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Abstract

Background: Population-based screening for the common non-communicable diseases (NCD) is recommended
but is difficult to implement in the hard-to-reach areas of low resourced countries. The objective of our pilot study
was to evaluate the feasibility and the efficacy of delivering NCD screening services at home by trained community
health workers (CHWs). Men and women aged 30-60 years residing in rural areas of India were targeted for screening.

Methods: The CHWs made home visits to educate the participants about healthy lifestyles and symptoms of common
cancers and counsel the tobacco/alcohol users to quit. They measured height, weight, blood pressure (BP) and random
blood sugar for all and performed oral visual examination (OVE) to screen the tobacco/alcohol users for oral cancer. For
cervical cancer screening, the women themselves provided self-collected vaginal samples that the CHWs delivered to
the laboratory for high-risk Human Papillomavirus (HPV) detection. The women were not screened for breast cancer
but were made aware of the common symptoms and the importance of early diagnosis. Further assessment of the
screen-positive individuals and the women with breast symptoms was arranged at the nearest primary health center
(PHC).

Results: The CHWs screened 1998 men and 4997 women from 20 villages within 6 months; the refusal rate was less
than 10%. High BP and sugar were detected in 32.6% and 7.5% participants respectively; hypertension and diabetes
were confirmed in 42.3% and 35% respectively among those undergoing follow-up. Obesity prevalence was only 2.4%.
More than 50% men were tobacco chewers. Of the total participants, 2.6% were positive on OVE, though no oral
cancer was detected among them. HPV test was positive in 8.6% women and they were triaged with visual inspection
after application of acetic acid (VIA) test for treatment either by thermal ablation (same visit) or by loop excision. VIA
was positive in 14% of the HPV-positive women and 56.5% of them received same day ablative treatment.
The VIA-negative women were advised follow up after 1 year. No breast cancer was detected among the
0.6% women complaining of breast symptoms.
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Conclusions: Delivery of NCD screening services at home by trained CHWs is feasible and well-accepted by
our study population.

Keywords: Non-communicable disease, screening, hypertension, diabetes, cancer, self-collection, Human
Papillomavirus test

Background
Noncommunicable diseases (NCDs) are the leading
causes of mortality across the globe, accounting for 39.5
million deaths in 2015 [1]. Government of India, as part
of its commitment to reduce premature mortality from
NCDs, reorganized the NCD control program in 2016
aligned to the WHO Global NCD Action Plan
2013-2020 and introduced screening for the common
NCDs [2]. The program guidelines stipulate screening of
males and females (age 30 years and above) for hyper-
tension, diabetes and oral cancer at the nearest commu-
nity clinics (health sub-centers) and screening of females
for breast and cervical cancer at the next levels of health
service delivery [primary health centers (PHC) and dis-
trict hospitals]. A major challenge to implement the pro-
gram is that the sub-centers are under-staffed, poorly
equipped and are rarely visited by the residents [3]. Long
distance, inadequate transport facilities, high travel cost
and loss of wages are major barriers for the rural popu-
lation to seek preventive health services at the PHCs or
higher centers [4]. The problem of ensuring equitable
access to preventive health care in the rural and the re-
mote areas is not unique to India but to all the low and
middle income countries (LMICs) implementing NCD
screening programs [5]. The community health workers
(CHWs) are well-recognized to deliver different prevent-
ive health care services at the doorsteps of the benefi-
ciaries, especially in the LMICs. The female CHW
(known as ‘Accredited Social Health Activist or ASHA’)
in India works as an interface between the community
and the primary health care. Each ASHA is selected
from the village she caters to and usually has a target
population of 1,000 to cover. She receives a
performance-based incentive for promoting universal
immunization, referral and escort services for reproduct-
ive and child Health and other healthcare programs.
Our pilot study aimed to evaluate a novel service de-

livery approach to provide the early detection facilities
for the common NCDs (hypertension, diabetes, breast,
cervical and oral cancers) at home by trained CHWs in
a rural setting. The feasibility and efficacy of the
CHW-driven service delivery model were assessed by es-
timating the coverage of the targeted households, the
compliance of screen-positives to further evaluation, the

detection rates of the targeted diseases and the positive
predictive values of the tests. The study provided an op-
portunity to study the common risk factors for diabetes
and hypertension in the rural community.

Methods
The study, conducted between January 2017 and De-
cember 2017, was approved by the ethics committees of
International Agency for Research on Cancer (IARC),
France and GBH American Hospital, India.

Study design and setting
The community-based cross-sectional study was con-
ducted by GBH Memorial Cancer Hospital (GBHMCH)
and American International Institute of Medical Sci-
ences (AIIMS) in the Udaipur district of Rajasthan,
India. The study area is one of the backward rural dis-
tricts of Rajasthan due to its low literacy level, semi-arid
landscape, low level of agricultural production as well as
its high tribal concentration. The study was conducted
in Gogunda rural block having a total population of ap-
proximately 200,000 spread across 232 villages; the
population in the villages ranging from 88 to 2,787 [6].
Gogunda has four primary health centers (PHC). Private
health care is almost non-existent. Total 20 villages hav-
ing an adult population of approximately 12,000, belong-
ing to Gogunda block and served by a common PHC
were selected to implement the study.

Selection and training of CHWs
Female CHWs (N=10) were recruited following the same
criteria of selecting CHWs for other health programs in
India. The incumbents were between 25 and 45 years of
age, belonged to the local community and were educated
at least up to secondary level. CHWs were trained over
two weeks at GBHMCH. The training was structured to
ensure both knowledge development and skill acquire-
ment and was followed by an exit evaluation. After suc-
cessful completion of training, each CHW performed
the counseling and the screening procedures under dir-
ect supervision of the investigators at the GBHMCH
out-patients for one week. A reorientation training was
held after three months. Each CHW was provided with a
kit that contained the following:
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1. A flipchart to educate the study participants
2. A portable electronic scale and a measuring tape
3. A digital upper arm blood pressure (BP) monitor

(OmronTM Healthcare, Japan)
4. A blood glucose meter (AccucheckTM, Roche,

Germany)
5. A torch and a packet of wooden spatula for oral

visual examination
6. A prosthetic silicone breast model with a palpable

nodule inside to educate the women about breast
cancer early detection

7. DigeneTM Cervical Samplers, each containing a
cervical brush and specimen transport medium

The weighing machines, BP monitors and glucometers
were checked by the investigators during each monthly
meeting of the CHWs. Each BP monitor was validated
using a mercury sphygmomanometer. Each weighing
machine was cross checked using standard weights. The
blood glucose of a hospitalized patient was tested with
the glucometer just before the same patient provided
blood sample for estimation of blood glucose at the
GBHMCH laboratory.

Selection of study participants
Men and women between 30 and 60 years of age and
residing in the selected villages were eligible. Individuals
suffering from debilitating illnesses and the pregnant
women were excluded. The pregnant women were ad-
vised to attend antenatal check-ups and appropriate in-
vestigations as per the reproductive health care program
guidelines. The study aimed to recruit 5,000 women and
2,000 men. The sample size was empirically decided to
recruit enough number of men and women to evaluate
the feasibility and efficacy of the pilot interventions. We
recruited higher number of women to assess the per-
formance of the self-collected samples for HPV test at
home, a novel approach in Indian setting.
The CHWs worked in groups of two and systematic-

ally visited every household of the village. In every
household the eligible men and women were invited to
participate in the study and a written informed consent
was obtained from each of them. The CHWs revisited
the household on a later date if an eligible member was
not available during the initial visit. Screening of men
was stopped after recruiting 2000 participants, while
screening of women continued till 5000 participants
were recruited.

Procedures at home visit
Every study participant was educated by the CHWs about
healthy lifestyle, the harmful effects of tobacco and alcohol
and the symptoms of common cancers. The self-reported
current tobacco and/or alcohol users (defined as those

consumed tobacco and/or alcohol at least once in past 30
days) were counselled to quit. Weight was measured with
light garments on and height was recorded without any
shoes. BP was recorded with the subject sitting comfort-
ably after at least 15 minutes of rest. If the initial recoding
exceeded 140/90 mm Hg, a second measurement was ob-
tained after 15 minutes. The lower of the two recordings
was considered as final. Random blood glucose was esti-
mated with blood sample drawn from a finger prick using
sterile lancet and the displayed reading on the glucometer
was recorded. A systematic oral visual examination (OVE)
followed by palpation of an abnormal area was performed
on every participant self-reporting to be ever tobacco and/
or alcohol user. All women were made aware of the early
symptoms of breast cancer and the benefits of early diag-
nosis. They were educated about the feel of a breast lump
using the prosthetic breast model. The women provided
self-collected upper vaginal sample for Human Papilloma-
virus (HPV) detection test. The CHW explained the steps
of collection using a visual chart and the women collected
the sample in the privacy of another room or toilet. At the
end the CHW issued a health card documenting the test
results. Participants with high BP. high glucose, abnormal
OVE or breast symptoms were advised to attend the near-
est PHC for further evaluation. An already known hyper-
tensive or diabetic was advised to attend the PHC, if his/
her BP or random glucose was high or if he/she was not
taking medicines advised by a physician.

HPV detection test
The cervical samples were tested for 14 most common
oncogenic HPV types using the CareHPVTM (Qiagen,
Gaithersburg, USA) test. The test facility was set up at
the GBHMCH laboratory. The CHWs deposited the
samples to the laboratory once a week. Till that time,
the samples were stored at room temperature. A techni-
cian was trained to run the CareHPV test following the
manufacturer’s instructions. Samples with relative light
unit (RLU)/cut-off ratio >1 were considered positive.
The CHWs collected the reports from the laboratory
during their weekly visits to GBHMCH and distributed
them to the women.

Further evaluation at PHC
We followed the referral criteria mentioned in the Indian
National Guidelines for high BP (>140/90 mm) and high
random blood glucose (>140 mg/dl). At the PHC, all the
referred participants had BP checked by a medical officer
and had fasting and/or post-prandial blood glucose esti-
mated. Hypertension was confirmed if BP was >140/90
mm Hg up on repeat checkup. An individual with a fast-
ing glucose of >120 mg/dl and/or a post-prandial glucose
of >140 mg/dl was diagnosed as a diabetic.
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Individuals with abnormal OVE or women complain-
ing of breast symptoms were examined at the PHC by a
clinician trained at GBHMCH. Further evaluation (bi-
opsy for suspected oral premalignant lesions or mam-
mography/ultrasound for breast abnormalities) was
performed at the GBHMCH based on the clinician’s
recommendations.
The HPV-positive women were examined at the PHC

by a trained gynecologist who performed visual inspec-
tion of cervix after application of 5% acetic acid (VIA).
Women with positive VIA test were treated by
thermal-ablation after taking a punch biopsy, if the le-
sion was suitable for ablative treatment (type I trans-
formation zone, lesion purely ectocervical and occupying
less than 75% of the ectocervix and no suspicion of can-
cer). The VIA-positive women who were not eligible for
ablative treatment were referred to GBHMCH for col-
poscopy and further management. The HPV-positive but
VIA-negative women were advised repeat checkup after
1 year.
The records of each participant were maintained in an

online password protected database. The project coordi-
nators (N=2) tracked the screen positive participants
and reminded them over phone, if the follow up was not
completed within a month of referral.

Statistical considerations
Statistical analysis was performed using the Stata 14.2
(StataCorp LP, Texas, USA) software. The distribution of
participant socio-demographic, reproductive characteris-
tics, tobacco and alcohol consumption, and clinical find-
ings, overall and stratified by sex, were presented as
numbers and proportions. The process measures and
the intermediate outcomes were also presented as num-
bers and proportions. The process measures included
numbers screened for hypertension, diabetes, oral, breast
and cervical lesions; screen positivity; attendance for re-
ferral after an abnormality on any of the screening tests
done; and treatment received. The intermediate out-
comes included confirmed hypertension, confirmed dia-
betes, detection of oral, breast and cervical neoplasias
during the further investigations. The detection rates of
hypertension and diabetes were estimated as the propor-
tion of the men and women with confirmed disease out
of the total screened after exclusion of the known hyper-
tensives or the diabetics. The positive predictive value
(PPV) of the screening tests was estimated as the pro-
portion of individuals with confirmed disease out of
those undergoing diagnostic assessments. Because of the
possible interaction between hypertension and diabetes,
we defined an outcome with 4 categories including: par-
ticipants with neither hypertension nor diabetes; those
with hypertension but no diabetes; those with diabetes
but no hypertension; and those with both. The last 3

categories then defined our studied endpoints. The effect
of participant characteristics on the 3 endpoints was
assessed using odds ratios (ORs) and their 95% confi-
dence intervals (CIs) obtained from multinomial logistic
regression models. Regression analysis models were ad-
justed for clustering on study village to allow for the
possible correlation of within village responses, that is,
the responses are independent between but not neces-
sarily within study villages. Adjustment in the regression
models was done by including all the cofactors assessed
in the multivariate analysis. P for trend values were ob-
tained to assess the dose-response effects of age, educa-
tion and BMI grade in a multivariate model in which
these factors were included as ordinal variables. For each
endpoint, the group of participants with neither hyper-
tension nor diabetes was used as the base outcome in
the regression analyses.

Results
Screening of 1,988 men and 4,997 women was com-
pleted within six months. Nearly 90% of the targeted
households were covered; the residents of the remaining
households either were not available or refused to par-
ticipate. The demographic details of the participants are
described in table 1. The mean age of the screened men
(44 + 10 Years) was higher than that of the women (38
+ 8 years) due to the local custom of men marrying
younger women. The literacy rate was low with 29.2%
men and 12.7% women being educated at high schools
or colleges. Tobacco use was highly prevalent in men;
51.8% being current chewer of tobacco and 27.7% being
current smoker. Current alcohol consumption was re-
ported by 29.5% of the men. Rate of consumption of to-
bacco or alcohol was significantly less among the
women. Only 2.6% women reported to be current
chewer of tobacco and only 0.2% were current smoker.
None of the participants ever had screening for NCDs.
Results of the different screening tests are listed in

Table 2. High BP (>140/90 mm) was recorded in 48.0%
men and 26.4% women. Random glucose was >140 mg/
dl in 7.5% participants (men 10.7% and women 6.2%).
The prevalence of obesity was low in the rural and
mostly indigent population. Only 2.4% of the partici-
pants were obese and 8.7% were overweight.
OVE was abnormal in 8.0% men and 0.4% women.

HPV test was positive among 8.6% women. None of the
women participating in the study refused or failed to
collect the vaginal samples. Only 32 samples were found
to be inadequate due to leakage of the contents during
transport; 30 of them could be re-collected from the
women. Only 28 (0.6%) women complained of breast
lump or nipple discharge while they were visited by the
CHWs.
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The results of further assessment of the participants
referred for high BP and sugar are given in Table 3.
Among the 2,275 referrals for high BP, 1,475 (64.8%)
were further evaluated and of them 624 (42.3%) were
confirmed to be hypertensives. Out of the 522 partici-
pants with high sugar at screening, 412 (78.9%) attended
the PHC and 144 (35.0%) were confirmed to be diabetic.
The detection rate of hypertension in the screened
population was 9.3% (636/6,853) and that of diabetes
was 2.4% (167/6,917). The PPVs of screening for BP and
blood sugar to detect the disease were 42.3% and 35.0%
respectively.
VIA was performed on 76.5% (328/429) HPV-positive

women. Only 46 women (14.0%) were VIA-positive and
were biopsied. Histopathology reports were normal in
26; CIN 1 in 9; CIN 2 in 6; CIN 3 in 4; and invasive
squamous cell cancer in 1. Thermal-ablation was per-
formed on all 26 women eligible for ablative treatment.
Women with CIN2+ diagnosis on histopathology and
not treated by thermal-ablation were treated at
GBHMCH.

Table 1 Participants’ characteristics by gender

Characteristics All Men Women

n (%) n (%) n (%)

Participants assessed 6,985 1,988 4,997

Age (years)

30-34 2,420 (34.6) 403 (20.3) 2,017 (40.4)

35-39 1,441 (20.6) 351 (17.7) 1,090 (21.8)

40-44 1,065 (15.2) 298 (15.0) 767 (15.3)

45-49 695 (9.9) 260 (13.1) 435 (8.7)

50-54 614 (8.8) 222 (11.2) 392 (7.8)

55-60 750 (10.7) 454 (22.8) 296 (5.9)

Marital status

Unmarried 8 (0.1) 7 (0.4) 1 (0.0)

Married 6,865 (98.3) 1,963 (98.7) 4,902 (98.1)

Widowed 99 (1.4) 13 (0.7) 86 (1.7)

Separated 13 (0.2) 5 (0.3) 8 (0.2)

Age at marriage (years)

<18 2,391 (34.2) 490 (24.6) 1,901 (38.0)

18+ 4,402 (63.0) 1,423 (71.6) 2,979 (59.6)

Unknown/not applicable 192 (2.7) 75 (3.8) 117 (2.3)

Age at first child birth (years)

<18 644 (12.9)

18+ 4,208 (84.2)

Unknown/not applicable 145 (2.9)

Current residence type of house

Thatched 3,650 (52.3) 1,150 (57.8) 2,500 (50.0)

Tiled 3,323 (47.6) 833 (41.9) 2,490 (49.8)

Concrete 11 (0.2) 4 (0.2) 7 (0.1)

Unknown 1 (0.0) 1 (0.1) 0 (0.0)

Average monthly household income (in rupees)a

<5000 4,075 (58.3) 1,021 (51.4) 3,054 (61.1)

5000-9999 1,638 (23.5) 632 (31.8) 1,006 (20.1)

10000-19999 995 (14.2) 235 (11.8) 760 (15.2)

≥20000 276 (4.0) 99 (5.0) 177 (3.5)

Unknown 1 (0.0) 1 (0.1) 0 (0.0)

Religion

Hindu 6,913 (99.0) 1,969 (99.0) 4,944 (98.9)

Muslim 54 (0.8) 14 (0.7) 40 (0.8)

Christian 15 (0.2) 3 (0.2) 12 (0.2)

Unknown 3 (0.0) 2 (0.1) 1 (0.0)

Participant’s education

Nil 3,130 (44.8) 472 (23.7) 2,658 (53.2)

Primary 1,556 (22.3) 509 (25.6) 1,047 (21.0)

Middle 1,084 (15.5) 426 (21.4) 658 (13.2)

High school 662 (9.5) 317 (15.9) 345 (6.9)

College 552 (7.9) 264 (13.3) 288 (5.8)

Table 1 Participants’ characteristics by gender (Continued)

Characteristics All Men Women

n (%) n (%) n (%)

Unknown 0 (0.0) 0 (0.0) 0 (0.0)

Participant’s occupation

Unemployed/Home maker 3,676 (52.6) 72 (3.6) 3,604 (72.1)

Manual labour 1,945 (27.8) 1,014 (51.0) 931 (18.6)

Agriculture 723 (10.4) 406 (20.4) 317 (6.3)

Service 392 (5.6) 268 (13.5) 124 (2.5)

Own business 206 (2.9) 187 (9.4) 19 (0.4)

Professional 5 (0.1) 5 (0.3) 0 (0.0)

Retired 37 (0.5) 35 (1.8) 2 (0.0)

Unknown 1 (0.0) 1 (0.1) 0 (0.0)

Tobacco chewing status

Never 5,752 (82.3) 901 (45.3) 4,851 (97.1)

Currenta 1,160 (16.6) 1,029 (51.8) 131 (2.6)

Past 73 (1.0) 58 (2.9) 15 (0.3)

Tobacco smoking status

Never 6,343 (90.8) 1,360 (68.4) 4,983 (99.7)

Currenta 560 (8.0) 550 (27.7) 10 (0.2)

Past 82 (1.2) 78 (3.9) 4 (0.1)

Alcohol consumption status

Never 6,266 (89.7) 1,302 (65.5) 4,964 (99.3)

Currenta 611 (8.7) 587 (29.5) 24 (0.5)

Past 108 (1.5) 99 (5.0) 9 (0.2)
aRupees 100 ≈ US$ 1.4
aCurrent tobacco or alcohol users were defined as those consumed tobacco or
alcohol at least once in past 30 days
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A single case of fibroadenoma was detected among
the 28 women with breast symptoms. Rest did not have
any significant abnormalities on clinical examination and
no further investigations were advised. None of the 181
men or women examined for positive OVE had any
growth or ulcer in the oral cavity. They were counseled
to quit tobacco and alcohol.
Table 4 describes the screening outcome by participants’

socio-demographic characteristics, BMI, tobacco and alco-
hol consumption. Table 5 presents the independent effect
(multivariate analysis) of these factors on the risk of the
three endpoints, that is, being hypertensive but not dia-
betic; being diabetic but not hypertensive; and being both
hypertensive and diabetic. A significantly increased risk of
hypertension was observed with increasing age (risks esti-
mates ranging from 1.2 to 3.5-fold compared to those
aged 30-34 years) with a significant dose-response rela-
tionship (p-value for trend <0.001). The risk of hyperten-
sion was significantly higher among the overweight
(OR=2.0; 95% CI=1.5-2.7) and the obese (OR=3.0; 95%
CI=2.3-3.9) population compared to those having normal
weight, with a significant dose response relationship

(p-value for trend=<0.001). The ever consumers of alcohol
also had a higher risk (OR=1.4; 95% CI=0.9-2.0) compared
to the never consumers.
For the diabetes endpoint, the risk significantly in-

creased with increasing age (ORs ranging from 1.6 to 4.6
compared to those aged 30-34 years) with a significant
dose-response relationship (p-value for trend <0.001).
The risk was significantly higher in the overweight par-
ticipants (OR=2.1; 95% CI=1.4-3.1) and the obese
(OR=4.2; 95% CI=2.7-6.3) compared to those having
normal weight, again with a significant dose response re-
lationship (p-value for trend=<0.001).

Discussion
Detection of a large number of previously unknown hy-
pertensives and diabetics, successful screening and treat-
ment of women for cervical neoplasias, low refusals to
screening and high compliance of the screen-positives to
further assessment validate our model of providing NCD
screening services at home by the CHWs. However, a
major challenge to scale up such an approach is that the
CHWs in the existent health services are engaged in

Table 2 Results of the screening tests by gender

All participants Men Women

n (%) n (%) n (%)

Participants screened 6,985 1,988 4,997

Blood pressure status (mm Hg)

Not high 4,578 (65.5) 975 (49.0) 3,603 (72.1)

High (140+/90+) at screening 2,275 (32.6) 955 (48.0) 1,320 (26.4)

Known hypertensive 132 (1.9) 58 (2.9) 74 (1.5)

Blood sugar levels (mg/dl)

Not high 6,395 (91.6) 1,734 (87.2) 4,661 (93.3)

High (140+ mg/dl) at screening 522 (7.5) 213 (10.7) 309 (6.2)

Known diabetic 68 (1.0) 41 (2.1) 27 (0.5)

BMI grade (Kg/m2)

Underweight (<18.5) 1,349 (19.3) 284 (14.3) 1,065 (21.3)

Normal (18.5-<25.0) 4,864 (69.6) 1,314 (66.1) 3,550 (71.0)

Overweight (25.0-<30.0) 606 (8.7) 302 (15.2) 304 (6.1)

Obese (30.0+) 166 (2.4) 88 (4.4) 78 (1.6)

Oral visual inspection findings

Normal 6,803 (97.4) 1,828 (92.0) 4,975 (99.6)

Abnormal 182 (2.6) 160 (8.0) 22 (0.4)

HPV results

Negative 4,566 (91.4)

Positive 429 (8.6)

Breast symptoms

Normal 4,967 (98.3)

Abnormal 28 (0.6)

HPV human papilloma virus, BMI body mass index (weight/height2)
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providing various other services, mostly related to re-
productive and child health. While the CHWs in our
study could dedicate full time to the screening activ-
ities, the CHWs in the routine health services already
over-burdened with many health programs will have
burn out effects. It is important for the health ser-
vices to make some vertical investments and build a
dedicated work force providing NCD services. Tamil-
nadu is the only state in India that has been able to
successfully implement mass-scale NCD screening,
supported initially by the World Bank. The program
invested heavily in engaging and training dedicated
nurses, multi-purpose health workers and auxiliary
nurse midwives, not only to provide NCD services

but also for community mobilization, record mainten-
ance and data management [7].
The access to the primary care in the rural areas in

the LMICs is limited by a combination of factors such as
poor physical infrastructure, lack of trained providers,
inadequate financing and scarcity of transport. The facil-
ities designated to provide the basic care at the commu-
nity level are often under-staffed and under-equipped
and have low uptake of the services due to sub-optimal
quality. The Family Health Survey (2015-16) in Rajas-
than, India (where our study was implemented) reported
that only 3% of the rural households visited the
sub-centres during any illness [8]. While people may be
ready to accept the extra cost and hardships and loss of

Table 3 Participant screening test results and follow-up investigations

Baseline characteristics Assessed at baseline With further investigations

Assessed Confirmed Hypertension Confirmed Diabetes

n n (%) n (%) n (%)

All participants

Participants screened 6,985 1,824 (26.1) 665 (36.5)

Blood pressure status (mm Hg)

Not high 4,578 257 (5.6) 12 (4.7)

High (140+/90+) at screening 2,275 1,475 (64.8) 624 (42.3)

Known hypertensive 132 92 (69.7) 29 (31.5)

Blood pressure status (mm Hg)

Not high 4,578 257 (5.6) 12 (4.7)

High (140-159/90+) at screening 1,998 1,243 (62.2) 449 (36.1)

Very high (160+/90+) at screening 277 232 (83.8) 175 (75.4)

Known hypertensive 132 92 (69.7) 29 (31.5)

Blood sugar levels (mg/dl)

Not high 6,395 1,356 (21.2) 23 (1.7)

High (140+ mg/dl) at screening 522 412 (78.9) 144 (35.0)

Known diabetic 68 56 (82.4) 36 (64.3)

Blood sugar levels (mg/dl)

<126 5,746 1,192 (20.7) 22 (1.8)

126-139 649 164 (25.3) 1 (0.6)

140-159 325 280 (86.2) 70 (25.0)

160-179 90 55 (61.1) 17 (30.9)

180-199 52 25 (48.1) 15 (60.0)

200+ 55 52 (94.5) 42 (80.8)

Known diabetic 68 56 (82.4) 36 (64.3)

BMI grade (Kg/m2)

Underweight (<18.5) 1,349 303 (22.5) 89 (29.4) 27 (8.9)

Normal (18.5-<25.0) 4,864 1,168 (24.0) 434 (37.2) 122 (10.4)

Overweight (25.0-<30.0) 606 267 (44.1) 105 (39.3) 38 (14.2)

Obese (30.0+) 166 86 (51.8) 37 (43.0) 16 (18.6)

BMI body mass index (weight/height2)

Basu et al. BMC Public Health           (2019) 19:14 Page 7 of 12



wages to reach the higher centres situated far away dur-
ing sickness, the apparently healthy individuals targeted
for screening are unlikely to bear the cost and the hard-
ships for the preventive services [9].
The problem of accessing health care is even more

complex for the women. Women in rural India like in
many other LMICs are the victims of health inequity as
a consequence of discriminatory beliefs and practices,
lack of awareness (knowledge of women, their families
and the health care providers about the existence of a
health problem) and acknowledgement (recognition that
something should and can be done about the health
problem) [10]. The NCD screening program to succeed

in LMICs need to deliver the services at the doorsteps of
the beneficiaries. To deliver NCD prevention and early
detection services at the doorsteps, the CHWs are the
most key members of the healthcare team.
CHWs have been successfully utilized in many coun-

tries to facilitate access to care, increase quality of ser-
vice and improve healthcare outcomes [11]. A
systematic review demonstrated that the task-shifting
from physicians to health workers, with appropriate
health system re-structuring is viable as well as
cost-effective in improving access to healthcare for
NCDs in the LMICs [12]. While in other studies, the
utilization of CHWs has been limited to screening for

Table 4 Distribution of hypertension and diabetes status at baseline by participants’ characteristics

characteristics Neither hypertensive
nor diabetic

Hypertensive but
not diabetic

Diabetic but not
hypertensive

Both hypertensive
and diabetic

Participants assessed 5,194 681 148 84

Age (years)

30-34 2,009 138 24 10

35-39 1,129 108 24 7

40-44 773 110 27 9

45-49 471 83 19 12

50-54 382 100 17 16

55-60 430 142 37 30

Sex

Men 1,231 282 81 46

Women 3,963 399 67 38

Education

Nil 2,286 339 63 36

Primary 1,184 128 27 23

Middle 824 91 26 12

High school 484 71 18 4

College 415 52 14 9

BMI grade (Kg/m2)

Underweight (<18.5) 1,072 89 23 6

Normal (18.5-<25.0) 3,692 452 90 46

Overweight (25.0-<30.0) 346 105 24 24

Obese (30.0+) 84 35 11 8

Chewing status

Never 4,431 514 109 60

Ever 763 167 39 24

Smoking status

Never 4,802 581 130 70

Ever 392 100 18 14

Alcohol consumption status

Never 4,780 570 130 71

Ever 414 111 18 13

BMI body mass index (weight/height2)
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Table 5 Effect of participant characteristics on hypertension and/or diabetes status at baseline

Participant characteristics Endpoint as hypertensive but not
diabetic (excluding participants
with diabetes)

Endpoint as diabetic but not
hypertensive (excluding
participants with hypertension)

Endpoint as both with hypertensive and
diabetic (excluding participants with only
hypertension and those with only diabetes)

OR (95% CI) OR (95% CI) OR (95% CI)

Crude analysis

Age (years)

30-34 1.0 1.0 1.0

35-39 1.4 (1.0 - 2.0) 1.8 (1.0 - 3.0) 1.2 (0.4 - 4.0)

40-44 2.1 (1.6 - 2.7) 2.9 (1.9 - 4.6) 2.3 (1.1 - 4.9)

45-49 2.6 (1.7 - 3.9) 3.4 (1.9 - 6.2) 5.1 (2.4 - 10.8)

50-54 3.8 (2.8 - 5.2) 3.7 (2.4 - 5.8) 8.4 (3.7 - 19.3)

55-60 4.8 (3.7 - 6.3) 7.2 (4.6 - 11.4) 14.0 (6.0 - 32.7)

Sex

Men 1.0 1.0 1.0

Women 0.4 (0.3 - 0.6) 0.3 (0.2 - 0.4) 0.3 (0.1 - 0.5)

Education

Nil 1.0 1.0 1.0

Primary 0.7 (0.6 - 0.9) 0.8 (0.5 - 1.3) 1.2 (0.7 - 2.1)

Middle 0.7 (0.6 - 0.9) 1.1 (0.7 - 1.9) 0.9 (0.6 - 1.5)

High school 1.0 (0.7 - 1.3) 1.3 (0.7 - 2.6) 0.5 (0.2 - 1.7)

College 0.8 (0.6 - 1.2) 1.2 (0.6 - 2.6) 1.4 (0.5 - 3.8)

BMI grade (Kg/m2)

Underweight (<18.5) 0.7 (0.5 - 1.0) 0.9 (0.6 - 1.3) 0.4 (0.2 - 1.0)

Normal (18.5-<25.0) 1.0 1.0 1.0

Overweight (25.0-<30.0) 2.5 (1.8 - 3.5) 2.8 (1.8 - 4.5) 5.6 (2.6 - 11.9)

Obese (30.0+) 3.4 (2.4 - 4.9) 5.4 (3.2 - 8.9) 7.6 (4.2 - 14.1)

Chewing status

Never 1.0 1.0 1.0

Ever 1.9 (1.4 - 2.5) 2.1 (1.3 - 3.3) 2.3 (1.4 - 3.7)

Smoking status

Never 1.0 1.0 1.0

Ever 2.1 (1.5 - 3.0) 1.7 (0.9 - 3.0) 2.5 (1.3 - 4.6)

Alcohol consumption status

Never 1.0 1.0 1.0

Ever 2.2 (1.6 - 3.1) 1.6 (0.9 - 2.7) 2.1 (1.3 - 3.3)

Adjusted analysisa

Age (years)

30-34 1.0 1.0 1.0

35-39 1.3 (0.9 - 1.8) 1.6 (0.9 - 2.7) 1.1 (0.3 - 3.6)

40-44 1.7 (1.3 - 2.3) 2.4 (1.6 - 3.7) 1.8 (0.8 - 4.1)

45-49 2.0 (1.3 - 3.0) 2.5 (1.4 - 4.5) 3.8 (1.5 - 9.1)

50-54 3.0 (2.3 - 3.8) 2.7 (1.8 - 4.2) 5.7 (2.0 - 16.0)

55-60 3.5 (2.6 - 4.6) 4.6 (2.9 - 7.3) 9.5 (3.6 - 24.9)

p-value for trend <0.001 <0.001 <0.001

Sex

Men 1.0 1.0 1.0
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hypertension and diabetes, we have demonstrated how
the cancer early detection services can also be delivered
by them at the doorsteps. The recently launched WHO
guideline on health policy and system support to
optimize CHW programs highlights the evolving role of
CHWs over time with changes in the epidemiological
profile of the diseases and the requirements of the health
system [13]. The services of the CHWs need to be
aligned to the growing global burden of the NCDs and it
may be worthwhile to consider building a separate cadre
of ‘NCD workers’ to improve the quality and reach of
the NCD control services in the community.
Our approach to screening for oral, breast and cervical

cancers was different from the recommendations of the
Indian guidelines. The Indian guidelines recommend
oral screening for all, breast cancer screening by clinical
breast examination (CBE) and cervical cancer screening
by VIA. We limited OVE to the ever-users of tobacco/al-
cohol, since oral cancer screening is ineffective in the
non-users [14]. We made the women aware of early

symptoms of breast cancer rather than screening
them with CBE. CBE screening has demonstrated sig-
nificant downstaging of breast cancer but there is in-
adequate evidence for its impact on mortality
reduction [15, 16]. We followed the early diagnosis
approach (breast awareness combined with ready ac-
cess to diagnosis and treatment) that has been recom-
mended by World Health Organization as simple,
effective and feasible in all LMICs [17]. We used
HPV detection test that has proved to be significantly
more efficacious than VIA and allows screening to be
performed at home [18, 19].
Ours was the first Indian study to perform HPV test-

ing of self-sampled vaginal specimens collected at home
setting. In the earlier studies the women provided the
samples in hospital-based or community-based clinics
[20, 21]. The HPV positivity (8.6%) was comparable to
the test positivity (7.7%) reported in the other Indian
study that used CareHPVTM to test self-collected sam-
ples. The compliance of the women was high, there were

Table 5 Effect of participant characteristics on hypertension and/or diabetes status at baseline (Continued)

Participant characteristics Endpoint as hypertensive but not
diabetic (excluding participants
with diabetes)

Endpoint as diabetic but not
hypertensive (excluding
participants with hypertension)

Endpoint as both with hypertensive and
diabetic (excluding participants with only
hypertension and those with only diabetes)

OR (95% CI) OR (95% CI) OR (95% CI)

Women 0.7 (0.4 - 1.1) 0.3 (0.2 - 0.5) 0.5 (0.2 - 1.1)

Education

Nil 1.0 1.0 1.0

Primary 0.7 (0.6 - 0.8) 0.7 (0.5 - 1.1) 1.2 (0.7 - 2.1)

Middle 0.8 (0.6 - 1.0) 0.9 (0.6 - 1.6) 0.9 (0.5 - 1.7)

High school 0.9 (0.7 - 1.1) 0.9 (0.5 - 1.7) 0.4 (0.1 - 1.3)

College 0.8 (0.5 - 1.2) 0.8 (0.4 - 1.7) 1.1 (0.3 - 4.0)

p-value for trend 0.597 0.844 0.869

BMI grade (Kg/m2)

Underweight (<18.5) 0.7 (0.5 - 0.9) 1.0 (0.7 - 1.5) 0.5 (0.2 - 1.0)

Normal (18.5-<25.0) 1.0 1.0 1.0

Overweight (25.0-<30.0) 2.0 (1.5 - 2.7) 2.1 (1.4 - 3.1) 4.2 (1.9 - 9.3)

Obese (30.0+) 3.0 (2.3 - 3.9) 4.2 (2.7 - 6.3) 7.0 (3.8 - 12.8)

p-value for trend <0.001 <0.001 <0.001

Chewing status

Never 1.0 1.0 1.0

Ever 1.1 (0.8 - 1.6) 1.0 (0.5 - 1.7) 1.2 (0.6 - 2.1)

Smoking status

Never 1.0 1.0 1.0

Ever 0.9 (0.8 - 1.2) 0.6 (0.4 - 1.0) 0.8 (0.4 - 1.4)

Alcohol consumption status

Never 1.0 1.0 1.0

Ever 1.4 (0.9 - 2.0) 0.7 (0.4 - 1.3) 1.0 (0.5 - 1.9)

OR odds ratio, CI confidence interval, BMI body mass index (weight/height2); aAll variable included in the multivariate regression model
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very few operational problems and the technology trans-
fer was easy.
The comparability of our screening test results with

other Indian studies and the high positive predictive
values (PPV) of further assessment to detect hyperten-
sion or diabetes (42.3% for high BP and 35.0% for high
sugar) reinforce the validity of our approach. The Inte-
grated Disease Surveillance Project (2007-2008) by the
Government of India reported high BP ranging from
18% to 26% among rural population (age 15-64 years)
across different provinces [22]. Another nationally repre-
sentative, population-based study screened a total of 1.3
million Indian adults (>18 years) for hypertension and
diabetes [23]. The reported prevalence of hypertension
(25.3%) and diabetes (7.5%) were similar to the values
we observed.
If high referral rate for high BP (32.6%) is a concern,

the rate could be drastically reduced by modifying the
referral threshold to 160/90 mm, which also resulted in
significant improvement in the PPV. In our study only
4.0% (277/6,985) participants had BP >160/90 mm at
screening, and the PPV of high BP at screening at this
threshold was 75.4% for the final diagnosis of hyperten-
sion. Benefit of revising the referral threshold has been
observed by earlier studies and may be considered for
population screening [24].
There are several unanswered questions in our study,

especially related to the integration of the CHW-driven
strategy in the larger program, e.g. improving compli-
ance to further assessment, monitoring and quality as-
surance mechanism and cost-effectiveness in a scaled-up
program. The missing follow-up data could potentially
alter the test characteristics. We did not assess the im-
pact of awareness or study the adherence to the recom-
mended treatment, which are important factors for
success of such a program. We have conducted a separ-
ate qualitative study to identify the structural barriers to
implement CHW-driven NCD control in the study set-
ting and also the knowledge, attitude and perceptions of
the men and the women that could influence uptake of
services. The results will be published separately. The
generalisability of the study findings in India may be
questioned given the heterogeneity in population charac-
teristics and the health system organization. Considering
the facts that 75% of the Indian populations still live in
villages with problems in accessing health care, the
CHWs are integral part of the health work force and
have high acceptance in the community, the population
has limited awareness of preventive health care - the
CHW-driven approach has high relevance across the
country, especially in the context of the revamped na-
tional NCD control program. Further evaluation studies
are needed with an appropriate ‘standard of care control’
to quantify the benefits and harms of our approach, with

an emphasis on patient-relevant long-term outcomes
such as morbidity and mortality reduction and also
cost-effectiveness.

Conclusions
To conclude, our pilot study demonstrated the feasibility
of delivering NCD prevention and screening services at
home by CHWs and the high acceptance of the services
at least among our study population. The effectiveness
of such an approach and the implications to the health
services need to be carefully evaluated further.

Abbreviations
BP: Blood pressure; CBE: Clinical breast examination; CHWs: Community
health workers; Cis: Confidence intervals; GBHMCH: GBH Memorial Cancer
Hospital; HPV: Human Papillomavirus; IARC: International agency for research
on cancer; LMICs: Low and middle income countries;
NCDs: Noncommunicable diseases; ORs: Odds ratios; OVE: Oral visual
examination; PHC: Primary health center; PPV: Positive predictive values;
VIA: Visual inspection with acetic acid

Acknowledgements
We are thankful to the study team at GBMCH, Udaipur, India (project coordinators
Yashoda Paniya and Vivek Agarwal and the community health workers Payal
Parmar, Bhawana Meghwal, Ansusuya Puskarana, Roopa Jain, Sumitra Prajapat and
Meera Ahari). We thank Krittika Guinot, Screening Group, IARC, for her help in the
preparation of the manuscript.

Funding
The study was funded by the Indo-American Cancer Association (IACA), Houston,
USA. IACA is a professional organization of clinicians and researchers and Dr Kirti
Jain and Dr Navami Naik as member of IACA were involved in protocol
development, training, implementation, data analysis and manuscript
preparation.

Availability of data and materials
The datasets used and analysed during the current study available from the
corresponding author on reasonable request.

Author’s contributions
PB, MM and KJ: Protocol development, training, implementation, data
analysis, manuscript preparation; RM, EL, NN and RS: Implementation, data
collection, data analysis, manuscript preparation; SI: Protocol development,
data analysis, manuscript preparation; NP, SP and SM: Training,
implementation: All authors read and approved the final manuscript.

Authors’ information
Partha Basu, Richard Muwonge, Eric Lucas: Screening Group, Early Detection
and Prevention Section, International Agency for Research on Cancer, WHO,
Lyon, France
Manoj Mahajan, Nilesh Patira, Sangita Prasad, Sushma Mogri: GBH Memorial
Cancer Hospital, Udaipur, Rajasthan, India
Rengaswamy Sankaranarayanan: Research Triangle Institute, International-
India, Commercial Tower, Pullman Hotel Aerocity, New Delhi, India
Swami Iyer: Division of Cancer Medicine, University of Texas MD Anderson
Cancer Center, Houston, USA
Navami Naik, Kirti Jain: Indo-American Cancer Association, Houston, USA

Ethics approval and consent to participate
The study was approved by the ethics committees of International Agency
for Research on Cancer (IARC), France and GBH American Hospital, India.
Every participant provided a written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Basu et al. BMC Public Health           (2019) 19:14 Page 11 of 12



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Screening Group, Early Detection and Prevention Section, International
Agency for Research on Cancer, WHO, 150 cours Albert Thomas, 69372, Lyon,
Cedex 08, France. 2GBH Memorial Cancer Hospital, Udaipur, Rajasthan, India.
3Research Triangle Institute, International-India, Commercial Tower, Pullman
Hotel Aerocity, New Delhi, India. 4Division of Cancer Medicine, University of
Texas MD Anderson Cancer Center, Houston, USA. 5Indo-American Cancer
Association, Houston, USA.

Received: 14 July 2018 Accepted: 20 December 2018

References
1. World Health Organization. Global Health Observatory (GHO) data. NCD

mortality and morbidity. Geneva: WHO; Available from: http://www.who.int/
gho/ncd/mortality_morbidity/en/. Accessed on 16 June 2018

2. National Health Mission. Ministry of Health and Family Welfare. Government
of India. Operational Guidelines. Prevention, screening and control of
common non-communicable diseases: Hypertension, diabetes and
common cancers (oral, breast, cervix). New Delhi: Government of India.
Available from: http://www.nicpr.res.in/images/pdf/guidelines_for_
population_level_screening_of_common_NCDs.pdf. Accessed on 16 June
2018

3. Das J, Mohpal A. Socioeconomic Status And Quality Of Care In Rural India:
New Evidence From Provider And Household Surveys. Health Aff
(Millwood). 2016;35(10):1764–73. https://doi.org/10.1377/hlthaff.2016.0558.

4. Sreerama G, Matavalum S, Chandresekharan P, Thunga V. Difficulties in
accessing and availing of public health care systems among rural
population in Chittoor District, Andhra Pradesh. International Journal of
Medicine and Public Health. 2015;5(4):265–9. https://doi.org/10.4103/2230-
8598.165085.

5. Xiao N, Long Q, Tang X, Tang S. A community-based approach to non-
communicable chronic disease management within a context of advancing
universal health coverage in China: progress and challenges. BMC Public
Health. 2014;14(Suppl 2):S2. https://doi.org/10.1186/1471-2458-14-S2-S2.

6. . Population Census 2011. Available from: https://www.census2011.co.in/
data/subdistrict/686-gogunda-udaipur-rajasthan.html. Accessed on 14
November 2018

7. Selvavinayagam TS. Screening 35 million for hypertension and diabetes
mellitus through public system: experiences of Tamil Nadu, India. Int J
Community Med Public Health. 2017;4:3882–7.

8. International Institute for Population Sciences (IIPS) and ICF. 2017. National
Family Health Survey (NFHS-4), India, 2015-16: Rajasthan. Mumbai: IIPS.
Available from: https://dhsprogram.com/pubs/pdf/FR338/FR338.RJ.pdf.
Accessed on 16 June 2018

9. Balarajan Y, Selvaraj S, Subramanian SV. Health care and equity in India.
Lancet. 2011 Feb 5;377(9764):505–15. https://doi.org/10.1016/S0140-
6736(10)61894-6.

10. Vissandjee B, Barlow R, Fraser DW. Utilization of health services among rural
women in Gujarat, India. Public health. 1997;111(3):135–48.

11. Balcazar H, Rosenthal EL, Brownstein JN, Rush CH, Matos S, Hernandez L.
Community health workers can be a public health force for change in the
United States: three actions for a new paradigm. Am J Public Health. 2011;
101(12):2199–203. https://doi.org/10.2105/AJPH.2011.300386.

12. Joshi R, Alim M, Kengne AP, Jan S, Maulik PK, Peiris D, et al. Task shifting for
non-communicable disease management in low and middle income
countries--a systematic review. PLoS One. 2014;9(8):e103754. https://doi.org/
10.1371/journal.pone.0103754.

13. World Health Organization. WHO guideline on health policy and system
support to optimize community health worker programmes. Geneva: WHO;
2018.

14. Sankaranarayanan R, Ramadas K, Thara S, Muwonge R, Thomas G, Anju G, et
al. Long term effect of visual screening on oral cancer incidence and
mortality in a randomized trial in Kerala, India. Oral Oncol. 2013;49(4):314–
21. https://doi.org/10.1016/j.oraloncology.2012.11.004.

15. Sankaranarayanan R, Ramadas K, Thara S, Muwonge R, Prabhakar J,
Augustine P, et al. Clinical breast examination: preliminary results from a

cluster randomized controlled trial in India. J Natl Cancer Inst. 2011;103(19):
1476–80. https://doi.org/10.1093/jnci/djr304.

16. International Agency for Research on Cancer. IARC Handbooks of cancer
prevention. Volume 15. Breast cancer screening. Lyon: IARC; 2015.

17. World Health Organization. Guide to cancer early diagnosis. Geneva:
WHO; 2017.

18. Sankaranarayanan R, Nene BM, Dinshaw KA, Mahe C, Jayant K, Shastri SS, et
al. A cluster randomized controlled trial of visual, cytology and human
papillomavirus screening for cancer of the cervix in rural India. Int J Cancer.
2005;116(4):617–23. https://doi.org/10.1002/ijc.21050.

19. Basu P, Mittal S, Banerjee D, Singh P, Panda C, Dutta S, et al. Diagnostic
accuracy of VIA and HPV detection as primary and sequential screening
tests in a cervical cancer screening demonstration project in India. Int J
Cancer. 2015;137(4):859–67. https://doi.org/10.1002/ijc.29458.

20. Bhatla N, Dar L, Patro AR, Kumar P, Kriplani A, Gulati A, et al. Can human
papillomavirus DNA testing of self-collected vaginal samples compare with
physician-collected cervical samples and cytology for cervical cancer
screening in developing countries? Cancer Epidemiol. 2009;33(6):446–50.
https://doi.org/10.1016/j.canep.2009.10.013.

21. Poli UR, Gowrishankar S, Swain M, Jeronimo J. Triage of Women Testing
Positive With the care HPV Test on Self-Collected Vaginal Samples for
Cervical Cancer Screening in a Low-Resource Setting. J Glob Oncol. 2017.
https://doi.org/10.1200/JGO.2016.008078.

22. National Institute of Medical Statistics, Indian Council of Medical Research
(ICMR). IDSP Non-Communicable Disease Risk Factors Survey. In: Phase-I
States of India, vol. 2007-08. India: National Institute of Medical Statistics and
Division of Non-Communicable Diseases, Indian Council of Medical
Research, New Delhi; 2009.

23. Geldsetzer P, Manne-Goehler J, Theilmann M, Davies JI, Awasthi A, Vollmer
S, et al. Diabetes and Hypertension in India: A Nationally Representative
Study of 1.3 Million Adults. JAMA Intern Med. 2018;178(3):363–72. https://
doi.org/10.1001/jamainternmed.2017.8094.

24. Pastakia SD, Ali SM, Kamano JH, Akwanalo CO, Ndege SK, Buckwalter VL, et
al. Screening for diabetes and hypertension in a rural low income setting in
western Kenya utilizing home-based and community-based strategies.
Global Health. 2013;9:21. https://doi.org/10.1186/1744-8603-9-21.

Basu et al. BMC Public Health           (2019) 19:14 Page 12 of 12

http://www.who.int/gho/ncd/mortality_morbidity/en/
http://www.who.int/gho/ncd/mortality_morbidity/en/
http://www.nicpr.res.in/images/pdf/guidelines_for_population_level_screening_of_common_NCDs.pdf
http://www.nicpr.res.in/images/pdf/guidelines_for_population_level_screening_of_common_NCDs.pdf
https://doi.org/10.1377/hlthaff.2016.0558
https://doi.org/10.4103/2230-8598.165085
https://doi.org/10.4103/2230-8598.165085
https://doi.org/10.1186/1471-2458-14-S2-S2
https://www.census2011.co.in/data/subdistrict/686-gogunda-udaipur-rajasthan.html
https://www.census2011.co.in/data/subdistrict/686-gogunda-udaipur-rajasthan.html
https://dhsprogram.com/pubs/pdf/FR338/FR338.RJ.pdf
https://doi.org/10.1016/S0140-6736(10)61894-6
https://doi.org/10.1016/S0140-6736(10)61894-6
https://doi.org/10.2105/AJPH.2011.300386
https://doi.org/10.1371/journal.pone.0103754
https://doi.org/10.1371/journal.pone.0103754
https://doi.org/10.1016/j.oraloncology.2012.11.004
https://doi.org/10.1093/jnci/djr304
https://doi.org/10.1002/ijc.21050
https://doi.org/10.1002/ijc.29458
https://doi.org/10.1016/j.canep.2009.10.013
https://doi.org/10.1200/JGO.2016.008078
https://doi.org/10.1001/jamainternmed.2017.8094
https://doi.org/10.1001/jamainternmed.2017.8094
https://doi.org/10.1186/1744-8603-9-21

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and setting
	Selection and training of CHWs
	Selection of study participants
	Procedures at home visit
	HPV detection test
	Further evaluation at PHC
	Statistical considerations

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Author’s contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

