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ABSTRACT
Human papillomavirus (HPV) vaccines work by preventing infections prior to natural exposure. Thus, it is 
likely more effective at younger ages, and it is important to understand how effectiveness might be 
diminished when administered at older ages. We conducted a systematic review of HPV vaccine effec-
tiveness studies published between 2007 and 2022 that included an analysis of effectiveness against 
vaccine-type HPV infections, anogenital warts, cervical abnormalities and cervical cancer by age at 
vaccine initiation or completion. Searching multiple databases, 21 studies were included and results 
were summarized descriptively. Seventeen studies found the highest vaccine effectiveness in the young-
est age group. Vaccine effectiveness estimates for younger adolescents ages 9–14 years ranged from 
approximately 74% to 93% and from 12% to 90% for adolescents ages 15–18 years. These results 
demonstrate that the HPV vaccine is most effective against HPV-related disease outcomes when given 
at younger ages, emphasizing the importance of on-time vaccination.
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Introduction

Human papillomavirus (HPV) infection can lead to several 
types of cancers.1 Nearly all cases of cervical cancer are asso-
ciated with HPV infections, and globally there were an esti-
mated 604,000 new cases of cervical cancer and over 300,000 
related deaths in 2020.2 Additionally, it is estimated that HPV 
infection is associated with approximately 124,000 cases of 
anal, oropharyngeal, penile, vaginal and vulvar cancers 
annually.3 In the United States, approximately 37,300 people 
are diagnosed with HPV-related cancers annually.1 The first- 
generation HPV vaccine, 4vHPV, was approved by the United 
States Food and Drug Administration (US FDA) in 2006 for 
the prevention of infection and disease associated with four 
strains of HPV including 6 and 11 that are associated with 
anogenital warts and 16 and 18 that are associated with 
approximately 70% of HPV-associated cervical cancers and 
even greater percentages of other HPV-associated cancers.4 

A nine valent HPV vaccine was approved in 2016 and protects 
against an additional five strains of HPV − 31, 33, 45, 52 and 
58 – which collectively are associated with an additional 20% of 
HPV-associated cervical cancers.5

There are multiple ways of assessing the benefits of the HPV 
vaccine at the individual and population level.6 Vaccine effi-
cacy is a measure of how well the vaccine works at preventing 
disease at the individual level in a clinical trial. In clinical trials, 
the efficacy of the vaccine against HPV infection, genital warts 
and high-grade cervical lesions exceeded 90% among women 
without prior HPV infection.7,8 Pre-licensure trials also 

demonstrated high efficacy against anogenital warts among 
men.7 Post-licensure, numerous studies have evaluated the 
population-level impact and individual-level impact of the 
HPV vaccine. These studies have found substantial evidence 
for population benefits of the HPV vaccine, including declines 
in HPV infections, anogenital warts, and high-grade cervical 
lesions.9 Vaccine effectiveness studies measure the direct effect 
that the vaccine has in preventing disease outcomes as admi-
nistered in real-world conditions. Numerous studies have 
demonstrated the effectiveness of the HPV vaccine against 
several disease outcomes including infection, anogenital 
warts and pre-cancerous lesions and more recently cervical 
cancer.10–15

Within this body of research, there is growing evidence 
suggesting that the timing of HPV vaccination initiation is 
an important factor in vaccine effectiveness.6 Pre-licensure 
clinical trials have shown that administering the vaccine 
prior to initiation of sexual activity and potential exposure 
to HPV offers the greatest protection.7,8 Therefore, the 
World Health Organization (WHO) and the United 
States’ Advisory Committee on Immunization Practices 
(US ACIP) recommend initiation vaccination in early ado-
lescence (generally between ages 9–14).16–18 Studies have 
also demonstrated that earlier administration of the vaccine 
results in greater immunogenicity and longer-lasting 
protection.19,20 Numerous studies have evaluated the real- 
world effectiveness of the HPV vaccine by age at vaccina-
tion, yet a comprehensive review synthesizing the available 
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evidence is lacking. In this review, we aim to evaluate the 
effectiveness of HPV vaccination against infection, anogen-
ital warts, cervical abnormalities and cervical cancer by age 
at vaccination.

Methods

Study selection

We searched Medline and EMBASE on Ovid on January 10th, 
2023 to identify articles published between 2007 and 
December 31st, 2022 that evaluated HPV vaccine effectiveness 
by age at vaccination. The search strategy contained terms to 
capture the exposure of interest (HPV vaccination), the 
outcome(s) of interest (HPV infection and related sequelae) 
and the measure of interest (vaccine effectiveness). A second 
search was run on April 14th, 2023, that incorporated subject 
headings and less restrictive truncation. We did not use search 
terms about age at initiation or completion because we antici-
pated that some studies with relevant data might not mention 
the age groups in the title, abstract, and author keywords. The 
full search strategies for both databases are provided in 
Appendix I.

Studies were eligible to be included if they conducted an 
analysis of HPV vaccine effectiveness by age at series initiation 
or completion. HPV vaccine effectiveness was defined as 
a comparison of the risk or likelihood of the disease outcome 
between vaccinated and unvaccinated individuals. We did not 
include studies that only assessed effectiveness by attained 
age, year of birth or birth cohort because these measures do 
not provide direct evidence of the effect of the age at which the 
vaccine was administered. Studies were excluded if 1) the data 
were collected as part of a clinical trial, 2) they were not 
published between 2007 and 2022, 3) they were a modeling 
study, 4) they were not peer-reviewed, or 5) they were not in 
English. Eligibility was determined independently by two 
authors (HS and MKE) through a review of the title and 
abstract followed by a full-text review. Conflicts were resolved 
by a third author (LMN). Screening of all manuscripts was 
performed using Covidence.21 Following the completion of the 
screening, we conducted backwards citation chasing to identify 
additional studies that met the inclusion criteria.

Data extraction

Two authors (HS and MKE) independently extracted key 
study information and outcome measures using 
a standardized form. Discrepancies were resolved by a third 
author (LMN). Core study information extracted included 
title, authors, journal, year published, funding and DOI. 
Methodological information was also extracted, including the 
country where the study was conducted, years of data collec-
tion, primary study design, case definition, statistical analysis 
methods, vaccine evaluated, age groups for vaccine initiation 
or completion, and confounders controlled for in adjusted 
analyses. Lastly, the primary study results were extracted, 
including sample size (overall and by age group analyzed), 
overall vaccine effectiveness (at least one dose when available, 

otherwise series completion) and vaccine effectiveness by age 
group.

Bias analysis

We utilized an adapted version of the Risk of Bias in Non- 
Randomized Studies – of Interventions (ROBINS-I) as 
described in a systematic review of the effectiveness of HPV 
vaccine by dose.12 Using this adapted tool, we evaluated selec-
tion bias, information bias and confounding. For selection 
bias, we evaluated whether participant inclusion was influ-
enced by participant characteristics associated with the vacci-
nation. For information bias, we evaluated the sources of 
information for both vaccination and outcome measures. To 
evaluate confounding, we assessed whether the authors con-
trolled for important known confounders of the relationship 
between vaccination and the outcomes of interest (i.e., age, 
sexual activity, access to healthcare, socioeconomic status), if 
measures were taken to control for the presence of prevalent 
infections (buffer periods between vaccination and outcome 
assessment) and whether appropriate methods were used to 
control for confounding. In each domain, studies could receive 
a rating of low, moderate, or high risk of bias. Overall assess-
ment of bias was based on the domain with the highest rating – 
for example, if a study has at least one domain rated as “high 
risk of bias” then the overall risk of bias is considered high. No 
studies were excluded from the analysis based on quality. The 
results of the bias analysis were summarized descriptively.

Data synthesis

Study results were synthesized narratively. We first examined 
the studies by outcome (vaccine-type HPV infection, anogen-
ital warts, cervical abnormalities and cervical cancer). Then, to 
explore further the impact of age of vaccination on vaccine 
effectiveness, we examined the studies by the different age 
groups and methods of analysis utilized. We present results 
as adjusted vaccine effectiveness (VE) when available or as 
ratio measures, which include risk ratios (RR), incidence rate 
ratios (IRR), hazard ratios (HR), prevalence ratios (PR), or 
odds ratios (OR). If a ratio measure was not provided, it was 
inferred from vaccine effectiveness estimates for the purposes 
of comparison across studies.

The study protocol was registered on PROSPERO prior to 
conducting the search and followed PRISMA guidance 
(Appendix III).22,23

Results

Search results

Across both searches, we identified 1,007 potentially eligible 
articles published in Medline or Embase between 2007 and 
December 31st, 2022, after de-duplication (Figure 1). After 
title and abstract screening, 111 articles were included for 
full-text review. Of those, 18 articles met the criteria for 
inclusion.13,24–40 An additional seven articles were identified 
through backwards citation-chasing, three of which met the 
criteria for inclusion14,41,42 for a total of 21 eligible articles 
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included in the review. Twelve of the 21 studies evaluated the 
effectiveness of a specific HPV-vaccine (bivalent or quadri-
valent), one evaluated the effectiveness of receipt of any of the 
HPV vaccines and the remaining eight studies did not specify 
the vaccine. The studies were predominantly conducted in 
North America and Europe – eight studies were conducted in 
the United States,26,27,30,32,35,38,40,41 four in Sweden14,34,39,42 

and three in Denmark,13,24,42 three in Canada,33,36,37 two in 
Scotland31,43 and one in Belgium. Additionally, one study was 
conducted in New Zealand (Table 1).44

Four studies used vaccine-type HPV infection (types 6, 11, 
16 and 18) as the outcome of interest.28,30,35,40 Five studies 
evaluated vaccine effectiveness against anogenital 

warts.24,25,33,34,38 In the nine studies evaluating vaccine effec-
tiveness against vaccine-type HPV infection and anogenital 
warts, three included men and/or transgender women in the 
analysis.35,38,40 The most common outcome studied was cervi-
cal abnormalities.26,27,31,32,36,37,39,41,42,44 Two studies used 
diagnosis of cervical cancer as the endpoint of interest 
(Table 1).13,14

The majority of studies stratified by age at vaccine initiation 
(n = 20), although the age groups evaluated varied widely. The 
range of age groups studied was 2 to 6. One study stratified by 
age at the final dose of the HPV vaccine, evaluating partici-
pants who completed the vaccine series before the age of 15, 
between 15 and 19, and after 19 years of age.38

Figure 1. PRISMA diagram.
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Quality assessment

All of the included studies were deemed to have at least 
moderate risk of bias, and seven of the 21 included studies 
were deemed to be at high risk of bias (Table 1). Most studies 
considered at high risk of bias only had one or two domains 
considered high risk (either information bias related to out-
come assessment or confounding) (Appendix II). Most studies 
included some method of controlling for confounding asso-
ciated with prevalent infections, usually by excluding partici-
pants without a proper buffer period between vaccine receipt 
and the outcome of interest. Three studies were considered at 
high risk of bias due to confounding associated with prevalent 
infections as they did not include a buffer period between 
vaccination and outcome. One study was deemed to be at 
high risk of bias due to potential misclassification of outcome 
status.

Many of the studies were considered at low risk of selection 
bias or information bias related to the intervention (vaccina-
tion status). Many of the included studies were population- 
based retrospective cohort studies with broad inclusion criteria 
limiting the risk of selection bias. The majority of studies 
utilized regional or national vaccine registries for information 
related to vaccination status. Studies that utilized other sources 
of data for vaccination histories (medical records or self- 
report) were considered at moderate risk for information 
bias related to intervention assessment.

All of the studies were at least moderate risk of bias due to 
confounding related to HPV acquisition. Given the latency 
period between infection and development of disease, 
a challenge investigators face when aiming to quantify the 
effectiveness of HPV vaccine is the need to control for con-
founding around whether or not the individual had prevalent 
HPV infection at the time of vaccination. Given the retro-
spective or cross-sectional nature of all of the included studies, 
it is impossible to determine whether or not individuals were 
infected with HPV at the time of vaccination. To address this, 
some studies required buffer time periods between vaccination 
and outcome assessment in order to control for the risk of 
prevalent infection. Studies that did not account for the risk of 
prevalent infections at the time of vaccination were considered 
at high risk of bias. Another important consideration in obser-
vational studies of HPV vaccine effectiveness is controlling for 
confounding due to baseline differences in risk of HPV acqui-
sition between vaccinated and unvaccinated individuals. Some 
of the studies included in this review collected information on 
sexual activity and were able to control for baseline risk of 
HPV acquisition by controlling for markers of sexual activity. 
However, many of the included studies did not have any 
available information on the sexual activity of participants. 
There was a low risk of bias due to confounding related to 
health-seeking behaviors for all the studies for which it was 
relevant (those that did not utilize national population health 
registries).

HPV infection

Four studies reported HPV vaccine effectiveness against 
vaccine-type HPV infection.28,30,35,40 Across all four 

studies, a gradient effect was seen with higher vaccine 
effectiveness among those who received the vaccine at 
younger ages. One was conducted in Scotland and 
reported the effectiveness of the bivalent vaccine against 
types 16 and 18. The other three were conducted in the 
United States and reported HPV vaccine effectiveness 
against the four types included in the quadrivalent 
vaccine.30,35,40 All four studies were cross-sectional stu-
dies. The study conducted in Scotland utilized national 
screening registry data.28 Markowitz et al. utilized data 
from two integrated healthcare networks in northern 
California and the Pacific Northwest, while Meites et al. 
analyzed data collected as part of a cross-sectional study 
of vaccine impact in men who have sex with men (MSM) 
and transgender women in three US cities (Seattle, 
Washington, Chicago, Illinois and Los Angeles, 
California). Winer et al. similarly evaluated data from 
a cross-section study of MSM and transgender women 
conducted in Seattle, Washington.30,35,40

Kavanagh et al. reported statistically significant vaccine 
effectiveness of three doses of the bivalent vaccine compared 
to unvaccinated individuals across six ages at vaccine initiation 
groups, with decreasing vaccine effectiveness the later the 
vaccine series was initiated adjusted for a composite measure 
of deprivation (Table 2; Figure 2).28 Vaccine effectiveness was 
highest in the youngest age group evaluated, 89.1% (95% con-
fidence Interval (CI) 85.1–92.3%) among those who initiated 
between 12 and 13 years of age and decreased slightly for 
each year later the vaccine was administered to 28.9% effective 
among those who received the vaccine after age 18 (95% CI  
= 4.5–47.8%).28 Markowitz et al. found statistically significant 
vaccine effectiveness of at least one dose of the quadrivalent 
vaccine among those who initiated vaccination prior to age 18 
(aPR = 0.06; 95% CI = 0.04–0.11) but no statistically significant 
effect among those who initiated vaccination after age 18.30 In 
Meites et al. and Winer et al., the population of interest was 
men who have sex with men (MSM). In Meites et al., at least 
one dose of the quadrivalent vaccine was statistically signifi-
cantly effective among those who initiated it before and after 
the age of 18; however, vaccine effectiveness was much higher 
in those who initiated vaccination prior to age 18 (≤18 years 
aPR = 0.41, 95% CI = 0.25–0.57; >18 years aPR = 0.82, 95% CI  
= 0.67–0.98).35 Winer et al. similarly found high, statistically 
significant vaccine effectiveness against penile infection among 
MSM and transgender women who initiated vaccination prior 
to age 18 (aPR = 0.15; 95% CI = 0.04–0.62); however, they did 
not find a statistically significant effect in participants who 
initiated vaccination after age 18.40 Markowitz et al., Meites 
et al., and Winer et al. presented analyses adjusted for age and 
race/ethnicity, and Meites et al. and Winer et al. adjusted for 
additional factors related to sexual activity, including the num-
ber of sexual partners and HIV status.30,35

Anogenital warts

Five studies reported vaccine effectiveness of the quadri-
valent HPV vaccine (qHPV) against anogenital 
warts.24,25,33,34,38 Four of the five studies stratified ana-
lyses by age at vaccine initiation with varying sub- 
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Table 2. Analyses and main findings of studies that evaluated HPV vaccine effectiveness by age at vaccination.

Study N (overall)
Comparison with 

unvaccinated
Age groups 

analyzed N (age group)
Comparison with 

unvaccinated by age group Adjustment

Effect (95% CI) Effect (95% CI)
Vaccine-type HPV 

infection
Kavanagh 

2017a
Three doses Three doses

8,584 aOR = 0.40 (0.33–0.48) 12–13 years 971 VE = 89.1% (85.1–92.3) Scottish Index of Multiple 
Deprivation quintile

14 years 269 87.7% (78.9–93.5)
15 years 880 82.3% (76.8–86.7)
16 years 1,156 75.9% (70.2–80.8)
17 years 422 58.1% (44.8–68.8)
≥18 years 264 28.9% (4.5–47.8)

Markowitz 
2020

At least one dose At least one dose

4,269 aPR = 0.14 (0.10–0.21) ≤18 years 2,785 aPR = 0.06 (0.04–0.11) Race/Ethnicity, Age at 
Screening

>18 years 432 0.65 (0.40–1.05)
Meites 2020b At least one dose At least one dose

1,767 aPR = 0.71 (0.59–0.83) ≤18 years 289 aPR = 0.41 (0.24–0.57) Age, race/ethnicity, city, 
number of sex partners, 
HIV status

>18 years 366 0.82 (0.67–0.98)

Winer 2021b At least one dose At least one dose
751 aPR = 0.69 (0.47–1.01) ≤18 years 83 aPR = 0.15 (0.04–0.62) Age, history of ever taking 

PrEP, HIV status, lifetime 
number of sex partners

>18 years 217 0.80 (0.52–1.22)

Anogenital warts
Baandrup 

2021c
Three doses

1,904,895 PYs N/A 12–14 years 1,609,179 PYs aIRR = 0.16 (0.15–0.18) Attained age, socioeconomic 
status, calendar time15–16 years 313,276 PYs 0.20 (0.18–0.22)

17–18 years 93,925 PYs 0.29 (0.25–0.33)
≥19 years 614,840 PYs 0.76 (0.71–0.81)

Dominiak- 
Felden 
2015d

Three doses At least one dosee

334,903 PYs VE = 85.9 (74.8, 92.1) <15 years 57,595 VE = 89.0% (73.2–95.5) Age
15–17 years 53,149 90.4% (78.3–95.7)
≥18 years 5,636 68.5% (1.2, 89.9)

Leval 2013f Three doses
2,209,263 N/A 10–13 years 2 0.07 (0.02–0.27) Age, parental education

14–16 years 105 0.20 (0.17–0.25)
17–19 years 110 0.29 (0.24–0.35)
20–22 years 24 0.52 (0.35–0.78)
23–26 years 14 0.79 (0.47–1.33)
27–44 years 4 2.32 (0.87–6.18)

Willows 2018g At least one dose
31,464 N/A 9–18 years 65,432 PYs aHR = 0.6 (0.4–0.8) Birth date, neighborhood of 

residence, previous 
hospitalization, previous 
physician visit

>19 years, not 
sexually active

1,820 PYs 1.8 (0.5–5.8)

>19 years, sexually 
active

21,244 PYs 2.8 (2.1–3.7)

Zeybek 2019h Age at Last Dose Three doses
440,532 females N/A <15 years 60,299 aHR = 0.78 (0.46, 1.35) Gender, region, history of 

STDs
133,394 males 15–19 years 87,235 0.58 (0.49, 0.70)

>20 years 29,517 1.11 (0.91, 1.35)
Cervical abnormalities

Dehlendorff 
2018

Three doses

2,272,586 ≤16 years 453,859 0.23 (0.11–0.49) Attained age, mother’s 
education, country

17–19 years 78,432 0.65 (0.41–1.03)
≥20 years 180,297 1.31 (0.97–1.76)

Gargano 2022 At least one dose At least one dose
773,193 aRR = 0.46 (0.41–0.52) <20 years 171,156 aRR = 0.35 (0.30–0.40) Birth year, race

≥20 years 213,404 0.64 (0.55–0.75)
Herweijer 2016 Three doses

1,333,691 N/A <16 years 441,355 PYs aIRR = 0.16 (0.08–0.32) Attained age, parental 
education

17–19 years 139,156 PYs 0.43 (0.33–0.57)
20–29 years 24,644 PYs 0.75 (0.59–0.95)

Hofstetter 
2016

At least one dose At least one dose

(Continued)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7



Table 2. (Continued).

Study N (overall)
Comparison with 

unvaccinated
Age groups 

analyzed N (age group)
Comparison with 

unvaccinated by age group Adjustment

13,253 0.77 (0.67–0.89) 11–14 years 178 aHR = 0.24 (0.10–0.59) Number of doses, age as of 
Jan 1, 2007, language, 
insurance, clinic, abnormal 
baseline cervical cytology 
result, baseline Chlamydia 
screening

15–16 years 762 0.63 (0.45–0.89)
17–18 years 1341 0.81 (0.64–1.01)
19–20 years 328 0.85 (0.68–1.05)

Innes 2020 At least one dose
135,273 N/A <18 years 133,895 PYs IRR = 0.75 (0.70–0.80)

≥18 years 65,761 PYs 0.86 (0.76–0.94)
Palmer 2019 Two doses Three doses

138,692 aOR = 0.77 (0.48–1.24) 12–13 years 16,200 aOR = 0.14 (0.08–0.25) Deprivation, rurality
14 years 5,409 0.18 (0.07–0.43)
15 years 16,532 0.29 (0.19–0.44)
16 years 17,511 0.27 (0.18–0.41)
17 years 8,711 0.55 (0.36–0.83)
≥18 years 4,117 0.85 (0.52–1.37)

Racey 2020 At least one dose
38,304 N/A 9–14 years 20,738 VE = 73.6% (57.5%-84.1%) Birth age, age at first screen

≥15 years 3,436 32.0% (0.0%-65.3%)
Righolt 2019i At least one dose

31,442 N/A 14–17 years VE = 12% (−37%-43%) Household income, 
hospitalization in previous 
five years, have more than 
12 physician visits in the 
previous year, history of 
a pap smear

≥18 years −37% (−93%-3%)

Rodriguez 
2020

Three doses

133,082 
vaccinated 
cohort

N/A <15 years 3,784 aHR = 0.71 (0.37–1.38) Region, history of STDs, 
history of pregnancy

66,541 
unvaccinated 
cohort

15–19 years 24,018 0.66 (0.55–0.80)

≥20 years 11,021 0.96 (0.77–1.20)
Silverberg 

2018
At least one dose At least one dose

4,357 cases aOR = 0.82 (0.73–0.93) 14–17 years 293 aOR = 0.61 (0.46–0.81) Smoking, hormonal 
contraceptives, race/ 
ethnicity, recent sexually 
transmitted infections, 
parity, prior outpatient 
visits, immunosupression 
status

21,773 controls 18–20 years 799 0.72 (0.58–0.90)
≥21 years 1,445 0.94 (0.81–1.09)

Cervical cancer
Kjaer 2021 At least one dose

867,689 N/A ≤16 years 314,862 aIRR = 0.14 (0.04–0.53) Age, maximum educational 
level of own, mother or 
father, ethnicity

17–19 years 20,063 0.32 (0.08–1.28)
≥20 years 167,607 1.19 (0.80–1.79)

Lei 2020 At least one dose At least one dose
1,672,983 aIRR = 0.37 (0.21–0.57) <17 years aIRR = 0.12 (0.00–0.34) Age, county of residence, 

calendar year, mother’s 
country of birth, highest 
parental education level, 
highest annual household 
income level, previous 
diagnosis in mother of 
CIN3+, previous diagnosis 
in mother of cancers other 
than cervical cancer.

≥17 years 0.47 (0.27–0.75)

HPV = human papillomavirus; CI = confidence interval; aOR = adjusted odds ratio; aIRR = adjusted incidence rate ratio; aHR = adjusted hazard ratio; VE = vaccine 
effectiveness; aRR = adjusted relative risk; PY = person-year; N/A = not applicable. 

aAdditional analyses compared vaccine effectiveness by dose, birth cohort and Scottish Index of Mutiple Deprivation. 
bPopulation studied was men who have sex with men and transgender women. 
cAdditional vaccine effectiveness analyses were conducted stratified by age and by dose. 
dPerson-years of follow-up contributed by fully vaccinated and unvaccinated. Additional analyses evaluated vaccine effectiveness among those who received one or 

two doses. 
eAge stratified analyses considered individuals completely vaccinated with one dose. 
fN’s are observed number of cases of genital warts in fully vaccinated group. 
gPerson-Years contributed by vaccinated group. Additional analyses looked at effectiveness by dose. 
hAnalyses include males and females. Additional vaccine effectiveness analyses conducted by dose. 
iLimited to women with no history of abnormal pap. N’s for age analyses not provided.
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groups.24,25,33,34 The remaining study evaluated vaccine 
effectiveness stratified by age at which the final dose of 
the vaccine was received.38 All five studies were retro-
spective cohort studies (Table 1).

Three of the five studies had a clear gradient pattern, with 
the highest vaccine effectiveness among those who received the 
vaccine at younger ages (Table 2; Figure 3). The youngest age 
group evaluated was initiation between 10 and 13 years of age 
in Leval et al., which found that three doses of the quadrivalent 
vaccine was 93% effective (95% CI = 73–98%) at preventing 
anogenital warts, compared to 48% among those who received 
the vaccine after age 19 (95% CI = 22–65%).34 Baandrup et al. 
found that for those who initiated vaccination between ages 
12–14, the incidence rate of anogenital warts was 0.16 (95% CI  
= 0.15–0.18) that of those who were unvaccinated compared to 

24% effectiveness among those who received the vaccine after 
age 18 (95% CI = 19–29%).24 Both Baandrup et al. and Leval 
et al. utilized population health registries in Denmark and 
Sweden, respectively, and found a general pattern of decreas-
ing vaccine effectiveness at a later age at initiation.24,34 

Dominiak-Felden et al. found similar vaccine effectiveness of 
at least one dose of the quadrivalent vaccine for those who 
initiated vaccination before 15 years of age (VE = 89.0%; 95% 
CI = 73.2–95.5%) and between age 15 and 17 (VE = 90.4%; 
95% CI = 78.3–95.7%) followed by a fairly substantial decrease 
in vaccine effectiveness among those who initiated after age 18 
(VE = 68.5%; 95% CI = 1.2–89.9%).25

Willows et al. stratified their analyses both by age and, for 
those over the age of 18, by sexual activity. Among those who 
initiated vaccination before age 18, the vaccine was statistically 

Figure 2. Effectiveness of HPV vaccination against vaccine-type HPV infection by age at vaccination.

Figure 3. Effectiveness of HPV vaccination against anogenital warts by age at vaccination.
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significantly effective (aHR = 0.6; 95% CI = 0.4–0.8). However, 
regardless of sexual activity, Willows et al. found that the 
vaccine was not effective in reducing the incidence of genital 
warts among those who initiated vaccination after age 18 (not 
sexually active aHR = 1.8; 95% CI = 0.5–5.8; sexually active 
aHR = 2.8; 95% CI = 2.1–3.7).33 Zeybek et al. evaluated the 
effectiveness of the quadrivalent vaccine against genital warts 
among both men and women stratified by age at which the 
final dose was received. Among those who received the final 
dose before the age of 15, Zeybek et al. reported no effect of the 
vaccine (aHR = 0.78; 95% CI = 0.46–1.35).38 But among those 
who completed the vaccine series between the ages of 15 and 
19, the vaccine was statistically significantly effective (aHR =  
0.58; 95% CI = 0.49–0.70).38 All of the studies accounted for 
participant age.24,25,33,34,38

Cervical abnormalities

Ten studies evaluated vaccine effectiveness against cervical 
abnormalities. In all but two studies, the outcome of interest was 
abnormal high-grade histology results (CIN2+), and many eval-
uated multiple outcomes (Table 1).26,31,32,36,39,41,42,44 The remain-
ing two studies evaluated high-grade abnormal cytology as the 
primary outcome of interest.27,37 Figure 4 presents vaccine effec-
tiveness against the highest grade cytology or histology outcome 
reported in the study. Nine of the 10 studies were retrospective 
cohort studies, utilizing national health registries, regional immu-
nization or screening registries, or insurance claims databases. The 
remaining study presented the results of a case-control study of 

women enrolled in an integrated healthcare delivery in the United 
States.32

All of these studies found a general pattern of decreasing 
vaccine effectiveness as age at initiation or completion 
increased, particularly when initiated after the age of 18 
(Table 2; Figure 4). Palmer et al. found that the HPV vaccine 
was 86% (95% CI = 75–90%) effective at preventing cervical 
abnormalities (CIN3+) among girls who initiated vaccination 
between 12 and 13 years old in Scotland.31 The vaccine 
remained statistically significantly effective when initiated up 
until age 17, after which the effectiveness was limited (aOR =  
0.85; 95% CI = 0.52–1.37).31 Similarly, Hofstetter et al. found 
that girls and young women who initiated vaccination between 
ages 11–14 years in New York City in the United States had 
a 76% lower risk of being diagnosed with a cervical abnorm-
ality compared to those who did not initiate vaccination (aHR  
= 0.24; 95% CI = 0.10–0.59) but that effectiveness was limited 
when initiated after age 18 (aHR = 0.85; 95% CI = 0.68–1.05).27

Two studies did find statistically significant vaccine effec-
tiveness for participants who initiated after the age of 18 in 
adjusted analyses. Gargano et al. utilized regional registries in 
Michigan (USA) to evaluate effectiveness against cervical 
abnormalities (CIN3+) and found that while the vaccine was 
more effective when initiated prior to the age of 20 (aRR =  
0.35; 95% CI = 0.30–0.40), it still had an effect when adminis-
tered after the age of 20 (aRR = 0.64; 95% CI = 0.55–0.75) 
adjusted for participant age and race.26 Similarly, Herweijer 
et al. found that the vaccine was most effective when initiated 
prior to age 16 (aIRR = 0.16; 95% CI 0.08–0.32) but also effec-
tive when administered at older ages (aIRR 17–19 = 0.43; 95% 

Figure 4. Effectiveness of HPV vaccination against cervical abnormalities by age at vaccination.
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CI = 0.33–0.57; aIRR 20+ = 0.75; 95% CI = 0.59–0.95).39 Innes 
et al. found statistically significant vaccine effectiveness among 
participants who initiated vaccination after 18 years of age 
(IRR = 0.75; 95% CI = 0.70–0.80), however did not conduct 
any adjusted analyses.44 Righolt et al. found limited vaccine 
effectiveness against cervical abnormalities regardless of age 
(Ages 14–17: VE = 12%; 95% CI = −37–43%; Ages 18+: VE =  
−37%; 95% CI = −93%-3%).

Cervical cancer

Two retrospective cohort studies evaluated HPV vaccine effec-
tiveness against cervical cancer utilizing national population 
health registries (Table 1).13,14 In Denmark, Kjaer et al. found 
that the vaccine was effective against cervical cancer among those 
who initiated the vaccine series prior to age 17 (aIRR = 0.14; 95% 
CI = 0.04, 0.53), adjusting for age, education, and ethnicity 
(Table 2, Figure 5). In Sweden, Lei et al. found that the vaccine 
was statistically significantly effective against cervical cancer when 
administered both before and after age 17 but that the vaccine was 
more effective when administered prior to age 17 (aIRR <17 years  
= 0.12, 95% CI = 0.00, 0.34; aIRR ≥17 years = 0.47, 95% CI = 0.27– 
0.75) adjusted for age, residence, income, education and family 
history of cervical abnormalities.

Discussion

In this systematic review, we identified 21 observational studies 
that evaluated HPV vaccine effectiveness against different HPV- 
related disease outcomes by age at which the vaccine series was 
either initiated or completed. Seventeen of the 21 studies found 
the greatest vaccine effectiveness in the youngest age group 
evaluated,13,14,24,26–28,30–36,39,40,42,44 with many of those studies 
also finding decreased vaccine effectiveness by later age at vaccine 
series initiation. Greater effectiveness of HPV vaccines at younger 
ages is likely due to administration of these prophylactic vaccines 
prior to natural exposure to HPV from sexual activity rather than 
a biologic mechanism independent of natural exposure. Though 
younger adolescents do produce higher levels of antibodies after 
vaccination, older adolescents and adults also have a robust 
immune response that produces antibody levels much higher 
than natural infection that likely confers substantial protection.

All but one study37 found statistically significant vaccine 
effectiveness in at least one age group evaluated.13,14,24–28,30– 

36,38–42,44 In the studies that did not find that the vaccine was 
most effective in the youngest age group or did not find 
evidence of vaccine effectiveness there were generally very 
low rates of the disease outcome of interest, particularly in 
younger age groups, resulting in limited statistical power to 
detect a difference in disease outcomes between the vaccinated 
and unvaccinated. For example, in Zeybek et al., the outcome 
of interest was diagnosis with anogenital warts starting 3 
months after completion of the final dose of the HPV vaccine 
series. Participants were followed for up to 5 years. For those 
participants who completed vaccination prior to the age of 15, 
particularly those who completed the vaccine series as recom-
mended (ages 11–12), it is possible that they were at limited to 
no risk of exposure to HPV during the study period.38 

Similarly, in Righolt et al., which found no evidence of vaccine 
effectiveness, a short follow-up period for younger participants 
meant that there was likely both lower risk of exposure and 
outcome in the younger age groups among both vaccinated 
and unvaccinated participants.37

The HPV vaccine is recommended between ages 9 and 14  
years for girls by the World Health Organization and for all 
adolescents at ages 11–12 by the ACIP in the United States. 
However, many individuals do not initiate the recommended 
vaccine series in this window, starting vaccination later in 
adolescence or in young adulthood. By age 18, approximately 
60% of US adolescents will have initiated sexual activity, 
increasing their risk of exposure to HPV.45 Many studies 
used late adolescence (18–20 years of age) as a cutoff point 
between different age groups, likely reflecting the average age 
of sexual debut.14,24–26,28,30,31,33,35,37,40,41,44 While some studies 
did find that the vaccine was still effective when administered 
after the age of 18, in general, the vaccine was substantially 
more effective in those who received the vaccine prior to the 
age of 18 against all outcomes, reflecting findings from clinical 
trials that have demonstrated higher efficacy when the vaccine 
is administered prior to exposure to HPV.

Given that many adolescents do not initiate vaccination on 
time, in the US, both the American Cancer Society (ACS) and 
the American Academy of Pediatrics (AAP) recommend initi-
ating the HPV vaccination series as early as 9 years of age in 
order to complete vaccination prior to initiation of sexual 

Figure 5. Effectiveness of HPV vaccination against cervical cancer by age at vaccination.
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activity.46,47 There is also evidence that initiating the vaccine 
series earlier in childhood (at ages 9 or 10) can lead to greater 
series completion.46,48 In the studies that evaluated vaccine 
effectiveness when administered in early adolescence (ages 
10–14), vaccine effectiveness estimates against the different 
outcomes of interest ranged from approximately 74% to 
93%.24,28,31,34,36,38,39

Our inclusion criteria were specific to studies that reported 
HPV vaccine effectiveness for comparisons between vaccinated 
and unvaccinated individuals. Other studies that compared vac-
cine effectiveness by different ages at vaccination did not meet our 
inclusion criteria but provide further evidence for the importance 
of younger ages at vaccination. For example, Cameron et al. 
evaluated HPV positivity following the introduction of the HPV 
vaccination program in Scotland and found that individuals who 
were vaccinated after the age of 18 were more than three times as 
likely to be positive for HPV types 16 or 18 compared to indivi-
duals who were vaccinated at ages 15–16 (aOR = 3.41; 95% CI  
= 1.98–5.82).49 Other studies compared the proportions of parti-
cipants with the outcome between vaccinated and unvaccinated 
individuals but did not conduct a vaccine effectiveness analysis 
and therefore also did not meet out inclusion criteria. For exam-
ple, Onuki et al. found a greater frequency of high grade cervical 
lesion diagnoses among women vaccinated after age 18 when 
compared to women vaccinated prior to the age of 18 (p <  
0.001).50 These findings also support the conclusion that the 
HPV vaccine is more effective when initiated at younger ages.

Additionally, we excluded studies that evaluated vaccine 
effectiveness by birth cohort or age in relation to when the 
vaccine was licensed and/or recommended given that these 
studies did not have individual-level data on age at vaccination. 
During the review process, we identified a number of studies on 
HPV vaccine effectiveness among women who were above or 
below a certain age when the vaccine was licensed in 2007.51–53 

In cases when information is not available on the age that an 
individual received the vaccine, a birth cohort can be a useful 
proxy as it can indicate whether or not women had the oppor-
tunity to be vaccinated at a certain age. In general, these studies 
found that women who had the opportunity to be vaccinated at 
younger ages (i.e., were eligible for routine vaccination at ages 
11–12) were less likely to have HPV-related disease outcomes 
compared to women who would have been vaccinated at later 
ages.51–53 Our search strategy also restricted the search to studies 
that included the terms “vaccine” and “effectiveness” within four 
words of each other in title or abstract, under the assumption 
that studies that conducted a vaccine effectiveness analysis 
would include the term in the title or abstract. It is possible 
that this strategy did not capture every relevant article. However, 
we did conduct backwards citation chasing in order to limit the 
possibility of missing articles.

Most of the included studies were deemed to have at least 
moderate risk of bias. This was generally due to the inherent 
limitations that may be present in any observational epidemio-
logic study. However, it is important to note that after the pre- 
licensure randomized trials, observational studies are necessary 
to assess real-world impact and in many cases as the only ethical 
approach. Though these studies do have the acknowledged 
limitations, the consistency across the majority of studies that 

used different approaches is reassuring about the robustness of 
the general conclusion about greater effectiveness at younger 
ages.

All of the studies were conducted in high-income countries 
and were primarily conducted in North America and Europe, 
reflecting a lack of studies that evaluate HPV vaccine impact and 
effectiveness in low- and middle-income countries (LMIC).6 

Overall vaccine effectiveness is affected by vaccine efficacy, real- 
world conditions of administration, and population-level vaccine 
coverage. In a study conducted in Bhutan, classified as a lower- 
middle income country with high HPV vaccine coverage, overall 
effectiveness estimates were similar to those in high-income 
countries with high vaccine coverage.54 However, additional stu-
dies may be needed in countries with lower vaccine coverage to 
understand vaccine effectiveness. Additionally, as demonstrated 
through this review, HPV vaccine effectiveness by age is influ-
enced by age of initiation of sexual activity, which may also vary 
by country. The consistency of the findings across setting is 
encouraging, however it may still be beneficial for other countries, 
particularly LMIC, to conduct additional vaccine effectiveness 
studies to better understand vaccine impact and promote vaccine 
programs.

Vaccine effectiveness studies are vital for understanding how 
impactful a vaccine is in the real world. For many vaccinations 
and HPV vaccine in particular, actual patterns of vaccine uptake 
often vary from the vaccine recommendation in terms of age at 
administration. Understanding how this variation impacts the 
effectiveness of the vaccine in different populations is important 
for informing future vaccine recommendations, vaccine policy 
and implementation of vaccination programs. This review 
demonstrates that in high-income settings, the HPV vaccine is 
more effective when the vaccine series is initiated at younger ages. 
However, gaps remain. Few studies evaluated disease outcomes in 
men. Furthermore, few studies included HPV-associated cancers; 
this will be increasingly feasible in the coming years and should be 
a research priority. Additional studies that evaluate vaccine effec-
tiveness in the youngest recommended age groups (ages 9 and 10) 
will help improve our understanding the effectiveness of HPV 
vaccine by age. In all future research, the importance of control-
ling for confounding by factors related to vaccination and out-
comes (e.g., sexual activity) will be important. Collectively, these 
findings can be used to bolster current recommendations 
encouraging parents to begin vaccinating their children at the 
earliest recommended age.
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Appendices

Appendix I. Search Strategy

Round 1 of searching
Searched 2023-01-10
No publication type filter was used in this search.

Ovid MEDLINE(R) <1996 to December Week 5 2022>
Ovid Embase < 1996 to 2023 January 09>

(1) papillomavirus vaccin×.mp. 14407
(2) HPV vaccine.mp. 12695
(3) Gardasil.mp. 3313
(4) Cervarix.mp. 2297
(5) 1 or 2 or 3 or 4 22,765
(6) (vaccin* adj4 effectiveness).mp. 19750
(7) papillomavirus infections.mp. 33155
(8) HPV.mp. 104236
(9) uterine cervical neoplasm.mp. 233

(10) cervical intraepithelial neoplasia.mp. 22297
(11) HPV-related disease×.mp. 1353
(12) Condylomata acuminate.mp. 62
(13) Genital warts.mp. 5112
(14) 7 or 8 or 9 or 10 or 11 or 12 or 13 122,093
(15) 5 and 6 and 14 1250

Round 2 of searching
Ovid Medline
Searched 2023-04-14
No date filter and no publication type filter was used in this search.

Ovid MEDLINE(R) ALL <1946 to April 13, 2023>

1 papillomavirus vaccin*.mp. or exp papillomavirus vaccines/ 10835

2 HPV vaccin*.mp. 10086
3 Gardasil.mp. 592

4 Cervarix.mp. 341
5 1 or 2 or 3 or 4 13801
6 (vaccin* adj4 effectiveness).mp. or vaccine efficacy/ 11411

7 (papillomavirus infection* or papilloma virus infection*).mp. 34941
8 HPV.mp. 51257

9 uterine cervical neoplasm.mp. or Uterine Cervical Neoplasms/or cervical cancer*.mp. or cervical neoplasm*.mp. 104036
10 cervical intraepithelial neoplasia.mp. or exp Uterine Cervical Dysplasia/ 17911

11 HPV related disease*.mp. 636
12 Condylomata acuminate.mp. or exp Condylomata Acuminata/or condylomata acuminata.mp. 5898
13 Genital warts.mp. 2668

14 7 or 8 or 9 or 10 or 11 or 12 or 13 142329
15 5 and 6 and 14 707

This query can be rerun by pasting the middle column of the table into the Ovid Search Launcher at https://tools.ovid.com/ovidtools/launcher.html.
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Ovid Embase
Searched 2023-04-14
No date filter and no publication type filter was used in this search.

Embase <1974 to 2023 April 13>

1 papillomavirus vaccin*.mp. or exp Human papilloma virus vaccine/ 6022
2 HPV vaccin*.mp. 13899

3 Gardasil.mp. 2856
4 Cervarix.mp. 2030
5 1 or 2 or 3 or 4 17479

6 (vaccin* adj4 effectiveness).mp. 13412
7 (papillomavirus infection* or papilloma virus infection*).mp. or exp papillomavirus infection/ 40849

8 HPV.mp. 72190
9 uterine cervical neoplasm.mp. or exp uterine cervix cancer/or cervical cancer*.mp. or cervical neoplasm*.mp. 139131

10 cervical intraepithelial neoplasia.mp. 12085
11 HPV related disease*.mp. 891

12 Condylomata acuminate.mp. or exp condyloma acuminatum/or condylomata acuminata.mp. 9792
13 Genital warts.mp. 3815
14 7 or 8 or 9 or 10 or 11 or 12 or 13 196980

15 5 and 6 and 14 948

This query can be rerun by pasting the middle column of the table into the Ovid Search Launcher at https://tools.ovid.com/ovidtools/launcher.html.

Round 2 totals

The new records were uploaded to a separate Covidence project for screening.

source raw numbers from round 2
after deduplication by Covidence 

(within the round 2 results and also against round 1 results)

medline 707 86

embase 948 113
total 1655 199
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Appendix II. Bias analysis results

Information Bias Confounding

Study Selection Bias Intervention Outcome Prevalent Infection HPV Acquisition Health Seeking Behavior

HPV Infection

Kavanagh 2017 Low Low Low High High Low
Markowitz 2020 Low Low Moderate Moderate Moderate Low

Meites 2020 Moderate Moderate Moderate High Moderate Low
Winer 2020 Moderate Moderate Moderate High Moderate Low

Anogenital Warts

Baandrup 2021 Low Low Low Low Moderate N/A

Dominiak-Felden 2015 Low Low Low Low Moderate N/A
Leval 2013 Low Low Low Moderate Moderate N/A
Willows 2018 Moderate Low High High Low Low

Zeybek 2019 Moderate Low Low Low Moderate N/A
Cervical Abnormalities

Dehlendorff 2018 Low Low Moderate Moderate Moderate N/A
Gargano 2022 Moderate Low Low Moderate Moderate Low

Herweijer 2016 Low Low Moderate Low Moderate N/A
Hofstetter 2016 Moderate Moderate High Low Moderate Low
Innes 2020 Low Low Moderate Moderate High Low

Palmer 2019 Low Low Low Low High Low
Racey 2020 Moderate Low Moderate Low Moderate Low

Righolt 2019 Moderate Low High Moderate High Low
Rodriguez 2020 Moderate Low Moderate Low Moderate Low

Silverberg 2018 Moderate Low Moderate Low Moderate Low
Cervical Cancer

Kjaer 2021 Low Low Moderate Low Moderate N/A
Lei 2020 Low Low Moderate Low Moderate N/A
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Appendix III

PRISMA 2020 Checklist

Section and Topic Item # Checklist item Location where item is reported

TITLE
Title 1 Identify the report as a systematic review. p.1

ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts checklist. p.2 (word count limited, could not 

include all required 
information)

INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. p. 3–4

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review 
addresses.

p. 4

METHODS
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were 

grouped for the syntheses.
p. 5, p. 7

Information sources 6 Specify all databases, registers, websites, organizations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each 
source was last searched or consulted.

p.4–5

Search strategy 7 Present the full search strategies for all databases, registers and websites, 
including any filters and limits used.

Appendix I

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of 
the review, including how many reviewers screened each record and each 
report retrieved, whether they worked independently, and if applicable, details 
of automation tools used in the process.

p. 5

Data collection process 9 Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study 
investigators, and if applicable, details of automation tools used in the process.

p.5–6

Data items 10a List and define all outcomes for which data were sought. Specify whether all 
results that were compatible with each outcome domain in each study were 
sought (e.g. for all measures, time points, analyses), and if not, the methods 
used to decide which results to collect.

p. 6

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made 
about any missing or unclear information.

p. 6

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and 
whether they worked independently, and if applicable, details of automation 
tools used in the process.

p. 6–7

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) 
used in the synthesis or presentation of results.

p. 7

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each 
synthesis (e.g. tabulating the study intervention characteristics and comparing 
against the planned groups for each synthesis (item #5)).

N/A

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions.

p. 7

13c Describe any methods used to tabulate or visually display results of individual 
studies and syntheses.

p. 7

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software 
package(s) used.

N/A

13e Describe any methods used to explore possible causes of heterogeneity among 
study results (e.g. subgroup analysis, meta-regression).

N/A

13f Describe any sensitivity analyses conducted to assess robustness of the 
synthesized results.

N/A

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in 
a synthesis (arising from reporting biases).

N/A

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome.

N/A

RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of 

records identified in the search to the number of studies included in the review, 
ideally using a flow diagram.

Figure 1

16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded.

p. 17

(Continued)
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(Continued).

Section and Topic Item # Checklist item Location where item is reported

Study characteristics 17 Cite each included study and present its characteristics. p. 7–15

Risk of bias in studies 18 Present assessments of risk of bias for each included study. p. 8–9, Table 1, Appendix II
Results of individual 

studies
19 For all outcomes, present, for each study: (a) summary statistics for each group 

(where appropriate) and (b) an effect estimate and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots.

Table 2

Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk of bias among 
contributing studies.

Table 1

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. confidence/ 
credible interval) and measures of statistical heterogeneity. If comparing 
groups, describe the direction of the effect.

N/A

20c Present results of all investigations of possible causes of heterogeneity among 
study results.

p.7–15

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results.

N/A

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed.

N/A

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed.

N/A

DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence. p.15–20

23b Discuss any limitations of the evidence included in the review. p. 18–19

23c Discuss any limitations of the review processes used. p. 18–19
23d Discuss implications of the results for practice, policy, and future research. p. 19–20

OTHER INFORMATION
Registration and 

protocol
24a Provide registration information for the review, including register name and 

registration number, or state that the review was not registered.
p. 4

24b Indicate where the review protocol can be accessed, or state that a protocol was 
not prepared.

p. 4

24c Describe and explain any amendments to information provided at registration or 
in the protocol.

N/A

Support 25 Describe sources of financial or non-financial support for the review, and the role 
of the funders or sponsors in the review.

p. 21

Competing interests 26 Declare any competing interests of review authors. p. 21
Availability of data, 

code and other 
materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used 
for all analyses; analytic code; any other materials used in the review.

N/A

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ 2021;372:n71. doi: 10.1136/bmj.n71. 

For more information, visit: http://www.prisma-statement.org/.
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