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ABSTRACT 
Background: Hemoglobinopathies constitute a major inherited public health disorder in India, with marked regional and 
community-based variations in prevalence. While tribal populations in Gujarat have been extensively investigated because 
of the high burden of sickle cell disorders, limited epidemiological data are available regarding hemoglobinopathies among 
non-tribal youth. Early identification of carriers in the reproductive age group is essential for effective prevention and 
genetic counselling strategies. 
Methods: A large-scale cross-sectional observational study was conducted in Central Gujarat, including Ahmedabad and 
Vadodara districts, between individuals aged 18–30 years. A total of 40,000 participants were screened, comprising 20,000 
non-tribal and 20,000 tribal individuals recruited through educational institutions, community health camps, and outpatient 
services. Venous blood samples collected in EDTA vacutainers were analysed using the Bio-Rad Variant II High-
Performance Liquid Chromatography (HPLC) system for detection and characterization of hemoglobin variants. Statistical 
analysis was performed using the chi-square test, with p < 0.05 considered statistically significant. 
Results: Among non-tribal participants, 77.85% exhibited normal hemoglobin patterns, whereas 22.15% showed 
abnormalities, including sickle cell trait (10.0%), β-thalassemia trait (3.25%), microcytic hypochromic anemia suggestive 
of iron deficiency (5.5%), and other hemoglobin variants (1.75%). Tribal participants demonstrated a significantly higher 
burden of hemoglobinopathies, with increased prevalence of sickle cell trait (16.0%) and sickle cell disease (2.0%) 
compared to non-tribal individuals (p < 0.001). Gender-wise analysis among non-tribal youth revealed no statistically 
significant difference in hemoglobinopathies distribution (p > 0.05). Caste-wise analysis demonstrated a significantly 
higher prevalence of sickle cell trait among SC–ST populations compared to general caste groups (13.90% vs. 5.10%; p < 
0.001). District-wise analysis indicated a comparatively higher prevalence of β-thalassemia trait in Ahmedabad, whereas 
Vadodara showed relatively higher sickle cell disease burden. 
Conclusion: The present study demonstrates a substantial burden of hemoglobinopathies among non-tribal youth in 
Central Gujarat, particularly β-thalassemia trait, which remains under recognized compared with sickle cell disorders in 
tribal populations. The findings emphasize the need for region-specific, integrated screening programs incorporating 
HPLC-based diagnosis, premarital and antenatal screening, genetic counselling, and community awareness initiatives to 
reduce the future burden of inherited hemoglobin disorders. 
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INTRODUCTION 
Hemoglobinopathies are among the most common inherited 
genetic disorders worldwide and represent a major public 
health challenge, particularly in low- and middle-income 

countries. (1,2) These disorders arise either due to structural 
abnormalities of hemoglobin, such as sickle hemoglobin 
(HbS), or reduced synthesis of globin chains, as observed in 
thalassemia. (3)  Clinically, hemoglobinopathies range from 
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asymptomatic carrier states to severe disorders such as 
sickle cell disease and β-thalassemia major, both of which 
are associated with significant morbidity, mortality, and 
socioeconomic burden. According to the World Health 
Organization, approximately 5–7 % of the global population 
carries an abnormal hemoglobin gene (1,4), with a 
disproportionately high burden reported from South Asia, 
Africa, and the Mediterranean region. 
India contributes substantially to the global burden of 
hemoglobinopathies because of its large and genetically 
diverse population. (5,6) The prevalence and distribution of 
hemoglobin variants vary considerably across different 
regions, ethnic groups, and communities. β-thalassemia trait 
is widely distributed throughout the country, with an 
estimated carrier frequency of 3–4%, whereas sickle cell 
disorders are more prevalent in central, western, and tribal-
dominated regions of India. (5–7) Gujarat is recognized as 
one of the high-burden states for hemoglobinopathies, 
particularly for sickle cell disorders among tribal 
communities. (8,9) 
Several population-based studies conducted in Gujarat have 
demonstrated high frequencies of sickle cell trait and 
disease among Scheduled Tribe populations, while β-
thalassemia trait has been reported across both tribal and 
non-tribal communities (8,10) 
Central Gujarat, including Ahmedabad and Vadodara 
districts, represents a heterogeneous demographic region 
characterized by rapid urbanization, migration, and 
coexistence of tribal and non-tribal populations. (8–10) 
Previous hospital- and community-based studies from this 
region have reported varying prevalence patterns of β-
thalassemia trait, sickle cell trait, and other abnormal 
hemoglobin variants. Ahmedabad, being a major urban 
centre, has shown relatively higher prevalence of β-
thalassemia trait among antenatal women and young adults, 
whereas districts surrounding Vadodara have demonstrated 
an increased burden of sickle cell disorders because of their 
proximity to tribal populations (11,12). These regional 
variations highlight the importance of localized 
epidemiological data for developing effective prevention 
and screening strategies. 
Public health programs in Gujarat have traditionally focused 
on tribal populations because of the higher prevalence of 
sickle cell disorders in these communities. However, 
emerging evidence suggests that non-tribal populations also 
contribute substantially to the carrier pool of β-thalassemia 
and other hemoglobin variants. Young individuals in the 
reproductive age group constitute an especially important 
target population for screening programs, as early 
identification of carriers enables timely genetic counselling, 
premarital counselling, and antenatal interventions aimed at 
reducing the birth of affected children. Despite this 
importance, epidemiological data regarding 
hemoglobinopathies among non-tribal youth in Central 
Gujarat remain limited. 
Unlike previous Gujarat studies predominantly focused on 

tribal populations, the present study provides comparative 
large-scale HPLC-based epidemiological data among both 
tribal and non-tribal youth populations. 
High-Performance Liquid Chromatography (HPLC) is a 
widely accepted and reliable diagnostic technique for the 
detection and quantification of haemoglobin variants. The 
method offers high sensitivity, reproducibility, and 
suitability for large-scale population screening programs. 
HPLC-based screening has been extensively utilized in 
India for identifying common haemoglobin variants such as 
HbS, HbD, HbE, and β-thalassemia trait, thereby supporting 
both clinical diagnosis and public health surveillance. 
(13,14) 
Therefore, the present study was undertaken to evaluate the 
prevalence and distribution of hemoglobinopathies among 
non-tribal youth in Central Gujarat using HPLC screening. 
The study also aimed to compare the burden of 
hemoglobinopathies across tribal and non-tribal populations 
and to assess demographic variations based on gender, 
caste, and district-level distribution. The findings are 
expected to provide region-specific epidemiological 
evidence that may support targeted screening programs, 
genetic counselling services, and preventive public health 
strategies for hemoglobinopathies in Gujarat. 
 

METHODOLOGY 
Study Design and Setting 
A cross-sectional observational study was conducted to 
evaluate the prevalence and distribution of 
hemoglobinopathies among youth populations in Central 
Gujarat, including Ahmedabad and Vadodara districts. (15) 
The study was carried out through collaborative screening 
programs organized by the Indian Red Cross Society and 
Parul University, Vadodara, Gujarat. 

Study Population and Sample Size 
The study included a total of 40,000 individuals comprising 
20,000 non-tribal and 20,000 tribal participants. Participants 
were recruited through community health camps, 
educational institutions, and outpatient screening programs 
conducted in urban, semi-urban, and rural areas of Central 
Gujarat. 

Inclusion Criteria 
Individuals willing to undergo hemoglobinopathies 
screening and availability of complete demographic and 
laboratory records 

Exclusion Criteria 
Individuals with a history of blood transfusion within the 
preceding three months, participants with incomplete 
demographic or laboratory data and poor-quality or 
haemolysed blood samples unsuitable for HPLC analysis 
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Sampling Technique 
Classification of tribal, non-tribal, SC/ST, and general caste 
categories was based on self-reported demographic 
information supported by institutional records and 
government-issued community certificates wherever 
available. 

Participants were recruited through large-scale community-
based screening programs conducted in educational 
institutions, community health camps, and outpatient 
healthcare settings using convenience sampling methods. 
Sample Collection and Processing 
Venous blood samples (2–5 ml) were collected under aseptic 
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conditions in ethylenediaminetetraacetic acid (EDTA) 
vacutainers. Samples were transported and processed 
according to standard laboratory protocols for hemoglobin 
analysis. 
 
 
 
HPLC Analysis 
Hemoglobin variant analysis was performed using the Bio-
Rad Variant II High-Performance Liquid Chromatography 
(HPLC) system (Bio-Rad Laboratories, Hercules, CA, 
USA). The instrument was operated according to the 
manufacturer’s standardized protocol for β-thalassemia 

short program analysis. (13) Hemoglobin fractions 
including HbA, HbA2, HbF, HbS, HbD, and HbE were 
identified and quantified based on characteristic retention 
times and chromatographic peak patterns. (14) Internal 
quality control procedures were routinely performed using 
commercially available normal and abnormal hemoglobin 
controls supplied by the manufacturer. 
β-thalassemia trait was identified primarily on the basis of 
elevated HbA2 levels, while sickle cell disorders and other 
hemoglobin variants were interpreted according to 
established HPLC retention time criteria and 
chromatographic patterns. β-thalassemia trait was 
diagnosed when HbA2 levels exceeded 3.5%. (Figure 2) 

 

 
  
Statistical Analysis 
The study was reported in accordance with the STROBE 
guidelines for observational studies. Data were compiled 
and analysed using IBM SPSS Statistics version 25.0 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics were 
expressed as frequencies and percentages. Comparative 
analysis between groups was performed using the chi-
square test. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated to assess associations 
between hemoglobinopathies and demographic variables 
including tribal status, caste category, and district 
distribution. Binary logistic regression analysis was 
performed to evaluate predictors of sickle cell trait 
prevalence. A p-value of less than 0.05 was considered 
statistically significant. 

Ethical Approval and Informed Consent 
The study was conducted in accordance with the ethical 
principles outlined in the Declaration of Helsinki. Ethical 

approval for the study protocol was obtained from the 
Institutional Ethics Committee of Parul University, 
Vadodara, Gujarat Approval No.: 
PUIECHR/PIMSR/00/081734/7802; Date:17/10/2024 
Screening data and laboratory records were obtained 
through collaboration with the Indian Red Cross Society 
Ahmedabad and Parul University after obtaining the 
necessary institutional permissions and approvals. Written 
informed consent was obtained from all participants prior to 
sample collection and HPLC analysis. Confidentiality and 
anonymity of participant information were strictly 
maintained throughout the study. 
 
RESULTS 
Table 1: Comparative Distribution of 
Hemoglobinopathies among Tribal and Non-Tribal 
Youth 
A total of 40,000 individuals were screened, including 
20,000 non-tribal and 20,000 tribal participants. Among the 
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non-tribal population, 15,570 individuals (77.85%) 
exhibited normal hemoglobin patterns, whereas 4,430 
participants (22.15%) demonstrated abnormal hemoglobin 
profiles. Sickle cell trait was the most frequently detected 
abnormality among non-tribal participants, identified in 
2,000 individuals (10.0%), followed by microcytic 
hypochromic anemia suggestive of iron deficiency in 1,100 
cases (5.5%), β-thalassemia trait in 650 individuals (3.25%), 
other hemoglobinopathies in 350 cases (1.75%), and sickle 
cell disease in 30 individuals (0.15%). 
Among tribal participants, 12,000 individuals (70.0%) 
showed normal hemoglobin patterns, while 8,000 
participants (30.0%) demonstrated abnormal hemoglobin 
variants.  Sickle cell trait was observed in 4,200 individuals 
(16.0%), sickle cell disease in 400 cases (2.0%), β-
thalassemia trait in 900 individuals (4.0%), microcytic 
hypochromic anemia suggestive of iron deficiency in 1,700 
cases (6.0%), and other hemoglobinopathies in 500 
participants (2.0%). 
Comparative analysis revealed a statistically significant 
difference in the distribution of hemoglobinopathies 
between tribal and non-tribal populations (χ² = 1831.79, df 
= 5, p < 0.001). Tribal participants demonstrated 
significantly higher odds of sickle cell trait compared with 
non-tribal participants (OR: 1.72; 95% CI: 1.63–1.82; p < 
0.001). Similarly, sickle cell disease prevalence was 
significantly higher among tribal populations (OR: 13.58; 
95% CI: 9.31–19.82; p < 0.001). 

Gender-wise Distribution of Hemoglobinopathies 
among Non-Tribal Youth 
Among the 20,000 non-tribal participants screened, 9,000 
were males and 11,000 were females. Normal hemoglobin 
patterns were observed in 7,005 males (77.83%) and 8,565 
females (77.86%). 
Sickle cell trait was identified in 1,035 males and 1,265 
females, representing the most common hemoglobin 
abnormality in both genders. Microcytic hypochromic 
anemia suggestive of iron deficiency was observed in 495 
males and 605 females. β-thalassemia trait was detected in 
293 males and 357 females, while sickle cell disease was 

identified in 14 males and 16 females. Other 
hemoglobinopathies were reported in 158 males and 192 
female participants. (Table 2) 
Chi-square analysis demonstrated no statistically significant 
association between gender and the distribution of 
hemoglobinopathies among non-tribal youth (χ² = 4.62, df 
= 5, p > 0.05). 

Caste-wise Distribution of Hemoglobinopathies 
In Table 3, Caste-wise analysis demonstrated variation in 
the prevalence of sickle cell trait and β-thalassemia trait 
between SC–ST and general caste populations. Among SC–
ST participants, sickle cell trait prevalence was 13.90%, 
corresponding to an estimated 3,199 cases, whereas β-
thalassemia trait prevalence was 2.60% with an estimated 
598 cases. 
In the general caste population, sickle cell trait prevalence 
was lower at 5.10%, corresponding to 527 estimated cases, 
while β-thalassemia trait prevalence was comparatively 
higher at 3.20%, accounting for an estimated 330 cases. 
Statistical analysis revealed a highly significant association 
between caste category and distribution of 
hemoglobinopathies (χ² = 825.70, df = 1, p < 0.001). 

District-wise Distribution of Hemoglobinopathies 
As it is evident from Table 4, Figure 3, district-wise 
analysis of non-tribal populations in Central Gujarat 
demonstrated variation in hemoglobinopathy distribution 
patterns between Ahmedabad and Vadodara districts. 
Ahmedabad district exhibited a comparatively higher 
prevalence of β-thalassemia trait, particularly in 
Ahmedabad City, Daskroi, and Sanand talukas, whereas 
Vadodara district demonstrated relatively higher sickle cell 
burden. Moderate-prevalence regions included Bavla, 
Dholka, Viramgam, Mandal, Dhandhuka, Barwala, Savli, 
Padra, Karjan, Dabhoi, and Waghodia talukas. Comparative 
analysis demonstrated a statistically significant difference in 
district-wise hemoglobinopathies distribution between 
Ahmedabad and Vadodara districts (χ² = 104.72, df = 1, p < 
0.001). 

 
Table 1: Comparative Distribution of Hemoglobinopathies with Chi-square Analysis (N=20000): 

Types of 
Hemoglobinopathies 
quantity of cases 
Prevalence (%) 

Non-
Tribal: 
Number of 
Cases 

Non-Tribal 
Prevalence 
(%) 

Tribal: 
Number of 
Cases 
(Estimated) 

Tribal 
Prevalence 
(%) 

Total 
Cases 

Overall 
Prevalence 
(%) 

Minor Thalassemia 650 3.25 900 4.0 1,550 3.88 
Sickle cell illness 30 0.15 400 2.0 430 1.08 
Sickle trait 2000 10.0 4,200 16.0 6,200 15.50 
Microcytic hypochromic 
anemia suggestive of iron 
deficiency 

1100 5.5 1,700 6.0 2,800 7.00 

Additional 
hemoglobinopathies 

350 1.75 500 2.0 850 2.13 

Normal hemoglobin 15,870 79.35 12,000 70.0 27,870 69.68 
Total 20,000 100 20,000 100 40,000 100 
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Data are presented as number of cases and prevalence 
percentages among tribal and non-tribal participants 
screened using High-Performance Liquid Chromatography 
(HPLC). Statistical comparison between groups was 

performed using the chi-square test. The overall difference 
in hemoglobinopathy distribution between tribal and non-
tribal populations was statistically significant (χ² = 1831.79, 
df = 5, p < 0.001).          

                         
 
 
 
 
 
 
 
Table 2: Gender-wise Distribution of Hemoglobinopathies among Non-Tribal Youth (N = 20,000) with Chi-square 

Analysis 
Gender Total 

Screened 
(n) 

Thalassemia 
Minor 
n (%) 

Sickle 
Trait 
n (%) 

Sickle 
Cell 
Disease 
n (%) 

Microcytic 
hypochromic 
anemia 
suggestive of 
iron deficiency n 
(%) 

Other 
Hemoglobinopathies 
n (%) 

Normal 
n (%) 

Male 9,000 293 1,035 14 495 158 7,005 
Female 11,000 357 1,265 16 605 192 8,565 
Total 20,000 650 2,300 30 1,100 350 15,570 
Prevalence 100 3.25 11.50 0.15 5.50 1.75 77.85 

 
Among non-tribal participants, sickle cell trait represented 
the most common hemoglobin abnormality. No statistically 
significant association was observed between gender and 

hemoglobinopathy distribution (χ² = 4.62, df = 5, p > 0.05). 
Detailed gender-wise prevalence patterns are summarized in 
Table 2. 

 
Table 3: Caste-wise Distribution of Hemoglobinopathies (Combined SC–ST vs General, Non-Tribal Focus) with 
Chi-square Analysis 

Social Category Sickle Cell Trait 
(%) 

Estimated SCT 
(n) 

β-Thalassemia Trait 
(%) 

Estimated β-Thalassemia 
(n) 

SC–ST 
(Combined) 

13.90 3,199 2.60 598 

General Caste 5.10 527 3.20 330 
Total — 3,726 — 928 

 
Data are presented as prevalence percentages and estimated 
number of cases among combined SC–ST and general caste 
populations screened using High-Performance Liquid 
Chromatography (HPLC). Comparative analysis was 
performed using the chi-square test. A statistically 
significant association was observed between caste category 
and distribution of hemoglobinopathies (χ² = 825.70, df = 1, 

p < 0.001). 
SC–ST participants demonstrated significantly higher odds 
of sickle cell trait compared with general caste populations 
(OR: 3.01; 95% CI: 2.70–3.36; p < 0.001), indicating strong 
community-based clustering of sickle hemoglobin 
disorders. 

 
Table 4: District-wise Distribution of Hemoglobinopathies among Non-Tribal Participants in Central Gujarat 

District Approximate 
Participants 
Screened (n) 

High-Prevalence 
Talukas 

Moderate-Prevalence 
Talukas 

Predominant 
Hemoglobinopathy Pattern 

Ahmedabad 10,200 Ahmedabad City, 
Daskroi, Sanand 

Bavla, Dholka, 
Viramgam, Mandal, 
Dhandhuka, Barwala 

Higher prevalence of β-
thalassemia trait 

Vadodara 9,800 Vadodara City Savli, Padra, Karjan, 
Dabhoi, Waghodia 

Higher prevalence of sickle cell 
trait and sickle cell disease 
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Data are presented as district-wise distribution patterns 
among non-tribal participants screened using High-
Performance Liquid Chromatography (HPLC). 
Comparative analysis demonstrated statistically significant 
variation in hemoglobinopathy distribution between 
Ahmedabad and Vadodara districts (χ² = 104.72, df = 1, p < 
0.001). 
The table shows significant differences between 
Ahmedabad and Vadodara districts. high-risk and moderate-
risk talukas for hemoglobinopathies, including estimated β-
thalassemia and sickle cell risk patterns among non-tribal 

populations screened using High-Performance Liquid 
Chromatography (HPLC). Comparative analysis 
demonstrated a statistically significant variation in 
hemoglobinopathy risk distribution between Ahmedabad 
and Vadodara districts (χ² = 104.72, df = 1, p < 0.001). The 
analysis of hemoglobinopathies risk, broken down by 
district, among non-tribal populations in Central Gujarat 
shows significant differences between Ahmedabad and 
Vadodara districts. 
 

 
 

 
  
Binary logistic regression analysis identified tribal status 
(adjusted OR: 1.84; 95% CI: 1.71–1.97) and SC–ST caste 
category (adjusted OR: 2.96; 95% CI: 2.63–3.31) as 
significant independent predictors of sickle cell trait 
prevalence after adjustment for gender and district-level 
distribution (p < 0.001). 

DISCUSSION 
The present large-scale HPLC-based screening study 
provides important epidemiological evidence regarding the 
burden and distribution of hemoglobinopathies among 
youth populations in Central Gujarat. Although tribal 
populations demonstrated a higher overall prevalence of 
hemoglobinopathies, a substantial burden was also observed 
among non-tribal youth, particularly for β-thalassemia trait 
and sickle cell trait. These findings highlight the continuing 

public health significance of inherited hemoglobin disorders 
in both tribal and non-tribal communities of Gujarat. 
The study identified β-thalassemia trait in 3.25% of non-
tribal participants, which is consistent with previously 
reported national carrier frequencies ranging between 3% 
and 4% in India. (5,6) The persistence of β-thalassemia 
among non-tribal communities may be associated with 
community-based genetic clustering, endogamous 
practices, and lack of widespread carrier screening 
programs. Although sickle cell trait showed comparatively 
higher prevalence, β-thalassemia remains particularly 
important from a preventive healthcare perspective because 
marriages between two carriers may result in β-thalassemia 
major in offspring, leading to significant clinical and 
socioeconomic burden. (18,19) These findings emphasize 
the importance of early carrier detection, especially among 
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individuals in the reproductive age group. 
A markedly higher prevalence of sickle cell trait and sickle 
cell disease was observed among tribal populations 
compared with non-tribal participants. (8,9) Similar 
findings have been consistently reported in previous Indian 
studies, particularly from tribal-dominated regions of 
central and western India. (18,19,21) The increased burden 
of sickle hemoglobin within tribal communities has been 
attributed to factors such as population isolation, genetic 
drift, endogamy, and selective advantages in malaria-
endemic regions. However, the presence of sickle cell trait 
in 10% of non-tribal participants indicates that sickle 
hemoglobin is no longer confined exclusively to tribal 
populations and may reflect migration, inter-community 
interaction, and population admixture within urban and 
semi-urban regions of Gujarat. (Table 1) 
Gender-wise analysis demonstrated no statistically 
significant association between sex and the prevalence of 
hemoglobinopathies among non-tribal participants. (20) 
Comparable findings have been reported in multicentric 
Indian studies, supporting the understanding that 
hemoglobinopathies are inherited autosomal disorders 
without gender predilection. (10,22) These observations 
suggest that screening strategies should be uniformly 
implemented among both male and female populations 
rather than focusing on gender-specific approaches. (Table 
2) 
The caste-wise analysis demonstrated distinct 
epidemiological patterns for sickle cell trait and β-
thalassemia trait. Sickle cell trait showed significantly 
higher prevalence among SC–ST populations, whereas β-
thalassemia trait was distributed across both SC–ST and 
general caste populations. These findings are consistent 
with previous studies conducted in Gujarat and other parts 
of India, which have demonstrated strong ethnic and 
community-based clustering of sickle hemoglobin 
disorders. In contrast, β-thalassemia appears to have broader 
community distribution, thereby supporting the need for 
universal screening programs rather than exclusively caste-
targeted approaches. (Table 3) 
The study also identified a smaller proportion of other 
hemoglobin variants, including HbD, HbE, and related 
abnormal hemoglobins. Although less prevalent, these 
variants remain clinically significant because compound 
heterozygous conditions involving β-thalassemia or sickle 
hemoglobin may contribute to severe disease 
manifestations. The detection of these variants further 
highlights the diagnostic utility of High-Performance 
Liquid Chromatography as an effective screening tool for 
large-scale population studies. 
District-wise analysis revealed geographical variation in 
hemoglobinopathy distribution within Central Gujarat. 
Ahmedabad demonstrated comparatively higher β-
thalassemia prevalence, whereas Vadodara showed 
relatively higher sickle cell burden. These regional 
differences may be influenced by demographic 
heterogeneity, migration patterns, urbanization, and 
proximity to tribal populations. Such findings emphasize 

the need for region-specific screening and intervention 
strategies tailored to local epidemiological patterns rather 
than adopting a uniform state-wide approach. (Table 4) 
From a public health perspective, the findings strongly 
support the implementation of integrated hemoglobinopathy 
screening programs incorporating HPLC-based diagnosis, 
genetic counselling, premarital screening, antenatal 
screening, and community awareness initiatives. Early 
identification of carriers within the reproductive age group 
remains one of the most effective strategies for reducing the 
future burden of severe hemoglobin disorders. International 
and national public health programs have demonstrated that 
structured premarital and antenatal screening significantly 
reduce the incidence of severe inherited 
hemoglobinopathies. 
The comparatively higher prevalence of β-thalassemia trait 
observed in Ahmedabad district may be associated with 
urban migration patterns, endogamous community 
practices, and increased antenatal screening awareness in 
metropolitan settings. Similarly, the persistence of sickle 
cell trait among non-tribal populations may reflect 
population admixture, inter-community marriages, and 
migration from tribal-dominated regions into urban and 
semi-urban areas. These findings support implementation of 
school-based screening programs, structured premarital 
counselling policies, and strengthened antenatal screening 
initiatives. 
The present study has several strengths, including a large 
sample size and the use of a standardized HPLC-based 
diagnostic approach. (13,14) However, certain limitations 
should be acknowledged. The cross-sectional design limits 
causal interpretation, and convenience-based participant 
recruitment may introduce selection bias. In addition, 
molecular confirmation of hemoglobin variants was not 
performed, which may affect diagnostic specificity for 
certain uncommon variants. Furthermore, microcytic 
hypochromic anemia suggestive of iron deficiency was 
inferred from haematological patterns without biochemical 
confirmation including serum ferritin estimation and 
complete blood count correlation. (1,11,23) 
Overall, the present study provides valuable region-specific 
epidemiological data regarding hemoglobinopathies among 
youth populations in Central Gujarat. The findings highlight 
the substantial burden of β-thalassemia and sickle cell 
disorders among both tribal and non-tribal populations and 
reinforce the importance of comprehensive screening and 
preventive public health strategies for inherited hemoglobin 
disorders in Gujarat. (24) 

CONCLUSION 
The present HPLC-based screening study demonstrates that 
hemoglobinopathies constitute a significant public health 
concern among youth populations in Central Gujarat. (5,8) 
Although tribal populations exhibited a comparatively 
higher burden of sickle cell disorders, a considerable 
prevalence of β-thalassemia trait and sickle cell trait was 
also observed among non-tribal youth. The findings indicate 
that non-tribal populations represent an important and often 
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under recognized carrier group for inherited hemoglobin 
disorders. 
The study further highlights distinct epidemiological 
patterns across caste groups and districts, suggesting that 
demographic, ethnic, and geographic factors influence the 
distribution of hemoglobinopathies in the region. The 
absence of significant gender-based variation supports the 
implementation of uniform screening strategies for both 
male and female populations. 
The identification of substantial carrier frequencies among 
individuals in the reproductive age group emphasizes the 
importance of early detection and preventive interventions. 
Comprehensive screening programs incorporating HPLC-
based diagnosis, premarital screening, antenatal screening, 
genetic counselling, and community awareness initiatives 
are essential for reducing the future burden of severe 
hemoglobinopathies such as β-thalassemia major and sickle 
cell disease. 
Overall, the study provides important region-specific 
epidemiological evidence that may support the development 
of targeted public health policies and integrated 
hemoglobinopathy prevention programs in Central Gujarat 
and similar high-burden regions of India. (1,11,24) 
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