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A B S T R A C T   

Background: Structural disorders of hemoglobin are a group of rare and fatal genetic diseases that 
disrupt the transport and exchange of oxygen in the blood, causing tissue damage and ultimately 
leading to chronic conditions. The hemoglobin (Hb) S variant predominantly impacts individuals 
of Afro-descendant heritage. A significant concentration of the Afro-descendant population in 
Colombia, notably 12.5 %, is found in the city of Cali. Previous research has identified this city’s 
structural hemoglobin disorders prevalence rate of 3.78 %. The aim of this study was to determine 
the prevalence of HbC, HbS, HbF, and HbA2 variants within a population who underwent HbA1c 
testing, as well as the prevalence of chronic diseases among patients with these hemoglobin al-
terations, at a high-complexity hospital in the city of Cali from 2015 to 2019. 
Methods: A descriptive observational study was conducted, involving a study population that 
comprised patients with both suspected and monitored diagnoses of diabetes. The cohort was 
selected from a high-complexity hospital in Cali. A total of 15,608 patients were included in the 
analysis, all of whom underwent HbA1C measurement through capillary electrophoresis, which 
also offers an indirect diagnosis of certain structural disorders of hemoglobin. Bayesian methods 
were employed for frequency analysis. 
Results: Among the 15,608 patients assessed, 63.6 % (n = 9920) were women. The overall 
prevalence of structural hemoglobin disorders was 1.98 % (n = 287, 95 % CI = 1.77 %–2.21 %). 
The co-occurrence of diabetes and kidney disease emerged as the most prevalent combination of 
pathologies observed in individuals with HbC, for both men and women across various age 
groups: 18–42 (58.3 % and 50.0 % respectively), 43–55 (50.0 % for both), 56–65 (50.0 % and 
37.5 % respectively), and >65 years (66.7 % and 57.1 % respectively). 
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Conclusions: The observed prevalence of the studied variants exceeded 1 %, a threshold under-
scored by the World Health Organization (WHO) as epidemiologically significant. Among HbC 
and HbS-positive patients, the elevated prevalence of diabetes and kidney disease is a guiding 
factor in developing proactive prevention strategies.   

1. Introduction 

Hemoglobin (Hb) is a pivotal protein for oxygen transport, encoded on human chromosomes 11 and 16. In adults, consistent 
concentrations of three Hb types (HbA, HbA2, and HbF) exist [1]. Genetic disorders can lead to defective hemoglobin, causing 
structural changes in the hemoglobin molecule (structural disorders of hemoglobin) or production amount changes (thalassemias, a 
subset of hemoglobin variants) [2]. 

HbS, HbE, and HbC are the main structural hemoglobin variants, whereas α- and β-thalassemia are the main types of thalassemia. 
HbS prompts sickle cell disease. These deviations result in oxygen transport deficits, infarction-like tissue damage, and severe con-
ditions such as pulmonary hypertension, heart failure, kidney damage, and diabetes, ultimately culminating in mortality [3]. 

Structural disorders of hemoglobin were declared the most common genetic diseases [3]. The World Health Organization (WHO) 
states that any hemoglobin variant with a frequency greater than 1 % is considered regionally endemic [4,5]. By 2012, projections 
indicated that approximately 330,000 newborns were carriers of structural hemoglobin variants globally, with 275,000 being carriers 
of HbS [6], and that this number was set to rise to 400,000 annually by 2050 [7]. These disorders claim the lives of 75 % of rural 
children before reaching the age of 5.5, with two-thirds of cases occurring in Africa [8]. 

Sickle cell anemia is widespread in regions such as sub-Saharan Africa, the Mediterranean, the Middle East, and the Indian sub-
continent. The independent emergence of the sickle cell gene in Africa and other regions is remarkable, potentially occurring multiple 
times due to gene conversion events. Hemoglobin sickle cell disease prevails in western and northern Africa, while HbS β thalassemia is 
found in parts of sub-Saharan Africa, the Middle East, and the Indian subcontinent [6]. 

Thalassemic patients can also be encountered in the Mediterranean region, where 4 distinct hemoglobin disorder subgroups prevail 
including beta thalassemia major (TM), beta thalassemia intermedia (TI), sickle cell disease (SCD) and hemoglobin H disease (alpha 
thalassemia). Their clinical spectrum ranges from mild to severe, responding to the complex interactions between genes and envi-
ronmental factors [9]. 

Milder forms of α thalassemia exist in tropical regions spanning sub-Saharan Africa, the Mediterranean, the Middle East, and Asia. 
Despite their prevalence in these areas, structural hemoglobin variants have spread worldwide through population migrations, with 
the sickle cell gene appearing in the Caribbean Islands, North America, and other countries [6]. 

In developed countries, 99 % of newborn hemoglobin variant carriers survive, yet most patients die before age 25 [10], with 42 % 
dying before age 15 due to treatment failures, leading to a life expectancy that barely exceeds 55 years [11]. To address these chal-
lenges, countries like the United States, the Netherlands, France, Germany, and India have implemented genetic counseling and 
neonatal screening for various hemoglobin variants including HbF, HbE, HbD, and HbC [12]. These programs intend to reduce 
healthcare costs, expand vaccinations, improve primary care, and offer prophylactic antibiotics [13,14]. 

In Colombia, the population mainly comprises three ethnic groups: Caucasians, Blacks, and Asians [5,6]. Structural disorders of 
hemoglobin have been included in the National Information System for Patients with Orphan Diseases since 2012. Mandatory 
reporting of prevalence started in 2016 in the National System of Public Health Surveillance (Sistema Nacional de Vigilancia en Salud 
Pública), along with its inclusion in the high-cost account [8]. 

A neonatal screening program began in 2019, covering structural hemoglobin disorders and tests for congenital hypothyroidism, 
phenylketonuria, galactosemia, cystic fibrosis, congenital adrenal hyperplasia, and biotinidase deficiency. The goal was to enhance 
education, promotion, prevention, and genetic counseling networks, reducing births of carrier children and related treatment ex-
penses. Prevalence studies are limited, with estimated low event reporting, with 224 cases reported in 2016–2019 [14–17]. 

The department of Valle del Cauca has 1.6 % of Colombia’s indigenous and 25.3 % of its African-descended population. Cali, its 
capital, has 12.5 % of Colombia’s African-descended population, with 26.2 % born there [18], and 55 % residing in urban areas [19]. A 
2004 neonatal study in Cali found a structural hemoglobin variant prevalence of 3.78 % (4), including carriers of HbS, HbAC, and 
HbAD [5,20]. A 2013 publication noted that 98.1 % of mothers of affected children were unaware of this condition [20]. 

Given Cali’s large African-descendant population [19], this study assessed structural hemoglobin variants prevalence in a health 
institution using an indirect diagnosis. Data from 2015 to 2019, including glycated hemoglobin tests via capillary electrophoresis on 
suspected diabetes cases and from follow-up patients for this disease, were analyzed. The prevalence of specific structural hemoglobin 
variants was estimated using Bayesian inference, and findings were stratified by age and type of variants, which included HbS, HbC, 
changes at HbF, and changes at HbA2. The association with comorbidities like diabetes, heart disease, kidney issues, and hypertension 
was explored. 

2. Material and methods 

An observational study was conducted to determine the prevalence of structural hemoglobin variants in patients from a hospital in 
Cali, Colombia, using an indirect diagnosis obtained by the HbA1C test via capillary electrophoresis on suspected diabetes cases or 
under follow-up for this pathology. This test is confined to detecting the existence or absence of alterations in structural hemoglobin 
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variants; nevertheless, it does not possess the capacity to identify other hemoglobin disorders, mutations in alleles, or individuals with 
distinct traits. 

Patient age was grouped into quartiles for frequency analysis. Within each study group (age, sex, HbS, HbC, HbF, HbA2 variants), 
16 pathologies were analyzed using frequentist methods. Noncommunicable chronic disease frequency was determined using Bayesian 
methods, considering age and sex, assuming a priori conjugate Beta(γjk, τjk) distribution. 

3. Data 

Data was obtained from a clinical laboratory’s HbA1c test by electrophoresis database. Initially, 61,941 records were identified 
between 2015 and 2019. Among these, there were 15,608 unique records of HbA1c tested using capillary electrophoresis. Of these, 
only 287 subjects met the inclusion criteria, being residents of Cali over 18 years of age, tested between April 1, 2015, and April 30, 
2019, without medullary pathologies [21]. The records included information about the type of structural hemoglobin variant (HbC, 
HbS, altered HbA2, altered HbF) and the presence of pathologies including diabetes, heart disease, kidney disease, and hypertension. 

4. Statistical analysis 

For each of the r = 1,2,…,32 groups obtained from the combinations of the categories of sex, age, and HbC, HbS, HbF, or HbA2, 
the prevalence was estimated from Bayes’s formula. The prior distribution was assumed as a Beta(α= 1, β= 1) due to non-specialist 
information; therefore, a prevalence value between 0 and 1 was assumed, with the same probability for all values. The posterior 
distribution obtained was a Beta(α∗

r = 1 + xr,β∗
r = nr − xr + 1), where xr refers to the number of patients with HbC, HbS, HbF or HbA2 

inside of group r; and nr is the number of patients in the same group. Chains of 10,000 random values were simulated for each dis-
tribution, using an absolute loss function, estimating the prevalence by group, and its 95 % credibility region (2.5th and 97.5th 
percentiles). 

Prevalence for 16 groups with four base pathologies (diabetes, kidney disease, heart disease, and hypertension) and their com-
binations was estimated. For the 287 patients with structural hemoglobin variants, data was obtained only in 21 groups (of 32 possible) 
with a small sample size. Prevalence was estimated similarly to general prevalence but with informative prior distributions. Bayesian 
empirical methods [22] and Tovar’s approach [18] were employed to establish prior distribution parameters. 

5. Results 

A total of 15,608 records were considered and analyzed during the study period, of which 63.56 % (n = 9920) were women 
(Table 1). The search for patients with altered HbC, HbS, HbF, or HbA2 yielded 287 positive cases that met the inclusion criteria 
(Supplementary Table 1). These patients represented a prevalence of 1.98 % (95 % CI = 1.77 %–2.21 %) for any of the structural 
variants of hemoglobin found. The prevalence in women was 1.68 % (95 % CI = 1.43 %–1.94 %), while in men, it was 2.51 % (95 % CI 
= 2.11 %–2.92 %). The most frequent variant was HbS, accounting for 73.2 % of women and 62.7 % of men. Conversely, men exhibited 
a higher frequency of HbC at 34.3 %, as opposed to women with a frequency of 26.1 %. Regarding the grouping by age, Table 1 shows 
that the highest prevalence for all types of variants occurred in the subgroup of men older than 65 years (2.93 %, 95 % CI = 1.79 %– 
2.80 %). The highest prevalence in women occurred between 43 and 55 years (2.14 %, 95 % CI: [1.54–2.74]). 

When considering the relationships between structural hemoglobin variants, age, sex, and comorbidity, diabetes appeared across 
all age-gender groups. Both sexes displayed combinations of diabetes with kidney disease and diabetes with heart disease. These 
combinations were observed across a broader age range for females, reaching 80 years, compared to 70 years in males. The combi-
nation of diabetes, hypertension, and kidney disease consistently appeared among women of all ages, with a median age of 35. In men, 
it emerged after age 45, with a median age of 55. 

From the frequency analysis of the 16 pathologies within each study group (age, sex, structural hemoglobin variant), the following 
observations were made: Among men, the most common combination was diabetes with kidney disease (>50 % across all ages). HbC 
exhibited a higher prevalence in combination with diabetes and kidney disease in men, whereas HbS prevailed except within the 18–42 
age group. Approximately 3.85 % of men between ages 43 and 55 exhibited comorbidities related to four structural hemoglobin 
variants. Only two men with diabetes plus kidney disease showed changes in fetal hemoglobin concentration. Similarly, diabetes with 
kidney disease and diabetes with heart disease were common comorbidities in women. However, the lowest prevalence was 37.5 % for 
women with HbC aged 56–65 (Fig. 1). 

Table 1 
Frequency of hemoglobin variants by age and sex.   

Age group 
Women Men 

n (%) Frequency of hemoglobin variant [95 % CI] n (%) Frequency of hemoglobin variant [95 % CI] 

18–42 2694 (27,16) 1,60 [1,12–2,07] 1424 (25,00) 2,25 [1,48–3,02] 
43–55 2241 (22,59) 2,14 [1,54–2,74] 1445 (25,40) 2,35 [1,57–3,13] 
56–65 2459 (24,79) 1,50 [1,02–1,99] 1623 (28,50) 2,59 [1,82–3,36] 
>65 2526 (25,46) 1,54 [1,06–2,02] 1196 (21,00) 2,93 [1,97–3,88] 
Total 9920 1,68 [1,43–1,94] 5688 2,51 [2,11–2,92]  
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Tables 2 and 3 present the Bayesian estimation results for the 16 pathologies within each study group. These tables provide ex-
pected frequencies for each pathology within the respective groups. For instance, the probability of finding diabetes and kidney disease 
in HbC-carrying men aged 18–42 was 57.39 % (95 % CI = 37.53 %–76.68 %) (Table 2). Furthermore, Tables 2 and 3 demonstrate that 
within population 1, which corresponds to diabetes, the highest prevalence of HbS occurred in women older than 65 years, with a 
prevalence of 7.79 % (95 % CI = 1.97 %–16.46 %). 

6. Discussion 

A prevalence of 1.98 % (95 % CI: 1.77 %–2.21 %) for the considered variants in this selected sample was found, emphasizing the 
need for broader prevalence studies using randomized screening in the city’s general population. The sample was composed of patients 
with glucose metabolism alterations, who underwent glycated hemoglobin tests performed using capillary electrophoresis. This 
facilitated the identification and enrollment of patients with certain hemoglobin variants. Our findings highlight a significant public 
health concern for the region, in line with the WHO criteria that define endemism as having a prevalence of over 1 % [5]. 

The results indicate a higher prevalence of hemoglobin variant expression in men, regardless of age, which challenges Mendelian 
inheritance expectations [23]. However, it should be noted that random sampling was not employed, and these results depend on the 
characteristics of this specific population, which could explain the discrepancy with expected outcomes. 

To draw scientifically robust conclusions, larger-scale studies controlling for epidemiological variables are vital. Satizabal’s study 
[4] on Cali’s structural disorders of hemoglobin prevalence showed HbC as the most common variant, followed by HbS. However, our 
study revealed HbS as the most frequent variant in both men and women, due to the city’s ethnic composition, being more common in 
women than in men. HbC, on the other hand, was more prevalent in men. 

Analyzing the data matrix for pathology frequency by age, sex, and type of hemoglobin variant, combinations of diabetes plus 
kidney disease and diabetes plus heart disease were prevalent. This is consistent with the used database, as diabetes is a common 
comorbidity due to metabolic conditions, environmental factors, and genetic convergence with structural hemoglobin disorders [24]. 
Both heart and kidney diseases, within diabetes and normal hemoglobin contexts, relate to permanent oxygen transport deficiency in 
this condition [25]. 

7. Strengths 

This study represents the first investigation conducted in Cali, among adults, that addresses the prevalence of chronic diseases in 
patients with structural hemoglobin disorders. The methodological rigor of the Bayesian approach enables the establishment of valid 
conclusions for this population, owing to its analytical nature. Despite being focused on a specific population, this study will provide 
compelling grounds to advocate for broader prevalence studies in the general Cali population. 

Fig. 1. Age by pathology and sex in patients with hemoglobin variants 
Pathology: 1: diabetes; 2: hypertension; 3: kidney disease; 4: heart disease; 5: diabetes and hypertension; 6: diabetes and kidney disease; 7: diabetes 
and heart disease; 8: hypertension and kidney disease; 9: hypertension and heart disease; 10: kidney disease and heart disease; 11: diabetes, hy-
pertension, and kidney disease; 12: diabetes, hypertension, and heart disease; 13: diabetes, kidney disease, and heart disease; 14: hypertension, 
kidney disease, and heart disease; 15: diabetes, hypertension, kidney disease, and heart disease; 16: none of the four pathologies. 
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Table 2 
Bayesian estimation of the frequencies of pathologies by age group and type of hemoglobin variant in male patients.  

Age Hba P1 (95 % CR) P2 (95 % CR) P3 (95 % CR) P4 (95 % CR) P5 (95 % CR) P6 (95 % CR) P7 (95 % CR) P8 (95 % CR) 

18–42 HbC 6.12 (0.09–17.78) 12.45 (1.7–27.03) 0 (0–0.02) 0 (0–0.01) 4.06 (0–14.46) 57.39 (37.53–76.68) 2.67 (0–11.79) 0.65 (0–7.32) 
18–42 HbS 0.68 (0–5.64) 16.37 (5.79–29.62) 6.62 (0.36–16.24) 0.3 (0–4.38) 4.52 (0.1–13.07) 22.03 (9.51–36.74) 22.53 (9.29–37.43) 5.17 (0.23–14.52) 
18–42 HbF 0 (0–0.02) 0 (0–0.03) 0 (0–0.02) 0 (0–0.03) 0 (0–0.04) 100 (99.97–100) 0 (0–0.02) 0 (0–0.02) 
43–55 HbC 8.43 (0.13–23.84) 10.76 (0.41–27.51) 0 (0–0.02) 0 (0–0.01) 0.21 (0–6.79) 54.16 (31.69–76.64) 3.69 (0–16.18) 0.85 (0–9.72) 
43–55 HbS 5.22 (0.41–13.07) 5.61 (0.49–13.47) 0.49 (0–4.33) 2.44 (0.01–8.54) 3.62 (0.04–10.32) 29.32 (16.03–43.08) 25.11 (13.09–38.79) 4.05 (0.07–11.03) 
56–65 HbC 1.47 (0–8.51) 6.66 (0.33–17.74) 0 (0–0.01) 0 (0–0.01) 0.13 (0–4.02) 52.69 (34.07–70.43) 17.43 (5.5–33.18) 4.22 (0.01–13.66) 
56–65 HbS 3.06 (0.02–10.01) 11.51 (3.22–22.7) 0.53 (0–4.94) 2.7 (0–9.28) 1.36 (0–6.85) 16.32 (6.16–28.9) 14.33 (4.66–25.99) 4.49 (0.08–12.05) 
56–65 HgA2 0 (0–0.02) 0 (0–0.03) 0 (0 - <0.001) 0 (0–0.02) 0 (0–0.03) 0 (0–0.02) 100 (100–100) 0 (0–0.02) 
>65 HbC 3.18 (0–17.44) 5.75 (0–21.26) 0 (0–0.01) 0 (0–0.01) 0.27 (0–8.87) 58.45 (38.66–76.7) 12.13 (0.24–31.1) 8.91 (0.03–27.63) 
>65 HbS 1.11 (0–9.27) 6.17 (0.06–18) 1.05 (0–9.28) 0.51 (0–7.38) 12.39 (1.87–28.33) 48.17 (30.61–65.22) 36.43 (19.22–55.07) 12.95 (1.69–28.36) 
>65 HbF 0 (0–0.27) 0 (0–0.37) 0 (0–0.3) 0 (0–0.56) 0 (0–0.3) 53.03 (31.56–74.33) 0 (0–0.31) 0 (0–0.23) 
>65 HgA2 0 (0–0.31) 0 (0–0.34) 100 (100–100) 0 (0–0.21) 0 (0–0.31) 0 (0–0.31) 0 (0 - <0.001) 0 (0–0.39)  

Age Hba P9 (95 % CR) P10 (95 % CR) P11 (95 % CR) P12 (95 % CR) P13 (95 % CR) P14 (95 % CR) P15 (95 % CR) P16 (95 % CR) 

18–42 HbC 0 (0–0.01) 0 (0–0.01) 0.45 (0–6.56) 6.05 (0.12–17.77) 0 (0–0.01) 0 (0–0.01) 0 (0–0.01) 0.88 (0–7.94) 
18–42 HbS 8.16 (1.06–18.77) 0 (0–0.01) 3.86 (0.01–12.01) 0 (0–0.01) 0 (0–0.01) 0.04 (0–2.85) 0.02 (0–2.39) 0.24 (0–4.09) 
18–42 HbF 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.03) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 
43–55 HbC 0 (0–0.01) 0 (0–0.01) 0.61 (0–8.75) 8.3 (0.1–23.29) 0 (0–0.01) 0 (0–0.01) 0 (0–0.02) 1.17 (0–10.62) 
43–55 HbS 6.46 (0.88–14.83) 0 (0–0.01) 3.07 (0.01–9.33) 0 (0–0.01) 0 (0–0.01) 0.03 (0–2.22) 2.02 (0–7.61) 4.77 (0.36–12.23) 
56–65 HbC 0 (0–0.01) 0 (0–0.01) 7.67 (0.47–19.45) 1.47 (0–8.67) 0 (0–0.01) 0 (0–0.01) 0 (0–0.01) 0.74 (0–6.69) 
56–65 HbS 4.44 (0.26–12.22) 0 (0–0.01) 3.34 (0.03–10.37) 0 (0 - <0.001) 0 (0 - <0.001) 2.31 (0–8.56) 0.02 (0–2.27) 0.21 (0–3.72) 
56–65 HgA2 0 (0–0.02) 0 (0–0.03) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 
>65 HbC 0 (0–0.02) 0 (0–0.01) 0.83 (0–11.86) 3.12 (0–17.26) 0 (0–0.02) 0 (0–0.01) 0 (0–0.02) 17.4 (1.87–39.48) 
>65 HbS 3.34 (0–13.73) 0 (0–0.01) 1.53 (0–10.55) 0 (0–0.01) 0 (0–0.01) 0.08 (0–5.02) 0.04 (0–4.13) 0.42 (0–6.94) 
>65 HbF 0 (0–0.27) 0 (0–0.38) 0 (0–0.45) 0 (0–0.34) 0 (0–0.38) 0 (0–0.33) 0 (0–0.5) 0 (0–0.37) 
>65 HgA2 0 (0–0.25) 0 (0–0.4) 0 (0–0.3) 0 (0–0.28) 0 (0–0.38) 0 (0–0.43) 0 (0–0.25) 0 (0–0.46) 

Hb a: hemoglobin. 
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Table 3 
Bayesian estimation of the frequencies of pathologies by age group and type of hemoglobin variant in female patients.  

Age Hba P1 (95 % CR) P2 (95 % CR) P3 (95 % CR) P4 (95 % CR) P5 (95 % CR) P6 (95 % CR) P7 (95 % CR) P8 (95 % CR) 

18–42 HbC 1.42 (0–12.27) 7.68 (0.02–23.78) 0 (0–0.01) 0.49 (0–9.14) 0 (0–0.01) 48.15 (24.12–72.22) 13.35 (1.25–32.34) 2.2 (0–14.02) 
18–42 HbS 4.52 (0.54–10.52) 0.25 (0–2.81) 0.27 (0–2.9) 0.63 (0–3.82) 0.84 (0–4.38) 27.39 (16.67–39.04) 23.8 (13.74–34.86) 4.79 (0.56–10.81) 
43–55 HbC 13.05 (1.22–30.63) 1.05 (0–10.14) 0 (0–0.01) 6.07 (0–20.31) 0 (0–0.01) 42.01 (19.87–64.81) 18.2 (3.5–37.37) 7.96 (0.06–22.86) 
43–55 HbS 5.6 (1.26–11.8) 0.23 (0–2.52) 0.23 (0–2.53) 3.54 (0.36–8.73) 3.76 (0.41–8.9) 24.47 (14.92–35.38) 21.22 (12.57–31.8) 4.3 (0.63–9.94) 
56–65 HbC 1.42 (0–12.26) 7.74 (0.01–24.39) 0 (0–0.01) 0.53 (0–9.16) 0 (0–0.01) 41.37 (17.73–65.47) 20.55 (3.76–42.06) 15.95 (1.64–36.17) 
56–65 HbS 6.61 (1.55–13.77) 0.26 (0–3.06) 0.26 (0–3.01) 2.44 (0.01–7.24) 0.91 (0–4.62) 28.93 (17–40.62) 17.84 (8.98–28.69) 3.26 (0.12–8.78) 
>65 HbC 5.65 (0.01–17.81) 0.84 (0–8.11) 0 (0–0.01) 4.9 (0.01–16.58) 0 (0–0.01) 53.43 (32.51–73.16) 14.38 (2.86–30.91) 1.56 (0–10.04) 
>65 HbS 7.79 (1.97–16.46) 2.36 (0–7.81) 2.32 (0.01–7.82) 0.8 (0–5.04) 3.19 (0.03–9.21) 51.82 (38.06–65.79) 21.27 (10.82–33.72) 1.79 (0–6.95) 
>65 HgA2 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02)  

Age Hba P1 (95 % CR) P2 (95 % CR) P3 (95 % CR) P4 (95 % CR) P5 (95 % CR) P6 (95 % CR) P7 (95 % CR) P8 (95 % CR) 

18–42 HbC 1.42 (0–12.27) 7.68 (0.02–23.78) 0 (0–0.01) 0.49 (0–9.14) 0 (0–0.01) 48.15 (24.12–72.22) 13.35 (1.25–32.34) 2.2 (0–14.02) 
18–42 HbS 4.52 (0.54–10.52) 0.25 (0–2.81) 0.27 (0–2.9) 0.63 (0–3.82) 0.84 (0–4.38) 27.39 (16.67–39.04) 23.8 (13.74–34.86) 4.79 (0.56–10.81) 
43–55 HbC 13.05 (1.22–30.63) 1.05 (0–10.14) 0 (0–0.01) 6.07 (0–20.31) 0 (0–0.01) 42.01 (19.87–64.81) 18.2 (3.5–37.37) 7.96 (0.06–22.86) 
43–55 HbS 5.6 (1.26–11.8) 0.23 (0–2.52) 0.23 (0–2.53) 3.54 (0.36–8.73) 3.76 (0.41–8.9) 24.47 (14.92–35.38) 21.22 (12.57–31.8) 4.3 (0.63–9.94) 
56–65 HbC 1.42 (0–12.26) 7.74 (0.01–24.39) 0 (0–0.01) 0.53 (0–9.16) 0 (0–0.01) 41.37 (17.73–65.47) 20.55 (3.76–42.06) 15.95 (1.64–36.17) 
56–65 HbS 6.61 (1.55–13.77) 0.26 (0–3.06) 0.26 (0–3.01) 2.44 (0.01–7.24) 0.91 (0–4.62) 28.93 (17–40.62) 17.84 (8.98–28.69) 3.26 (0.12–8.78) 
>65 HbC 5.65 (0.01–17.81) 0.84 (0–8.11) 0 (0–0.01) 4.9 (0.01–16.58) 0 (0–0.01) 53.43 (32.51–73.16) 14.38 (2.86–30.91) 1.56 (0–10.04) 
>65 HbS 7.79 (1.97–16.46) 2.36 (0–7.81) 2.32 (0.01–7.82) 0.8 (0–5.04) 3.19 (0.03–9.21) 51.82 (38.06–65.79) 21.27 (10.82–33.72) 1.79 (0–6.95) 
>65 HgA2 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 0 (0–0.02) 

Hb a: hemoglobin. 
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8. Limitations 

This study collected information from a database in a single healthcare institution; therefore, it is not possible to generalize the 
findings to the entire city. The study focused on a specific population of individuals suspected of having diabetes or undergoing 
treatment. As a result, it is not possible to ensure external validity and the extrapolation of the results obtained to patients without 
alterations in glucose metabolism or the general population. Furthermore, due to the inherent characteristics of the subjects, it is 
expected that the most frequent comorbidity is diabetes, and this could lead to differences when conducting the study with appropriate 
sampling techniques. 

9. Conclusions 

The general prevalence of hemoglobin variants including HbC or HbS, or alterations in HbF or HbA2, was 1.98 % (95 % CI 1.77 %– 
2.21 %) by frequentist methods. This rate is above the 1 % value suggested by the WHO as a threshold to declare the condition as 
endemic for a localized population. Therefore, the hemoglobin variant condition is endemic in the studied population. 

In the population suspected of diabetes or under follow-up for this pathology, who underwent HbA1c testing via capillary elec-
trophoresis, the presence of the studied hemoglobin variants revealed prevalence differences by sex, with men being the most affected. 
HbS was the most frequent genetic variant in both sexes within each study group. The combination of diabetes and kidney disease is a 
common finding in patients with HbS and HbC. 
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HbA1c Glycated hemoglobin 
WHO World Health Organization 
HbA Hemoglobin A 
HbE Hemoglobin E 
TM Beta thalassemia major 
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[10] P. Aguilar Martinez, M. Angastiniotis, A. Eleftheriou, B. Gulbis, M.D.M. Mañú Pereira, R. Petrova-Benedict, et al., Haemoglobinopathies in Europe: health & 
migration policy perspectives, Orphanet J. Rare Dis. 9 (2014) 97, https://doi.org/10.1186/1750-1172-9-97. 

[11] K.A. Kadhim, K.H. Baldawi, F.H. Lami, Prevalence, incidence, trend, and complications of thalassemia in Iraq, Hemoglobin 41 (2017) 164–168, https://doi.org/ 
10.1080/03630269.2017.1354877. 

[12] Z.-Y. Ding, G.-S. Shen, S. Zhang, P.-Y. He, Epidemiology of hemoglobinopathies in the huzhou region, zhejiang province, southeast China, Hemoglobin 40 
(2016) 304–309, https://doi.org/10.1080/03630269.2016.1200988. 

[13] R. Grosse, Z. Lukacs, P.N. Cobos, F. Oyen, C. Ehmen, B. Muntau, et al., The prevalence of sickle cell disease and its implication for newborn screening in 
Germany (hamburg metropolitan area), Pediatr. Blood Cancer 63 (2016) 168–170, https://doi.org/10.1002/pbc.25706. 

[14] N. Teawtrakul, A. Jetsrisuparb, S. Pongudom, C. Sirijerachai, K. Chansung, C. Wanitpongpun, et al., Epidemiologic study of major complications in adolescent 
and adult patients with thalassemia in Northeastern Thailand: the E-SAAN study phase I, Hematol Amst Neth 23 (2018) 55–60, https://doi.org/10.1080/ 
10245332.2017.1358845. 
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