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ABSTRACT
Background and Aims: Thalassemia remains a major public health concern in Pakistan, particularly in under‐resourced regions 
such as Balochistan, where limited healthcare access and high rates of consanguinity may influence disease burden and outcomes. This 
study aimed to describe the demographic, clinical, familial, and survival characteristics of thalassemia patients across Balochistan.
Methods: A total of 459 transfusion‐dependent patients with hemoglobinopathies were recruited from various thalassemia 
centers across Balochistan during 2015–2022 and followed for 8 years. Detailed clinical and demographic characteristics, 
familial patterns, and treatment outcomes were documented. Pedigree analyses were performed to identify affected individuals 
within families. Descriptive statistics, chi‐square and Fisher's exact tests, Kaplan–Meier survival analysis, and Cox proportional 
hazards models were applied.
Results: The multicenter cohort consisted of 60% males and 40% females. Most subjects were from Quetta (46%) and the rural 
outskirts of the Loralai, Zhob, and Pishin districts (33%). Over half (53%) belonged to low or poor socioeconomic backgrounds. 
β‐thalassemia major was diagnosed in 94% of cases, while β‐thalassemia intermedia, β‐thalassemia minor, and sickle cell‐β‐ 
thalassemia each accounted for 2%. Patients aged up to 10 years made up 75% of the sample, with only 4% over 20 years old. 
Hepatomegaly and splenomegaly were observed in 14% and 13% of patients, respectively. Parental consanguinity was reported 
in 60% of cases, and 59% had a family history of thalassemia. In total, 1485 individuals across all families were affected, with a 
higher proportion of males (57%). There were 582 thalassemia‐related deaths. The average age at death was 19.42 ± 6.02 years, 
with males exhibiting a shorter life expectancy compared to females. The survival rate declined as the distance from the 
thalassemia centers increased by more than 100 km.
Conclusions: These results demonstrate a very high morbidity and mortality burden from thalassemia and highlight the need 
for a comprehensive intervention program to reduce its preventable impact.

1 | Introduction 

Thalassemia is a major hereditary blood disorder and poses a 
significant global health challenge, particularly in South Asia, 

including Pakistan [1, 2]. It is characterized by abnormal 
hemoglobin production, leading to ineffective erythropoiesis, 
chronic anemia, increased hemolysis, and disrupted iron regu
lation [2, 3]. The disorder has two main forms: alpha and beta, 

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made. 

© 2026 The Author(s). Health Science Reports published by Wiley Periodicals LLC. 

1 of 8 Health Science Reports, 2026; 9:e72482 
https://doi.org/10.1002/hsr2.72482

https://doi.org/10.1002/hsr2.72482
https://orcid.org/0000-0001-6947-6339
https://orcid.org/0000-0001-5455-7849
https://orcid.org/0000-0001-5563-9053
mailto:naseebkhan_kakar2003@yahoo.com
mailto:yousaf7n@gmail.com
mailto:malik7@qau.edu.pk
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/hsr2.72482
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhsr2.72482&domain=pdf&date_stamp=2026-07-08


resulting from mutations in the alpha globin and beta globin 
genes, respectively. Patients with severe β‐thalassemia require 
lifelong blood transfusions and iron chelation therapy to pre
vent iron overload, which can cause hormonal imbalances, 
organ damage, and growth delays [4]. Among these, β‐ 
thalassemia is the most common and severe variant, necessi
tating regular transfusions and iron chelation therapy to ensure 
survival [5]. Transfusion‐dependent patients remain at high risk 
of acquiring various chronic infections, which can further ex
acerbate their symptoms [6, 7].

The global prevalence of β‐thalassemia is approximately 40,000 
cases annually, predominantly in low‐ and middle‐income 
countries [8]. Thalassemia is the most common monogenic 
disorder in China, the Mediterranean region, Indonesia, and 
other parts of Asia [2]. Worldwide, the life expectancy for pa
tients with β‐thalassemia has significantly increased due to 
effective iron chelation therapy, earlier diagnosis, improved 
patient compliance, and enhanced transfusion protocols [3, 9].

In Pakistan, the prevalence of the β‐thalassemia trait is esti
mated to range between 5.0% and 7.0%, with approximately 
50,000–100,000 people suffering from β‐thalassemia major, and 
around 5000–6000 new cases occurring annually [1, 10]. There 
are about 9.8 million β‐thalassemia carriers, reflecting a 5%–7% 
prevalence of the gene in the country [11]. Despite improve
ments in medical treatments, the life expectancy of individuals 
with thalassemia remains significantly lower than that of the 
general population, particularly in regions like Balochistan, one 
of Pakistan's five provinces. As the largest and most under
developed province, Balochistan bears a disproportionately high 
burden of thalassemia cases. Between March 2017 and June 
2018, 2000 confirmed β‐thalassemia patients were enrolled at 
two centers—Bolan Medical College Hospital (BMCH) and 
Civil Hospital Quetta (CHQ) [6]. The remote geography of 
Balochistan, coupled with widespread poverty and socio
economic difficulties, exacerbates the challenges patients face in 
accessing essential medical care [1, 12].

To this end, this study aimed to evaluate the burden of thal
assemia in Balochistan, Pakistan, by examining socio
demographic factors, familial characteristics, life expectancy, 
and mortality rates among patients with haemoglobinopathies.

2 | Materials and Methods 

2.1 | Ethical Considerations and Study Design 

The study was approved in writing by the Ethics Committee of 
Quaid‐i‐Azam University Islamabad, Pakistan (June 3, 2015). 
The committee did not provide only verbal approval, nor did it 
waive explicit participant consent. All participants gave written 
informed consent. All procedures were performed in accord
ance with the Declaration of Helsinki. Children included in the 
study were already registered and receiving care at the collab
orating thalassemia centers, where parents or legal guardians 
had previously provided consent for clinical care and use of 
anonymized data. For the present study, the aims and proce
dures were explained to parents, families, and adult patients in 
simple local (vernacular) languages, and additional verbal in
formed consent was obtained from parents or legal guardians 

(or from adult patients themselves) before collecting pedigree 
and clinical information for research purposes.

2.2 | Study Design and Setting 

This study was a cross‐sectional observational study conducted 
to assess survival patterns and mortality among patients with 
thalassemia. The patients included in this study were receiving 
treatment and blood transfusions at major referral centers 
across Balochistan, specifically in Quetta, Loralai, Zhob, Pishin, 
and the Thalassemia Care Centre at Civil Hospital Quetta. The 
study spanned from 2015 to 2022, enabling a comprehensive 
assessment of the clinical outcomes, with longitudinal follow‐ 
up of affected families over 8 years period for the survival and 
mortality assessment.

2.3 | Study Population and Inclusion/Exclusion 
Criteria 

The study population included patients of all ages diagnosed 
with hemoglobinopathies. A total of 459 independent families 
were included, and one index case from each family was re
cruited for detailed clinical and demographic assessment. 
Diagnostic assessments involved complete blood count, hemo
globin electrophoresis, and high‐performance liquid chroma
tography. Inclusion criteria stipulated that patients must have 
had at least three documented visits to the study centers during 
the study period. Patients who had not attended these centers in 
the 2 years prior to the study or who had incomplete medical 
records were excluded. Furthermore, patients diagnosed with 
conditions other than hemoglobinopathies were excluded from 
the analysis.

2.4 | Sample Size and Sampling Technique 

The sample size was determined based on feasibility and the 
rarity of the disorder, with a minimum threshold of > 80 par
ticipants considered adequate to ensure meaningful statistical 
analysis and representation of thalassemia patients in the study 
setting. A consecutive sampling technique was employed, 
whereby all eligible thalassemia patients presenting to the study 
center during the specified study period were included. This 
approach minimized selection bias and ensured comprehensive 
inclusion of available cases within the defined timeframe.

Data were collected using a structured questionnaire. The 
information gathered included demographic variables, clinical 
details, transfusion history, outcomes (such as last follow‐up, 
morbidity, and mortality), and distances from thalassemia 
centers. Detailed pedigrees were constructed for each case, 
including parental consanguinity, number of affected in
dividuals, and thalassemia‐related mortalities.

2.5 | Statistical Analyses 

Descriptive summaries and cross‐tabulation of key variables 
were generated using MS‐Excel. The association of categorical 
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variables was assessed with Chi‐square tests and Fisher's exact 
test. A p‐value of < 0.05 was considered statistically significant.

2.6 | Survival Analyses 

Survival analysis was performed to estimate life expectancy and 
survival patterns among thalassemia patients. The time‐to‐event 
variable was defined as the duration (in years) from the date of 
diagnosis to the date of death or last follow‐up. Patients were 
followed from the time of diagnosis until death or the end of the 
study period (2022), whichever occurred first. Individuals who 
were alive at the end of follow‐up or lost to follow‐up were 
treated as censored observations. Censoring was defined as the 
patients alive at the end of the study period, and patients lost to 
follow‐up (no contact or record for ≥ 12 months prior to study 
end). Patients were followed through hospital records, trans
fusion registries, and, where available, telephonic contact with 
families. The date of last transfusion, clinic visit, or confirmed 
contact was considered the last follow‐up date. Survival prob
abilities were estimated using the Kaplan–Meier method, and 
differences between groups (e.g., gender, thalassemia type, and 

geographic distance) were assessed using the log‐rank test. 
Mean and median survival times, along with standard devia
tions and 95% confidence intervals, were calculated. These 
analyses were conducted using R Statistical Software (version 
3.5.x) and Stata (Release 11, StataCorp, LLC).

3 | Results 

The overall study flow, patient selection process, and outcome 
assessment are presented in the form of a PRISMA diagram 
(Figure 1).

3.1 | Sample Characteristics 

A total of 459 patients (60% males; 40% females) were recruited 
during the study period (Table 1). The majority of patients were 
under the age of 10 years (75%), with a mean age of 
8.06 ± 6.05 years (standard deviation). Patients aged over 
20 years accounted for only 4% of the sample. Most originated 
from Quetta (46%) and Loralai districts (22%), belonged to the 

FIGURE 1 | PRISMA flow diagram demonstrating the study design, patient identification, screening, eligibility assessment, inclusion criteria, 
pedigree analysis, and survival outcomes of transfusion‐dependent patients with haemoglobinopathies recruited from five thalassemia centers across 
Balochistan, Pakistan (2015–2022). A total of 459 families were assessed; 1485 affected individuals were identified through pedigree analysis, of 
whom 903 (61%) were alive at study end, and 582 (39%) had died. Kaplan–Meier survival analysis was performed on the entire cohort of 1485 
individuals. HPLC, high‐performance liquid chromatography; CBC, complete blood count; Hb, hemoglobin. 
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Kakar caste system (22%), and were from the poor and low 
socio‐economic quartile (53%).

3.2 | Hemoglobinopathies and Clinical 
Complications 

β‐thalassemia major (BTM) was diagnosed in 94% of patients, 
followed by β‐thalassemia intermedia (2%), β‐thalassemia 
minor (2%), and sickle cell‐β‐thalassemia (2%) (Table 2). The 
differences in the distribution of haemoglobinopathies between 
male and female patients were not statistically significant. Most 
patients were diagnosed by the age of 6 months (51%), with a 
further 28% diagnosed between 6 and 12 months. Male patients 
showed a significantly earlier age at diagnosis compared to 
females (p = 0.0397) (Table 2). Hepatomegaly and splenomegaly 
were observed in 14% and 13% of patients, respectively. Hepa
tomegaly and splenomegaly were significantly more frequent 
among female patients (p < 0.001).

3.3 | Parental Consanguinity and Familial 
Characteristics 

Sixty percent of patients had parental consanguinity; however, 
there were no differences between male and female patients in 
the rate of parental consanguinity (Table 3). The majority of 
patients belonged to the first parity group (28%), followed by 
the second parity group (23%).

Pedigree analyses revealed that 59% of patients had a familial 
occurrence of thalassemia, and in most cases, the disease seg
regated within one generation (91%), with one sibship affected 
in the majority of cases (82%).

3.4 | Total Number of Mortalities 

Pedigree analysis identified a total of 1485 affected individuals 
across the 459 families, of whom 582 died during the follow‐up 

TABLE 1 | Demographic attributes of patients.

Variables#
Male, 
n (%)

Female, 
n (%)

Total, 
n (%)

Age categories 
(years)

Up to 5 102 (37) 80 (44) 182 (40)
> 5–10 97 (35) 62 (34) 159 (35)
> 10–15 41 (15) 23 (13) 64 (14)
> 15–20 23 (8) 13 (7) 36 (8)
> 20 13 (5) 5 (3) 18 (4)
Sum 276 (60) 183 (40) 459 (100)

District
Quetta 118 (44) 85 (49) 203 (46)
Loralai 70 (26) 28 (16) 98 (22)
Zhob 18 (7) 8 (5) 26 (6)
Pishin 16 (6) 9 (5) 25 (5)
Ziarat 10 (4) 12 (7) 22 (5)
Others 37 (14) 33 (19) 70 (16)

Caste‐system
Kakar 61 (22) 41 (22) 102 (22)
Syed 16 (6) 10 (5) 26 (6)
Tareen 17 (6) 8 (4) 25 (5)
Barech 10 (4) 9 (5) 19 (4)
Achakzai 10 (4) 8 (4) 18 (4)
Khilji 11 (4) 6 (3) 17 (4)
Others 151 (55) 101 (55) 252 (55)

Socio‐economic 
quartile

Poor 55 (22) 37 (25) 92 (23)
Low 79 (32) 42 (28) 121 (30)
Low‐middle 101 (40) 56 (38) 157 (40)
Mid‐high 14 (6) 13 (9) 27 (7)

#Differences in the distributions were statistically not significant (p > 0.05).

TABLE 2 | Hemoglobinopathies, clinical complications, and sero
logical variables in patients.

Variable
Male, 
n (%)

Female, 
n (%)

Total, 
n (%)

Thalassemia 
(Th.) type

β‐Th. major 259 (94) 172 (94) 431 (94)
β‐Th. intermedia 8 (3) 3 (2) 11 (2)
β‐Th. minor 5 (2) 5 (3) 10 (2)
Sickle cell– 
thalassemia

4 (1) 3 (2) 7 (2)

Sum 276 (60) 183 (40) 459 
(100)

Age at diagnosis 
(months)*

Up to 6 154 (56) 79 (44) 233 (51)
> 6–12 72 (26) 57 (31) 129 (28)
> 12–24 26 (9) 30 (16) 56 (12)
> 24 24 (9) 17 (9) 41 (9)

Hepatomegaly**
Yes 26 (9) 38 (21) 64 (14)
No 251 (91) 146 (79) 397 (86)

Splenomegaly***
Yes 26 (9) 36 (20) 62 (13)
No 251 (91) 146 (80) 397 (87)

Blood groups
B 55 (30) 50 (35) 105 (33)
A 59 (33) 39 (27) 98 (30)
O 50 (28) 44 (31) 94 (29)
AB 17 (9) 9 (6) 26 (8)

Rh factor
Rh+ 162 (90) 135 (95) 297 (92)
Rh− 19 (10) 7 (5) 26 (8)

*p = 0.0397; **p = 0.0009; ***p < 0.0001.

4 of 8 Health Science Reports, 2026

 23988835, 2026, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.72482 by U

niversitaet R
egensburg, W

iley O
nline L

ibrary on [22/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



period, while 903 affected individuals were alive at the time of 
data collection.

Mortalities in male patients were higher (57%) than in females 
(43%) (Table 4).

Fifty‐one percent of patients were diagnosed within the first 
6 months and 79% within the first year (Table 4). The survival 
remained poor, despite early diagnosis. An estimated 54% of 
deaths occurred before 6 years of age, whereas between six and 
twelve years, an additional 36% occurred. A very small pro
portion of patients survived after twelve years, highlighting a 
reduced survival rate.

Overall, 582 thalassemia‐related deaths were recorded among 1485 
patients. Of these, BTM contributed to 548 deaths (94%). Gener
ally, male patients experienced higher mortality (334 males, 57%) 
than females (248 females, 43%). Mortality data stratified by age 
showed that most deaths occurred before the age of six (297; 54%).

3.5 | Survival Analyses Related to Thalassemia 

To evaluate life expectancy, a survival analysis was conducted. 
The total number of affected individuals (n = 1485) across all 

families was considered and grouped into year‐wise intervals 
(2015–2022).

Survival analysis using the Kaplan–Meier method demonstrated 
a mean survival time of 7.01 ± 6.02 years. The estimated life 
expectancy was 8.0 ± 6.03 years (Figure 2A). Patients who were 
alive at the end of the study period were censored in the 
analysis. The majority of deaths occurred before 6 years of age 
(54%), with an additional 36% occurring between 6 and 12 years. 
Survival beyond 12 years was uncommon.

Stratified analysis showed that patients with β‐thalassemia 
major had significantly lower survival compared to other types 
(p < 0.05; Figure 2B). Female patients exhibited relatively better 
survival compared to males (Figure 2C). Additionally, survival 
probability decreased with increasing distance (> 100 km) from 
the treatment center (log‐rank p < 0.05; Figure 2D).

4 | Discussion 

This study offers a comprehensive analysis of the demographic 
and clinical features, familial patterns, and healthcare 
inequalities faced by transfusion‐dependent thalassemia pa
tients in Balochistan, Pakistan. The results highlight significant 

TABLE 3 | Parental consanguinity and familial attributes of patients.

Variable Male, n (%) Female, n (%) Total, n (%)

Parental consanguinity
Yes 150 (60) 90 (61) 240 (60)
No 99 (40) 58 (39) 157 (40)
Sum 249 (63) 148 (37) 397 (100)

Parity
1 55 (28) 32 (28) 87 (28)
2 42 (22) 27 (24) 69 (23)
3 43 (22) 20 (18) 63 (21)
4 29 (15) 19 (17) 48 (16)
> 4 24 (12) 15 (13) 39 (13)

Familial/sporadic nature
Familial 144 (58) 92 (60) 236 (59)
Sporadic 105 (42) 62 (40) 167 (41)

Disease segregating generations (in familial cases)
1 125 (87%) 79 (86%) 204 (86%)
2 18 (13%) 13 (14%) 31 (13%)
3 1 (1%) 0 (0%) 1 (0%)

Sibship with disease (in familial cases)
1 98 (68%) 61 (66%) 159 (67%)
2 41 (28%) 20 (22%) 61 (26%)
3 3 (2%) 4 (4%) 6 (3%)

Total affected in all families*
Index male 442 (79) 113 (33) 555 (61)
Index female 121 (21) 227 (67) 348 (39)
All (surviving) 563 (62) 340 (38) 903 (100)

Deceased individuals* 334 (57) 248 (43) 582 (100)

*p < 0.0001.
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TABLE 4 | Age at diagnosis and mortality across thalassemia types.

Variable β‐Th. major β‐Th. Intermedia β‐Th. minor Sickle cell‐th. Total

Age at diagnosis (months)
Up to 6 221 (50%) 5 (45%) 5 (50%) 2 (29%) 233 (51%)
> 6–12 122 (28%) 4 (36%) 2 (20%) 1 (14%) 129 (28%)
> 12–24 52 (12%) 1 (9%) 1 (10%) 2 (29%) 56 (12%)
> 24 36 (8%) 1 (9%) 2 (20%) 2 (29%) 41 (9%)
Sum 431 (94) 11 (2) 10 (2) 7 (2%) 459 (100)

Age at mortality (years)*
Up to 6 282 (51%) 13 (2%) 0 2 (0%) 297 (54%)
> 6–12 184 (34%) 9 (2%) 0 5 (1%) 198 (36%)
> 12 82 (15%) 0 0 5 (1%) 87 (15%)
Sum 548 (94%) 22 (4%) 0 12 (2%) 582 (100%)

All mortalities
Male 312 (57) 16 (73) 6 (50) 334 (57%)
Female 236 (43) 6 (27) 6 (50) 248 (43%)
Sum 548 (94) 22 (4) 12 (2) 582 (100%)

Abbreviation: Th, Thalassemia. 
*p = 0.0288.

FIGURE 2 | (A) Overall survival curve of 1485 transfusion dependent patients with thalassemia. (B) Survival based on thalassemia types. 
(C) Survival age with respect to the distance from the thalassemia center. (D) Survival differentials among the male and female patients. 
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gaps in early diagnosis, access to treatment, and survival rates, 
providing vital insights for developing better care strategies.

In this study, 75% of the patients were diagnosed by the age of 
10 years, with 40% diagnosed before the age of five. This age at 
diagnosis is significantly later compared to other studies [13]. 
Delayed diagnosis is linked to high morbidity and mortality in 
thalassemia [5]. The timing of transfusions also plays a crucial 
role in patient outcomes. More than half (56%) of the patients in 
our study received transfusions relatively late due to inadequate 
and untimely diagnosis, which highlights the systemic barriers 
to prompt care. These trends differ from findings in Pakistan's 
Sindh and Punjab provinces [14]. Addressing these treatment 
gaps is essential to prevent severe anemia and related 
complications.

This study highlights the critical gap between early diagnosis 
and effective long‐term disease management. Although most 
patients in this study were identified within the first year of life, 
more than half died before reaching 6 years of age. This low 
survival rate reflects limited access to chelation therapy, 
inadequate transfusion support, a weak health system, and poor 
socioeconomic conditions. Childhood mortality remains 
alarmingly high in Balochistan compared to high‐income 
regions, where patients with thalassemia major survive into 
adulthood.

Furthermore, the clustering of cases in rural districts and 
among Pashtun‐dominant ethnic groups suggests a genetic 
predisposition likely intensified by high rates of consanguin
eous marriages, a trend extensively documented in previous 
studies from South Asia [15]. A prior study reported consan
guinity rates of 70% in first‐degree relatives among thalassemia 
patients in Balochistan, Pakistan [16]. The concentration of 
cases within families, particularly in early parities, emphasizes 
the importance of community‐based genetic counseling and 
family screening programs. Similar initiatives in Iran have 
proven successful in reducing the incidence of thalassemia 
through public education and premarital screening [13].

The mortality rate among thalassemia patients in Balochistan 
is alarmingly high, with β‐thalassemia major (BTM) account
ing for over 94% of deaths. Most of these deaths (54%) occur 
before the age of six. The survival analysis paints a concerning 
picture, with a mean survival time of 5.8 years, and the 
majority of deaths occurring before age six. This starkly con
trasts with developed countries, where thalassemia patients 
typically live beyond 40 years with proper care [17]. Such a 
high rate of early death emphasizes the urgent need for early 
diagnosis, intervention, and follow‐up [18]. The reduced life 
expectancy in our cohort, with many patients not surviving 
past childhood, highlights the severe limitations of the 
healthcare infrastructure in Balochistan. These findings are 
consistent with previous studies indicating significantly lower 
life expectancy for thalassemia patients in Pakistan compared 
to global averages [19, 20].

Additionally, patients living more than 100 km from Quetta had 
lower survival rates, showing that geographical barriers greatly 
influence health outcomes. Similar trends have been observed 
in rural India, where patients from remote regions face higher 

mortality rates due to limited access to specialized care [18]. 
Our study highlights the urgent need for improved healthcare 
services, including the development of more thalassemia cen
ters and the availability of affordable, accessible treatment 
options.

Thalassemia patients in Pakistan, especially in Balochistan, 
have limited access to regular blood transfusions, iron chelation 
therapy, and other essential medical treatments [21]. The high 
cost of care, combined with the often‐significant distance from 
thalassemia centers, means many patients do not receive the 
necessary treatments [22, 23]. In Balochistan, these problems 
are worsened by widespread poverty, low literacy levels, and 
reliance on remote medical dispensers, which frequently leads 
to misdiagnosis and a subsequent reduction in life expectancy.

This study may have several limitations. First, since most of the 
patients were recruited through multi‐center public sector 
hospitals, there is a high representation of rural and poor 
families, while a strength for internal analysis, limits the gen
eralizability of findings to urban or higher‐income populations. 
Secondly, hospital‐based recruitment may introduce survivor
ship bias, potentially underestimating disease burden in the 
most remote communities where patients are lost to follow‐up 
or deceased. Finally, there is potential for recall and social 
desirability bias, particularly regarding self‐reported adherence 
and financial strain.

5 | Conclusion 

Our findings highlight the urgent need for targeted public 
health interventions to improve survival outcomes for thalas
semia patients in Balochistan. Decentralized thalassemia cen
ters, mobile health units, and expanded blood banks are crucial 
to ensure timely access to care, especially in remote areas. 
Additionally, prenatal screening and genetic counseling pro
grams should be prioritized to reduce the incidence of thalas
semia in future generations.
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