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Abstract

Approximately one-quarter of annual global cervical cancer deaths occur in India, possibly
due to cultural norms promoting vaccine hesitancy. We sought to determine whether people
of Indian ancestry (POIA) in the USA exhibit disproportionately lower human papilloma
virus (HPV) vaccination rates than the rest of the US population. We utilised the 2018
National Health Interview Survey to compare HPV vaccine initiation and completion rates
between POIA and the general US population and determined factors correlating with
HPV vaccine uptake among POIA. Compared to other racial groups, POIA had a significantly
lower rate of HPV vaccination (8.18% vs. 12.16%, 14.70%, 16.07% and 12.41%, in White,
Black, Other Asian and those of other/mixed ancestry, respectively, P = 0.003), but no statis-
tically significant difference in vaccine series completion among those who received at least
one injection (3.17% vs. 4.27%, 3.51%, 4.31% and 5.04%, P = 0.465). Among POIA, younger
individuals (vs. older), single individuals (vs. married), those with high English proficiency
(vs. low English proficiency), those with health insurance and those born in the USA
(vs. those born outside the USA) were more likely to obtain HPV vaccination (P = 0.018,
P = 0.006, P = 0.029, P = 0.020 and P = 0.019, respectively). Public health measures promoting
HPV vaccination among POIA immigrants may substantially improve vaccination rates
among this population.

Introduction

Cervical cancer is the fourth most common cancer in women worldwide with 570 000 diag-
nosed cases in 2018 [1]. India accounts for one-quarter of all global cervical cancer cases annu-
ally while only comprising 16–17% of the world’s population [2, 3]. Estimates suggest that 1 in
53 women living in India will develop cervical cancer during their lifetime, sharply contrasting
with 1 in 100 women living in developed nations [3].

Currently, human papilloma virus (HPV) vaccination is the premier tool to prevent HPV
infection and subsequent development of cervical cancer. Without immunisation, approxi-
mately 30 of every 1000 women would develop cervical cancer during their lifetime; however,
with vaccination, this drops to 10 of every 1000 women [4]. Bivalent and quadrivalent HPV
vaccines were licensed in India in 2008; a nonavalent vaccine became available in 2018 [5].
Despite the availability of vaccines, however, there remains ‘much misinformation, ambiguity,
controversy, and confusion surrounding the safety, duration of immunity, validity of endpoints
chosen in trials, effectiveness, and cost-effectiveness of HPV vaccines, and moral and cultural
issues’ [5] that potentially deter Indian women from taking the vaccine.

Currently, a three-dose quadrivalent HPV vaccination is recommended to girls and boys
aged 9–26 years old [6]. Some adults aged 27–45 may also receive the HPV vaccine if deemed
appropriate by their physician [6]. When indicated, HPV vaccines are typically administered
by primary care physicians during regular doctor’s office visits (i.e. wellness visits, examina-
tions, etc.) [7]; however, vaccinations may be obtained through other means as well including
paediatricians, OBGyns, preventative health clinics, etc. It remains unclear whether people of
Indian ancestry (POIA), who move to the USA, continue to have disproportionately lower
HPV vaccination rates than the rest of the US population. We set out to explore this question
using a large national population-based dataset, and to further elucidate factors that may affect
vaccination rates among POIA in the USA.

Methods

The National Health Interview Survey (NHIS) is the largest source of health information for
Americans. This is a cross-sectional household interview survey conducted in a face-to-face
format by the Centers for Disease Control and Census personnel using computer-assisted
interviewing techniques. The survey utilises a complex hierarchical sampling scheme that is
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designed to be representative of the entire civilian non-
institutionalised US population. The NHIS collects data on
numerous aspects of health, including respondent demographics,
health behaviours, healthcare access and utilisation and several
others. The data are publicly available and the questionnaires
for the survey can be found here (https://ftp.cdc.gov/pub/
Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2018/eng-
lish/qadult.pdf).

For this analysis, we utilised the 2018 NHIS, which surveyed
72 831 individuals. The response rate for sample adults surveyed
was 83.9% (61 105 individuals). We compared HPV vaccine initi-
ation and completion rates between POIA and the general US
population, and factors correlating with HPV vaccine uptake
among POIA. Covariates included age, education level, gender,
marital status, proficiency in speaking English, whether an indi-
vidual was born in the USA, marital status, ratio of family income
to the federal poverty level and insurance status. We defined HPV
vaccine initiation as having had at least one dose of the HPV vac-
cine, and completion as having had at least three doses. We rec-
ognise that the guidelines for completion of HPV vaccination
recently changed in 2016; however, for the majority of the indivi-
duals in our cohort (who were aged 18–64 at the time of the sur-
vey in 2018), vaccination completion would have been defined by
the older definition of at least three doses.

Statistical analyses were performed using SAS-callable
SUDAAN Software (RTI International, Research Triangle Park,
NC). Wald chi-square analyses were used for bivariate analyses
to evaluate variations in HPV vaccine initiation and completion
rates by patient demographic factors. Significance in this analysis
was per variable. For those variables which were found to be sig-
nificant on bivariate analysis, a multivariate logistic regression was
performed to determine factors independently associated with
HPV vaccine uptake among POIA. Odds ratios with 95% confi-
dence levels are provided to demonstrate the relative impact of
each level or category within variables on the outcome variable;
the overall significance level is provided to demonstrate the
impact of each variable on the overall outcome.

As the NHIS is a publicly available de-identified dataset, this
study was deemed exempt by the Yale Human Investigations
Committee.

Results

In the 2018 NHIS, 17 004 people between the ages of 18 and 64
responded to questions regarding racial ancestry and HPV vaccin-
ation. As the NHIS is designed to be representative of the popu-
lation, these individuals represented 185 065 802 in the US
population. Of this cohort, 1.69% [287] identified themselves as
being of Indian ancestry, representing 3 127 612 POIA in the
USA. POIA had a significantly lower rate of HPV vaccine initi-
ation than other races (8.18% vs. 12.16%, 14.70%, 16.07% and
12.41%, for White, Black, Other Asian and those of other/
mixed ancestry, respectively, P = 0.003). Of those who received
at least one dose of the HPV vaccine, POIA vaccine series comple-
tion was not statistically significantly different from other racial
groups (3.17% vs. 4.27%, 3.51%, 4.31% and 5.04% for POIA vs.
White, Black, Other Asian and those of other/mixed ancestry,
respectively, P = 0.465).

Among POIA, we analysed factors that affected initiation of
HPV vaccination (i.e. getting at least one dose; Table 1). Not sur-
prisingly, younger women tended to have higher rates of HPV
vaccine initiation. Notably, however, those who were born in

Table 1. Factors affecting HPV vaccine initiation among POIA

Factor
Vaccine initiation

rate (%) P-value

Region of US residence 0.7198

Northeast 8.17

Midwest 6.13

South 11.14

West 5.04

Age 0.018

18–25 38.12

26–45 6.45

46–64 1.79

Education level 0.2310

<HS Diploma 0.00

HS Diploma 5.61

Some college 17.69

Bachelors 3.17

Masters 5.43

Prof/Doctorate 38.36

Sex 0.9490

Male 8.04

Female 8.32

Born in the USA 0.0186

Yes 41.78

No 4.85

Years living in the USA 0.5017

<1 year 22.11

1–5 years 9.18

5–10 years 3.37

10–15 years 9.35

15+ years 2.31

English proficiency 0.0286

Very well 8.75

Not well 0.00

Not at all 0.00

Having insurance 0.0204

Have insurance 8.68

No insurance 0.00

Family income (relative to FPL) 0.9072

<1.99× 8.57

2×–4× 8.08

Marital status 0.0058

Married/partnered 3.11

Single 29.53

Widowed, separated or divorced 0

FPL, federal poverty level.
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the USA had a nearly 10-fold higher rate of HPV vaccine initi-
ation than those who immigrated to this country (41.78% vs.
4.85%, P = 0.0186), although the duration of US residence did
not significantly affect vaccine uptake in the POIA population
(P = 0.5017). While proficiency in the English language was a strong
predictor of HPV vaccine uptake among POIA (P = 0.0286) and all
respondents who got at least one dose of the HPV vaccine were very
proficient in English, education level did not affect HPV vaccine
initiation rates (P = 0.2310). Similarly, while having health insur-
ance was a key factor in receipt of the HPV vaccine (P = 0.0204),
and all who claimed to have received at least one dose were
insured, level of family income did not play role in HPV vaccine
initiation among POIA (P = 0.9072). On multivariable analysis,
being born in the USA and having insurance were independent
predictors of HPV vaccine uptake among POIA (Table 2). In con-
trast to HPV vaccine initiation, there were no socio-demographic
factors that significantly affected HPV vaccine completion among
POIA who had received at least one dose (Table 3).

Discussion

In the USA, HPV vaccination rates remain much lower than
recommended by public health officials, leading to thousands of
preventable instances of cervical cancer each year [8, 9].
Disparities in the incidence of cervical cancer between Blacks,
Hispanics and Whites living in the USA are thoroughly discussed
in the literature. In contrast – likely in part due to the ‘model
minority’ stereotype – relatively few studies have explored HPV
vaccine uptake and cervical cancer diagnosis among Asian
Americans, with even fewer studying people of south-Asian
decent (i.e. POIA) [10–12]. Through our analysis of NHIS data,
we found that POIA between the ages of 18 and 64 exhibit signifi-
cantly lower HPV vaccine initiation rates than members of other
racial groups living in the USA. This discovery aligns with other
findings regarding HPV vaccination among Asian Americans in
general. For instance, one study examined the 2013–2016
National Health and Nutrition Examination Surveys (NHANES)
and found that Asians between the ages of 9 and 26 have the low-
est HPV vaccination rate of all racial/ethnic groups in the USA
[13] 39.6% vs. 48.4%, 49.2%, 42.4% and 42.6% for White, Black,
Mexican American and ‘Other Hispanic’ Americans, respectively
[13]. Commonly reported barriers to HPV vaccination among
Asian Americans include: lack of provider recommendation
[14–16], belief that only promiscuous women are at risk of
HPV infection and cervical cancer [17], lack of HPV vaccine

Table 3. Factors affecting HPV vaccination completion among POIA who had
received at least one dose of the HPV vaccine

Factor
Vaccine completion

rate (%) P-value

Region of US residence 0.6012

Northeast 4.19

Midwest 1.49

South 4.57

West 1.22

Age 0.1282

18–25 17.97

26–45 2.78

46–64 0.39

Education level 0.5554

<HS Diploma 0.00

HS Diploma 1.13

Some college 9.60

Bachelors 1.15

Masters 1.08

Prof/Doctorate 13.55

Sex 0.9882

Male 3.15

Female 3.19

Born in the USA 0.0819

Yes 27.05

No 1.36

Years living in the USA 0.4235

<1 year 22.11

1–5 years 0.76

5–10 years 0.00

10–15 years 0.88

15+ years 1.67

English proficiency 0.1044

Very well 3.43

Not well 0.00

Not at all 0.00

Having insurance 0.0619

Have insurance 3.34

No insurance 0.00

Ratio of income to federal poverty level 0.2751

<1.99× 5.90

2×–4× 2.41

Marital status 0.0954

Married/partnered 0.46

Single 16.98

Widowed, separated or divorced 0

Table 2. Multivariable analysis of factors affecting HPV vaccine uptake among
POIA in the USA

Factor OR (95% CI) P-value

Age (vs. >45) 0.1764

<26 20.03 (2.50–160.61)

26–45 2.25 (0.38–13.41)

Born in the USA (vs. not) 7.20 (2.53–20.54) 0.0002

Have insurance (vs. not) 6335.21 (2575.79–15 581.56) <0.0001

Speak English very well
(vs. not at all)

1.00 (1.00–1.00) 1.000

Single (vs. Married/partnered) 4.29 (1.02–17.95) 0.0857

OR, odds ratio; 95% CI, 95% confidence interval.
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education by healthcare providers [18] and cultural factors caus-
ing sexual health stigma and hesitancy towards utilising women’s
health services [17].

While the NHIS did not specifically field questions as to why
POIA had a lower vaccination rate than others in the US popula-
tion, our analysis evaluating differences between those who got an
HPV vaccine vs. those who did not shed some light on factors that
predict vaccine uptake in this population. For example, we found
that POIA who were born in the USA had a significantly higher
rate of initiating HPV vaccination than those who immigrated.
This seemed to be independent of English language proficiency
or level of education and speaks potentially to the effect of accul-
turation and/or access on vaccine uptake. Other studies have simi-
larly found that individuals born in the USA initiated the HPV
vaccine series at twice the rate of those born outside the USA
[19]. Indeed, some have suggested that POIA born in the USA
may have greater access to HPV education and vaccination than
those born outside the USA and may face less stigma in discuss-
ing or seeking treatment for sexual health-related matters [18, 20].
While it would have been nice to look at age of immigration (and
whether this was before or after the recommended age for the
HPV vaccine), the NHIS is limited in that it does not contain
this information. This, however, would be interesting to evaluate
in further studies.

In our analysis, all patients who obtained an HPV vaccine sta-
ted they spoke English very well. This correlation of HPV vaccin-
ation with high levels of English proficiency is consistent with
other studies which have found that Asian Americans commonly
cite language barriers as a reason underlying their lack of HPV
vaccination [17], and those with higher English fluency are
more receptive to receiving HPV vaccination for themselves and
their families [21, 22]. Again, age at immigration may be correlated
with English language proficiency. Unfortunately, the NHIS does
not provide data on age at immigration or duration of residence.
This would be interesting to evaluate in further studies.

In addition, while one may have anticipated a correlation
between HPV vaccine uptake and educational status, we did not
find this. Taylor et al. similarly found no correlation between edu-
cational status and HPV vaccination uptake in their study of
Cambodian Americans [15]. This may be related to the fact
that there may be a decoupling of socio-cultural beliefs and aca-
demic education in terms of whether Asians, and particularly
POIA, opt to take the HPV vaccine.

Also surprisingly, we found no relationship between family
income relative to the federal poverty level and POIA HPV vac-
cine uptake; however, data regarding the relationship between
socio-economic status and vaccine uptake in the USA have been
mixed [23]. For instance, one study found low income to be a bar-
rier to vaccination [24], while another study found high-income
as a barrier to vaccination [25]. Thus it seems that perceived
cost, rather than simply income level, is a key barrier to obtaining
the HPV vaccine among Asian Americans [26–28].

Indeed we, like many studies evaluating a plethora of health
maintenance and disease prevention strategies, found that insur-
ance coverage to be a critical factor for uptake of HPV vaccine
among POIA. Hopfer et al. in their narrative analysis, found
restrictive insurance policies to be a significant barrier to HPV
vaccine uptake among Asian Americans [29], such that some
Asian Americans forgo receiving HPV vaccination due to uncer-
tainty regarding whether their insurance policy covers the vaccine
[14]. Our finding on the impact of insurance status on HPV vac-
cine uptake among POIA was independent of family income,

education, place of birth or English proficiency, suggesting that
provision of HPV vaccines as part of a federally provided mandate
(regardless of insurance status) may improve vaccination rates.

Our finding that younger women were more likely to have
received the HPV vaccine was not unexpected. Other studies
have similarly found that younger Asian American individuals
are more likely to initiate HPV vaccination [30]. When the
HPV vaccine initially became available in the USA in 2006, it
was initially recommended only for cervical cancer prevention,
with girls between the ages of 9 and 26 being targeted for vaccin-
ation. More recently in 2019, guidance has expanded to include a
strategy of ‘shared decision making’ for HPV vaccination for all
adults (regardless of gender) through age 45. This, however,
occurred after the 2018 NHIS survey, upon which the current
study is based. Interestingly, some studies found that parental
belief that their children were too young to obtain HPV vaccin-
ation decreased uptake in Asian American children [14]. Given
that, as of 2018, HPV vaccination was received in a doctor’s office
setting by 79.2% of recipients aged 13–17 in the USA, parental
beliefs could strongly influence HPV vaccine uptake among
POIA youth [7].

While we, like others, found that single individuals are more
likely to obtain HPV vaccination than married people [31, 32],
this may be related to the fact that single people are more likely
to be younger, and therefore this variable may be collinear with
age. Indeed, on our multivariable analysis, neither age nor marital
status were independent predictors of HPV vaccination. Some, how-
ever, have argued that married individuals perceive their risk of
HPV infection as low due to having a single sexual partner, whereas
those who are single may perceive themselves as being at higher risk
of HPV infection due to having multiple sexual partners [33].

Regarding HPV vaccine series completion rates, we found that
POIA between the ages of 18 and 64 who initiate HPV vaccin-
ation are equally likely to complete the three-dose series com-
pared to other major racial groups in the USA. These data echo
findings from the 2018 National Immunization Teen Survey.
This work found that Asian American teenagers (aged 13–17)
completed the HPV vaccine series at roughly the same rate as
White, Black and Hispanic teenagers (53.1% vs. 47.8%, 53.3%
and 56.3%, respectively) [34]. Interestingly, Agénor et al., evaluat-
ing data from the 2015 NHIS, found that Asian women had sig-
nificantly lower odds of completing the HPV vaccination series
when compared to White women [35]. While they did not sub-
classify Asian women as we did, the 2018 NHIS data do not
seem to suggest a significant difference in HPV completion
rates among women who initiated HPV vaccination by the racial
group (P = 0.7658), although a difference is seen in initiation rates
(P = 0.0091), echoing our findings among POIA. These data sug-
gest that racial disparities in HPV vaccination rates that may have
existed in the past may have dissipated in recent years.

Our data should be viewed in light of its inherent limitations.
As a survey study, it is limited by the questions fielded and is sub-
ject to recall bias. Furthermore, we recognise that in 2016, guide-
lines changed to allow for two doses of HPV instead of three, and
our study defined completion of the series using the older defin-
ition which would have applied to the majority of people in our
cohort. We recognise, however, there was some variability in the
guidelines and there was no way for our study to control for this.

Despite these limitations, our study has a number of strengths.
Given the design of the NHIS which is representative of the entire
US population, this dataset gives us key insights into factors
affecting HPV vaccination rates among POIA. Importantly,
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while our data demonstrate that POIA are less likely to receive an
HPV vaccine than other racial groups, they are just as likely to
complete their vaccination schedule once started. As such, tar-
geted public health measures increasing awareness and acceptance
of HPV vaccination among POIA may be particularly effective in
increasing immunity to HPV among this community.
Furthermore, our finding that those born in the USA were
more likely to get vaccinated provides hope that, with accultur-
ation and growing acceptance of the vaccine among those born
here, HPV vaccination will be higher among POIA in the USA
than it is in their ancestral homeland. Among those POIA who
continue to migrate to the USA, recognition of disparities in
HPV vaccine uptake by clinicians is crucial to increasing HPV
vaccination rates within this population. Given recent policy
changes allowing for HPV vaccine administration in both men
and women up to 45 years old, clinicians should enquire about
and discuss HPV vaccination with their migrant POIA patients
to promote shared decision making and increased HPV vaccine
uptake in this population. Finally, our data highlight insurance
as being a key factor that can enhance HPV vaccination rates, sug-
gesting that making HPV vaccines available regardless of insur-
ance status may be a key public health measure to improve
vaccination rates and ultimately reduce preventable malignancies
associated with HPV – not just for POIA, but for the population
as a whole.
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