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Abstract
Background  Despite the effectiveness of the human papillomavirus (HPV) vaccine, uptake in the United States 
(US) remains suboptimal, with only about half of US adolescents completing the HPV vaccine series before the 
recommended age of 13. Adolescents are more likely to be vaccinated at annual well visits, making these visits key 
opportunities to promote HPV vaccination and improve overall completion rates of the HPV vaccination series. 
Further, it has been suggested that HPV vaccine initiation at age 9 may increase overall adolescent coverage of 
HPV vaccine. This study aimed to describe patterns in HPV vaccine administration during adolescent well visits and 
quantify potential HPV vaccination opportunities at age 9.

Methods  This retrospective descriptive analysis included adolescents aged 9–14 years with continuous enrollment 
from 2018 to 2022 in the MarketScan Commercial or the Multi-State Medicaid databases. We analyzed percentages of 
well visits and administered vaccines for each age cohort and calendar year. We assessed potential opportunities for 
HPV vaccination among adolescents at the 9-, 10-,11-, and 12-year well visits.

Results  Most age 9 well visits showed no vaccine claims (89.0–91.7%) while claims for two and three concurrent 
vaccines at age 11 occurred in 22.2–37.2% of well visits, most often for meningococcal and Tdap vaccines. Claims 
for HPV vaccine initiation at 11 and 12 years remained suboptimal (17.9–24.3%). We identified several potential 
opportunities for HPV vaccination. Among adolescents who did not receive the HPV vaccine at their 9- or 10-year 
well visits, 34.8–36.9% did not have a well visit at 11 or 12 years. Among adolescents with an 11- and 12-year well visit, 
20.6–30.0% had claims for vaccination, but not the HPV vaccine. Among adolescents with a well visit at 11 or 12 years 
who received one or more other vaccinations, but not the HPV vaccine, 40.6–46.1% had a well visit at 9 or 10 years 
and did not initiate the HPV vaccine then.

Conclusions  Routine HPV vaccination beginning at age 9 well visits could optimize opportunities to improve 
vaccine coverage.
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Introduction
In the United States (US), approximately 37,000 people 
are diagnosed with human papillomavirus (HPV)-related 
cancers annually [1]. HPV vaccination has been recom-
mended to prevent HPV-related diseases and cancers for 
girls since 2006 and for boys since 2011 in the US [2]. The 
Advisory Committee on Immunization Practices (ACIP) 
recommends initiating routine HPV vaccination series at 
11–12 years and states that adolescents can start the vac-
cination series at 9 years [3, 4]. In an effort to increase 
HPV vaccine uptake, the American Academy of Pediat-
rics (AAP) also expanded their recommendation for HPV 
vaccination initiation to start between ages 9 and 12 [5, 
6].

Despite the effectiveness of HPV vaccination and the 
fact that HPV-related deaths exceed those of other dis-
eases preventable by the other vaccinations given at 
this age in the US [3, 6, 7], rates of vaccination against 
HPV continues to be suboptimal and remain below that 
of other routine vaccinations such as the quadrivalent 
meningococcal (MenACWY) vaccine and the tetanus, 
diphtheria, and pertussis (Tdap) vaccine [8, 9]. According 
to the 2023 National Immunization Survey-Teen data, 
among adolescents aged 13–17 years, 89.0% received ≥ 1 
Tdap dose, 88.4% received ≥ 1 MenACWY dose, 76.8% 
received ≥ 1 HPV vaccine dose, and only 61.4% were up-
to-date with HPV vaccination [8].

Given the recommendations in the ACIP and AAP 
guidelines, healthcare providers have greater flexibility in 
introducing the HPV vaccine before age 11. Studies have 
shown that initiating the HPV vaccine series at age 9 is 
associated with higher rates of on-time vaccination com-
pletion than later initiation [10–15]. However, data from 
the 2020 National Immunization Survey indicates that 
less than 5% of adolescents initiate HPV vaccination at 
their 9- or 10-year well visit [13]. Parents or adolescents 
who have vaccine “fatigue” and those who prefer not to 
receive the HPV vaccine concomitantly with other vac-
cines included in the vaccination schedule for 11- and 
12-year-olds (i.e., MenACWY, Tdap, and yearly influenza 
vaccines) may also prefer earlier HPV vaccine introduc-
tion [6, 16]. A qualitative survey of healthcare providers 
in the US found that parental acceptance of proactive ini-
tiation of the HPV vaccination series is higher when the 
discussion of its benefits occurs at a younger age [17]. In 
addition, the reduced number of vaccines required per 
visit when starting the series earlier also plays a role in 
parental acceptance, as it helps to avoid the “over satura-
tion” of vaccinations at age 11 well visits [17].

In adolescents, implementing HPV vaccination at the 
earliest opportunity results in a robust immune response, 
and HPV immunization is most effective when adminis-
tered before sexual debut [18]. In the US, 7% of adoles-
cents report their first sexual experience by age 13, with 

30% of females and 34% of males being sexually active by 
age 16 [19]. Given the increase in sexual activity between 
ages 13 and 16, completing the HPV vaccination series by 
age 13 would provide greater population-level protection 
against HPV-related diseases [15]. Initiating the vaccine 
earlier also affords healthcare providers the opportunity 
to discuss HPV recommendations separate from dis-
cussions of sexuality that typically occur at visits with 
patients ages 11 or 12 and aids in preventing HPV-attrib-
utable cancers before sexual debut [6].

Missed opportunities for HPV vaccination are wide-
spread and are a significant contributor to low vac-
cination rates [20–24]. Adolescents are more likely to 
be vaccinated at annual well visits; therefore, well vis-
its provide opportunities to promote HPV vaccination 
per national guidelines and subsequently lead to higher 
completion rates of the HPV vaccination series [14, 25]. 
Understanding vaccination patterns and identifying 
potential opportunities among the adolescent popula-
tion can help to inform vaccination strategies aimed at 
improving HPV vaccination rates. The objective of this 
study was to examine patterns in vaccine administration 
among US adolescents (9–14 years of age) at well visits by 
age and identify missed opportunities for initiating HPV 
vaccination.

Methods
Data sources
We performed a retrospective descriptive analysis using 
data from the Merative MarketScan Commercial Claims 
and Encounters Database and the MarketScan Multi-
State Medicaid Database. These databases include health 
insurance claims across the continuum of care, includ-
ing inpatient, outpatient, and outpatient pharmacy, and 
enrollment data from large employers and health plans 
across the US. The MarketScan Commercial Claims and 
Encounters Database (hereby referred to as ‘commercial’) 
is a medical and drug insurance claims database that 
includes approximately 174 million unique de-identified 
patients insured by employer-sponsored plans, including 
active employees, early retirees, COBRA continuers, and 
their dependents. The MarketScan Multi-State Medic-
aid Database (hereby referred to as ‘Medicaid’) includes 
approximately 60  million unique enrollees across 12 
health plans, including employees of large employers 
(> 100 employees) from across the US, in addition to their 
spouses and dependents. The database covers 25  mil-
lion annual lives from Medicaid-managed care programs 
in 28 US states. Both databases are primarily used for 
research purposes and fully comply with US privacy laws 
and regulations (e.g., HIPAA); therefore, the study did 
not require Institutional Review Board approval or spe-
cific informed consent.
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Study sample
Adolescents aged 9–14 years residing in the US and with 
yearly continuous enrollment in these databases from 
January 1, 2018 through December 31, 2022 were eli-
gible for inclusion in the study. During the study period, 
we included only adolescents who had at least one claim 
associated with an annual well visit.

Study measures
The outcome measures were the number and percentage 
of well visits, claims for the number of concurrent vac-
cines administered (categorized as 0, 1, 2, 3, or ≥ 4), and 
type of concurrent vaccination claims by age and year. 
We defined a well visit as one visit per service date for 
a unique patient. Well visits were classified as Current 
Procedural Terminology (CPT) codes 99,381, 99,382, 
99,383, 99,384, 99,391, 99,392, 99,393, 99,394 or Interna-
tional Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM) codes Z00.121 or Z00.129. 
Supplemental Table  1 contains the CPT/Healthcare 
Common Procedure Coding System (HCPCS) codes for 
the vaccines of interest in the study, including HPV, Tdap, 
MenACWY, influenza, and catch-up vaccinations (hepa-
titis A [HepA]; hepatitis B [HepB], measles, mumps, 
rubella, and varicella [MMRV], and varicella [VAR]). We 
included vaccines administered during well visits if the 
vaccines were within two days of the well visit dates.

We assessed potential opportunities for HPV vaccina-
tion among adolescents at the 9- and 10-year well visit as 
well as the 11- and 12-year well visit. For the first analysis, 
we quantified opportunities in adolescents who attended 
a 9- or 10-year well visit but did not receive the HPV vac-
cine and did not return for an 11- or 12-year well visit 
(see Supplemental Fig.  1 for enrollment requirements). 
For the second analysis, we quantified three potential 
opportunities among adolescents with a well visit at 11 
or 12 years. The first opportunity was among 11- and 
12-year-olds who attended a well visit and received one 
or more vaccinations but did not receive the HPV vac-
cine. The second opportunity was among 12-year-olds 
who attended an 11-year well visit and received other 
vaccinations but did not receive the HPV vaccine, and 
did not receive the HPV vaccine at the 12-year well visit. 
The final opportunity was among adolescents who did 
not receive the HPV vaccine at their 11- or 12-year well 
visit, and had a well visit at age 9 or 10 and missed the 
opportunity to receive it.

Statistical analysis
We analyzed the commercial and Medicaid databases 
separately. We examined the distributions of adolescents 
with well visits and claims for the number and types of 
vaccinations received by year and age group. We also 
assessed distributions of HPV initiation and completion 

by year and age groups. For each outcome, we report the 
numbers and percentages of patients. We use descrip-
tive statistics to describe potential opportunities for HPV 
vaccine administration. Data were analyzed using R sta-
tistical software.

Results
Study population
The commercial and Medicaid study populations 
included 2,544,846 and 1,832,960 adolescents, respec-
tively, who were 9–14 years of age, had full calendar year 
enrollment from 2018 to 2022, and had an annual well 
visit (Supplemental Fig. 2).

Well visits
The percentage of patients with well visits between 9 
and 14 years in all age groups ranged from 55.8 to 72.4% 
in the commercial population (Fig.  1A, Supplemental 
Table 2) and from 38.9 to 53.0% in the Medicaid popula-
tion (Fig. 1B, Supplemental Table 2). In the commercial 
population, well visits ranged from 55.8–62.2% at 9–10 
years, and 65.5–71.1% at 11–12 years. In the Medicaid 
population, well visits ranged from 38.5–45.0% at age 
9–10 years, and 42.5–53.0% at age 11–12 years.

Sample demographics
In the commercial and Medicaid populations, through-
out 2018–2022, each age group included a similar per-
centage of adolescents (Table 1). For both populations, a 
slightly higher percentage of adolescents were males. The 
most common insurance type in the commercial popu-
lation was preferred provider organization (PPO). In the 
Medicaid population, most coverage was provided by 
health maintenance organizations (HMOs).

Vaccine claims
In the commercial and Medicaid populations, most age 
9 well visits showed no vaccine claims (89.0% and 91.7%, 
respectively; Fig.  2). In the commercial population, age 
11 well visits showed 37.2% claims for two concurrent 
vaccines and 34.9% claims for three concurrent vaccines 
(Fig. 2A, Supplemental Table  3, Fig. 3). In the Medicaid 
population, age 11 well visits showed 22.2% claims for 
two concurrent vaccines and 34.3% claims for three con-
current vaccines (Fig. 2B, Supplemental Table  4, Fig. 3).

Vaccine claims by type of vaccine
In both the commercial and Medicaid populations, 
among 11-year-olds with concurrent vaccination claims, 
the most common claims were for MenACWY and Tdap 
vaccinations (Fig.  3). In the commercial population, 
38.2–39.9% of the concurrent vaccination claims were 
for MenACWY and 36.0–37.4% were for Tdap and 17.9–
19.4% were for HPV initiation (Supplemental Table 5). In 
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the Medicaid population, 35.3–36.6% of the concurrent 
vaccination claims at age 11 well visits were for Men-
ACWY, 35.3–36.2% were for Tdap, and 21.7–24.3% were 
for HPV initiation (Supplemental Table 6).

Potential opportunities
We assessed potential opportunities for HPV vaccination 
among adolescents with a well visit at ages 9 or 10 and 
ages 11 or 12 (Table 2). Among unique adolescents with 

Fig. 1  Percentage of adolescents with annual well visits in the A) commercial and B) Medicaid populations, by age and year
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a well visit at ages 9 or 10 who did not receive the HPV 
vaccination at their 9- or 10-year well visit, 34.8–36.9% 
did not have a well visit at ages 11 or 12. Three poten-
tial opportunities were observed among adolescents with 
a well visit at ages 11 or 12. Among adolescents with an 

11- or 12-year well visit, 20.6–30.0% received one or more 
other vaccinations but not the HPV vaccine, representing 
the first potential opportunity at this timepoint. Among 
adolescents with an 11-year well visit who received one 
or more other vaccinations but not the HPV vaccine and 

Table 1  Demographic characteristics of the commercial and medicaid populations A

Commercial population 2018
n = 1,028,387

2019
n = 964,756

2020
n = 857,168

2021
n = 841,192

2022
n = 783,178

Age
  9 152,104 (14.8) 142,179 (14.7) 126,074 (14.7) 124,579 (14.8) 119,680 (15.3)
  10 155,690 (15.1) 145,545 (15.1) 126,192 (14.7) 125,569 (14.9) 118,076 (15.1)
  11 191,817 (18.7) 177,350 (18.4) 156,705 (18.3) 149,477 (17.8) 138,756 (17.7)
  12 186,792 (18.2) 177,356 (18.4) 159,944 (18.7) 152,988 (18.2) 139,710 (17.8)
  13 169,970 (16.5) 161,241 (16.7) 142,026 (16.6) 143,254 (17.0) 132,030 (16.9)
  14 172,014 (16.7) 161,085 (16.7) 146,227 (17.1) 145,325 (17.3) 134,916 (17.2)
Sex
  Male 526,686 (51.2) 492,947 (51.1) 436,609 (50.9) 430,404 (51.2) 400,211 (51.1)
  Female 501,701 (48.8) 471,809 (48.9) 420,559 (49.1) 410,788 (48.8) 382,967 (48.9)
Region
  North central 231,845 (22.5) 208,467 (21.6) 191,858 (22.4) 201,541 (24.0) 178,699 (22.8)
  Northeast 237,681 (23.1) 217,482 (22.5) 186,266 (21.7) 136,460 (16.2) 140,238 (17.9)
  South 397,856 (38.7) 392,500 (40.7) 351,416 (41.0) 359,208 (42.7) 327,099 (41.8)
  West 4,493 (0.4) 4,688 (0.5) 1,974 (0.2) 922 (0.1) 4,482 (0.6)
  Unknown 156,512 (15.2) 141,619 (141.7) 125,654 (14.7) 143,061 (17.0) 132,660 (16.9)
Insurance type
  Basic/major medical 0 (0) 210 (< 0.1) 31 (< 0.1) 29 (< 0.1) 29 (< 0.1)
  CDHP 117,608 (11.4) 115,544 (12.0) 106,017 (12.4) 100,617 (12.0) 92,625 (11.8)
  Comprehensive 17,538 (1.7) 8,670 (0.9) 12,148 (1.4) 14,308 (1.7) 12,959 (1.7)
  EPO 7,244 (0.7) 7,674 (0.8) 8,390 (1.0) 9,283 (1.1) 5,248 (0.7)
  HDHP 147,575 (14.4) 145,520 (15.1) 138,398 (16.1) 159,423 (19.0) 153,044 (19.5)
  HMO 127,222 (12.4) 116,744 (12.1) 105,670 (12.3) 105,045 (12.5) 104,648 (13.4)
  POS 87,996 (8.6) 75,984 (7.9) 61,930 (7.2) 68,881 (8.2) 66,602 (8.5)
  POS with capitation 9,367 (0.9) 9,756 (1.0) 940 (0.1) 781 (0.1) 847 (0.1)
  PPO 488,262 (47.5) 469,926 (48.7) 402,087 (46.9) 368,371 (43.8) 333,564 (42.6)
  Missing 25,575 (2.5) 14,728 (1.5) 21,557 (2.5) 14,453 (1.7) 13,612 (1.7)
Medicaid population 2018

n = 616,500
2019
n = 704,957

2020
n = 665,583

2021
n = 617,184

2022
n = 615,161

Age
  9 99,453 (16.1) 108,284 (15.4) 101,912 (15.3) 96,455 (15.6) 97,795 (15.9)
  10 99,971 (16.2) 111,063 (15.8) 101,458 (15.2) 94,245 (15.3) 95,777 (15.6)
  11 106,592 (17.3) 123,063 (17.5) 115,162 (17.3) 102,512 (16.6) 102,525 (16.7)
  12 115,202 (18.7) 132,882 (18.8) 125,468 (18.9) 112,559 (18.2) 108,323 (17.6)
  13 104,167 (16.9) 122,999 (17.4) 116,437 (17.5) 109,240 (17.7) 107,827 (17.5)
  14 91,115 (14.8) 106,666 (15.1) 105,146 (15.8) 102,173 (16.6) 102,914 (16.7)
Sex
  Male 316,553 (51.3) 362,390 (51.4) 339,892 (51.1) 316,531 (51.3) 315,226 (51.2)
  Female 299,947 (48.7) 342,567 (48.6) 325,691 (48.9) 300,653 (48.7) 299,935 (48.8)
Insurance
  Comprehensive 193,694 (31.4) 263,426 (37.4) 249,449 (37.5) 111,865 (18.1) 119,523 (19.4)
  HMO 422,806 (68.6) 441,531 (62.6) 416,134 (62.5) 487,407 (79.0) 476,215 (77.4)
  POS with capitation 0 (0.0) 0 (0.0) 0 (0.0) 17,912 (2.9) 8,615 (1.4)
  Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 10,808 (1.8)
CDHP, consumer driven health plan; EPO, exclusive provider organization; HDHP, high deductible health plan; HMO, health maintenance organization; POS, point-
of-service; PPO, preferred provider organization
A Values are presented as n (%)
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had a 12-year well visit, 67.2–67.4% did not receive the 
HPV vaccine, representing the second potential opportu-
nity at this timepoint. Finally, among adolescents with a 
well visit at ages 11 or 12 who received one or more other 
vaccinations, but not the HPV vaccine, 40.6–46.1% had 
a well visit at ages 9 or 10. Supplemental Table 7 displays 
the demographic characteristics for the commercial and 
Medicaid populations for potential opportunities.

Discussion
Although the HPV vaccine has a proven safety and effec-
tiveness record [26], only about half (50.1–52.8%) of US 
adolescents complete the series by the recommended 
age of 13 [8]. Current HPV vaccination rates are subop-
timal and well below the 80% coverage goal set by the US 
Department of Health and Human Services Healthy Peo-
ple 2030 [9]. In fact, a recently published modeling study 

predicted that, assuming current vaccination uptake 
rates, the 80% completion rate for adolescents aged 13–15 
years would not be reached until year 2042 and beyond 
[27]. Well visits provide opportunities to initiate and pro-
mote HPV vaccine completion, but missed opportunities 
to initiate HPV vaccination during well visits are fairly 
common [14, 24, 25]. In the US President’s Cancer Panel 
2018 report, reducing missed opportunities for initiating 
the HPV vaccine when adolescents visit their healthcare 
provider for other preventive care services was identified 
as a top national priority for accelerating HPV vaccine 
uptake [28]. In this retrospective analysis using data from 
the commercial claims and Medicaid claims databases, 
we identified several potential opportunities for HPV 
vaccination among adolescents.

Adolescents are less likely to attend well visits as they 
age [25, 29]. A 2023 study of data from two pediatric 

Fig. 2  Average (across 5 years) number of concurrent vaccinations administered in adolescents at well visits in the A) commercial and B) Medicaid 
populations A. A All percentages sum to 100%
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clinics in Washington between 2018 and 2022 reported 
that well visits decreased from a range of 62.6–76.2% in 
9–10-year-olds to 62.8–72.2% in 11–12-year-olds and 
further decreased to a range of 50.2–65.6% in adoles-
cents aged 13–17 years [25]. In our study, well visits were 

highest among 11–12-year-olds, however, approximately 
one-third (34.8–36.9%) of adolescents in the present 
study had a well visit at ages 9 or 10 but did not have a 
well visit at ages 11 or 12. Encouraging HPV vaccination 
at age 9 could help reduce the impact of these missed well 

Fig. 3  Percentage of claims for vaccinations administered to adolescents in the A) commercial and B) Medicaid populations, by age and year A. HepA, 
hepatitis A; HepB, hepatitis B; HPV, human papillomavirus; MMRV, measles, mumps, rubella, and varicella; Td, tetanus-diphtheria; Tdap, tetanus-diphtheria-
pertussis. A Among those who received vaccinations at the well visit. B Catch-up vaccination includes HepA, HepB, MMRV, and varicella
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visits especially among the Medicaid population. Adoles-
cents in the Medicaid population reported lower percent-
ages of well visits than the commercial population overall 
(38.9-53.0% vs. 55.8-72.4%). Routinely recommending 
HPV vaccination starting at age 9 could be particularly 
critical in populations with fewer well visits. We also 
observed that most age 9 well visits (89.0% and 91.7% in 
the commercial and Medicaid populations, respectively) 
showed no vaccine claims. However, at age 11 well visits, 
among both populations, 22.2–37.2% of claims were for 
two concurrent vaccines and 34.3–34.9% were for three 
concurrent vaccines. This demonstrates that the current 
adolescent vaccination platform at ages 11 or 12 may be 
working for some ACIP-recommended vaccines but may 
not be working as effectively for the HPV vaccine. Initiat-
ing HPV vaccination at age 9, when the majority of well 
visits did not have any vaccinations, may help avoid the 
oversaturation of vaccinations and potential deprioritiza-
tion of HPV vaccination at age 11 well visits. In fact, a 
2019 study reporting the results of qualitative interviews, 
noted that healthcare providers uniformly reported high 

parental acceptance of the HPV vaccine before age 11 due 
to the opportunity to administer fewer vaccines at each 
visit [17]. In a national survey of pediatricians and family 
physicians, 35% of providers who did not almost always 
or always discuss the HPV vaccine at well visits reported 
that the reason was “the patient is already getting other 
vaccines at that visit” [30]. This lack of discussion further 
contributes to lower HPV vaccination rates. Among par-
ents and guardians of girls aged 11 to 17, the most com-
mon reason for not vaccinating their daughters was the 
lack of a physician recommendation (44% of parents and 
guardians) [31]. Initiating HPV vaccination at age 9 well 
visits, when other vaccinations are not routinely occur-
ring, may help improve HPV vaccination coverage rates.

While the ACIP recommends initiating routine HPV 
vaccination series at 11–12 years, with the option to vac-
cinate at age 9 [3, 4], the wording of this guideline may 
discourage providers from discussing the vaccine with 
parents during the 9–10-year well visit [32]. In a 2021 
national provider survey, only 21% of primary care pro-
fessionals reported that they routinely recommend HPV 
vaccination at ages 9 or 10 [33]. However, over half (61%) 
of the remaining respondents reported being somewhat 
or more willing to start routinely recommending vaccina-
tion at age 9 to 10 [33]. Aligning national guidelines to 
more strongly support initiation of the HPV vaccination 
at age 9 may help encourage providers to recommend the 
HPV vaccine at earlier well visits. Harmonized recom-
mendations, therefore, may promote timely vaccination 
[34], result in higher completion rates of the HPV vacci-
nation series [6, 10–15], and reduce rates of HPV infec-
tions and HPV-related cancers [16].

There are several limitations of the study. First, we 
only included adolescents with at least one claim associ-
ated with an annual well visit and did not capture HPV 
vaccination events that occurred outside of such visits 
or events that were not submitted for insurance reim-
bursement. However, adolescent vaccinations typically 
occur during well visits, with fewer than 1% of adoles-
cents aged 13–17 years receiving an HPV vaccination in 
a non-medical setting (i.e., school, pharmacy, or other 
non-medical place) [35]. Therefore, we expect that HPV 
vaccination events outside of well visits were infrequent 
and would not affect our conclusions. Future research is 
needed to explore missed HPV vaccination opportunities 
in broader adolescent populations, including those with-
out regular healthcare visits, to fully capture the scope of 
potential interventions. Further, potential inaccuracies 
in the study databases, such as coding errors, which are 
known inherent limitations of healthcare claims data, 
may limit our study’s interpretation. Second, even though 
MarketScan data has shown to be adequately represen-
tative of the US population, the generalizability of the 
current sample population may be limited. For instance, 

Table 2  Potential opportunities for HPV vaccination among 
adolescents in the commercial and medicaid populations
Potential opportunity Commercial Medicaid
Adolescents who attended a 9- or 10-
year well visit, n A

567,702 410,896

Potential opportunity:
No HPV vaccine at 9- or 10-year well visit 
and no well visit at 11 or 12 years, n (%)

209,680 (36.9) 143,170 
(34.8)

Adolescents who attended an 11- or 
12-year well visit, n A

1,273,908 903,767

Potential opportunity:
Received one or more other vaccina-
tions, but not the HPV vaccine, n (%)

382,060 (30.0) 186,200 
(20.6)

Potential opportunity:
Adolescents who attended an 11-year 
well visit who received one or more 
other vaccinations, but not the HPV 
vaccine and who attended a 12-year 
well visit and did not receive the HPV 
vaccine, n (%)

98,197 (67.2)B 33,422 
(67.4)B

Potential opportunity:
Adolescents who attended an 11- or 
12-year well visit who received one or 
more other vaccinations, but not the 
HPV vaccine and had a well visit at 9 or 
10 years, n (%)

146,551 (46.1)C 68,977 
(40.6)C

HPV, human papillomavirus
A To identify a potential opportunity at 11 or 12 years, 9-year-olds were required 
to have a well visit in 2018 or 2019 and 10-year-olds were required to have a well 
visit in 2018–2020
B Denominator was number of adolescents with a well visit at 11 years who 
received one or more other vaccinations, but not the HPV vaccine (n = 146,144 
for the Commercial population and n = 48,583 for the Medicaid population)
C Denominator was the number of adolescents with a well visit at 11 or 12 years 
who received one or more other vaccinations, but not the HPV vaccine and 
had enrollment in the 9- and 10-year period (n = 317,927 for the Commercial 
population and n = 170,046 for the Medicaid population)
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there is a slight overrepresentation of adolescents from 
the southern regions of the US in the commercial data-
base. Additionally, the Medicaid database comprises 
data reported anonymously by various states, which has 
the potential to introduce biases due to regional varia-
tions in demographic and clinical variables and health-
care coverage. However, because we included patients 
from both the commercial and Medicaid populations, 
the study population may be more generalizable, and the 
inclusion of both databases help identify opportunities to 
increase HPV uptake in two different populations. Third, 
the study period is inclusive of the COVID-19 pandemic 
period. The pandemic disrupted several healthcare ser-
vices, including routine well visits and corresponding 
immunizations in the US [36]. However, the well visit and 
vaccination patterns in our study show similar patterns 
prior to, and after 2020, so the direction of our findings 
and conclusion of our study may not change.

Conclusions
HPV vaccination rates by age 13 are suboptimal and 
remain below the 80% coverage goal set forth by Healthy 
People 2030. Our research is the first study that provides 
concrete evidence that initiation at age 9 may increase 
overall adolescent coverage of HPV vaccine. We dem-
onstrate that over one-third of children who have a well 
visit at age 9 do not have a well visit at ages 11 and 12, 
representing a population who would benefit most from 
HPV vaccination opportunities at age 9. Shifting the 
routine initiation of HPV vaccination at age 9 well visits 
could optimize opportunities to improve HPV vaccina-
tion coverage in the US.
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