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Abstract Human papillomavirus (HPV) vaccination
continues to lag behind other adolescent vaccines, espe-
cially in areas with pervasive disparities in HPV-related
cancers. The purpose of this study was to examine HPV
vaccine completion and dosing intervals among low-
income adolescents in urban areas. The study included
electronic health record data on HPV vaccination for 872
adolescents who received at least one dose of the HPV
vaccine. Only 28.4 % completed the 3-dose series. For the
whole sample, HPV vaccine completion was higher for
non-English speakers and among adolescents seen at
Newark-South and East Orange sites. Completion was
higher among non-English speaking female and Hispanic
adolescents, females seen in Newark-South and East
Orange sites, and insured Black adolescents. Completion
was also dramatically lower among non-English speaking
Black adolescents seen at Newark-North, Irvington, and
Orange sites (12.5 %) compared to other Black adolescents
(22.0-44.4 %). The mean dosing intervals were 5.5 months
(SD = 4.6) between dose 1 and 2 and 10 months
(SD = 6.1) between dose 1 and 3. Longer durations
between vaccine doses were found among uninsured
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adolescents and those seen at Newark-North, Irvington, and
Orange sites. Non-English speakers had longer duration
between dose 1 and 3. Further, durations between dose 1
and 3 were dramatically longer among insured adolescents
seen at Newark-North, Irvington, and Orange locations for
the whole sample (M = 11.70; SD = 7.12) and among
Hispanic adolescents (M = 13.45; SD = 8.54). Under-
standing how the study predictors facilitate or impede HPV
vaccination is critical to reducing disparities in cervical and
other HPV-related cancer, especially among Black, His-
panic, and low-income populations.

Keywords HPYV vaccines - HPV vaccine series
completion - HPV vaccine dosing intervals - Health
disparities - Adolescent

HPYV Vaccination Completion and Compliance
with Recommended Dosing Intervals Among Female
and Male Adolescents in Low-Income Urban Areas

The human papillomavirus (HPV) infection is a known risk
factor for the development of several cancers. In
2004-2008, there was an average of 33,369 HPV-associ-
ated cancers annually, including cervical, vulvar, vaginal,
penile, anal, and oropharyngeal cancers in the US [1]. The
Centers for Disease Control and Prevention (CDC) esti-
mates 26,000 new HPV-associated cancers each year,
18,000 for females and 8,000 for males [1], which could be
prevented through the HPV vaccine. National morbidity
and mortality rates of HPV-related cancers show pervasive
disparities among Black, Hispanic, and low-income indi-
viduals [2, 3]. The State of New Jersey has the 10th highest
morbidity rate for cervical cancer in the US for 2006-2010
[4]. According to the New Jersey State Cancer Registry
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(NJSCR), cervical cancer morbidity in 2005-2009 was
significantly higher in the Greater Newark area (RR: 1.86)
(the study target area) than other areas in the state, as well
as among women who are Black, Hispanic, and foreign-
born; non-English speaking; uninsured; with lower income
and education; unmarried; unemployed; and living in ren-
ted residences [5]. The HPV vaccine is an effective
approach to dramatically reduce vaccine-type HPV infec-
tion [6] as well as the rates of high-grade cervical lesions
[7]. Unfortunately, this trend was not evident in urban areas
as well as in areas with higher concentrations of Black,
Hispanic, and low-income populations [7].

Based on 2013 national data, the HPV vaccine com-
pletion rates were 37.6 and 13.9 % for female and male
adolescents, respectively [8]. This reflects minimal
improvement over the past few years and reaching a pla-
teau for female vaccination at a level dramatically lower
than Healthy People 2020’s goal of an 80 % completion
rate. Site-based studies in the US have reported even lower
rates of HPV vaccine completion, ranging between 1.9 and
26.5 % among female adolescents [9-11] and between 1.3
and 4 % among male adolescents [12, 13].

Pervasive disparities exist in HPV vaccination among
Black, Hispanic, and low-income groups. National data for
the US in 2010-2013 show a continuing trend of lower
completion rates for Black and Hispanic adolescents as
well as those below poverty [8, 14-16]. For female ado-
lescents who initiated the HPV vaccine nationally in 2013,
the 3-dose completion rates were lower for Black and
Hispanic adolescents (64 and 70 % respectively) and
among adolescents below poverty (66 %) compared to
White adolescents and those above poverty (72 %) [16].
For male adolescents who initiated the HPV vaccine
nationally in 2013, the 3-dose completion rates were lower
for Black and Hispanic adolescents (45 % and 47 %,
respectively) and those below poverty (44 %) compared to
White adolescents (51 %) and those above poverty (50 %)
[16]. Further, several site-based studies in the US have
demonstrated a significant and continuing trend of lower
HPV vaccination among Black and Hispanic adolescents
[17-24], as well as in low-income and urban areas [21, 25—
27]. In addition to race/ethnicity and poverty status, com-
pletion for females appears significantly lower among older
adolescents [17, 28, 29].

The recommended dosing intervals for the HPV vaccine
3-dose series are 1-2 months between dose 1 and 2 and
6 months between dose 1 and 3 [30]. Delaying completion
of the series places adolescents at risk for acquiring HPV
infection due to gaps in immunologic protection from the
vaccine doses. National data for 20082009 show that only
46 % of female adolescents who completed the 3-dose
series did so in a period longer than the recommended
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interval [31]. In a site-based study [18], completion rates of
the 3-dose series were 14 % by 7 months and 28 % by
12 months. Completion within the recommended dosing
intervals has been found to be significantly lower for Black
adolescents and those who are uninsured or with public
insurance [18, 32]. Information is lacking on dosing
intervals among male adolescents.

In summary, the literature lacks information on factors
associated with completion as well dosing intervals of the
HPV vaccine, especially in areas and populations with the
greatest disparities in cervical and other HPV-related can-
cers. Accordingly, the purpose of this study was to examine
the correlates of HPV vaccine completion and compliance
with recommended dosing intervals in a sample of pre-
dominantly Black and Hispanic adolescents in a low-
income, urban area. The study target area represents a
population with pervasive disparities in cervical cancer
morbidity and mortality [5].

Methods

This is a descriptive correlational study of factors associ-
ated with HPV vaccine completion and compliance with
recommended dosing intervals. Study data were obtained
from Electronic Health Record (EHR) data from the
Newark Community Health Centers (NCHC) in New Jer-
sey. The NCHC is a federally qualified healthcare organi-
zation composed of seven sites in three communities of the
Greater Newark area. Four of their sites are located in
Newark, one site in Irvington, one site in East Orange, and
one site in Orange. Annually, NCHC serves nearly 19,000
ethnically diverse patients mostly from low-income and
uninsured families. Only five of NCHC’s sites were
included in this study; the two sites excluded do not pro-
vide pediatric services.

The initial study sample included 3,180 adolescents,
10-20 years old, who had a pediatric, OB/GYN, internal
medicine, or nurse visit at the study site in 2011. However,
only 27.4 % received at least one dose of the HPV vaccine.
Therefore, the study sample to examine completion inclu-
ded only the 872 adolescents who had initiated HPV vac-
cination. Rates and correlates of HPV vaccine initiation are
reported elsewhere [33]. Table 1 provides a summary of
the study sample characteristics; 61 % were female; 85 %
were Black or Hispanic adolescents; 25 % were non-Eng-
lish speakers; 33 % were uninsured; and 67 % were seen
by a pediatric healthcare provider (HCP). The outcome
variables are: (1) Completion: adolescents who completed
the 3-dose series versus those who initiated but not com-
pleted; and (2) Duration Vaccination Doses: duration
between dose 1 and 2 and duration between dose 1 and 3.
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Table 1 Characteristics of study sample

Study variable Frequency Percent
Gender

Female 482 55.30
Male 390 44.70
Race/Ethnicity

Hispanic 254 30.30
Black, non-Hispanic 507 60.60
White, non-Hispanic 13 1.60
Other, non-Hispanic 63 7.50
Age (M = 14.65; SD = 2.34)

10-12 701 22.00
13-15 760 23.90
16-18 916 28.80
19-20 803 25.30
Language

English 376 68.20
Spanish 118 21.40
Haitian Creole 57 10.30
Insurance

Private 471 54.00
Medicaid 146 16.70
Uninsured/Self-pay 255 29.20
Department

Pediatrics 808 92.70
OB/GYN 7 0.80
Internal medicine 20 2.30
Nurse visit (RN or NP) 37 4.20
Site

Newark-North 155 17.80
Newark-South 104 11.90
East Orange 184 21.10
Irvington 290 33.30
Orange 139 15.90
HPV vaccine completion

Initiated, not completed 623 71.60
Completed 249 28.40

The predictor variables include gender, age, race/ethnicity,
insurance status, preferred language, and specialty of HCP,
and site of service. For the data analysis, the predictor
variables were dichotomized as follows:

e Age: younger old) versus older
(16-20 years old)

e Insurance status: uninsured versus insured (including
private insurance and Medicaid).

e Preferred language: English versus
(including Spanish or Creole).

e HCP Specialty: Pediatric versus non-pediatric (includ-

ing OB/GYN, internal medicine, or nurse visit).

(10-15 years

non-English

e Site of service for HPV vaccine: the two sites with
highest completion rates (Locations I: Newark-South
and East Orange) versus the remaining three sites
(Locations 2: Newark-North, Irvington, and Orange).

The EHR data were imported into SPSS statistical
software for analysis. Bivariate and multivariate analyses
were conducted to examine the associations between the
study predictors and HPV vaccine completion and dura-
tions between vaccine doses, for the whole study sample as
well as for female, male, Black, and Hispanic adolescents.
For the bivariate analysis of HPV vaccine completion, we
conducted Chi square tests. For the bivariate analysis of the
durations between HPV vaccine doses, we conducted
t tests. Multivariate analyses included logistic regression
for HPV vaccine completion and calculation of adjusted
odds ratios (aOR) and 95 % confidence intervals (CI). In
that process, we centered the study predictors and con-
ducted logistic regression analyses for completion with
PIN: 0.050; POUT: 0.051; CUT: 0.5 and tests of collin-
earity. Multivariate analyses also included backwards lin-
ear regression for durations between HPV vaccine
completion doses. Also using centered study predictors, we
conducted linear regression analyses for durations between
dose 1 and 2 and between dose 1 and 3 with PIN: 0.050;
POUT: 0.051; and tests of collinearity. Tests of collinearity
for study predictors were within acceptable parameters
[34], with the variance inflation factor (VIF) values below
two. In all regression analyses, we also examined for any
interaction effects among study predictors. The study was
reviewed and approved by the Institutional Review Board
(IRB).

Results
HPV Vaccination Completion

As shown in Table 1, 28.4 % completed the 3-dose series
of the HPV vaccine. According to Table 2, the rates of
HPYV vaccine completion among female, male, Black, and
Hispanic adolescent were 28.6, 28.2, 26.6, 33.1 %,
respectively. The bivariate analysis shown in Table 2
revealed that HPV vaccine completion was associated with
age, language, and site for the whole sample. Among
female adolescents, completion was associated with lan-
guage and site. Among Black adolescents, completion was
associated with age, insurance, HCP specialty, and site.
Among Hispanic adolescents, completion was associated
with language. None of the predictors were associated with
completion among male adolescents.

Predictors of HPV vaccine completion using multivari-
ate analysis are shown in Table 3. For the whole sample,
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Table 2 Bivariate analysis of

Study variable All Females Males Black Hispanic
HPV vaccination completion by 28.4 % 28.6 % 28.2 % 26.6 % 33.1 %
gender and race/ethnicity
Age (%)
10-15 years old 31.3* 31.3 31.2 30.2% 36.5
16-20 years old 24.0 24.2 237 20.9 27.6
Language (%)
English 24 5% 22.7%* 26.4 25.0 19.3%*
Non-English 36.0 36.8 34.8 29.4 40.4
Insurance status (%)
Insured 29.5 28.4 30.5 28.5% 34.6
*p <.05, ** p < .01, Uninsured 26.3 293 222 18.6 315
*##% p < .001 using Chi square Department (%)
est o Pediatrics 29.1 295 28.6 28.8* 32.1
Noe Jocations | d“g;‘sltdgmge Non-Pediatric 203 208 18.8 9.1 50.0
(the two highest locations for Site-recoded" (%)
HPV vaccine completion) and Locations 1 35.8 38.5 32.6 323 39.2
site locations 2 include Newark-—y ogjons 2 24.8% 32.9% 26.0 23.3+ 30.6
North, Irvington, and Orange
Table 3 Multiva.r iate logistic Significant predictors B SE Wald Sig. Exp(B) 95 % CI for
regression analysis for HPV Exp(B)
vaccine completion using
backward wald test All adolescents
Non-English versus English speakers 0.578 0.201 8.318 0.004 1.783 1.204 2.642
Site locations 1 versus 2* 0.659 0.195 11.401 0.001 1.933 1.319 2.834
Constant —0.997 0.099 101.591 <0.001  .369
Female adolescents
Non-English versus English speakers 0.691 0.266 6.768 0.009 1.996 1.186  3.360
Site locations 1 versus 2* 0.581 0.266 4.774 0.029 1.788 1.062  3.012
Constant —1.022 0.134  58.052 <0.001 0.360
Male adolescents
Site locations 1 versus 2* 0.713  0.286 6.208 0.013  2.040 1.164 3573
Constant —0.964 0.146 43591 <0.001 0.381
*p < .05, ** p < .01, Black adolescents
*** P =< 001 u‘sing multivariate Insured versus uninsured —1.049 0.405 6.721 0.010 0.350 0.158  0.774
iog‘jg“c regression Site * Language 1328 0658 4072 0044 3772 1039 13.696
Aol Jocations | dullic;sltdf)range Constant ~1132 0135 70253 <0.001 0322
(the two highest locations for Hispanic adolescents
HPV vaccine completion) and Non-English versus English speakers ~ 1.040 0.386 7253  0.007 2.829 1327  6.030
site locations 2 include Newark-~ o gt —0.734 0.169 18821 <0.001 0.480

North, Irvington, and Orange

the odds of HPV vaccine completion were 78 % higher for
non-English speakers (aOR 1.78; 95 % CI 1.20, 2.64) and
93 % higher for adolescents seen at site locations 1 (aOR
1.93; 95 % CI 1.32, 2.83). Among female adolescents, the
odds of HPV vaccine completion were twice as high
among non-English speakers (aOR 2.00; 95 % CI 1.19,
3.36) and 79 % higher at site locations 1 (aOR 1.79; 95 %
CI 1.06, 3.01). Among male adolescents, the odds of
completion were twice as high at site locations 1 (aOR 2.0;
95 % CI1.16, 3.57). Among Black adolescents, the odds of

@ Springer

HPV vaccine completion were 66 % lower for insured
adolescents (aOR 0.35; 95 % CI 0.16, 0.77). Further,
completion was associated with the interaction of site and
language, which was also significant in a post hoc analysis
among Black adolescents (Pearson X? =9.02; p = 0.029).
In this analysis, HPV vaccine completion was much lower
for non-English speakers seen at site locations 2 (12.5 %)
compared to English speakers seen at site locations 1 and
locations 2 (29.2 and 22.0 %, respectively) and Non-Eng-
lish speakers seen at site locations 1 (44.4 %). Among
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Table 4 Bivariate analysis of

All Females Males Black Hispanic
duration between HPV Duration between M (SD) M (SD) M (SD) M (SD) M (SD)
vaccination doses dose 1 and 2 5.52 (4.63) 5.60 (5.02) 5.41 (4.10) 5.67 (4.36) 5.14 (4.92)

Age
10-15 years old 5.84 (5.01)* 6.12 (5.55)* 5.46 (4.19) 5.78 (4.46) 5.46 (5.71)
16-20 years old 4.96 (3.81) 4.63 (3.68) 5.34 (3.96) 5.46 (4.19) 4.59 (3.10)
Language
English 6.20 (5.475) 6.54 (6.16) 5.83 (4.62) 6.27 (4.90) 6.36 (7.42)
Non-English 5.55 (4.197) 5.33 (4.38) 5.87 (3.94) 6.14 (3.76) 5.10 (4.11)
Insurance status
Insured 5.89 (4.91)** 6.22 (5.47)** 5.50 (4.10) 5.81 (4.44) 5.96 (5.91)*
Uninsured 4.63 (3.77) 4.24 (3.49) 5.20 (4.10) 5.02 3.97) 4.35 (3.59)
Department
Pediatrics 5.59 (4.68) 5.72 (5.13) 5.43 (4.09) 5.70 (4.39) 5.22 (5.00)
Non-pediatric 4.31 (3.54) 4.22 (3.30) 4.66 (4.69) 4.94 (3.82) 4.04 (3.62)
Site-recoded®
Locations 1 5.11 (4.11) 5.13 (4.25) 5.08 (3.96) 5.97 (4.23) 3.66 (3.16)*
Locations 2 5.74 (4.88) 5.85 (5.37) 5.59 (4.17) 5.48 (4.44) 5.80 (5.41)
Duration between  10.07 (6.04) 10.10 (6.73) 10.02 (5.08) 10.30 (5.90) 10.13 (6.68)
dose 1 and 3
Age
10-15 years old 10.40 (6.53) 10.56 (7.36) 10.20 (5.31) 10.60 (6.25) 10.33 (7.30)
16-20 years old 9.37 (4.85) 9.12 (5.06) 9.67 (4.65) 9.60 (5.00) 9.71 (5.24)
Language
English 10.60 (7.19) 11.36 (9.19) 9.87 (4.51)*  10.28 (6.40) 14.05 (12.04)
Non-English 10.64 (5.49) 9.33 (3.80) 12.77 (7.05) 10.50 (4.07) 10.84 (5.96)
Insurance status
Insured 10.69 (6.50)**  11.33 (7.61)** 9.99 (4.94) 10.69 (6.15)*  11.30 (7.80)
Uninsured 8.37 (4.19) 7.39 (2.68) 10.13 (5.68) 7.78 (3.01) 8.78 (4.85)
:*11< 03, = p < 0L, Department
* p < .001 using 7 test
@ Site locations 1 include Pediatrics 10.17 (6.08) 10.23 (6.80) 10.10 (5.10) 10.31 (5.95) 10.29 (6.69)
Newark-South and East Orange Non-pediatric 8.13 (5.25) 8.40 (5.72) 7.24 (4.07) 9.98 (3.44) 8.39 (6.80)
(the two highest locations for Site—recoded®
HPV vaccine completion) and Locations 1 9.28 (5.33) 9.42 (5.59) 10.62 (5.08)  10.58 (5.94) 777 (4.21)
site locations 2 include Newark- .
Locations 2 10.55 (6.50) 10.62 (7.48) 9.09 (5.01) 10.07 (5.90) 11.37 (7.41)*

North, Irvington, and Orange

Hispanic adolescents, the odds of completion were almost
three times higher among non-English speakers (aOR 2.83;
95 % CI 1.33, 6.03).

Durations Between Vaccine Dose 1 and 2

The mean duration between dose 1 and 2 was 5.5 months
(SD = 4.6). The bivariate analysis in Table 4 shows that
the duration between dose 1 and 2 was associated with age
and insurance status for the whole sample and among
female adolescents. Among Hispanic adolescents, duration
between dose 1 and 2 was associated with insurance status

and site. None of the study predictors were associated with
the duration between dose 1 and 2 among male and Black
adolescents.

As shown in Table 5, using a backward linear regression
analysis, the duration between dose 1 and 2 was associated
with insurance status for the whole sample (r = —3.74;
p <0.001; B = —2.28; 95 % CI —3.49, —1.08) as well as
among female (r = —3.65; p < 0.001; B = —3.17; 95 %
CI —4.88, —1.45) and Black adolescents (r = —2.01;
p =0.046; B =—1.89; 95 % CI —3.75, —0.04). Also,
duration between dose 1 and 2 was associated with site for
the whole sample (r = —2.75; p = 0.006; B = —1.58;
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Table 5 Backwards linear

B SE Beta t Sig. 95 % CI for B

regression analysis of predictors
for duration between HPV

vaccination doses
All adolescents

Insured versus uninsured
Site locations 1 versus 2*
Constant

Female adolescents
Insured versus uninsured
Constant

Male adolescents

Site locations 1 versus 2*
Constant

Black adolescents
Insured versus uninsured
Site * language

Constant

Hispanic adolescents
Site locations 1 versus 2°

Constant

Significant predictors for duration between dose 1 and 2

Significant predictors for duration between dose 1 and 3

All adolescents

Insured versus uninsured
Site locations 1 versus 2°
Site * Insurance
Constant

Female adolescents
Insured versus uninsured
Site locations 1 versus 2*
Constant

Male adolescents

*p < .05, ** p < .01,
*##% p < .001 using multivariate

Non-English versus English speakers
Constant

Black adolescents

logistic regression
& & Constant

 Site locations 1 include
Newark-South and East Orange
(the two highest locations for
HPYV vaccine completion) and
site locations 2 include Newark-
North, Irvington, and Orange

Hispanic adolescents
Site locations 1 versus 2°
Site * Insurance
Constant

—2.284 0.611 —-0209 -3.738 <0.001 —-3.486 —1.082
—1.580 0.575 —-0.153 -2.748  0.006 —-2.712 —0.449
6.082 0.282 21.542 <0.001 5.527 6.638
—-3.166 0.867 —0.271 -3.652 <0.001 —-4.877 —1.454
6.172  0.412 14.984 <0.001 5.358 6.985
—1.457 0.748 —0.164 —1.949  0.053 —2.936 0.021
5.949 0.374 15917 <0.001 5.210 6.688
—1.893 0940 —-0.151 —-2.014 0.046 —-3.748 —0.038
4486 2.164 0.155 2.073 0.040 0.216 8.756
6.161 0.349 17.673 <0.001 5.473 6.849
—2927 1.108 —-0.258 -2.642 0.010 -5.126 —0.728
5465 0.512 10.665 <0.001 4.448 6.482
—2.813 1.145 —-0.191 -2456 0.015 -5.076 —0.550
—=2.717 1.012 —-0.208 —2.685 0.008 —4.716 —0.718
5.034 2.320 0.168 2.170  0.032 0.450 9.618
10.903 0.510 21.397 <0.001 9.896 11910
—4296 1.623 —-0279 -2.647 0.010 -7.526 —1.067
—-3.181 1.523 —-0.220 -2.089  0.040 —-6.211 —0.151
10.541 0.754 13.976  <0.001 9.040 12.041
2.899 1.377 0.246 2.105 0.039 0.152 5.646
10.856 0.651 16.665 <0.001 9.556  12.155
10.319 0.661 15.604 <0.001 9.004 11.635
—=5.156 1915 —-0.335 —2.693 0.009 —-8.995 -1.317
8.985 3.846 0.291 2336 0.023 1.275  16.695
11.232 0.928 12.102  <0.001 9371  13.093

95 % CI —2.71, —0.45) and among Hispanic adolescents
(t=—-2.64; p=0.010; B=-293; 95% CI -5.13,
—0.73). None of the study predictors were associated with
duration between dose 1 and 2 among male adolescents.
The interaction between site and language among Black
adolescents was associated with duration between dose 1
and 2. However, a post hoc analysis of this interaction
using ANOVA did not reveal any significant difference in
duration between dose 1 and 2 (F [4, 175] = 0.04;
p = 0.990).
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Durations Between Vaccine Dose 1 and 3

The mean duration between dose 1 and 3 was 10 months
(SD = 6.1). Only 42.3 % completed all three doses within
6 months. The bivariate analysis in Table 4 shows that the
duration between dose 1 and 3 was associated with insur-
ance status for the whole sample and among female and
Black adolescents. Further, the duration between dose 1
and 3 was associated with language among males and with
site among Hispanic adolescents.
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As shown in Table 5, using a backward linear regression
analysis, the duration between dose 1 and 3 was associated
with insurance status for the whole sample (r = —2.46;
p =0.015, B=-2.81; 95% CI —5.08, —0.55) and
among females (f = —2.65; p = 0.010; B = —4.30; 95 %
CI —7.53, —1.07). Also, duration between dose 1 and 3
was associated with site for the whole sample (r = —2.69;
p = 0.008; B = —2.72; 95 % CI —4.72, —0.72) as well as
among females (r = —2.09; p = 0.040; B = —3.18; 95 %
CI —6.21, —0.15) and Hispanic adolescents (t = —2.69;
p = 0.009; B = —5.16; 95 % CI —9.00, —1.32). Language
was associated with the duration between dose 1 and 3 only
among male adolescents (r = 2.11; p = 0.039; B = 2.90;
95 % CI 0.15, 5.65). None of the study predictors were
associated with the duration between dose 1 and 3 among
Black adolescents. Lastly, the interaction of site and
insurance was associated with the duration between dose 1
and 3 for the whole sample (t = 2.17; p = 0.032) and
among Hispanic adolescents (¢ = 2.34; p = 0.023).

A post hoc analysis of this interaction using ANOVA
revealed an association with the duration between dose 1
and 3 for the whole sample (F [3, 44] = 4.64; p = 0.004)
and among Hispanic adolescents (F [3, 80] = 5.10;
p = 0.003). For the whole sample, the duration between
dose 1 and 3 was dramatically higher among insured
adolescents seen at site locations 2 (M = 11.7; SD = 7.1)
compared to uninsured adolescents seen at site locations 1
M =28.5; SD=49) and Ilocations 2 (M = 8.3;
SD = 3.9) and insured seen at locations 1 (M = 9.5;
SD = 5.5). Among Hispanic adolescents, the duration
between dose 1 and 3 was also dramatically higher among
insured adolescents seen at site locations 2 (M = 13.5;
SD = 8.5) compared to uninsured adolescents seen at site
locations 1 (M =289; SD =15.5) and Ilocations 2
M = 8.7; SD =4.5) and insured seen at locations 1
M =6.5;SD = 1.4).

Further post hoc analysis was conducted using ¢ tests
which revealed a significantly higher duration between
dose 1 and 3 among insured adolescents seen at locations 2
within the whole sample (r = 3.555; p <0.001) and
among Hispanic adolescents (# = 3.750; p < 0.001). The
mean difference in duration between dose 1 and 3 among
insured adolescents seen at locations 2 compared to other
adolescents was 2.72 months for the wholes sample (95 %
CI 1.21, 4.23) and 5.26 months among Hispanic adoles-
cents (95 % CI 2.47, 8.06).

Discussion
The study findings provide insight on correlates of HPV

vaccine completion in a population with the greatest dis-
parities of HPV-related cancers, particularly cervical

cancer. The study addresses several gaps in the literature
about HPV vaccination, including vaccination of male
adolescents, underserved populations, low-income groups,
and Black and Hispanic adolescents. The rate of HPV
vaccine completion in this study is dramatically lower for
females than the rate reported in NIS-Teen data for the
same year (2011) nationally (24 % in our study vs. 71 %
nationally) [15]. However, HPV vaccine completion rates
for the whole sample and among female, Black, and His-
panic adolescents are closer to those reported in studies in
underserved and low-income areas [12, 13, 17, 20, 21, 23,
25, 35]. Further, the rate of HPV vaccine completion
among males in this study (28 %) is similar to the rate
reported in NIS-Teen data nationally [15].

Language was a significant predictor in our study in
which English speakers had lower HPV vaccine comple-
tion in the whole sample and among female and Hispanic
adolescents. This may be due to cultural norms among non-
English speakers that lead them to comply with doctor’s
recommendations and not question medical authority.
However, some studies found lower HPV vaccine knowl-
edge and uptake among Spanish speakers [25, 36, 37]
while others reported no difference by language [25, 38].
The site at which the services were obtained was a sig-
nificant predictor for HPV vaccine completion in our study.
Further, the site had a significant interaction effect on HPV
vaccine completion with language among Black adoles-
cents, in which non-English speakers (mostly Creole
speaking) seen at site locations 2 had a dramatically lower
HPV vaccine completion (12.5 %) than other adolescents
(between 22 and 44 %). This finding may be attributable to
variation by site in resources, hours of operation, use of
appointment reminders, and cultural competency of staff.

Insurance in our study was a predictor of HPV vacci-
nation among only Black adolescents. The impact of
insurance status has been reported in other studies [19, 39,
40], more specifically with regards to longer duration on
enrollment in health insurance [23], which was not exam-
ined in our study. Completion of the 3-dose series may be
impacted by mothers’ concern for cost of subsequent visits
when uninsured. Age and HCP specialty were not signifi-
cant predictors of HPV vaccine completion in our study,
even though studies have shown that vaccine initiation is
higher among adolescents seen by pediatric providers [19,
41, 33].

The durations between HPV vaccine doses in our study
5.5 months between dose 1 and 2 and 10 months between
dose 1 and 3, compared to the 2-3 and 6 month, are dra-
matically longer than the CDC recommended intervals
[30]. This is consistent with the findings of other studies
[18, 31, 32]. Delaying completion of the series places
adolescents at risk for acquiring HPV infection due to gaps
in immunologic protection from the vaccine doses.
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Insurance was a recurring predictor for the duration
between vaccine dose 1 and 3, however, in a way that is
inconsistent with the findings of other studies [18, 32]. Our
study shows longer durations between vaccine doses
among insured adolescents, especially when combined
with site. Insured adolescents seen at Newark-North,
Irvington, and Orange locations had higher durations
between dose 1 and 3 for the whole sample and among
Hispanic adolescents. Along with this finding, site was
another recurring predictor of duration between doses. The
impact of insurance and site on duration between doses
could be related to specific site resources (e.g., flexible
scheduling, use of reminders for appointments, etc.), which
were not examined in this study.

The study findings provide several implications for
practice and research. Public health practitioners and HCPs
should discuss HPV vaccination with mothers and address
any concerns they may have about the vaccine efficacy and
safety, vaccination recommendations, cost, and insurance
coverage. The findings also emphasize the need to increase
efforts to improve timely completion of the HPV vaccine
among mothers of uninsured adolescents. Completion of
the 3-dose series may be impacted by mother’s perception
of cost issues or lack insurance coverage associated with
HPV vaccination. Mothers may not be aware that the
vaccine is available for free regardless of vaccination status
or may worry about additional cost related to have to return
for the second and third HPV vaccine doses. Lastly, the
study findings indicate the need for more studies to
examine sociocultural correlates as well as barriers and
facilitators for HPV vaccine completion in populations
with the greatest disparities in cervical and other HPV-
related cancers, particularly Black and Hispanic adoles-
cents in low-income areas.

Notwithstanding these implications, our findings should
be considered in the context of a few limitations. Given
that the study examined 2011 data, HPV vaccine uptake
may have changed over the past 2 years and the results
may not accurately reflect the current situation. While
awareness of the vaccine may have increased over the
years [42, 43], research is still needed to examine more
current data on HPV vaccine uptake and awareness about
the vaccine within the target population. Hence, this study
is still pertinent in underserved populations whose aware-
ness of the HPV vaccine and accessibility to HCPs remains
low.

In conclusion, improving HPV vaccination is a national
priority to reduce cancer burden and eliminate future
cancer disparities in the US. Healthy People 2020 objective
IID-11.4 is to “Increase the vaccination coverage level of 3
doses of human papillomavirus (HPV) vaccine for females
by age 13-15 years” to 80 %, nationally [44] the Presi-
dent’s Cancer Panel (PCP) work on “Accelerating Progress

@ Springer

in Cancer Prevention: The HPV Vaccine Example” [45]
and the CDC Director’s announcement on setting priority
to increasing uptake of the HPV vaccine in 2014 [46].
Improving HPV vaccination is critical not only for cancer
prevention but also for elimination of disparities in cervical
and other HPV-related cancers among Black and Hispanic
populations in low-income areas.
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