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Purpose: To analyze the clinical-epidemiological characteristics and mortality in patients with sickle-cell anemia (SCA).
Patients and Methods: A cohort study with retrospective data, conducted in two reference hospitals for SCA treatment from
January 1980 to December 2018, recorded in two reference services. With a 5% significance level, the Chi-Square and Student’s t-tests
were employed in the inferential statistical analysis.
Results: A total of 128 patients with SCA were studied. Diagnosis up to the fifth day of life was made in 10 patients. There were 19
deaths, of which 12 (63.2%) were female, and the average age at death was 27.05 (± 14.78) years. The leading causes of death were
septic shock and cardiogenic shock. The use of invasive medical devices was considered a risk factor for death (RR=2.63; 95%
CI=1.16–5.96; p=0.018), and monitoring time up to 20 years presented a 31% reduction in the risk of dying (RR=0.31; 95% CI=0.12–
0.82; p=0.011) when compared to the monitoring of more than 20 years.
Conclusion: These findings are to be considered in the treatment of patients with SCA, mainly regarding early diagnosis and access
to the treatment immediately afterward, since they are fundamental in improving survival and reducing severe complications.
Keywords: hematologic diseases, early diagnosis, neonatal screening, survival, epidemiology

Introduction
Sickle-cell disease (SCD) consists of a group of hereditary hemoglobinopathies that result from a single genetic mutation
in the β globin chain.1 Different changes in the structure or synthesis of the globin chains determine the disease’s various
genotypes and clinical characteristics, among which sickle cell anemia (SCA) stands out, defined as the homozygous
state of SCD and considered the most serious among the others.2

Its pathophysiology is considered the result of a cycle with the polymerization of hemoglobin S, altered rheology, and
increased vasoclusion-mediated adhesion, with hemolysis-mediated endothelial dysfunction and combined activation of
sterile inflammation.3,4

Furthermore, recent studies have demonstrated the association of increased levels of microparticles derived from cell
membranes and activated after vascular damage, a common condition in SCA, and reduced levels of nitric oxide, protein
S, and protein C, with an increase in vasoclusive crises. The alteration of these markers was related to the activation of
prothrombotic elements that favor such events and can trigger a vicious circle of vascular damage, release of micro-
particles, and new vasoclusions.5

In this way, various clinical manifestations can occur in which vasoclusion and inflammation episodes cause damage
to the organs, a more apparent clinical condition with increased age of the patients.6,7
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SCA is considered a world public health problem, which must be prioritized in the health systems for adequate
prevention, diagnosis, and treatment.8 Approximately 64.4% of the births of individuals with sickle-cell trait and 75.5%
of the homozygous cases occur in sub-Saharan Africa.9

In the African (AFRO) and American region (AMRO) of the World Health Organizations regions, the median of
children born with SCA is nearly 237,381 cases (IQ 191,067–295,354) and 11,143 cases (IQ 6305–19,823), which
corresponds to 3.6% and 77.6% of the total births until the year 2010, respectively. In addition, the projected increase in
cases by the year 2050 for both regions is 11,697,397 (IQ 8,461,417–16,020,136) and 417,065 (IQ 195,281–862,232)
median 28 times higher for the African region when compared to the region of the Americas.10

In Brazil, the estimation of SCD cases is also considered high11 and can be associated with the large miscegenation.
An incident of newborns with SCD surpasses an incident in other countries in North America and Latin America. The
sheet in the United States of America is 1:16,305 live births, in Costa Rica 1:14,189 live births, and in Venezuela is 1:
5627 while in Brazil, the incidence found was 1:1000 live births.11 A study in Jamaica found a higher prevalence of
disease than in Brazil, with 3.15: 1000 births.12

In the state of Mato Grosso do Sul (MS), Midwest region of the country, the estimated prevalence of SCD is 1: 4837
live births and 1: 4145 tracked by neonatal screening in the period from 2011 to 2015, for SCA the prevalence is 1.0127:
1000 births13 with the predominance of the CAR haplotype (69.1%), whose clinical condition is more severe.14

Given the high number of cases and in order to early identify the positives for early intervention, treatment and
monitoring, the examination that detects SCD in Brazil was included in the National Neonatal Screening Program
(Programa Nacional de Triagem Neonatal, PNTN), established by GM Ordinance No. 822/01 of the Brazilian Ministry
of Health.15

In MS, the diagnosis of the hemoglobinopathies, among them SCD, is made mainly by the Institute of Research,
Teaching and Diagnosis of the Association of Parents and Friends of the Different (Instituto de Pesquisa, Ensino e
Diagnóstico da Associação de Pais e Amigos dos Excepcionais, IPED/APAE).16

Despite the advances for the organization of a health care network aimed at people with SCD, there is still no
visibility to the treatment to generate the necessary support for the patients and their families, intending to reduce
mortality and improve quality of life.17

Thus, this research is justified by the possibility of analyzing the health level of people affected by the disease in the
state of MS, Brazil, especially the most severe cases. Furthermore, the state of MS was chosen because it is a dry border
region with Paraguay and Bolivia, which favors greater miscegenation. In addition, the Brazilian health system often
welcomes patients from these foreign regions.

In addition to that, there are few studies published on Mortality due to SCD and SCA in the Brazilian regions. Thus,
research studies that can guide strategies for health assistance aimed at the existing reality are required.18

Given the need for robust evidence, this study was conducted with the objective of analyzing the clinical-epidemio-
logical characteristics and mortality in patients with SCA.

Materials and Methods
Participants and Data Collection
An epidemiological study of a single-group cohort, with retrospective data, carried out in the databases of the medical
chart file services of two public health institutions, which are a reference for the treatment of SCA in the municipality of
Campo Grande, capital of the state of MS, Brazilian Midwest region.

The data were collected from June 2019 to March 2020, with the inclusion of patients of all ages diagnosed with a
homozygous form disease SCA with crisis (D57.0) and SCA without crisis (D57.1), according to the International
Disease Code (ICD-10).19

Patients resided in the state capital and cities in all four health macroregions. The state regulation system coordinated
the forward to reference services. These patients were registered and monitored in both outpatient and hospital
admissions between January 1980 to December 2018. For better structuring, this observational study, the guidelines of
the STROBE (STrengthening the Reporting OBservational studies in Epidemiology) initiative were followed.20
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A total of 25 patients with incomplete records were excluded. Data on care and admissions, as well as some medical
records, were not found.

The variables researched were related to mortality and the epidemiological and clinical-laboratory characteristics and
those of the treatment used.

Statistical Analysis
The databases were structured using the Microsoft Excel® software, version 2017, and the statistical analysis was
performed with the Statistical Package for the Social Sciences - SPSS® software, version 25.0. To calculate the mortality
coefficients per 100,000 inhabitants and lethality per 100, the Brazilian Institute of Geography and Statistics (Instituto
Brasileiro de Geografia e Estatística, IBGE) was used.21 The standardized mortality rate by gender and age group was
calculated by the direct method using the population of the United Nations (UN).22 Finally, the prevalence map of cases
per 100,000 inhabitants was plotted in the Qgis® public domain software, version 3.12.

The Lost Potential Years (LPY) were calculated based on what is proposed by Romender and McWhinnie:23 where
the deaths were grouped by age group and the age means were calculated for each group to subsequently subtract the age
limit of 76.3 years old, which is the life expectancy of the Brazilian population.24 Then, the number of deaths in each
group was multiplied by the remaining number of years for the limit age to be achieved, and the sum of these values
represents the estimated value of LPY.

For the qualitative variables, a descriptive analysis was performed with distributions of absolute and relative
frequencies. In contrast, for the quantitative variables, descriptive statistics of measures of central tendency and
dispersion (standard deviation – SD) and median (interquartile range – IQR) were performed. The values of the
laboratory tests were compiled throughout the monitoring period and presented by means of central tendency and
dispersion measures. Non-normal data distribution was determined using the Kolmogorov–Smirnov test.

In comparing the groups under study with the general and clinical characteristics of the patients, the Chi-Square test
was used for the categorical variables. For the quantitative variables referring to the previous and subsequent periods to
the drug treatment with hydroxyurea (HU) in patients with SCA, the Student’s t-test was used.

Subsequently, the logistic regression analysis was performed for the final model’s fit. Relative Risk (RR), with a 95%
Confidence Interval (CI), was used to estimate the magnitude of the associations. Finally, the explanatory variables with
p-value<0.20 in the bivariate analysis were subjected to classic multiple logistic regression analysis.

In the modeling process, the variables were arranged in accordance with the lowest p-value and analyzed using the
Backward Wald Stepwise method. The model’s fit was verified employing the Hosmer-Lemeshow test. The adjusted
model was adopted as null hypothesis (H0), and the non-adjusted model as the alternative hypothesis (H1). The model’s
fit was accepted when p<0.05. For all the statistical tests, a 5% significance level was considered.

Ethical Aspects
This study was conducted in accordance with the Declaration of Helsinki. Therefore, data confidentiality is guaranteed,
and a secrecy statement for the use of the database and medical records was sent to the ethics committee for approval.

Was approved by the Committee of Ethics in Research with Human Beings of the Federal University of Mato Grosso
do Sul, under Opinion No. 3,226,971, and obtained an informed consent waiver based on the observational nature of the
study, its retrospective design, and the non-identification and confidentiality of the data used to be published, collected or
analyzed.

Results
A total of 128 patients with confirmed diagnoses of HbSS were studied, of which 69 (53.91%) were female. The age
group of up to 30 years old represented 60% of the population under study, with 87 cases. The mean age of the cohort
was 23.45 (±15.84) years. For males, the mean age was 20.90 (± 15.56) years, and 25.81 (± 15.81) years for females.

The prevalence of cases for the entire state of MS was 4.61 per 100,000 inhabitants. Among the state health macro-
regions, the estimated prevalence per 100,000 inhabitants showed that the Campo Grande region, where the state capital
is located, had the highest prevalence with 6.51 (n=99; 77.34%), followed by Corumbá with 5.19 (n=07; 5.47%), Três
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Lagoas with 3.53 (n=10; 7.8%) and Dourados with 1.07 cases per 100,000 inhabitants (n=09; 7.03%). Figure 1 illustrates
the prevalence of cases in the state of Mato Grosso do Sul, Brazil.

Concerning the decades when the patients with SCAwere born, it was observed that there was a progressive increase
from the 1940s, the highest incidence being verified in the 1970s with 4.13 per 100,000 inhabitants (n=19) and the
highest frequency of number of cases in the 2010s (n=35) (Figure 2).

Diagnosis after the fifth day of life occurred in 118 (91.53%) of the 128 patients, and 87 (67.97%) were not diagnosed
by the Brazilian National Neonatal Screening Program (PNTN).

In relation to the clinical and hospital data, 115 (89.84%) patients presented up to two associated comorbidities, the most
frequent being hepatopathy and aseptic osteonecrosis in 16 (30.19%) cases each and heart disease in 14 (26.42%) subjects. In
addition to that, 109 (85.16%) patients presented at least one hospitalization, and 121 (94.53%) had some complication during
the follow-up period, among which pain crisis stood out in 99 (81.82%) cases, as well respiratory tract infections such as
pneumonia, which occurred in 80 (66.12%) patients, and upper airway infections in 62 (51.24%) cases.

Almost all patients in the cohort (85.93%) were hospitalized at least once. In addition to that, 29 (22.66%) patients
needed hospitalization in the Intensive Care Center (ICC). ICC admission numbers and days of hospital stay in the ward
or ICC are shown in Figure 3

Almost all clinical cases had levels of laboratory markers outside normal parameters, except for creatinine and mean
corpuscular volume (Figure 4). The distribution of values is shown in Figure 5.

A total of 89 (69.50%) patients used hydroxyurea (HU); of these, 66 (74.16%) with regular use, according to the
records. The median age for treatment initiation was 15.00 (IQR 18.00) years old, and the median use period was 16.50
(IQR 17.50) years. Hemotherapy was used in 111 (86.72%) patients, with a median of 20.00 (IQR 33.00) transfusions for
the entire cohort.

Figure 1 Distribution of sickle-cell anemia cases in the municipalities of Mato Grosso do Sul, Brazil, between 1980 and 2018, per 100,000 inhabitants (n=125).
Notes: Three cases monitored by the services under study and residents in Itiquira (Mato Grosso, Brazil), a neighboring state to Mato Grosso do Sul, were not computed.
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Concerning the follow-up period, the total of patients monitored for less than 20 years was discretely higher than the
total of those monitored for more than 20 years, with 68 (53.13%) and 60 (46.87%) cases, respectively. The median
survival of the cohort was 18.88 (IQR 25.67) years.

Figure 2 Frequency and incidence (100,000 inhabitants) of the sickle-cell anemia cases stratified in decade of birth, monitored in Mato Grosso do Sul, Brazil (n=128).

A B C

ED

Figure 3 Data on the total and number of days of hospitalization of the cohort in clinical ward and intensive care center, Campo Grande, Mato Grosso do Sul, Brazil
(n=128).
Notes: (A) The median of hospitalization days per year; (B) Days during the entire follow-up; (C) Maximum interval between hospitalizations (∆T); (D) Number of
intensive care center hospitalizations; (E) Days of stay in the intensive care center.
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When the patients’ clinical conditions before and after the use of HU were analyzed, a reduction in clinical
complications such as pneumonia (p=0.025), bronchopneumonia (p=0.023) and anemia (p=0.048) was observed. In
their turn, pain conditions presented increased frequency after treatment initiation (p=0.035), when all the patients who
used HU developed pain crises (Table 1).

The minimum initial HU dose was 15 mg, and the maximum was 1500 mg, with a median dose used of 500.00 mg
(IQR 740.00). The last dose values prescribed were 110 mg and 2000 mg for the minimum and maximum doses,
respectively, with a median of 1000.00 (IQR 750.00). There was a reduction in the number of hemotransfusions
(p=0.027) and the use of analgesic medications after initiation of the HU therapy, even with a discrete increase in
pain events. In relation to hospitalizations, there was a reduction in their frequency (p=0.037) and the median of
hospitalization days and an increase in the median interval between hospitalizations after initiation of the HU therapy,
although without statistical significance. Parallel to this, there was a reduction in the median frequency of complications
after therapy with the drug. Figure 6 shows the clinical and hospital data in relation to the use of HU.

Regarding the use of antimicrobials for the patients with SCA before and after the use of HU, it presented a discrete
reduction in frequency (50.56% vs 48.31%, respectively) throughout the follow-up period. The median use frequency
values were up to 11.00 (IQR 12.00) and 7.00 (IQR 10.00) antimicrobials before and after initiation of therapy with the
drug, respectively. Concerning the classes used, there was a statistically significant difference in the use of penicillins, 1st
generation cephalosporins, and aminoglycosides, which presented a reduction in use. At the same time, there was an
increase in the use of 3rd generation cephalosporins and glycopeptides (Table 2).

A total of 19 deaths were reported, with a global mortality rate of 0.78 per 100,000 inhabitants and a lethality rate of
14.84 per 100 inhabitants. When the LPY as a result of SCAwas analyzed, the result was 934.2 years with a rate of 33.62
per 100,000 inhabitants.

Most of the deaths were among the women (n=12), with mortality rates of 0.96 and 0.56 per 100,000 inhabitants for
the female and male genders, respectively. The standardized mortality rates by gender, based on the UN population, were
11.18 and 6.75 per 100,000 inhabitants, in the same order.

99,21
24,42

74,6

95,19

94,67

76,61

92,31

81,13

73,75

15,89
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Figure 4 Percentage of cases with laboratory levels outside of the normal range, Campo Grande, Mato Grosso do Sul, Brazil (n=128).
Abbreviations: PCR, C-reactive protein; BI, Indirect bilirubin; BD, Direct bilirubin; LDH, lactic dehydrogenase; VCM, mean corpuscular volume; Hb, hemoglobin.
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In relation to the age group, the highest frequencies and mortality rates were found among individuals aged from 30
to 35 years old, with 5 cases and 0.04 deaths per 100,000 inhabitants, respectively. The average age at death was 27.05 (±
14.78) years. Regarding the direct standardization based on the UN population, the highest mortality rate was recorded
among individuals aged 18 years old or more, with 0.99 per 100,000 inhabitants.

The leading causes of death recorded in official documents were a septic shock in 6 (35.29%) and cardiogenic shock
in 4 (23.53%) of the 19 cases. In 12 (66.67%) and 3 (16.67%) cases, the main complaints prior to death were pain and
dyspnea, respectively. Table 3 shows the causes of death by the age of the 19 cases.

Monitoring time up to 20 years was related to a 31% reduction in the risk of dying (RR: 0.31; 95% CI=0.12–0.82;
p=0.011) compared to the patients with longer follow-ups (Table 4).

The use of analgesic medications was associated with higher mortality (p=0.023), especially in the case of regular
analgesics (p=0.012). In addition to that, the use of invasive devices was associated with a higher risk of dying (RR: 2.63;
p=0.018) (Table 5). Among the devices used by the patients, the most frequent ones were central venous catheter and
invasive mechanical ventilation.

Among the antimicrobials used, the most recurrent among the death cases were those of the aminoglycoside class
(34.38%), with a 4.12 times higher risk of dying when compared to the group that did not use drugs from that class (95%
IC=1.82–9.35; p<0.001). Of this class, amikacin was the most used.

A

F

B

D

G

C

C E

H

Figure 5 Distribution of laboratory marker values from the cohort, Campo Grande, Mato Grosso do Sul, Brazil (n=128).
Notes: (A) levels of the hemoglobin; (B) levels of the leukocytes; (C) levels of the reticulocytes; (D) levels of the lactic dehydrogenase; (E) levels of the ferritin; (E) levels of
the C-reactive protein; (F) levels of the creatinine; (G) levels of the direct bilirubin; (H) levels of the indirect bilirubin.

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S342971

DovePress
1063

Dovepress Pompeo et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In relation to the comorbidities, the most recurrent was heart disease in 28.57% of the death cases. Among the
laboratory tests, almost all the cases presented altered values. Creatinine was increased in 35.29% of the death cases and
64.71% of the survivors and was associated with a higher risk of dying (RR: 0.28; p=0.014). Figure 7 shows the
distribution of values for laboratory markers between cases that died and those that survived.

In addition to that, after analysis of the multiple logistic regression model, it was possible to observe statistical
evidence of the association of the death outcome with the use of invasive devices and changes in the creatinine laboratory
variable; where the probability of the patients who used invasive devices dying was 7.2 times greater in relation to those
who did not use the devices mentioned above (95% CI=1.24–41.64; p=0.028). For normal creatinine levels, the
probability of the patients dying decreases 96% about those with altered mean creatinine values (95% CI=0.01–0.34;
p=0.002).

Discussion
This study showed that SCA remains a disease of major clinical importance due to its severity and early mortality. In the
1980–2018 period, a total of 128 patients were monitored in the reference services, with a discrete predominance of the
female gender and age group below 30 years old. Furthermore, the patients’ follow-up period was less than 20 years in a
little less than half of the cases. Other Brazilian states such as Amazonas25 - North region - and Paraíba26 - Northeast
region - also present similar data concerning gender and age group, follow-up period, and age at diagnosis.

The progressive increase in the number of cases diagnosed since the 1940s, with the highest increment in the 2010s,
coincides with the implementation of the PNTN, which occurred in 2001 and was consolidated with the screening of
more than 85% of the total live births, already in the second half of this decade.13

The diagnosis was considered ideal in a small portion of the cohort; in nearly 90% of the cases, it was made after the
fifth day of life, and the total of patients who had no diagnosis made by the PNTN was above 60%. This data points to a
worrying reality since treatment for SCA must also be implemented in the first weeks of life to reduce the number of
vasoclusive events and the common complications of the disease.27,28

Some comorbidities are common in patients with SCA. In this study, there was a higher frequency of hepatopathy,
aseptic osteonecrosis, and heart disease cases. In addition, several research studies point to the systemic effects of
vasoclusion and for lesions in many organs, which lead to the development of SCA-related comorbidities.3,6

The hepatic system is prone to the effects of the countless blood transfusions that predispose to iron overload and
possible contaminations by other diseases such as viral hepatitis. In addition to that, sickle-cell crises, cholestasis, and
hepatic sequestration are important conditions and characterize the main SCD hepatic diseases.29,30

Osteonecrosis is considered one of the comorbidities that most impact the quality of life of the patient with SCA and
is mainly related to the repeated sickle-cell crises and tissue ischemia evolving to bone necrosis31 as well as in the

Table 1 Main Clinical Complications of Patients with Sickle-Cell Anemia, Before and After the Use of Hydroxyurea, Monitored
Between 1980 and 2018. Mato Grosso do Sul, Brazil, 2020 (n=128)

Complications Before After p††

n % n %

Complications 45 50.56 45 50.56 1.000
Pneumonia 39 86.67 30 66.67 0.025
Pain crisis 39 86.67 45 100.00 0.035
Upper airway infection 16 35.56 17 37.78 0.827
Bronchopneumonia 19 42.22 09 20.00 0.023
Infectious syndrome 17 37.78 16 35.56 0.823

Sickle-cell crisis 16 35.56 08 17.78 0.056
Anemia 11 24.44 04 8.89 0.048
Acute gastroenterocolitis 10 22.22 05 11.11 1.000

Note: ††Bold font indicates p<0.05.
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Figure 6 Data from the patients with sickle-cell anemia stratified by moments before and after the use of hydroxyurea.
Notes: (A) – First and last dose of prescribed hydroxyurea; (B) – Number of complications before and after initiation of hydroxyurea use; (C) – Number of hospitalization
days before and after initiation of hydroxyurea use; (D) – The time interval between hospitalizations (∆T) before and after initiation of hydroxyurea use; (E) – Number of
antimicrobials used before and after initiation of hydroxyurea use; (F) – Total hospitalizations before and after initiation of hydroxyurea use; (G) – Number of pain crises
before and after initiation of hydroxyurea use; (H) – Use frequency of analgesic medication before and after initiation hydroxyurea use.
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cardiovascular system, where sickle-cell crises can also lead to cardiac ischemia, change in cardiac output due to the
frequent hemolyses and cardiac remodeling, as well as the consequences of these events in the heart.32,33

Almost all the patients presented at least one hospitalization, with frequency and length of stay in days during the
entire monitoring period similar to those observed in another study.34 These figures can be associated both with the
number of comorbidities and to the complications developed by the patients during the follow-up period, especially pain
crisis.26

Despite the expressive number of hospitalizations observed, this data can be underestimated since dozens of patients
lived in the state’s inland and may have sought medical care in their municipalities of residence. This is due to the
territorial distance separating them from the specialized centers for treatment and the logistical difficulties the patients
face.25,28,35

In addition to the vasoclusive conditions, the number of hemotransfusions and the hemoglobin levels report an
important event in the course of the disease: anemia. A common condition observed in patients with SCA, anemia, occurs
mainly due to the reduced half-life of the red blood cells. In this way, hemotransfusion therapy becomes important to
correct the levels of red blood cells and prevent stroke.36

Parallel to this, serum ferritin, an important finding in polytransfunded patients, also presented increased levels
concerning the cohort mean. This biochemical marker is important for evaluating hepatic iron overload, a situation that
can evolve to severe hepatic complications.37,38

Hemolysis-related laboratory changes, such as indirect bilirubin levels, reticulocytes, lactic dehydrogenase (LDH),
and C-reactive protein (CRP), presented altered values in a large percentage of the patients studied. These markers
correlate with various dysfunctions resulting from anemia and tissue hypoxia, which can culminate in cardiovascular
damage reflected in diastolic dysfunction and pulmonary hypertension.39

When the periods before and after the use of HU by the patients with SCAwere analyzed, there was a reduction in the
frequency of hemotransfusions and use of analgesics and the number of hospitalizations. These facts are also reported by
several other studies that pointed to the reduction in the number of hemotransfusions and hospitalizations after initiation
of HU use.17,40–42

In addition to that, there was a significant reduction in complications such as pneumonia, bronchopneumonia and
anemia,43 which can be justified by the evidence that the use of HU is beneficial to the cardiopulmonary systems with
improvements in the pulmonary function and mean oxygen saturation tests,44 in addition to preventing damage to the
target organs, reducing the number of acute complications and improving survival.45,46

Although in this cohort, the analysis of the pain conditions has presented an increase in frequency after initiation of
HU, this data differs from the one found in other studies, which showed a significant reduction in pain crises in adults and
children with SCA after the introduction of this medication.17,47,48

Table 2 Use of Antimicrobials in the Periods Before and After the Use of Hydroxyurea in Patients with Sickle-Cell Anemia, Monitored
Between 1980 and 2018. Mato Grosso do Sul, Brazil, 2020 (n=128)

Use of Antimicrobials Before After p††

n % n %

Antimicrobials 45 50.56 43 48.31 0.764
Penicillin 40 88.89 30 69.77 0.026
3rd generation cephalosporin 30 66.67 37 86.05 0.033
1st generation cephalosporin 24 53.33 14 32.56 0.049
Aminoglycosides 18 40.00 05 11.63 0.002
Macrolide 12 26.67 16 37.21 0.288

4th generation cephalosporin 06 13.33 11 25.58 0.146
Quinolone 06 13.33 13 30.23 0.054

Antifungal agent, nitroimidazole 06 13.33 04 9.30 0.551

Glycopeptide 05 11.11 12 27.91 0.046

Note: ††Bold font indicates p<0.05.
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As it was not possible to analyze the degree of adherence to treatment by the cohort patients, even with constant
regular-use information in the medical files in more than 70% of the patients studied, it is not possible to infer if all of
them were actually taking the medication or if they had regular access to it. For this, it becomes necessary to understand
that the effective use of HU, mainly in countries with few financial resources, results from aspects such as guidelines,
training, adequate infrastructure, and accessibility to drug treatment.49

The lethality rate found was similar to that observed by another Brazilian study,50 and the higher specific mortality
observed among women is also not different from already conducted studies;51,52 such as the death age range of 30 to 35
years old,50 where it is possible to evidence that the survival of the patients with SCA is considered lower than that of the
Brazilian population.50

Although there is no difference in mortality between men and women in worldwide surveys, higher mortality among
women may be associated with complications related to pregnancy and the puerperium since pregnancy can be
considered an important risk factor for death among women.53 Furthermore, using oral contraceptive methods by
women of childbearing age may increase the risk of thromboembolic events and vasoclusive complications such as
ischemic stroke.54 However, pregnancy and contraception data could not be evaluated in this research.

Furthermore, the mortality rate increases significantly after adulthood. For example, a study carried out in Rio de
Janeiro, Brazil, found a mortality rate of 10.48% for children under 18 years of age and 16.77% for cases aged 18 years
and over.50 Another study55 found a mean age of death of 29.4 (± 19.5) years for SCD as the primary cause of death and
36.0 (± 20.6) as a secondary cause according to official death records, age data similar to that found in this research.

These data report the need for improvement in care, access to health services, and a comprehensive and continuous
treatment model to provide better survival, lower mortality, and better quality of life of the population in the various
regions of the country.28,56

An important tool in reducing mortality rates is neonatal screening, where early diagnosis and treatment in SCA play
a fundamental role. Its benefit in decreasing mortality is old. A study published in 1988 already demonstrated a decrease
in the mortality rate among children screened by the neonatal screening program compared to non-screened ones (1.8%
vs 8%).57 Recent studies corroborate the assertion, with reduced mortality and improved overall survival with the
evolution of neonatal screening programs.58,59

Table 3 Causes of Death Stratification by Age at the Time of Death. Mato Grosso do Sul, Brazil, 2020 (n=19)

Age* Causes of Death†

1 Massive sickling crisis
2 Acute breathing insufficiency

5 Pneumonia, Septic shock

16 Cardiogenic shock, Cor anemic
19 Acute breathing insufficiency

20 Massive sickling crisis

21 Not informed/Undetermined cause
22 Multiple organ failure, Septic shock

26 Pneumonia, Septic shock
27 Not informed/Undetermined cause

28 Acute Thoracic Syndrome, Pneumonia

35 Cardiogenic shock
35 Not informed/Undetermined cause

36 Multiple organ failure, Septic shock

37 Acute lung edema, Cardiogenic and Septic shock
38 Hypovolemic shock

46 Acute breathing insufficiency

49 Cardiogenic shock, Septic shock
51 Ischemic stroke

Notes: *Age in years; †Registered on official death certificate.
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Table 4 Number of Deaths According to the Demographic and Clinical Data of Patients with Sickle-Cell Anemia, Monitored Between
1980 and 2018. Mato Grosso do Sul, Brazil, 2020 (n=128)

Variables Death Total Relative Risk
[95% CI]

p††

Yes n (%) No n (%)

Gender
Male 07 (11.86) 52 (88.14) 59 0.64 [0.23; 1.75] 0.381*

Female 12 (17.39) 57 (82.61) 69

Age group
≤ 30 years old 11 (12.64) 76 (87.36) 87 0.65 [0.28; 1.49] 0.308*

> 30 years old 08 (19.51) 33 (80.49) 41

Diagnosis by the PNTN
Yes 03 (7.32) 38 (92.68) 41 0.40 [0.12; 1.29] 0.100*

No 16 (18.39) 71 (81.61) 87

Diagnosis time to the last
appointment
Up to 20 years 05 (7.35) 63 (92.65) 68 0.31 [0.12; 0.82] 0.011*
More than 20 years 14 (23.33) 46 (76.67) 60

Comorbidities
Yes 10 (18.87) 43 (81.13) 53 1.57 [0.69; 3.60] 0.282*

No 09 (12.00) 66 (88.00) 75
Number of comorbidities
Up to 2 16 (13.91) 99 (86.09) 115 0.60 [0.20; 1.80] 0.409†

More than 2 03 (23.08) 10 (76.92) 13
Hospitalization
Yes 19 (17.43) 90 (82.57) 109 — 0.074†

No — 19 (100)
Hospitalization in ICC
Yes 06 (20.69) 23 (79.31) 29 1.58 [0.66; 3.78] 0.373†

No 13 (13.13) 86 (86.87) 99

Complications
Yes 19 (15.70) 102 (84.30) 121 — 0.593†

No — 07 (100.00) 07

Pain crisis
Yes 16 (16.16) 83 (83.84) 99 1.56 [0.49; 4.99] 0.562†

No 03 (10.34) 26 (89.66) 29

Pneumonia
Yes 12 (15.00) 68 (85.00) 80 1.03 [0.43; 2.43] 0.949*
No 07 (14.58) 41 (85.42) 48

UAI
Yes 06 (9.68) 56 (90.32) 62 0.49 [0.20; 1.21] 0.111*
No 13 (19.70) 53 (80.30) 66

Infectious syndrome
Yes 02 (5.13) 37 (94.87) 39 0.27 [0.06; 1.11] 0.041*
No 17 (19.10) 72 (80.90) 89

Bronchopneumonia
Yes 04 (10.53) 34 (89.47) 38 0.63 [0.22; 1.78] 0.372*
No 15 (16.67) 75 (83.33) 90

Sickle-cell crisis
Yes 03 (9.68) 28 (90.32) 31 0.59 [0.18; 1.88] 0.562†

No 16 (16.49) 81 (83.51) 97

(Continued)
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Septic shock was observed as one of the main causes of death, just as several other studies evidenced that infection is
known to be the main cause of death in patients with SCA who, in their most serious conditions, can evolve to septic
shock and culminate in the aforementioned outcome.50,52,60 In addition to that, heart disease was also observed as the
leading cause of death in several other studies.61,62 Among the main complaints referred to in the period prior to death,
pain stood out, a common manifestation in SCA due to vasoclusive episodes and damage to organs and tissues.63

Table 5 Number of Deaths According to Medication Use and Procedures Performed in Patients with Sickle-Cell Anemia, Mato
Grosso do Sul, Brazil, 2020 (n=128)

Variables Death Total Relative Risk [95% CI] p††

Yes n (%) No n (%)

Antimicrobials
Yes 17 (15.45) 93 (84.55) 110 1.39 [0.35; 5.52] 1.000†

No 02 (11.11) 16 (88.89) 18
Analgesics
Yes 19 (18.27) 85 (81.73) 104 — 0.023†

No — 24 (100.00) 24
Regular analgesic
Yes 19 (18.81) 82 (81.19) 101 — 0.012†

No — 27 (100.00) 27
Opioids
Yes 16 (18.82) 69 (81.18) 85 2.70 [0.83; 8.76] 0.075*

No 03 (6.98) 40 (93.02) 43
Iron chelator
Yes 05 (25.00) 15 (75.00) 20 1.93 [0.78; 4.76] 0.177*

No 14 (12.96) 94 (87.04) 108
Hydroxyurea
Yes 13 (14.61) 76 (85.39) 89 1.06 [0.37; 2.99] 1.000*

No 04 (13.79) 29 (86.21) 29
Invasive devices
Yes 10 (26.32) 28 (73.68) 38 2.63 [1.16; 5.96] 0.018*
No 09 (10.00) 81 (90.00) 90

Blood transfusions
Yes 16 (16.16) 83 (83.84) 99 1.56 [0.49; 4.99] 0.562†

No 03 (10.34) 26 (89.66) 29
Exchange transfusion
Yes 04 (26.67) 11 (73.33) 15 2.01 [0.77; 5.26] 0.237†

No 15 (13.27) 98 (86.73) 113

Notes: ††Bold font indicates p<0.05; *Chi-Square Test. †Fisher’s Exact Test.
Abbreviation: CI, confidence interval.

Table 4 (Continued).

Variables Death Total Relative Risk
[95% CI]

p††

Yes n (%) No n (%)

Number of Complications
Up to 8 11 (16.67) 55 (83.33) 66 1.29 [0.56; 3.00] 0.550*

More than 8 08 (12.90) 54 (87.10) 62

Notes: ††Bold font indicates p<0.05; *Chi-Square Test. †Fisher’s Exact Test.
Abbreviations: PNTN, National Neonatal Screening Program (Programa Nacional de Triagem Neonatal); CI, Confidence Interval; ICC, Intensive Care Center; UAI, Upper
Airway Infection.
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Figure 7 Distribution of values for laboratory markers between cases that died and those that survived, Campo Grande, Mato Grosso do Sul, Brazil (n=128).
Notes: (A) levels of de hemoglobin in cases of death and of survival; (B) levels of de mean corpuscular volume in cases of death and of survival; (C) levels of de leukocytes in
cases of death and of survival; (D) levels of de reticulocytes in cases of death and of survival; (E) levels of de lactic dehydrogenase in cases of death and of survival; (F) levels
of de C-reactive protein in cases of death and of survival; (G) levels of de direct bilirubin in cases of death and of survival; (H) levels of de indirect bilirubin in cases of death
and of survival; (I) levels of de ferritin in cases of death and of survival; (J) levels of de creatinine in cases of death and of survival.
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The use of analgesic medications was also associated with a higher risk of death, especially in the case of regular
analgesics. Although without statistical association, opioid analgesics were used by 16 of the 19 patients who died. This
increase in the use frequency of opioids was observed in a study carried out with 3368 patients with SCA, and an
association was found between the increase in the use of regular analgesics and complications associated with the
disease.64

Likewise, antimicrobials were also associated with a higher risk of death, among which the most frequently found in
the death cases were those of the aminoglycoside class. A recent study found an association between higher mortality and
antimicrobial resistance,65 a fact that can corroborate this research’s data.

In addition, almost all of the cases presented altered laboratory test values concerning the normality parameters;
however, creatinine was associated with higher mortality, as observed in other studies.66,67

The use of invasive devices is associated with a higher risk of death, just as the probability of the patients who made
use of invasive devices dying was greater in relation to those who did not use them, as observed in a study conducted by
Allareddy et al, where the patients who made use of mechanical ventilation had a greater chance of dying when compared
to those who did not use it.68

Although this study is one of the first to study mortality from SCA in the state of MS, Brazil, it has limitations arising
from secondary records that prevent the collection of many data, such as HbF levels not available sequentially in medical
records. Furthermore, it is not possible to say whether the cases were followed up and used appropriate medications or
not. The absence of some information prevented important analyzes such as the effect of HbF level and regularity of
follow-up on cohort mortality.

Despite these limitations, this study constitutes an essential source of epidemiological and mortality data from SCA in
Brazil, where the real condition of the disease is still unknown.

Conclusion
The SCA cases analyzed in this study present a discrete increase in the female patients, whose predominant age range
was between 30 and 39 years old, with a life expectancy below the general population, predominant age group of the
patients who died between 30 and 35 years old and specific mortality more accentuated in women.

SCA diagnosis had a progressive increase over the years, mainly since 2010. However, diagnosis after the fifth day of
life was observed in nearly 90% of the cases, when more than 60% of the diagnoses were not made by the PNTN.

There was the predominance of comorbidities such as hepatopathies, aseptic osteonecrosis, and heart disease. The
main clinical changes were related to the vasoclusive conditions; in addition to that, the laboratory tests evidenced that a
large percentage of the patients had low hemoglobin levels, increased serum ferritin, and biochemical conditions
compatible with hemolysis.

After initiation of HU, there was a reduction in the number of hemotransfusions and hospital admissions, in addition
to the decrease in complications of the respiratory tract and anemia. However, there has been an increase in pain
conditions after initiation of HU, which is dependent on the use and adherence to the medication, which was not possible
to assess in this study.

The death cases are mainly due to septic shock and the risks are increased for patients with more than 20 years of
follow-up, who, when hospitalized, make greater use of analgesics, antimicrobials and with laboratory test results outside
the normal range, with particular attention to creatinine; in addition to the use of invasive devices. These points denote
the need for greater attention targeting the treatment provided to the patients, mainly concerning access to the services,
medications, tests, and therapies required for increased survival and reduced number of clinical problems.

In addition, the data found on the risk factors and causes of death among the patients with SCA point to the need for
prospective longitudinal studies that can ratify these findings and investigate in detail each of the risk factors pointed out
by this research.
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