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Introduction

Neurological disorders are a major public health challenge 
worldwide and a leading cause of  disability‑adjusted life 
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Abstract

Introduction: Neurological disorders are the leading causes of death and disability globally. In low‑middle‑income countries such 
as India, there is a wide treatment gap for neurological disorders. To address this gap, an initiative known as the Karnataka Brain 
Health Initiative (KaBHI) was developed in collaboration with the public health system of the state of Karnataka in India. Method: A 
structured hybrid training program was conducted for 120 medical doctors working in the Primary Health Centers (PHCs) in the 
public health system in three districts of Karnataka. Pre‑ and post‑training evaluation was conducted to assess physicians’ knowledge 
and skills for evaluating patients with common neurological conditions. Results: Of 120 PHC doctors, 111 (92%) scored below the 
passing score of 50 points out of 100 before the training program. After the training, all trainees scored above this cut‑off. The 
study found a significant improvement in knowledge and skills after the training (before training: 40.48 ± 7.92, after training: 
66.28 ± 8.98 (P < 0.001) mean difference = 25.81), and was comparable among the PHC doctors in all three districts. Conclusions: Our 
study shows the feasibility of training primary care doctors in the public health system to manage selected common neurological 
disorders. The training program can potentially help to reduce the treatment gap for neurological disorders in India.
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years (DALYs) lost and mortality in adults. Every year, nearly ten 
million deaths occur due to neurological disorders worldwide.[1,2] 
In low‑middle‑income countries (LMICs) such as India, stroke, 
headache, dementia, and epilepsy are the predominant 
contributors to disability from neurological disorders, and 
among them stroke is the leading cause of  mortality.[3] 
Early diagnosis and treatment of  neurological disorders can 
significantly reduce the burden of  neurological disorders in 
the community.[4] However, there is a wide treatment gap for 
neurological disorders in India [dementia: 90%,[5] epilepsy: 50% 
to 90%,[6] stroke: 30%[7]] primarily due to low awareness, limited 
accessibility to neurological services, especially in remote areas,[3] 
and unaffordability of  specialist services.[7]

Globally, there exists a significant mismatch between the burden 
of  neurological disorders and the availability of  neurologists. 
In LMICs like India, there are reports of  one neurologist for 
every 3,200,000 people in 1998, and this number improved to 
one neurologist for every 1,250,000 people in 2002.[8] However, 
despite the progress, there are approximately 2500 neurologists 
serving a population of  more than one billion people in the 
India.[9] Therefore there is an urgent need to increase service 
coverage for neurological disorders at the community level.[10] 
The World Health Organization (WHO) suggests the adoption 
of  capacity‑building programs that can enhance the training 
and education for primary health care professionals to diagnose, 
treat, and provide care for patients with neurological disorders.[11] 
Primary health care has been identified as the foundation of  
effective health systems, as well as the best approach to achieving 
universal health coverage and meeting sustainable development 
goals.[12] PHC doctors provide basic health services at the 
community level and are important components of  health 
delivery systems.[13] To ensure access to neurological services in 
remote areas, it is important to integrate neurological care into 
primary care. To the best of  our knowledge, currently there are 
no operational health care delivery models to promote brain 
health or treat neurological diseases in the public health system 
in India or other LMICs.

Neurological disorders require early diagnosis, long‑term 
treatment, and rehabilitation to reduce burden and improve 
patients’ quality of  life.[14] Many common neurological disorders 
can be diagnosed and treated at the PHC level.[15,16] Additionally, 
these centres can provide timely referrals to specialised centres 
and continued care for patients. Therefore, it is crucial for PHC 
doctors to be able to identify, diagnose and treat individuals with 
neurological disorders, and thereby strengthen primary health 
care systems.

The major challenge for prevention and treatment of  neurological 
disorders at the PHC level is the lack of  adequate knowledge 
and skills among PHC professionals.[17] In a study carried out in 
the Northern part of  India, to assess the knowledge, attitudes 
and practices (KAP), one fourth of  the medical officers were 
found to have minimal experience in management of  epilepsy 
and some of  them  (16%) even considered epilepsy to be a 

mental illness.[16] Previous studies have focused on the impact 
of  training of  health care providers in core clinical skills and 
treatment of  disorders related to mental health, dermatological 
conditions, and tobacco use/dependence.[18‑22] However, there 
have been few studies evaluating effectiveness of  training health 
care providers for neurological disorders. These studies have 
focussed on individual diseases such as headache,[23‑25] epilepsy,[26] 
dementia[27,28] and stroke.[29] The format of  training adopted in 
these studies included continuing medical education  (CMEs), 
didactic lectures, case discussions, providing education materials, 
and workshops.[25,26,28,29] A systematic approach to training 
PHC professionals comprehensively for all major neurological 
disorders has not been implemented. There is hence a need 
to develop and implement training programs to strengthen 
proficiency among PHC professionals to diagnose and manage 
major neurological disorders and also enable timely referrals to 
specialist care when required.

In order to address this treatment gap, a public health initiative 
was developed in the state of  Karnataka, India to implement an 
evidence‑based comprehensive model for prevention, diagnosis, 
and equitable care of  neurological disorders across all levels of  
health care known as Karnataka Brain Health Initiative (KaBHI). 
This initiative is in collaboration with National Institution for 
Transforming India (NITI) Aayog, the policy think‑tank of  the 
Government of  India and the Department of  Health and Family 
Welfare, Government of  Karnataka. A major component of  the 
Brain Health Initiative was to systematically build capacity among 
PHC doctors. In this study, we aimed to assess the effectiveness 
of  training PHC doctors in diagnosis and treatment of  major 
neurological disorders.

Method

The Karnataka Brain Health Initiative  (KaBHI) was 
launched in both urban and rural Karnataka, India in three 
pilot districts of  Chikkaballapura  (population‑1255104), 
Kolar (population‑1699696), and Bengaluru South region 
(population‑2199888) of  Bengaluru urban district [Figure 
1]. These districts were selected for convenience as they are 
located close to the National Institute of  Mental Health and 
Neuroscience (NIMHANS).

Participants and sampling
In the public health system, each district has a district hospital 
which provides tertiary and secondary care. Community health 
centres provide primary and some secondary level care at the 
block headquarters and cover a population of  about 100,000 and 
primary health centres (PHCs) cater to a population of  about 
20000 to 30000. PHCs are present in both urban and rural areas 
and are the medical facilities closest to the communities where 
a doctor is present. As An official communication was sent by 
the Karnataka State Health Commissioner to the District Health 
Officers and doctors working in the PHCs in three pilot districts 
to participate in the study. The three districts have a total of  159 
PHCs. All the doctors who attended the training program were 
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included in the study. we expected a minimum improvement 
of  knowledge and clinical skills to 10% of  the PHC doctors. 
Assuming a 10% improvement in the scores after the training, a 
sample size of  120 participants was considered to be adequate 
with a power of  0.90 at α =0.05.

Study procedure
We adopted a quasi‑experimental pre‑  and post‑test study 
design without a control group. The study was conducted in 
March and April, 2022. The doctors at the PHC were subjected 
to a structured training program on diagnosis and treatment 
of  common neurological disorders. In collaboration with 
the Department of  Health and Family Welfare, Government 
of  Karnataka, the training program was developed by 
expert neurologists from a postgraduate training institute in 
neurology (NIMHANS) with extensive experience in training 
doctors.

Structure of  training program: A  hybrid training program 
was conducted over a period of  two months which included one 
in‑person workshop and total of  nine online training sessions 
for all the three districts. During the in‑person workshop (each 
lasting for 4 to 4.5 hours), specialists in the areas of  headache, 
epilepsy, stroke, and dementia discussed approaches to 
diagnosis and treatment with the PHC doctors. Three in‑person 
workshops were organised, one each at Chikkaballapura, Kolar, 
and Bengaluru South in order to facilitate interaction and build 
rapport between specialists and primary health care doctors. 
An introduction to history taking and clinical examination 
in neurology was conducted initially. Following this, the 
participants were trained in early identification, diagnosis and 
treatment of  these disorders through case‑based discussions and 
evidence‑based protocols.

Specialist neurologists subsequently conducted nine weekly 
interactive online training sessions each lasting for 90 minutes 

over a period of  two months for the PHC professionals. The 
topics included the following: approaches to neurological history 
and examination, classification, diagnosis and management 
of  headache, epilepsy, stroke, dementia and neuroinfections. 
This online training program consisted of  didactic lectures, 
case vignettes, poll‑based questions, and interactive discussions 
between experts and PHC doctors professionals  [Table  1]. 
The focus of  the online training program was to reiterate and 
reinforce the learning and skills of  PHC doctors acquired during 
the in‑person workshops. Specialist neurologists also addressed 
the queries by the PHC doctors in managing patients with the 
selected neurological problems through telephone calls when 
required.

Development and validation of  the KaBHI primary 
healthcare physicians training questionnaire: The KaBHI 
primary healthcare physicians training questionnaire aimed at 
assessing the knowledge of  common neurological disorders was 
developed and validated. Series of  focussed group meetings/
discussions by expert neurologists and public health specialists 
were conducted to develop the questionnaire. Based on 
consensus from the expert panel, 50 objective‑type questions and 
10 descriptive‑type questions were developed. Content validation 
of  the questionnaire was carried out by six expert neurologists. 
A Likert scale which consisted of  five options (not at all, a little, 
moderate, very much, extremely) was employed to evaluate the 
usefulness of  questions for assessing knowledge. Questions 
rated “very much” and “extremely” from at least five out of  
the six experts were considered to include in the questionnaire. 
Appropriate modifications were made based on the suggestions 
from experts, resulting in a more comprehensive questionnaire. 
A pilot study was conducted on a sample of  ten medical doctors. 
Two raters administered and scored the adapted questionnaire 
on pilot participants independently. Inter‑rater reliability was 
determined by Cohen’s kappa and there was 90% agreement 
between the two raters. The internal consistency of  the pilot 
data was examined using Cronbach’s alpha and the coefficient 

Table 1: Teaching contents and methods
Mode Content Methods Time allocation
In‑person An introduction to history taking and clinical examination 

Identification Diagnosis and treatment of  common 
neurological disorders

Didactic lectures
interactive case‑based discussions 
and evidence‑based protocols

4 to 4.5 hours each 
session

Clinical Skills Evaluation OSCE‑ Objective Structured 
Clinical Examination (five stations)

5 minutes/station

Online 
training

1. Approach to the Common Neurological Symptoms Lectures
Case vignettes
Case‑based
interactive discussions
Poll‑based questions

90 minutes/session
2. Approach to Neurological
Examination
3. Approach to diagnosis and the classification of  Epilepsy 
4. Approach to the Classification and Management of  Epilepsy
5. Approach to headache
6. Approach and Management of  Neuroinfections
7. Road Map to Dementia and Examination of  Dementia
8. Dementia Diagnosis, Management, and Rehabilitation
9. Diagnosis and Management of  Stroke
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was 0.93. Based on the modifications from the pilot study, a 
final version of  the questionnaire was finalised which included 
a total of  32 objective‑type questions (2 points/question = 64 
points) and 4 descriptive questions  (9 points/question  =  36 
points). The questionnaire also included questions on basic 
socio‑demographic information such as age, gender, education, 
and years of  experience. Based on the pilot study, if  a PHC 
professional scored greater than 50 points out of  100 after 
the training program, they were considered to have adequate 
knowledge about neurological disorders.

Evaluation: A pre‑ and post‑training evaluation of  120 PHC 
doctors was conducted to assess their knowledge of  neurological 
disorders before and after the training program using the 
KaBHI primary healthcare physicians training questionnaire. 
Both pre‑ and post‑training evaluation consisted of  the same 
set of  descriptive and objective questions to assess the gain 
in knowledge and skills through training. The questionnaire 
included objective and descriptive questions deriving a total of  
100 points. Pre‑training evaluation was conducted during an 
in‑person workshop, whereas post‑training evaluations were 
collected using Google Forms, and the data was matched using 
participants’ mobile phone numbers.

Additionally, an Objective Structured Clinical Examination (OSCE) 
was conducted after the training program. The OSCE was 
conducted at the Brain Health Clinics, located in district level 
general hospitals by a team of  trained general physicians and 
neurologists from tertiary care centres. The OSCE evaluated 
doctors’ practical knowledge on headache, epilepsy, stroke, and 
dementia. Five examination stations were included in OSCE, 
one for each disorder and a clinical signs demonstration station 
with a total of  10 points for each station.

Rural/urban definition: We defined rural and urban areas 
according to Census of  India (2011): An urban area was defined 
as “all places with municipality, corporation, cantonment board 
or notified town area committee” and a rural area should 
satisfy the following criteria:  (1) population size lesser than 
5000;  (2) more than 25% of  the male workforce engaged in 
non‑agricultural occupations; and (3) population density greater 
than 400/km2 (National Sample Survey Organization‑ Ministry 
of  Statistics and Programme implementation, Government of  
India).[30]

Statistical analysis
Demographic characteristics and test scores are expressed in 
mean (SD) for continuous variables and frequency (percentage) 
for categorical variables. Pre‑ and post‑test scores were compared 
by using the paired t‑test. Continuous data was analysed using 
ANOVA and Tukey test to measure the differences between the 
OSCE scores across the three districts. The Statistical Package for 
Social Sciences (SPSS) software version 16.0 was used to analyse 
the data (SPSS, Chicago, IL). A value of P < 0.05 was considered 
as statistically significant.

Ethics
The research study was approved by the Institutional Ethics 
Committee of  National Institute of  Mental Health and 
Neurosciences (NIMHANS) and informed consent was obtained 
from all participants.

Results

A total of  120 PHC doctors participated, representing 75% of  
the 159 PHCs, in the three districts. Among the three in‑person 
workshops held in Chikkaballapura, Kolar, and Bengaluru 
South, the participation rates were 53  (44.2%), 41  (34.2%), 
and 26  (21.6%) respectively. On the other hand, during the 
online training sessions, the number of  participants ranged 
from 71 to 99 per session out of  the total 120 attendees of  
the in‑person workshops. The average age of  the participants 
was 34.9  ±  6.63  years  (range: 24‑55) and the average years 
of  experience was 7.82  ±  5.62  (range: 0.5‑24). There were 
67  females  (55.8%) and 53  males  (44.1%). Among the PHC 
doctors, a majority were doctors trained in modern medicine (109, 
90.8%) while some were trained in traditional medical practice 
of  Unani (11, 9.2%) respectively. The descriptive characteristics 
of  PHC doctors are presented in Table 2.

The paired‑t test demonstrated that there was a significant 
increase in the questionnaire test scores before and after the 
training program (P < 0.001). A significant improvement was 
also found across specific neurological disorders including 
headache, epilepsy, stroke, and dementia (P < 0.001). The details 
of  pre‑  and post‑training scores of  the PHC doctors on the 
KaBHI primary health care physicians training questionnaire is 
presented in Table 3. Consistent improvement was also observed 
in post‑training scores of  PHC doctors across all the three 
districts [Table 4]. Among 120 PHC doctors, 111 (92%) scored 
below 50 points before the training program. After the training 

Table 2: Demographic and educational characteristics of 
PHC doctors from three districts of Karnataka

Mean
Age in years
Mean (SD)

34.95 (6.63)

Years of  clinical experience
Mean (SD)

7.82 (5.62)

Gender
Male 53 (44.1%) 
Female 67 (55.8%)
Education
Bachelor in Unani Medicine and Surgery (BUMS) 11 (9.2%)
Bachelor of  Medicine and Bachelor of  Surgery (MBBS) 97 (80.8%)
Bachelor of  Medicine and Bachelor of  Surgery, 
Diploma in Public Health (MBBS, DPH)

1 (0.8%)

Doctor of  Medicine (MD) 11 (9.2%)
District Wise 
Chikkaballapura 53 (44.1%)
Kolar 41 (34.2%)
Bengaluru South 26 (21.6%)
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program, a significant improvement was observed. All the PHC 
doctors (N = 120, 100%) scored above the set cut‑off  score of  
50 points out of  100 on the questionnaire.

The performance of  PHC doctors from three districts of  
Karnataka on objective structured clinical examination (OSCE) 
across different neurological disorders was examined. 
There was no significant difference in the performance of  

PHC doctors on the OSCE scores between neurological 
disorders  (headache  (P  =  0.086); epilepsy  (P  =  0.064); 
stroke  (P = 0.426); dementia  (P = 0.141) and in clinical sign 
demonstration (P = 0.379) [See Table 5].

The performance of  PHC doctors was compared based 
on their age and years of  experience after acquiring the last 
degree. The baseline performance was the same across all 
age groups (<30 years, 30‑40 years and ≥ 40 years) and years 
of  experience (<5  years, 5‑10  years, 10‑15  years, >15  years). 
[Supplementary Tables 1 and 2]. The improvement following 
the training program was significantly more (P value = 0.036) in 
the younger doctors (age < 30 years) as compared to the older 
doctors (≥40 years) [Figure 2]. The improvement in knowledge 
remained same across all categories of  years of  experience.

Discussion

The PHC doctors participating in the study were observed to 
have limited knowledge about neurological disorders prior to the 
training program. Following a structured and systematic training 
program, both the knowledge and the skills to diagnose major 
neurological disorders such as headache, epilepsy, stroke, and 
dementia were found to improve significantly.

Additionally, we also observed that the improvement in 
knowledge and skills was significantly higher among doctors aged 
less than 30 years. The study shows the feasibility of  training 
doctors at the primary health centres in the public health system 
in manging common neurological disorders. To our knowledge 
this is the first of  its kind initiative to improve brain health in a 
low‑ and middle‑income country.

In the background of  a rising burden of  neurological disorders 
globally, and a wide treatment gap, WHO advocates capacity 
building programs for primary health care professionals to 
diagnose and treat neurological disorders.[11] Previous studies 
have demonstrated positive outcomes of  training of  health 
care providers in the treatment of  several non‑neurological 
disorders[18‑22] However, the effectiveness of  training health 
care providers for neurological disorders is limited to a few 
individual diseases.[23,25,31,32] The diagnostic accuracy and choice 

Table 3: Pre‑ and post‑training scores of PHC doctors on the KaBHI primary health care physicians training 
questionnaire across different neurological disorders

Pre‑training scores (n=120) 
Mean (SD)

Post‑training scores (n=120) 
Mean (SD)

Mean 
difference

P

Objective type (Max score: 64) 25.21 (6.53) 42.45 (6.48) 17.23 <0.001
Descriptive type (Max score: 36) 15.27 (3.08) 23.76 (3.63) 8.48 <0.001
Total (Max score: 100) 40.48 (7.92) 66.28 (8.98) 25.81 <0.001

Scores obtained for different neurological disorders
Headache (Max score: 25) 12.67 (2.71) 19.18 (2.77) 6.52 <0.001
Epilepsy (Max score: 25) 10.63 (2.42) 16.88 (2.69) 6.24 <0.001
Stroke (Max score: 25) 8.96 (2.35) 17.02 (2.69) 7.91 <0.001
Dementia (Max score: 25) 8.22 (2.01) 14.65 (2.12) 6.43 <0.001

Figure  1: Map of selected districts  (Map Source: Government of 
Karnataka, Official Website)
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of  proper treatment significantly improved following a training 
program in the context of  headache and migraine disorders in 
primary healthcare providers and general practitioners.[23,24,31,32] 
Another study[26] found that the knowledge, attitude and practice 
towards epilepsy among 50 general practitioners improved 
after two training modules six months apart, in Bolivia, an 
LMIC. Furthermore, in Germany, there was a significant gain 
in knowledge in management of  dementia among 166 general 
practitioners after an interactive dementia training session that 
included 30 minutes of  lecture and 45 minutes of  structured 
case discussion.[27] To the best of  our knowledge, this is the first 
study that has assessed the effectiveness of  training of  PHC 
doctors comprehensively on a range of  neurological disorders 
including epilepsy, stroke, headache and dementia from India 
or any other LMIC.

The current study provides evidence that training PHC doctors 
in diagnosis and treatment of  common neurological disorders 
is feasible and effective in building capacity of  primary care 
physicians who serve at the grassroot levels of  health care. The 
current study is the first of  its kind measuring the effectiveness 
of  training PHC doctors in the public health system in India in 
diagnosis and management of  common neurological disorders. 
The training program significantly improved the theoretical and 
practical knowledge of  PHC doctors in neurological disorders 
and will facilitate the reduction of  the existing treatment gap for 
neurological disorders in India.

Our study indicated that a majority of  PHC doctors lacked 
sufficient knowledge to effectively diagnose and manage 
the common neurological conditions, consistent with earlier 
studies.[23,26,27] This knowledge gap may lead to incorrect diagnosis 
and treatment, delaying timely intervention and increasing risk of  
progression of  disability. The lack of  adequate knowledge among 
PHC doctors could also result in unwarranted patient referrals 
to specialist neurologists, in turn increasing the cost of  care. 
Based on the recommendations from a National Consultation 
on Strengthening Primary Health Care in Rural India,[33] building, 
empowering, and training primary health care professionals was 
identified as one of  the factors to improve comprehensive care, 
especially for health care in rural India. In the background of  a 
huge disparity in access to and utilization of  primary health care 
services between rural and urban areas in India, improving access 
to health care in the rural areas is a major priority.[33]

In our study, a hybrid training program was organised that 
incorporated both in‑person workshops and online sessions. 
These workshops, focused on the diagnosis and treatment of  
common neurological disorders, facilitated by experts using 
case‑based discussions and evidence‑based protocols. To 
additionally enhance knowledge acquired during in‑person 
workshops, an online weekly training program was conducted 
over a period of  two months. This training program featured 
didactic lectures, case vignettes, poll‑based questions, and 
interactive discussions between PHC doctors and experts. Along 
with the training, evidence‑based protocols were also provided T
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as resources and the mentorship by the experts was continued 
beyond the training period to address the clinical challenges faced 
by them in their practice. The training program incorporated 
in the current study is in line with the recommendations from 
meta‑analyses of  studies examining different types of  medical 
education programs and workshops,[34,35] that suggest that the 
use of  interactive learning methods mixed with didactic formats 
could bring about a major change in practice.

In this study, PHC doctors from both rural  (n  =  71) and 
urban (n = 49) areas were trained to diagnose and treat common 
neurological disorders. There was a significant improvement in 
knowledge and skills of  PHC doctors practicing in both rural 
and urban regions before and after the training program and this 
improvement was found to be comparable between rural and 
urban PHC doctors. This effort of  capacity building potentially 
benefits provision of  neurological services at the primary care 
level, particularly in remote areas, and help bridge the gap in the 
neurological care between rural and urban areas.[15,16] Our study 
findings are consistent with a recent study in rural Karnataka 
that demonstrated a gain in knowledge of  common mental 
disorders  (CMDs) among 38 primary health center doctors 
after undergoing approximately 3 hours of  training session on 
identification and treatment of  CMDs.[36]

The global burden of  disease study concluded that the increasing 
prevalence of  neurological diseases needs to be addressed with 

newer strategies of  prevention and treatment.[1] According 
to WHO, better professional education is the best method 
for implementing change.[37] Neurological disorders are most 
prevalent in the community and majority of  patients make their 
first contact with PHC doctors. A  well‑functioning primary 
healthcare system is a key component to promote coordination 
among health care levels and ensure patients receive optimal 
care.[38] During the process of  training in the current study, we 
recognised that the interaction between PHC professionals and 
neurologists during the in‑person workshops helped in building 
rapport between the specialists and the PHC doctors, and this 
was reflected in the subsequent online sessions. This rapport 
laid a strong foundation in development of  an effective referral 
pathway from primary to tertiary levels of  health care systems 
in Karnataka. It is especially important to build an effective 
long‑term working relationship in the context of  health center 
workers and difficult working circumstances at the PHC level.[39]

Several potential challenges were identified in the training 
program, including the following:

The doctors who participated in this study were operating in 
extremely busy PHCs where patient care took precedence. As 
a result, arranging both in‑person and online training programs 
proved to be very challenging.

The highest number of  participants in the online training session 
is 99 (82.5%). The remaining participants were unable to attend 
the training sessions due to other concurrent training programs.

During the online training sessions, maintaining a consistent 
number of  participants posed difficulties due to network and 
technical problems.

The above‑mentioned challenges may be addressed by 
integration of  brain health initiative program in an existing 
national health program such as the National Programme for 
Prevention and Control of  Cancer, Diabetes, Cardiovascular 
Diseases and Stroke  (NPCDCS) or National Mental Health 
Programme (NMHP).

There are some limitations to our study. The effectiveness of  
training was assessed within a short two‑month period; hence 
the long‑term retention of  knowledge and skills may require 

Table 5: Post‑training Objective Structured Clinical Examination (OSCE) scores of PHC doctors on diagnosis and 
treatment of common neurological disorders across three districts of Karnataka

OSCE 
(n=73)

Chikkaballapura 
Mean (SD) (n=33)

Kolar 
Mean (SD) (n=22)

Bengaluru South 
Mean (SD) (n=19)

P

Headache (Max score: 10) 6.70 (1.78) 7.55 (2.04) 6.05 (1.78) 0.093
Epilepsy (Max score: 10) 7.70 (.85) 7.41 (1.05) 7.47 (.84) 0.041
Stroke (Max score: 10) 7.71 (1.02) 8.09 (1.47) 7.26 (1.10) 0.381
Dementia (Max score: 10) 7.78 (.49) 7.77 (1.41) 7.42 (.90) 0.473
Clinical Sign demonstration (Max score: 10) 8.03 (.73) 7.45 (1.29) 7.63 (1.00) 0.092
Total OSCE Score (Max score: 50) 37.92 (4.87) 38.14 (4.91) 35.83 (5.62) 1.08

Figure 2: Bar plot showing age wise comparison of PHC doctors in the 
degree of knowledge improvement. Error bars represent standard error
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future study. Though there was a significant improvement in the 
knowledge and skills of  the PHC doctors, the impact on referral 
patterns and patient related outcomes like health‑related quality 
of  life and disability was not evaluated in this study but will be 
evaluated in the next phase of  KaBHI. The number of  PHC 
doctors who took part in the training program was relatively 
small as the study involved only three districts from the state 
of  Karnataka.

Conclusions

This study is the first of  its kind that assessed the effectiveness 
of  training PHC doctors comprehensively on a range of  
neurological disorders from India. The results of  the evaluation 
clearly demonstrate that the knowledge and clinical skills of  
PHC doctors improved significantly following the training. 
The study establishes the feasibility and effectiveness of  
incorporating a training component to the development of  
a public health strategy to integrate care of  neurological 
disorders into existing health care services and other LMIC 
settings.
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Supplementary Table 1: Age‑Stratified evaluation of scores before and after the training program
Variables <30 years (n=26) 

(mean, SD)
30‑40 years (n=72) 

(mean, SD)
≥40 years (n=22) 

(mean, SD)
P Post‑hoc 

comparison (Tukey)
Pre‑training score 39.50 (8.00) 40.32 (7.55) 42.14 (9.08) 0.503 ‑
Post‑training improvement score 29.23 (12.25) 26.24 (12.22) 20.36 (12.05) 0.042* <30 years vs ≥40 years

(P=0.036*)
*Significant, P<0.05

Supplementary Table 2: Experience‑Based evaluation of pre‑ and post‑training scores
Variables <5 years (n=42)

(mean, SD)
5‑10 years (n=41)

(mean, SD)
10‑15 years (n=22)

(mean, SD)
>15 years (n=14)

(mean, SD)
P

Pre‑training score 40.74 (7.57) 39.61 (5.45) 40.64 (10.18) 41.64 (11.35) 0.843
Post‑training improvement score 28.00 (12.57) 27.17 (11.44) 23.77 (11.73) 19.43 (14.24) 0.106
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