TRJV: tricuspid valve 
jet velocity; USA: United States of America

Table 1. (Continued)

3.3. Burden of PHT in SCA children and 
adolescents

The final pooled prevalence of PHT among children 
and adolescents with SCA was 22% (95%CI: 18 – 
26%) (Figure 2). Country-wise distribution of PHT 
is depicted in Figure 3. Maximum burden of PHT 
among SCA children was reported in Europe (26%) 
and Eastern Mediterranean region (EMR), while 
the least burden was found in Africa (17%). There 
was a significant heterogeneity found between the 
studies in our analysis (I2 = 87.8%; P < 0.001). 
Meta-regression was done to find the source of 
heterogeneity.

3.4. Meta-regression

We included that the following potential covariates 
for meta-regression were study design, region, 
quality of evidence, mean age, and year of 
publication. All these factors had p-value < 0.20 
in the univariable model, and they were included 
to perform multivariable meta-regression analysis. 
The adjusted model was able to explain 100% 
of the between-study variability and the model 

was statistically significant (P = 0.01). Quality of 
evidence, mean age, and study design were found 
to be the significant source of heterogeneity in the 
adjusted model with P < 0.05.

3.5. Publication bias

Egger’s test was performed for the assessment of 
publication bias. There were significant small study 
effects with coefficient value (coefficient: 1.31; 
P = 0.002) which shows possibility of publication 
bias. Graphical representation of the test of 
publication bias is depicted using funnel plot in 
Figure 4. The funnel plot also shows asymmetric 
plot indicating the presence of publication bias.

4. Discussion

This review was conducted to obtain a 
comprehensive estimate for burden of PHT 
among children and adolescents with SCA. In 
total, we analyzed data from 31 studies with 3,686 
participants. Most of the studies were conducted in 
USA followed by Nigeria and India. Majority of the 
included studies had lower risk of bias. Significant 
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Figure 2. Forest plot showing the prevalence of pulmonary hypertension among sickle cell anemia 
children and adolescents (n = 31).

heterogeneity was found among the included 
studies. Hence, meta-regression was performed and 
found that quality of evidence, mean age, and study 
design are potential source of heterogeneity in this 
review. The presence of publication bias indicated 
by asymmetrical funnel plot was also found.

The prevalence of PHT among children and 
adolescents with SCA was 22% (95% CI: 18 – 
26%). The previous reviews on PHT focused 
primarily on the participants with SCA irrespective 
of their age group or general population or special 
groups such as acquired immunodeficiency 
syndrome (AIDS) patients, end-stage renal disease 
patients, and systemic sclerosis patients [49-53]. 
Our findings were almost similar to the previous 
review reporting the prevalence of PHT among 
adult SCA patients [49]. This indicates that there 
is not much variation in the burden of PHT among 
SCA patients, irrespective of their age group. 
Hence, equal importance should be given to all the 

SCA patients as the risk of PHT is similar across 
the groups. In addition, we found the burden of 
PHT in SCA patients to be higher than those in 
general population or special groups suh as AIDS 
patients and systemic sclerosis patients [50,51,53]. 
However, it was significantly lower compared 
to patients with cardiac, respiratory, or renal 
comorbid conditions [51,52]. However, most of the 
studies included in the current review and previous 
reviews have used TRV to determine the burden 
of PHT. This tends to overestimate the prevalence 
as the definition of PHT with echocardiography is 
still a matter of continuous debate. This is because 
TRV of 2.5 m/s reflects a right ventricular systolic 
pressure of 27 mmHg plus right atrial pressure, a 
pressure far from being relevant for pulmonary 
vasculopathy. Hence, it is mandatory to use cardiac 
catheterization when defining PHT, and the future 
studies should focus on doing it to establish 
the burden of PHT. Still, the findings from this 
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Figure 3. Forest plot showing the region-wise subgroup analysis of pulmonary hypertension burden 
among sickle cell anemia children and adolescents (n = 31).

systematic review highlight the need for screening 
all the children and adolescents with SCA using 

TRV as a screening procedure, and the children 
diagnosed to have PHT using TRV can undergo 
cardiac catheterization for further confirmation.

Subgroup analysis was performed to see whether 
there is any variation in the burden across the regions. 
We found that the SCA children and adolescents 
in Europe and EMR had the highest burden of 
PHT, while Africa had the least prevalence. The 
previous review has also found that the burden of 
PHT was higher in the European region and lesser 
in the African region [49]. Although the number of 
patients with SCA is higher among the people in 
African region, the burden of PHTN is lesser when 
compared to European region. This difference in 
the burden can be attributed to the better diagnostic 
tool availability in high-income region like Europe. 
It may also be due to lack of access to diagnostic 

Figure 4. Funnel plot for checking the possibility 
of publication bias (n = 31).



©2023 AccScience Publishing

43    INNOSC Theranostics and Pharmacological Sciences, 2023, Vol. 6, No. 1� Hariharan

care in the African countries. Availability, 
accessibility, and affordability of the diagnostic 
and therapeutic care in Europe may improve 
the survival of the patients, thereby showing a 
comparatively higher prevalence in the region. 
Hence, there is a need to close the gap in providing 
care for the SCA patients between Europe and 
Africa. This calls for the development of simple, 
non-invasive, and cost-effective tools for screening 
the patients, as it ultimately leads to early diagnosis 
and adequate management of the condition. Using 
right heart catheterization as a screening tool is not 
practically possible due to lack of trained/skilled 
human resources in such low-income/high-SCA-
burden countries in Africa. TRV screening can be 
considered a more pragmatic option for screening 
the SCA patients for PHT in such settings. There is 
also availability of many biomarkers that suggest 
the presence of PHT and can be used as an effective 
screening tool [54].

The major strength of the study is that this is 
so far the first comprehensive review on burden 
of PHT among the younger population with SCA 
globally. We have also included large number 
of studies to provide reasonable estimate on 
the burden. However, our review had certain 
limitations. All the included studies have used 
TRV to diagnose PHT. This can overestimate the 
prevalence as the right heart catheterization is the 
gold standard for diagnosing a case of PHT. The 
Chi-square test for heterogeneity also revealed 
significant variability across the included studies. 
This limitation was overcome in this work by 
conducting meta-regression to explain the between-
study variability using meta-regression and identify 
the potential sources of heterogeneity. Significant 
publication bias was also found, indicating that the 
point estimate obtained in our review should be 
interpreted with caution.

5. Conclusions

Current review provides important baseline 
information on the epidemiology of PHT among 
children and adolescents with SCA in the world. 
The findings of this systematic review highlight that 
PHT is one of the important complications among 
SCA patients irrespective of their age. This review 
also highlights the fact that only fewer studies 
have investigated the extent of PHT among the 

SCA patients in lower-  and lower middle-income 
regions. Diagnostic and intervention packages 
targeting these patients should be developed and 
implemented by clinicians across the high-risk 
settings. Further studies on exploring the factors 
responsible for high burden of PHT among 
SCA patients should be done as it will help the 
clinicians to understand the mechanism and take 
decisive actions and implement patient-specific 
interventions accordingly.
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