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ABSTRACT 
Background: Thalassemia prevention in Pakistan depended on public understanding, accessible 
genetic counseling, and timely carrier screening. However, awareness of the disease did not 
necessarily translate into testing. 
Objective: To assess awareness, changes following counseling, screening completion, and barriers 
among adults attending the hospital-linked services in Punjab. 
Methods: A multicenter prospective before-and-after study included 360 adults aged 18–45 years 
between January and December 2025. Participants completed a ten-item knowledge assessment 
before and immediately after structured counseling. Free carrier screening was offered, and 
completion was verified within 30 days. Paired comparisons and Wilson confidence intervals were 
calculated. 
Results: The mean knowledge score increased from 3.73 ± 1.48 to 7.73 ± 1.33, with a mean 
improvement of 4.00 points (95% confidence interval: 3.83–4.17; p<0.001). Willingness to undergo 
screening increased from 47.5% to 83.9%. Screening was completed by 252 participants (70.0%; 95% 
confidence interval: 65.1–74.5%). Laboratory findings were consistent with beta-thalassemia trait in 
21 screened participants (8.3%; 95% confidence interval: 5.5–12.4%). Among 108 participants 
without completed screening, travel or work commitments, perceived lack of need, and concerns 
about marriage prospects were the leading barriers. 
Conclusion: Counseling was followed by improved knowledge and greater willingness to screen, 
although testing completion remained lower. Accessible sampling, confidential communication, and 
follow-up support emerged as priorities for strengthening prevention services. The findings 
informed service delivery rather than establishing a causal reduction in disease incidence. 
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INTRODUCTION 

Thalassemia represented a substantial 

continuing challenge for child health and 
community medicine because impaired globin-

chain production caused chronic anemia, while 
its more severe forms required sustained 

specialist care. The clinical spectrum extended 

from an often unrecognized carrier state to 
transfusion-dependent disease, making 

prevention and treatment closely connected 
responsibilities.[1] Regular transfusions, iron 

chelation, and monitoring for complications 
placed substantial demands on families and 

health services, particularly where access to 

coordinated care remained uneven.[2]  
Pakistan carried a substantial burden of beta-

thalassemia, although published national 

estimates relied on heterogeneous sources 
rather than a recent comprehensive population 

survey.[3] A Pakistani review described 
important prevention services, including carrier 

testing, genetic counseling, and prenatal 
diagnosis, but also identified gaps in their 

availability and implementation.[4] These gaps 

mattered because families needed 
understandable information and a clear route 
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to testing before reproductive decisions 
became urgent.  

Public familiarity with the name of the disease 
did not necessarily indicate an understanding 

of inheritance or screening. Among Pakistani 

non-medical university students, knowledge of 
prenatal screening remained limited despite 

generally favorable views about premarital 
testing.[5] Research involving parents of 

affected children also documented incomplete 
understanding of transmission and available 

preventive measures.[6] Another Pakistani 

study found that many parents remained 
unaware of antenatal screening, underscoring 

the need for communication that 
accommodated different educational 

backgrounds.[7] These findings suggested 

that information delivered during clinical 
contact required careful explanation rather 

than an assumption that repeated hospital 
attendance ensured understanding.  

Family-based screening offered an important 
opportunity to reach relatives who shared 

genetic risk. Work in Punjab developed a 

decision support resource that participants 
considered acceptable for discussions about 

cascade testing.[8] Nevertheless, carrier 
identification required an appropriate 

diagnostic pathway: red-cell indices helped 

identify possible abnormalities, but 
hemoglobin analysis and, where indicated, 

molecular testing were needed to clarify 
carrier status.[9] Laboratory guidance 

emphasized reliable detection of clinically 

important variants and accurate quantification 
of hemoglobin fractions.[10] Screening 

therefore depended on both public 
engagement and technical quality; neither 

component could replace the other. 
Genetic counseling provided the link between 

a laboratory result and its meaning for an 

individual or couple. Contemporary guidance 
supported explaining reproductive risk, the 

limitations of screening, and available choices 
in a manner that respected personal 

preferences.[11] Recent literature also 

described screening across premarital, 
prenatal, and newborn settings, while 

emphasizing differences in resources and 
implementation.[12] Experience from 

Bangladesh highlighted the importance of 
joining education, accessible testing, and 

continuing support within a coordinated 

prevention strategy.[13] The relevance of that 
experience lay in comparable service 

constraints, rather than an assumption that all 

South Asian populations had identical beliefs 
or needs.  

More recent international recommendations 
further emphasized culturally appropriate 

communication and informed reproductive 

choice.[14] For Pakistani services, an 
important unanswered question was what 

happened after counseling: whether adults 
understood the information, accepted testing, 

and completed screening. This study therefore 
assessed baseline awareness, immediate 

changes in knowledge and screening 

willingness, laboratory screening completion 
within 30 days, and reported barriers among 

adults attending the hospital-linked services in 
Punjab. Its emphasis was on the practical 

steps connecting community education with 

prevention opportunities for families.  
 
MATERIALS AND METHODS 

A multicenter prospective before-and-after 
study was conducted through community 

medicine and pediatric services linked to the 
teaching hospitals in Pakistan, between 

January and December 2025. Hospital 
outpatient departments and affiliated outreach 

sessions provided access to adults from urban 

and rural catchment areas. Recruitment ended 
on 30 November, allowing the final 30-day 

screening assessment to be completed in 
December. All participants received 

counseling; there was no untreated 

comparison group. The same counseling 
content, assessment timing, and laboratory 

referral procedures were applied across all the 
participating services throughout the 

recruitment period. Ethical approval was 

obtained from the institutional ethics 
committees of the participating hospitals. 

Written informed consent was obtained from 
all participants before interviews, counseling, 

and blood sampling. Participation was 
voluntary, and confidentiality was maintained 

throughout the study. 

Adults aged 18–45 years who had no 
previously documented thalassemia carrier 

result were eligible. Healthcare professionals, 
medical students, individuals with known 

thalassemia disease, and people unable to 

complete an interview were excluded. One 
adult per household was enrolled to reduce 

duplication of family experiences. Consecutive 
eligible attendees were approached during 

designated recruitment sessions. The sample 
target was based on estimating a screening 

proportion near 50% with approximately 5.5% 

absolute precision at 95% confidence, 
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requiring about 318 observations; allowing for 
incomplete participation increased the target 

to 360. This calculation addressed precision, 
rather than power for demonstrating an 

intervention effect. 

Age, sex, education, residence, marital status, 
and family history of thalassemia were 

recorded using a standardized interview form. 
A ten-item knowledge assessment covered 

inheritance, carrier health, reproductive risk, 
diagnostic testing, counseling, and prevention. 

Each correct answer received one point; 

incorrect and uncertain answers received zero, 
yielding scores from zero to ten. Questions 

were reviewed for content and language by 
community medicine and pediatric clinicians 

and tested for comprehension in 20 adults 

outside the main sample. Urdu versions were 
used, with spoken Punjabi or Saraiki 

explanations when needed. This preliminary 
work assessed usability; it did not establish full 

psychometric validation. 
Before counseling, participants completed the 

knowledge assessment and four separate 

questions about screening willingness, family 
communication, counseling acceptance, and 

confidentiality. Trained clinicians then 
delivered an approximately 20-minute session 

using a common script, simple inheritance 

diagrams, and a short printed information 
sheet. The session explained that carriers 

were generally healthy and that, when both 
partners carried beta-thalassemia variants, 

each pregnancy carried a 25% probability of 

an affected child. Participants were 
encouraged to ask questions and explain key 

messages back in their own words. 
Discussions emphasized voluntary decisions 

and avoided blame or instructions about whom 
participants should marry. 

The assessment was repeated immediately 

after counseling. Free screening was offered 
regardless of post-session answers, with 

same-day sampling or a scheduled 
appointment. A reminder was provided when 

sampling had not been completed within two 
weeks. Screening completion required a 

laboratory record within 30 days; verbal 

willingness alone did not meet this definition. 
Participants without a completed test were 

asked to identify their single most important 
barrier. Declining testing did not affect access 

to routine clinical services. 

Screening included a complete blood count 
and high-performance liquid chromatography 

for every participant who provided a sample. 
Findings were reviewed by laboratory 

clinicians. A pattern consistent with beta-
thalassemia trait required raised HbA2 at or 

above the laboratory threshold of 3.5%, 

interpreted alongside red-cell indices and 
clinical history. Borderline or discordant 

findings were recorded separately and referred 
for further assessment, including iron studies 

or molecular testing when indicated. A result 

without a beta-thalassemia trait pattern was 
not treated as excluding every alpha-globin 

disorder or rare hemoglobin variant. 
Participants with a carrier pattern received 

individual post-test counseling and an offer of 

partner assessment. Operational definitions 
were summarized in Table 1.

 
 

Table 1. Operational Definitions and Assessment Schedule 

Measure Definition Timing 

Knowledge score 
Correct answers across ten items; range 

0–10 

Before and immediately after 

counselling 

Screening 
willingness 

Affirmative answer to accepting carrier 
testing 

Before and immediately after 
counselling 

Screening 

completion 

Blood count and haemoglobin analysis 

documented 
Within 30 days 

Carrier pattern 
HbA2 ≥3.5%, interpreted with indices and 

history 
Laboratory review 

Screening barrier One principal reason for non-completion Day 30 

 
Records used coded identifiers, and results 

were communicated privately. Continuous 
measures were summarized as mean ± 

standard deviation and categorical measures 

as frequency and percentage. Knowledge 
scores were compared using a paired t-test, 

and paired binary responses using exact 

McNemar tests. Wilson 95% confidence 

intervals were calculated for screening 
completion and carrier-pattern frequency. 

Item-level comparisons were exploratory. 

Two-sided p-values below 0.05 were 
considered statistically significant. 
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RESULTS 

Of 402 adults approached, 22 did not meet 

eligibility criteria and 20 declined participation. 

The remaining 360 completed both 
assessments and received counseling. 

Screening status was established for all 
participants at 30 days, including those 

without a completed laboratory test. The 

analysis therefore used the full enrolled 
sample for awareness and screening 

completion, while laboratory findings were 

restricted to the 252 participants who 
underwent testing. 

Participant characteristics were summarized in 
Table 2. Urban and rural residents and 

different educational backgrounds were 

represented. A family history of thalassemia 
was reported by one fifth of participants, 

indicating that the sample included adults with 
direct family experience as well as those 

without it.

 

 
Table 2. Participant Characteristics (N=360) 

Characteristic Category n (%) 

Age, years 18–24 120 (33.3) 
 25–34 154 (42.8) 
 35–45 86 (23.9) 

Sex Female 198 (55.0) 
 Male 162 (45.0) 

Residence Urban 204 (56.7) 
 Rural 156 (43.3) 

Education Primary or less 108 (30.0) 
 Secondary 150 (41.7) 
 Higher secondary or university 102 (28.3) 

Marital status Married 216 (60.0) 
 Unmarried 144 (40.0) 

Family history Present 72 (20.0) 
 Absent 288 (80.0) 

 
Baseline responses showed that recognition of 

thalassemia as a blood disorder was more 
common than accurate understanding of 

reproductive risk. Correct responses increased 

across all ten knowledge items after 

counseling (Table 3). The mean score rose 

from 3.73 ± 1.48 to 7.73 ± 1.33. The paired 
mean improvement was 4.00 points (95% CI: 

3.83–4.17; p<0.001). Retention was 

unmeasured. 
 

Table 3. Correct Knowledge Responses Before and After Counseling (N=360) 

Knowledge item Before, n (%) After, n (%) 

Thalassemia affected hemoglobin production 238 (66.1) 312 (86.7) 

Thalassemia was inherited 143 (39.7) 275 (76.4) 

Carriers could remain healthy 123 (34.2) 267 (74.2) 

Two carriers had a 25% affected-child risk per pregnancy 72 (20.0) 261 (72.5) 

Unrelated couples could both be carriers 130 (36.1) 284 (78.9) 

Blood testing could identify a carrier pattern 156 (43.3) 288 (80.0) 

Screening before pregnancy supported informed choices 98 (27.2) 269 (74.7) 

Genetic counselling helped interpret reproductive risk 96 (26.7) 263 (73.1) 

Thalassemia was not spread by ordinary social contact 180 (50.0) 288 (80.0) 

Prenatal diagnosis differed from parental carrier screening 105 (29.2) 275 (76.4) 

 
All item-level paired comparisons: p<0.001; 

these comparisons were exploratory. 

Responses concerning testing and 
communication also became more favorable 

after counseling (Table 4). Willingness to 

undergo screening increased by 36.4 

percentage points. Nevertheless, stated 

willingness exceeded documented completion. 
Confidentiality remained relevant despite 

favourable views of prevention services. 
 

Table 4. Affirmative Responses Before and After Counselling (N=360) 
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Response Before, n (%) After, n (%) p-value 

Willing to undergo carrier screening 171 (47.5) 302 (83.9) <0.001 

Willing to discuss screening with family 90 (25.0) 278 (77.2) <0.001 

Would accept individual genetic counselling if needed 170 (47.2) 310 (86.1) <0.001 

Agreed results should be communicated confidentially 206 (57.2) 320 (88.9) <0.001 

 
Exact McNemar tests were used for paired 

responses. 
Screening completion and laboratory findings 

were presented in Table 5. Completion was 
70.0% (95% CI: 65.1–74.5%). Among tested 

participants, 21 had findings consistent with 

beta-thalassemia trait, giving a screening yield 

of 8.3% (95% CI: 5.5–12.4%). Six results 

required further assessment and were 
excluded from the carrier-pattern count. These 

findings described the tested subgroup and 
were not estimates of population-wide 

prevalence. 

 
Table 5. Screening Completion and Follow-Up Outcomes 

Outcome n/denominator % 

Screening completed 252/360 70.0 

Screening not completed 108/360 30.0 

No beta-thalassemia trait pattern on initial testing 225/252 89.3 

Beta-thalassemia trait pattern 21/252 8.3 

Borderline or discordant laboratory findings 6/252 2.4 

Post-test counselling among participants with carrier patterns 21/21 100.0 

Participants with carrier patterns who were married 17/21 81.0 

Partners tested among married participants with carrier patterns 12/17 70.6 

Partner tests showing a carrier pattern 2/12 16.7 

 

Both couples with carrier patterns in each 
partner received referral for specialist 

counselling. Their subsequent reproductive 

decisions were not evaluated. Partner results 

were additional service outcomes and were 
not included in the initial 252 screening 

denominator. 

 
Table 6. Principal Barriers Among Participants without Completed Screening (N=108) 

Principal barrier n (%) 

Travel difficulties or work commitments 34 (31.5) 

No perceived need because of good health or absent family history 27 (25.0) 

Concern about marriage prospects or social stigma 22 (20.4) 

Family disagreement 15 (13.9) 

Fear of blood sampling 10 (9.3) 

 
Each participant reported one principal barrier; 
percentages may not total exactly 100 

because of rounding. 
No participant selected a direct testing fee, 

because the offered tests were free. However, 

free laboratory testing did not remove travel 
requirements or time away from work. These 

responses explained the remaining service gap 
without implying that every participant who 

declined testing lacked understanding. 

 
DISCUSSION 

The findings showed a gap between 

understanding thalassemia and completing 
carrier screening. Baseline knowledge was 

particularly limited for inheritance, carrier 
health, and reproductive risk. A recent study 

from Balochistan similarly reported substantial 
gaps among parents of affected children, 

supporting the need for clear preventive 
messages even within families already familiar 

with treatment.[15] Research among 

Bangladeshi college students also identified 
misconceptions despite interest in 

screening.[16] These comparisons supported 
targeted education, although their different 

populations prevented direct comparison of 

awareness percentages.  
Knowledge improved immediately after 

counseling, but the increase represented 
short-term learning rather than evidence of 

lasting behavior change. A nationwide 
Bangladeshi study reported that favorable 

attitudes could coexist with incomplete 
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knowledge and limited preventive 
practice.[17] In the present study, the higher 

post-session willingness than documented 
testing completion reinforced the importance 

of measuring what participants actually did 

after receiving information. Screening 
intention remained useful for understanding 

acceptability, but it was insufficient as a 
service outcome.  

The counseling approach also addressed 
family communication and the meaning of 

carrier status. Pakistani relatives who used a 

decision support resource described better 
understanding while continuing to express 

concerns about stigma and marriage.[18] 
Healthcare professionals in Punjab reported 

that structured information helped their 

discussions with families, suggesting a 
practical role for simple resources alongside 

trained staff.[19] Together, these findings 
supported consistent explanations in familiar 

languages and opportunities for private 
questions. They did not justify pressuring 

adults to test or treating carrier status as a 

personal failing.  
Recent randomized evidence from Indonesia 

reported improvements in knowledge and 
screening intentions with digital educational 

approaches.[20] Those findings supported 

exploring additional ways to reinforce 
information, but they did not establish that 

digital delivery would outperform the present 
approach in Pakistan. A recent five-country 

survey linked knowledge and familiarity with 

more favorable screening attitudes, further 
emphasizing that educational context 

influenced responses.[21] For local services, 
printed materials, spoken explanations, and 

optional digital reminders could complement 
one another where access allowed.  

The screening pathway identified participants 

who needed further counseling, while the 
remaining barriers showed why free tests 

alone were insufficient. Antenatal experience 
from Punjab, India, documented difficulties 

with partner testing and follow-up, 

emphasizing continuity across the prevention 
pathway.[22] A Pakistani scoping review also 

described wider financial and service 
constraints affecting thalassemia care.[23] 

Accessible sampling appointments and clear 
referral arrangements therefore appeared 

relevant to translating awareness into 

completed testing.  
The study’s strengths included participation 

across the settings, paired assessment, 
documented testing, and separate reporting of 

willingness and completion. However, the 
absence of a comparison group, immediate 

reassessment, and attendance-based 
recruitment limited causal and population-wide 

interpretation. A Cochrane review highlighted 

the limited randomized evidence for 
preconception genetic risk assessment, 

reinforcing the need for caution about 
reproductive outcomes.[24]. The practical 

contribution was a clearly measured pathway 
from counseling to testing, with remaining 

barriers identified for service improvement. 

This approach also provided community 
physicians and pediatricians with 

complementary roles in education, risk 
explanation, referral, and ongoing support.  

 
CONCLUSION 

Structured counseling was followed by 

improved thalassemia knowledge and greater 

willingness to undergo carrier screening. 
Documented testing remained lower than 

stated willingness, indicating that education 
needed to be supported by accessible 

sampling, confidential communication, and 
follow-up. Integrating these steps within 

community medicine and pediatric services 

offered a practical approach to strengthening 
informed prevention opportunities for families 

in Punjab. 
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