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A B S T R A C T   

Provider communication can be critically important to families as they consider HPV vaccination. We sought to 
characterize the association of provider communication and HPV vaccine uptake, and when communication 
better motivates vaccination. We searched four databases for studies published between 2006 and 2019. Eligible 
studies examined health care provider communication (defined as recommendation or discussion) and HPV 
vaccine uptake (defined as initiation, completion, or follow-through) in the US. Two coders independently 
identified eligible studies and coded effect sizes and study characteristics. We pooled effect sizes using random- 
effects meta-analysis. We identified 59 eligible studies of 265,083 patients. Receiving a provider recommenda
tion was associated with higher HPV vaccine initiation (pooled OR = 10.1, 95% CI: 7.6–13.4). HPV vaccine 
initiation was 24% for patients without and 60% for patients with a provider recommendation. The pooled effect 
size for provider recommendation and initiation was smaller for probability samples, clinical records, and NIS- 
Teen (all p < 0.002). Recommendations were equally effective for males and females, for different patient ages, 
and over time. Provider recommendation was also associated with higher HPV vaccine series completion and 
follow-through. Provider discussion was similarly associated with higher HPV vaccine initiation (OR = 12.4, 
95% CI: 6.3–24.3). In summary, provider communication was robustly associated with HPV vaccination initia
tion, completion, and follow-through. These findings suggest that US public health efforts to increase HPV 
vaccine coverage should continue to emphasize provider communication.   

1. Introduction 

Human papillomavirus (HPV) accounts for 5% of new cancer cases 
globally (de Martel et al., 2017; Plummer et al., 2016). It causes almost 
all cervical cancers and five other cancers (vaginal, vulvar, oropharyn
geal, penile and anal) (Saraiya et al., 2015). In the United States (US), 
HPV causes an estimated 34,800 new cancers each year (Senkomago 
et al., 2019). Routine vaccination of adolescents could prevent over 80% 
of HPV cancers (Senkomago et al., 2019; de Sanjose et al., 2019; de 
Sanjosé et al., 2018) and precancers, potentially eliminating cervical 
cancer as a public health problem. The US recommends routine provi
sion of HPV vaccine to adolescents ages 11–12 (Meites et al., 2019). 
Catch-up HPV vaccination is recommended for ages 13–26 and shared 
decision making with a provider for ages 27–45. The recommended 

number of doses increases from two to three doses if HPV vaccination 
begins at age 15 or older. 

As of 2019, 54% of adolescents ages 13–17 in the US had completed 
HPV vaccine series and were considered up-to-date (Elam-Evans et al., 
2020), far short of the Healthy People 2020 goal of 80% (Immunization 
and Infectious Diseases Objectives, 2020). Therefore, it is critical to 
identify and understand factors that influence uptake. Numerous 
studies, including the National Immunization Survey-Teen (NIS-Teen) 
survey (The National Immunization Survey-Teen, 2021), have shown 
provider recommendation is an important contributor to HPV vaccina
tion (Newman et al., 2018). However, neither the size of this effect nor 
boundary conditions are well understood. We sought to characterize the 
strength of the association between provider communication and HPV 
vaccine uptake, identify moderators of this relationship, and understand 

* Corresponding author.at: Department of Health Behavior, Gillings School of Global Public Health, University of North Carolina, 325 Rosenau Hall CB7440, 
Chapel Hill, NC 27599, United States of America. 

E-mail address: ntb@unc.edu (N.T. Brewer).  

Contents lists available at ScienceDirect 

Preventive Medicine 

journal homepage: www.elsevier.com/locate/ypmed 

https://doi.org/10.1016/j.ypmed.2021.106554 
Received 19 August 2020; Received in revised form 6 April 2021; Accepted 11 April 2021   

mailto:ntb@unc.edu
www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2021.106554
https://doi.org/10.1016/j.ypmed.2021.106554
https://doi.org/10.1016/j.ypmed.2021.106554
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2021.106554&domain=pdf


Preventive Medicine 148 (2021) 106554

2

provider discussion in influencing vaccine uptake. Understanding the 
strength and boundary conditions of this association will inform pro
viders and policymakers on the use of provider communication as a 
public health tool for increasing HPV vaccine coverage in the US. 

2. Materials and methods 

2.1. Search strategy 

We systematically searched PubMed, CINAHL, Embase, and Web of 
Science to identify empirical research studies published between 
January 2006 (when the US first licensed an HPV vaccine) and October 
2019. We used the following search terms to identify relevant studies: 
(human papillomavirus OR human papilloma virus OR HPV) AND 
(immuniz* OR immunis* OR vaccinat*) AND (acceptance OR initiat* OR 
(follow through) OR (up to date) OR complet* OR uptake OR coverage* 
OR dose*). We also searched the references of included studies to 
identify additional relevant studies. 

2.2. Study selection 

Two reviewers independently screened titles and abstracts and 
completed full-text reviews of relevant articles. Eligible studies exam
ined provider communication and HPV vaccine uptake among US ado
lescents ages 11–17 and young adults ages 18–26. Studies of adults ages 
27+ were included if the study sample also contained either adolescents, 
young adults, or both. We limited the review to studies conducted in the 
US and its territories to limit variability resulting from different 
healthcare systems and vaccination policies. We included studies that 
were published in English; were published in peer-reviewed journals; 
reported primary data (not review, commentary, or editorial); and re
ported quantitative data on provider communication and HPV vaccine 
uptake. We excluded any studies that were duplicates or reported 
multifaceted interventions with other components besides provider 
communication. We resolved any questions or disagreements among 
reviewers and the senior author (NB). 

2.3. Data extraction 

Two reviewers independently coded studies after full-text review 
using a standard form. Reviewers compared their data for agreement 
and resolved any differences through discussion among reviewers and 
the senior author (NB). Reviewers coded year, study design, sampling 
strategy, mode of interview, sample characteristics, response rate, and 
any reports of missing data for variables. If studies stratified results by 
age or gender, we analyzed each stratified effect size as a separate study. 
When studies had missing data, reviewers reached out to the first author 
of the study to request additional data. 

Reviewers coded three types of provider communication: recom
mendation, discussion, and strength of recommendation. Reviewers 
coded provider communication as either recommendation, discussion, 
or strength of recommendation based on the wording of the survey. To 
be coded as recommendation, the provider must have taken an 
encouraging stance towards HPV vaccine that went beyond providing 
background information. Words such as “recommended” or “suggested” 
around provider communication for HPV vaccination were coded as 
provider recommendation. Words such as “discussed” or “informed” to 
describe provider communication were coded as provider discussion. 
Finally, reviewers coded strength of recommendation when the study 
assessed the emphasis of recommendation and presented distinct effect 
estimates for provider recommendation based on “strongly recom
mended” compared to “not strongly recommended,” for example. 

Reviewers coded associations of provider communication and three 
measures of HPV vaccine uptake found commonly in HPV vaccination 
literature: initiation, completion, and follow-through. We defined initi
ation as having received at least one dose of HPV vaccine (denominator 

was all study participants). We defined completion as having received all 
recommended doses of the vaccine (denominator was all study partici
pants). We defined follow-through as having completed the vaccine series 
after initiating or receiving at least the first dose (denominator was study 
participants who initiated the HPV vaccine series). Reviewers coded 
source of vaccination uptake as self-report (i.e., parent/guardian or 
patient) or as provider-verified (e.g., medical records, immunization 
registries). They also coded additional study characteristics, such as 
location and sampling strategy. 

Reviewers extracted sample size and the unadjusted odds ratio (OR). 
The referent group was individuals who did not receive provider 
communication about HPV vaccination. Of the identified studies, many 
used data from the Centers for Disease Control and Prevention’s (CDC) 
NIS-Teen, an annual, nationally representative survey of parent- 
reported, provider-verified vaccination among adolescents ages 13–17. 
Given the importance of NIS-Teen as a data source, we requested data 
directly from the CDC on provider recommendation and HPV vaccina
tion for 2008–2018 for females and 2010–2018 for males. The CDC 
provided unadjusted odds ratios and 95% CIs for HPV vaccination 
initiation. 

2.4. Data synthesis 

For outcomes with effect sizes from less than five studies, we syn
thesized the findings by narrative systematic review. For outcomes with 
effect sizes from at least five studies, we log transformed the ORs, 
combined them using random-effects meta-analysis, and then expo
nentiated the pooled result to yield a pooled OR. For the association 
between provider recommendation and HPV vaccine initiation, we 
calculated the weighted percentage of patients who initiated vaccina
tion with and without provider communication. For outcomes with ef
fect sizes from at least 15 studies, we conducted a moderation analysis to 
examine whether effect size varied by study characteristics. We con
ducted analyses with Stata Version 16 (StataCorp LLC, 2019) using two- 
tailed statistical tests and a critical alpha of 0.05. To characterize po
tential publication bias in the meta-analyses, we constructed funnel 
plots and conducted quantitative analyses using Egger’s test of bias. We 
also stratified the publication bias analyses for variables identified in the 
moderation analysis. 

3. Results 

3.1. Characteristics of studies 

We identified 59 eligible studies that reported provider communi
cation and HPV vaccine uptake (n = 265,083) (Bednarczyk et al., 2011; 
Bednarczyk et al., 2017; Berenson et al., 2017; Bhatta and Phillips, 2015; 
Brewer et al., 2011; Buechel and Connelly, 2018; Casey et al., 2013; 
Caskey et al., 2009; Cates et al., 2010; Cherven et al., 2019; Colón-López 
et al., 2016; Curtis et al., 2014; Daley et al., 2010; Donahue et al., 2015; 
Flores et al., 2019; Fu et al., 2017; Gargano et al., 2013; Gerend et al., 
2016a; Gerend et al., 2016b; Gerend et al., 2019; Gerend et al., 2009; 
Gerend et al., 2013; Gilkey et al., 2016; Gorbach et al., 2017; Gottlieb 
et al., 2009; Guerry et al., 2011; Hoffman et al., 2012; Klosky et al., 
2013; Klosky et al., 2015a; Klosky et al., 2017; Klosky et al., 2015b; 
Kramer and Dunlop, 2012; Krawczyk et al., 2012; Marchand et al., 2012; 
McRee et al., 2014; Rahman et al., 2015; Reiter et al., 2014; Reiter et al., 
2009; Reiter et al., 2013a; Reiter et al., 2013b; Rosenthal et al., 2011; 
Savas et al., 2012; Sturm et al., 2017; Suryadevara et al., 2016; Vu et al., 
2019; Williams et al., 2013; Wilson et al., 2016; The 2008 National Im
munization Survey-Teen, 2009; The 2009 National Immunization Survey- 
Teen, 2010; The 2010 National Immunization Survey-Teen, 2011; The 2011 
National Immunization Survey-Teen, 2012; The 2012 National Immuniza
tion Survey-Teen, 2013; The 2013 National Immunization Survey-Teen, 
2014; The 2014 National Immunization Survey-Teen, 2015; The 2015 
National Immunization Survey-Teen, 2016; The 2016 National 
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Immunization Survey-Teen. U.S, 2017; The 2017 National Immunization 
Survey-Teen, 2018; The 2018 National Immunization Survey-Teen, 2019; 
Gold et al., 2013). The majority of studies (68%) had less than 2000 
participants (Table 1). Studies included adolescents ages 11–17 and 
adults ages 18+, though most studies (66%) focused on adolescents ages 
13–17. Around half of the studies included only females (51%). Most 
studies used convenience sampling (59%), had a cross-sectional design 
(92%), and relied on national samples (46%). Studies collected data 
from 2007 to 2015, with 32% of studies collecting data from 2013 to 
2015. One-fourth of studies (24%) did not report response rates; 27% 
had response rates below 50%; 24% had response rates of 50–75%; and 
25% had response rates higher than 75%. The most common source of 
HPV vaccination data was self-report (66%). The 59 studies yielded 77 
effect sizes due to stratified analyses. 

3.2. Provider recommendation 

For the association between provider recommendation and HPV 
vaccine initiation, 45 studies yielded 59 effect sizes. CDC NIS-Teen 
surveys reported on females for two years (2008, 2009) and then 
stratified results by sex in subsequent years. Other studies stratified by 
gender (Vu et al., 2019), quality of recommendation (Fu et al., 2017; 
Gilkey et al., 2016), and age (Klosky et al., 2015b). The majority (93%) 
of effect sizes came from cross-sectional studies. Around 40% relied on 
medical records and 49% came from studies that used probability 

sampling. 
For recommendation and completion, eight studies yielded eight 

effect sizes. All of these studies were cross-sectional. Half used proba
bility sampling and verified records for HPV vaccination completion. For 
recommendation and follow-through, nine studies yielded twelve effect 
sizes. Gilkey et al. (Gilkey et al., 2016) stratified by strength of recom
mendation, while Klosky et al. (Klosky et al., 2015b) stratified by age. 
The majority (92%) of effect sizes came from cross-sectional studies. 
Meanwhile, about 40% came from studies with probability sampling and 
approximately one-third used verified records for vaccination data.” 

3.2.1. Association with initiation 
A provider recommendation was associated with higher likelihood of 

initiating HPV vaccination (pooled OR = 10.1, 95% CI: 7.6, 13.4) in 
analysis of 59 effect sizes (n = 226,224, Table 2), with ORs ranging from 
1.1 to 281.2 (Fig. 1). Only 24% of patients initiated HPV vaccination 
without provider recommendation, whereas 60% of patients with pro
vider recommendation initiated HPV vaccination, based on available 
vaccination data corresponding to 57 effect sizes. 

The pooled effect size for recommendation-initiation was very 
heterogenous (I2 = 99%), which was due in part to variation in sampling 
strategy, source of vaccination data, and NIS-Teen data (Table 3). Pro
vider recommendation had a larger association with HPV vaccine 
initiation when based on convenience samples versus probability sam
ples (pooled OR = 15.8, 95% CI: 10.0, 25.0 vs. 6.6, 95% CI: 5.0, 12.4). 
Similarly, self-reported vaccination data yielded a larger association 
with recommendations when compared to medical records (pooled OR 
= 15.3, 95% CI: 10.3, 22.7 vs. 5.7, 95% CI: 4.3, 7.5). Finally, NIS-Teen 
data yielded a smaller association with recommendations than studies 
using other data sources (pooled OR = 5.8; 95% CI: 4.5, 7.6 vs 14.0, 95% 
CI: 9.4, 20.9). 

3.2.2. Association with completion 
Provider recommendation was associated with higher completion 

(pooled OR = 5.2, 95% CI 1.9, 13.8) in analysis of eight effect sizes 
(n = 33,282, Table 2). ORs ranged from 1.0 to 128.5, with substantial 
heterogeneity (I2 = 98%) (Fig. S1). 

3.2.3. Association with follow-through 
Provider recommendation was associated with higher HPV vaccine 

series completion after initiation (pooled OR = 1.8, 95% CI: 1.3, 2.5) in 
analysis of 12 effect sizes (n = 9406, Table 2). Effect sizes included ORs 
of 0.81 to 6.2, with high heterogeneity (I2 = 71%) (Fig. S2). 

3.3. Provider discussion 

For initiation, nine studies yielded ten effect sizes. Caskey et al. 
(Caskey et al., 2009) stratified analyses by age group: adolescents and 
young adults. All ten effect sizes were from cross-sectional studies. Three 
came from studies with probability sampling, and one came from a study 
that used verified records. For completion, Wilson et al. (Wilson et al., 
2016) conducted a cross-sectional study with convenience sampling and 
verified records. For follow-through, Gold et al. (Gold et al., 2013) 
conducted a longitudinal study from the years 2008–2009 using 

Table 1 
Study characteristics (59 studies).   

No. of studies % 

Sample size   
0–499 patients 24 41 
500–1999 patients 16 27 
2000–9999 patients 8 14 
10,000+ patients 11 19 

Gender   
Female only 30 51 
Male only 4 7 
Mixed 25 42 

Ages   
11–12 years 25 42 
13–17 years 39 66 
18–26 years 22 37 
27+ years 3 5 

Year of data collection   
2007–2009 17 29 
2010–2012 15 25 
2013–2015 19 32 
2016–2018 5 8 
Not reported 3 5 

Sampling strategy   
Convenience 35 59 
Probability 24 41 

Population   
Local 22 37 
Single state 6 10 
Multi-state 4 7 
National 27 46 

Source of HPV vaccination data   
Self-report 39 66 
Clinical record 20 34 

Response rate   
0–49% 16 27 
50–75% 14 24 
76–100% 15 25 
Not reported 14 24 

Study design   
Cross-sectional 54 92 
Longitudinal 5 8 

NIS-Teen   
No 44 75 
Yes 15 25 

Note. NIS-Teen = National Immunization Survey Teen. 

Table 2 
Provider communication and HPV vaccination uptake.   

N k Pooled OR (95% CI) I2 

Provider recommendation     
Initiation 226,224 59 10.1 (7.6, 13.4) 99.4 
Completion 33,282 8 5.2 (1.9, 13.8) 98.6 
Follow through 9406 12 1.8 (1.3, 2.5) 71.1 

Provider discussion     
Initiation 5913 10 12.4 (6.3, 24.3) 93.9 

Note. NIS-Teen = National Immunization Survey Teen. k = number of effect 
sizes. OR = odds ratio. 
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Fig. 1. Association of provider recommendation with HPV vaccine initiation.  
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convenience sampling and verified records. 

3.3.1. Association with HPV vaccine initiation 
Individuals who discussed HPV vaccine with their providers had a 

higher likelihood of initiating vaccination (pooled OR = 12.4, 95% CI: 
6.3, 24.3) in analysis of 10 effect sizes (n = 5913, Table 2). ORs ranged 
from 2.2 to 112.3, with substantial heterogeneity (I2 = 94%) (Fig. S3). 

3.3.2. Association with other outcomes 
We systematically reviewed the remaining data because too few ef

fect sizes were available to support meta-analyses. Wilson et al. (Wilson 
et al., 2016) examined HPV vaccine completion among women ages 
18–26. Women who discussed the vaccine with a provider were more 
likely to complete the HPV vaccine series compared to those who did not 
(OR = 264.9, 95% CI: 35.4, 1979.9) (Wilson et al., 2016). Examining 
HPV vaccine follow-through, Gold et al. (Gold et al., 2013) stratified 
provider discussion by topic: (1) provider discussed benefits of receiving 
the HPV vaccine, and (2) provider discussed coming back for more shots. 
Discussing the need to come back for more shots was associated with 
increased likelihood of follow-through (relative risk = 1.55, 95% CI: 
1.18, 2.03), but discussing the benefits of vaccination was not (relative 
risk = 1.06, 95% CI: 0.90, 1.25) (Gold et al., 2013). 

3.4. Quality of recommendation 

Studies yielded five effect sizes for the association of the quality of 
provider recommendation with HPV vaccination (Donahue et al., 2015; 
Fu et al., 2017; Gilkey et al., 2016; Rosenthal et al., 2011; Wilson et al., 
2016). Studies were conducted between 2008 and 2016. Only two 
studies used probability samples. Most studies, with the exception of Fu 

et al. (Fu et al., 2017), were cross-sectional. Each study examined the 
effect of quality of recommendation on initiation. In addition to initia
tion, Wilson et al. (Wilson et al., 2016) included completion as an 
outcome while Gilkey et al. (Gilkey et al., 2016) included follow- 
through. Studies defined quality of recommendation in different ways. 
Gilkey et al. (Gilkey et al., 2016) measured quality using a validated 
index evaluating provider recommendation on three components: 
strength of vaccine endorsement, use of messaging regarding cancer 
prevention, and urgency (defined as same-day recommendation). The 
remaining studies relied on the patient’s subjective evaluation of the 
strength of provider recommendation (Donahue et al., 2015; Rosenthal 
et al., 2011). 

3.4.1. Association with HPV vaccine initiation 
Gilkey et al. (Gilkey et al., 2016) found that patients who received a 

high-quality recommendation were more likely to initiate the vaccine as 
compared to those with no recommendation (adjusted OR = 9.3, 95% 
CI: 7.1, 12.2). Those who received a low-quality recommendation were 
also more likely to initiate the vaccine as compared to those with no 
recommendation (adjusted OR = 4.13, 95% CI: 3.0, 5.7). Similarly, 
Rosenthal et al. (Rosenthal et al., 2011) found that insured women ages 
19–26 who received a very strong recommendation had a higher like
lihood of initiation compared to those receiving a weak recommenda
tion (adjusted OR = 1.41, 95% CI: 1.06, 1.88). Donahue et al. (Donahue 
et al., 2015) found that a strong recommendation for girls ages 9–13 was 
associated with higher HPV vaccine initiation compared to those 
receiving an average recommendation (OR = 2.0, 95% CI: 1.5, 2.6). Fu 
et al. (Fu et al., 2017) found that among children ages 10–12 with Af
rican American parents, those with a provider who “very strongly” 
recommended the vaccine reported higher initiation compared to those 
with a provider who “not very strongly” recommended it. Finally, Wil
son et al. (Wilson et al., 2016) found that among women ages 18–26, 
stronger recommendations were associated with higher initiation (OR =
1.86, 95% CI: 1.46–2.35). 

3.4.2. Association with other outcomes 
Wilson et al. (Wilson et al., 2016) reported that quality of recom

mendation predicted series completion, but did not quantify this asso
ciation. Gilkey et al. (Gilkey et al., 2016) found that, compared to no 
recommendation, a high-quality recommendation was associated with 
HPV vaccine follow-through (OR = 9.31, 95% CI: 7.10–12.22), but low- 
quality recommendations were not better than no recommendation in 
predicting follow-through. 

3.5. Publication bias 

The funnel plot for provider recommendation and initiation (Fig. S4) 
showed asymmetry, suggesting that publication bias may be present. 
Egger’s test of bias also suggested publication bias (p < 0.001). Strati
fication of the recommendation-initiation funnel plots by sampling 
strategy, source of vaccination data, and NIS-Teen data again showed 
asymmetry (Figs. S5–S7), as did stratified Egger’s tests (all p < 0.01). For 
recommendation-completion and recommendation-follow-through, an
alyses indicated no asymmetry, either in funnel plots (Figs. S8–S9) or 
Egger’s test (both p > 0.29). Finally, we found no evidence of publica
tion bias for discussion and initiation, either through the funnel plot (no 
asymmetry, Fig. S10), or through Egger’s test (p = 0.31). 

4. Discussion 

Provider communication had consistently large associations with 
HPV vaccine uptake in studies of over 265,000 US patients. The asso
ciation of recommendation with initiation was robust, being equally 
strong across age and gender. Higher-quality studies (i.e., studies using 
probability sampling or clinical records as source of vaccination data) 
had smaller effect sizes for initiation, but these studies still showed large 

Table 3 
Correlates of provider-communication difference in HPV vaccination initiation.   

n k Pooled OR (95% 
CI) 

I2 p 

Overall 226,224 59 10.1 (7.6,13.4) 99.4 – 
Patient characteristics 
Gender     0.297 

Female only 128,275 34 9.0 (6.2, 13.2) 99.4  
Male only 91,118 14 14.6 (8.6, 24.9) 99.5  
Mixed 6851 11 8.5 (4.2, 17.2) 96.2  

Age 0.235 
Adolescents (11–17 
years) 

215,831 40 8.6 (6.5, 11.5) 99.3  

Adults (18–45 years) 9029 14 17.4 (7.9, 38.2) 98.0  
Mixed (11–45 years) 1384 5 7.5 (3.2, 17.9) 81.7   

Study characteristics 
Year of data collection 0.623 

2007–2009 38,255 12 10.4 (5.0, 21.7) 99.3  
2010–2012 63,334 12 12.7 (5.7, 33.1) 99.7  
2013–2015 63,048 16 10.5 (6.3, 17.7) 99.4  
2016–2018 57,113 8 6.9 (3.6, 13.3) 99.6  

Sampling strategy 0.002 
Convenience 11,140 29 15.8 (10.0, 25.0) 94.5  
Probability 215,104 30 6.6 (5.0, 12.4) 99.4  

Population 0.096 
Local 6077 18 13.3 (7.9, 22.2) 91.5  
State 5668 8 16.5 (6.9, 39.3) 96.1  
National 214,499 30 7.6 (5.4, 10.8) 99.6  

Source of vaccination data <0.001 
Self-report 36,671 36 15.3 (10.3, 22.7) 97.0  
Clinical record 189,573 23 5.7 (4.3, 7.5) 99.3  

Study design     0.983 
Cross-sectional 224,892 55 10.2 (7.6, 13.6) 99.4  
Longitudinal 1352 4 10.0 (1.2, 51.7) 95.5  

NIS-teen data <0.001 
No 37,487 39 14.0 (9.4, 20.9) 97.2  
Yes 188,757 20 5.8 (4.5, 7.6) 99.2  

Note. NIS-Teen = National Immunization Survey Teen. k = number of effect 
sizes. OR = odds ratio. 
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effects. Effect sizes were also smaller, but still large, for probability 
samples and provider-verified vaccination. These results are in keeping 
with the stainless-steel law of evaluation that higher quality evaluations 
identify smaller effects (Rossi, 1987) and may explain why the NIS-Teen, 
which uses both methods, reliably yielded smaller estimates (Cheung 
and Slavin, 2016). Our review’s findings confirm the unique importance 
of provider communication in ensuring high HPV vaccine coverage. 

The robustness of the impact of provider recommendation – across 
patient age, patient gender, and year of study – is encouraging. Despite 
trends of lower HPV vaccine coverage in males (Stokley et al., 2014), 
provider recommendation was associated with HPV vaccine uptake for 
males and females and across age groups. In previous studies, providers 
have reported that they expected HPV vaccine communication to be 
uncomfortable due to HPV being sexually transmitted (Kumar et al., 
2019). Providers also cited bad publicity around HPV vaccine as one of 
the barriers to communication (Kumar et al., 2019). Interventions 
providing provider education on HPV vaccine, especially as cancer 
prevention, have improved vaccination uptake (Dempsey et al., 2018; 
Perkins et al., 2015). Provider recommendation of HPV vaccination has 
also varied across age group and gender. While most pediatricians (85%) 
recommended HPV vaccine for adolescents ages 11–12, nearly 100% 
recommended it for ages 13 and older (Kempe et al., 2019). Many na
tional organizations – including the CDC, American Cancer Society, and 
American Academy of Pediatrics – have compiled resources to 
encourage providers to recommend HPV vaccination (HPV You Are Key 
2018 | Vaccine Education | CDC, 2020; HPV Champion Toolkit, 2021; 
Human Papillomavirus Vaccine (HPV), 2021; National HPV Roundtable, 
2021). Over time, provider recommendation for HPV vaccination has 
increased in the US (Stokley et al., 2014), likely a driver for national 
increases in vaccine coverage (Markowitz et al., 2018). 

Provider recommendation may have a larger effect on HPV vaccine 
initiation than on completion and follow-through. Completion may 
depend more on the patients’ ability to overcome barriers to completing 
the vaccine series, such as transportation or difficulty remembering 
when to return for the next dose. Studies have found that patient re
minders increased completion of the HPV vaccine series (Bar-Shain 
et al., 2015; Chao et al., 2015; Kharbanda et al., 2011; Szilagyi et al., 
2013). Two of these studies demonstrated that reminders had little to no 
effect on HPV vaccination initiation (Kharbanda et al., 2011; Szilagyi 
et al., 2013). Providers may also have difficulty remembering when the 
patient needs to receive the next dose, which may result in less robust 
provider recommendation. An intervention that prompted providers 
through the electronic medical record showed greater timely completion 
of the vaccine series (Ruffin et al., 2015). Finally, an intervention that 
gave providers feedback on rates and reminders for subsequent doses 
increased vaccination completion and had a much larger effect when 
they added patient reminders (Fiks et al., 2013). 

One limitation of our study is the reliance on peer-reviewed articles 
and NIS-Teen data. The study does not include information from studies 
not published in peer-reviewed articles or grey literature. In turn, we 
recognize that our findings may suffer from publication bias, when 
statistically significant associations are more likely to be published in 
peer-reviewed journals. Another limitation is the reliance on retro
spective cross-sectional studies with self-reported provider communi
cation and vaccination status, which may inflate the magnitude of the 
association. Several cross-sectional studies took more rigorous ap
proaches to measuring vaccination outcomes with provider-verified 
responses. One study relied on audio recordings of the provider- 
patient interaction. However, the remaining studies relied on self- 
report by adult patients and parents or guardians. Conclusions based 
on our findings should be made tentatively, recognizing the possibility 
of inflated estimates, especially when information relies on participant 
recall. 

The accuracy of participants’ memories of these conversations is 
unknown. Having been vaccinated may cue individuals to recall a con
versation with their providers about vaccination, which would overstate 

the association. In addition, definitions of recommendation and dis
cussion varied across studies, with most “discussion” definitions being 
inclusive of provider recommendation. It is thus not fully satisfying to 
compare provider discussion versus recommendation across studies due 
to the non-mutually exclusive nature of their operationalizations. Future 
research should clearly define and differentiate discussion versus 
recommendation to assess whether discussion alone is as effective in 
influencing vaccine uptake as explicit recommendation. 

While our review focused on studies of provider communication, we 
did not distinguish estimates based on type of health care worker, such 
as physicians versus other members of the primary care team. As the 
literature stands, it is not clear whether the type of health care worker 
affects the association between communication and HPV vaccine up
take. Other health care workers (e.g., physician assistants) may be well- 
positioned to discuss HPV vaccination with parents and adolescents and 
indeed, may already have this role. These other workers also may have 
more time to build rapport and trust with patients and their parents 
before recommending HPV vaccine (Macdonald, 2016). Additionally, 
these other health care workers may be important in recommending 
vaccination in non-traditional settings, such as school health centers and 
school-located mass vaccination days (Kempe et al., 2018; Hansen et al., 
2017). School nurses may play an important role in disseminating in
formation and establishing norms surrounding HPV vaccine (Rosen 
et al., 2016; Rosen et al., 2015). Future research should explore whether 
recommendation impact varies by the type of health care worker. 

Our review focused on studies of the US and its territories, where 
vaccination typically happens in primary care clinics. We focused on this 
setting because of its prevalence in the existing literature, the country’s 
unique health care context, and the heterogeneity in vaccination policies 
and availability in other countries (LaMontagne et al., 2017; Nickel 
et al., 2017). Provider recommendation may have different meaning in 
other countries that provide HPV vaccine through school programs or 
clinical programs run by nurses. Thus, the generalizability of our find
ings to other countries remains to be established. 

A last topic to consider is the meaning of the association of provider 
communication and vaccine receipt. When a provider recommends ad
olescents receive HPV vaccine in the US, it is generally available at the 
clinic, with the cost covered through insurance or the Vaccines for 
Children program, and the vaccine is delivered by the end of the visit. 
Thus, the time span for researchers to study vaccination uptake is brief. 
Cross-sectional studies will always suffer from problems with causal 
inference, including recall errors described above. Longitudinal studies 
also run into methodological problems because they follow patients who 
do not receive the vaccine in the same visit as the provider communi
cation, which may reflect a distinct population that is less likely to 
receive the vaccine. Thus, longitudinal studies may underestimate the 
effect of provider communication even as they account for lingering 
benefits over time. Real-time observations of provider-patient in
teractions and resulting vaccination (Sturm et al., 2017; Fenton et al., 
2018; Shay et al., 2016) are a promising area for research that can offer 
new insights into the impact and dynamics of a provider communication 
about vaccines. 

In summary, our findings demonstrate a robust association between 
provider communication and HPV vaccination uptake. Our study sug
gests that provider recommendation and discussion play an important 
role in HPV vaccination uptake. Policymakers and health care admin
istrators should consider how they can continue to support and 
encourage providers to communicate with patients about HPV vacci
nation through educational resources, training on communication, and 
tools to address patient hesitancy. Multiple interventions are available 
to increase HPV vaccine uptake (Brewer et al., 2017), and provider 
communication should be a central part of any such efforts in the US. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ypmed.2021.106554. 
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