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Abstract

Purpose: to analyze the performance of elderly people with hearing loss compared to normal-hearing 
elderly people in the Pitch Pattern Sequence Test (PPS) and Duration Pattern Sequence Test (DPS). 
Research strategy: Electronic search strategies were individually developed for each of the following 
databases: LILACS, LIVIVO, Pubmed, Scopus, SpeechBITE and Web of Science. Grey literature was 
searched by using Google Scholar, OpenGrey and Proquest Dissertations and Theses. Selection criteria: 
Observational studies that evaluated elderly (over 60 years old) with age related hearing loss or presbycusis, 
ranging from mild to moderately severe, with different scores, compared to normal hearing for pitch 
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(PPS) or duration pattern sequence (DPS) tests were included. The methodology of selected studies was 
evaluated using Meta-Analysis of Statistics Assessment and Review Instrument (MAStARI) critical 
appraisal tools for cross sectional studies. No restrictions regarding language, period of publication or 
gender were applied. Results: Title and summary of 1042 articles were analyzed after duplicates were 
removed. From this analysis, the full texts of 15 articles were analyzed. Five studies were included in 
this systematic review, three studies used the Musiek DPS version, two used the Auditec DPS and PPS 
version. Risk of bias was low (three studies) and moderate (two studies), according to this protocol. 
Conclusion: This systematic review showed no score differences between groups with presbycusis 
compared with normal hearing for DPS and PPS test. More primary studies utilizing the same protocol 
for PPS and DPS are needed.

Keywords: Systematic review; Aging; Auditory perception; Hearing tests; Audiology.  

Resumo

Objetivo: analisar o desempenho de idosos com perda auditiva em comparação a idosos normo-
ouvintes no teste de padrões de frequência (TPF) e duração (TPD). Estratégia de pesquisa: As estratégias 
de busca eletrônica foram desenvolvidas individualmente para os seguintes bancos de dados: LILACS, 
LIVIVO, Pubmed, Scopus, SpeechBITE e Web of Science. A literatura cinzenta foi pesquisada usando 
o Google Scholar, OpenGrey e Proquest Dissertações e Teses. Critérios de seleção: Foram incluídos 
estudos observacionais que avaliaram idosos (acima de 60 anos) com perda auditiva relacionada à idade 
ou presbiacusia, variando de leve a moderadamente grave, com diferentes escores em comparação a 
idosos com audição normal no TPF e TPD. A metodologia dos estudos selecionados foi avaliada por 
meio de ferramentas de avaliação crítica Meta-Analysis of Statistics Assessment and Review Instrument 
(MAStARI) para estudos transversais. Não foram aplicadas restrições quanto ao idioma, período de 
publicação ou sexo. Resultados: O título e o resumo de 1042 artigos foram analisados   após a remoção 
das duplicatas. A partir desta análise, foram analisados   os textos completos de 15 artigos. Cinco estudos 
foram incluídos nesta revisão sistemática, três utilizaram o TPD na versão de Musiek e dois a da Auditec 
do TPF e TPD. O risco de viés foi baixo (três estudos) e moderado (dois estudos), de acordo com este 
protocolo. Conclusão: Esta revisão sistemática não mostrou diferenças de escores entre os grupos com 
presbiacusia em comparação com a audição normal no TPF e TPD. São necessários mais estudos primários 
utilizando o mesmo protocolo para TPF e TPD.

Palavras-chave: Revisão sistemática; Envelhecimento; Percepção auditiva; Testes auditivos; 
Audiologia. 

Resumen

Objetivo: analizar el desempeño de ancianos con hipoacusia en comparación con ancianos con 
audición normal en la prueba de patrones de frecuencia (PPF) y duración (PPD). Estrategia de búsqueda: 
Se desarrollaron estrategias de búsqueda electrónica individualmente para las siguientes bases de datos: 
LILACS, LIVIVO, Pubmed, Scopus, SpeechBITE y Web of Science. Se realizaron búsquedas en 
literatura gris utilizando Google Scholar, OpenGrey y Proquest Dissertations and Theses. Criterios de 
selección: Se incluyeron estudios observacionales que evaluaron a ancianos (mayores de 60 años) con 
pérdida auditiva relacionada con la edad o presbiacusia, que van de leve a moderadamente severa, con 
puntajes diferentes en comparación con ancianos con audición normal en PPF y PPD. La metodología 
de los estudios seleccionados se evaluó utilizando herramientas de evaluación crítica Meta-Analysis of 
Statistics Assessment and Review Instrument (MAStARI) para estudios transversales. No se aplicaron 
restricciones en cuanto a idioma, período de publicación o género. Resultados: Se analizaron el título y 
resumen de 1042 artículos después de eliminar los duplicados. A partir de este análisis, se analizaron los 
textos completos de 15 artículos. Se incluyeron cinco estudios en esta revisión sistemática, tres utilizaron 
el PPD en la versión Musiek y dos en la versión Auditec del PPF y PPD. El riesgo de sesgo fue bajo 
(tres estudios) y moderado (dos estudios), según este protocolo. Conclusión: Esta revisión sistemática 
no mostró diferencias en las puntuaciones entre los grupos con presbiacusia en comparación con la 
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high-frequency peripheral sensorineural hearing 
loss, given the high prevalence of this hearing loss. 
A study with this population found that, regardless 
of auditory condition, the elderly had lower mean 
scores and standard deviations than young people 
in most central auditory processing tests.9

The main hearing complaint reported by the 
elderly is the difficulty of understanding speech 
in noise, and hearing loss cannot consistently jus-
tify it.10 Temporal processing is the physiological 
mechanism of hearing most affected by aging.11

The BSA states that CAPDs may include 
auditory and cognitive elements at all ages.3,5 The 
general objective of CAP assessment is to access 
auditory processing skills and language skills, in 
which the use of tonal materials is appropriate. This 
is the case of pitch pattern sequence (PPS) tests and 
duration pattern sequence (DPS) tests.4

Temporal ordering is the recognition of two or 
more auditory stimuli in the order of their occur-
rence. The PPS and DPS have nonverbal presenta-
tion and are the most used clinical tests for temporal 
ordering.12 The PPS13 consists of three 150-ms tone 
bursts and two 200-ms intertone intervals. The 
tones in each pitch pattern are combinations of two 
sinusoids, 880 Hz and 1122 Hz, corresponding to a 
low frequency and a high frequency, respectively. 
The DPS13 consists of three 1000-Hz tone bursts 
and two 300-ms intertone intervals. The tones in 
each duration pattern last for 250 msec or 500 
msec, corresponding to a short duration and a long 
duration, respectively. Therefore, there are six 
possible combinations of the three-tone sequence 
in both tests. Authors recommend that these tests 
be part of any battery of central tests, as they are 
easy and quick to apply13,14 and are essential tests 
in CAP assessment.5 An increasing number of 
studies have used nonverbal tests to assess central 
auditory dysfunction so as to minimize language 
bias.3,15,16 Noteworthy, PPS is included in the bat-
tery of standard tests for the diagnosis of central 
auditory disorder.16

A systematic review was performed on norma-
tive studies based on central auditory processing 
that included PPS or DPS tests, available in several 

Introduction

The American Academy of Audiology (AAA)1 
defines Central Auditory Processing Disorder 
(CAPD) as a perceptual difficulty in processing 
auditory information in the central nervous system.1 
Its symptoms involve changes in speech perception 
and impaired neural function, which may include 
afferent and efferent pathways of the central audi-
tory nervous system (CANS).

The British Society of Audiology (BSA) has 
published a guide that highlights the importance 
of evidence-based discussion and practice and 
the promotion of collaboration between research-
ers from different areas and countries for CAPD 
evaluation and diagnosis.2-3 Tests selected for 
CAPD assessment should include a variety of 
auditory processes. The battery must include tests 
that require dichotic and temporal processing, audi-
tory closure, and auditory foreground-background 
differentiation. These tests must assess different 
regions of CANS4 and include verbal and nonver-
bal tasks. The most commonly used are pitch and 
duration pattern sequence tests and tests including 
dichotic words or sentences and degraded speech 
or speech in noise.5 There are controversies about 
the existence of standardized tests to validate the 
diagnosis of CAPD.1,3 The BSA suggests a reduc-
tion in the number of tests so as to increase quality 
and reliability. In the meantime, the organization 
also proposes the validation of clinical protocols 
for CAPD.2

The elderly corresponds to a significant portion 
of the people who have been referred for assess-
ment of central auditory processing. The prevalence 
of CAPD in the elderly ranges from 22.6%6 to 
50%.7 The last BSA review included aging as a 
cause of acquired CAPD,2 which results from the 
deterioration of auditory processing skills.8

Many of the tests used to assess central audi-
tory processing in the elderly can be influenced by 
peripheral hearing loss, which is a strong confound-
ing factor. It is important that a central auditory 
processing test is not affected by the presence of 

audición normal en PPF y PPD. Se necesitan más estudios primarios que utilicen el mismo protocolo 
para PPF y PPD.

Palabras clave: Revisión sistemática; Envejecimiento; Percepción auditiva; Pruebas de audición; 
Audiología.
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ing titles and abstracts. A manual search was also 
performed on all references cited in the selected 
articles. The search of the databases was carried out 
on May 13, 2018 and updated on July 12, 2020. No 
restrictions were applied as to language, publication 
date, or gender.

A systematic review protocol was developed 
based on the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA).35 The 
protocol was registered in the Prospective Register 
of Systematic Reviews (PROSPERO),36 available 
under the number CRD42018105972.

Inclusion criteria 

The review included observational studies 
that evaluated elderly (over 60 years) with mild 
to moderately severe hearing loss due to aging or 
presbycusis, who performed pitch and/or duration 
pattern tests.

Exclusion criteria were: (a) adults under 60 
years of age, according to the statute of the elder-
ly;37 (b) history of language, learning, neurological 
or related disorders; (c) electrophysiological test 
or central auditory processing tests other than PPS 
and DPS; (d) absence of comparison between the 
groups with and without hearing loss and results 
not clearly described; (e) reviews, letters, personal 
opinions, book chapters, conference abstracts, case 
reports, and case series.

Selection was carried out in two phases. In 
phase 1, two reviewers independently reviewed 
the titles and abstracts of all citations from the 
identified electronic databases. Articles that did 
not meet the inclusion criteria were discarded. In 
phase 2, the same reviewers applied the inclusion 
criteria to the full text of the articles. The list of 
references for the selected studies was critically 
assessed by both examiners. Any disagreement in 
the first or second phase was resolved by discussion 
until mutual agreement between the two authors 
was attained. In the absence of consensus, a third 
author took part in the final decision.
Data analysis

The collected data consisted of: study charac-
teristics (author, year of publication, country, type 
of study), population characteristics (sample size 
for presbycusis and for normal hearing, age of the 
participants), temporal test (PPS, DPS), commer-
cial version used (Musiek or Auditec), presentation 
(monoaural or binaural), response method (verbal 

languages.13,14,17-27 Other studies have analyzed the 
hearing loss bias.9,11,28-34 However, in studies that 
interpret how age influences temporal processing, 
it is difficult to separate the hearing loss bias. Thus, 
it is necessary to study the scientific evidence of 
PPS and DPS tests in different populations, mainly 
in the elderly, commonly affected by presbycusis. 
Likewise, it is important to study the influence of 
cochlear lesions on temporal information34 since 
CAP can be a predictor of successful adaptation 
of binaural hearing aids.1 Thus, this review is nec-
essary to clarify the proper use of these temporal 
tests in CAPD assessment in elderly people with 
sensorineural hearing loss.

Objective

This study aimed to compare the performance 
of elderly people with and without hearing loss in 
pitch and duration pattern tests. Thus, the question 
of the systematic review was: “Is there a difference 
in the performance of elderly people with and 
without hearing loss in pitch and duration pattern 
tests?”.

Research strategy 

The PICOS (Population, Intervention, Com-
parison, Outcome, and Study design) strategy 
was used to formulate the focus of this systematic 
review. The strategy consisted of: P - population: 
elderly; I - intervention: mild to moderately severe 
hearing loss due to aging; C - comparison: normal 
hearing; O - outcome: difference in Pitch Pattern 
Sequence (PPS) and Duration Pattern Sequence 
(DPS) scores; and S - study design: observational 
studies.

Electronic search strategies were developed 
individually for each of the following databases: 
LILACS, LIVIVO, Pubmed, Scopus, SpeechBITE, 
and Web of Science (Appendix 1). An additional 
grey literature search was conducted by accessing 
ProQuest (dissertations and theses), OpenGrey, and 
Google Scholar. Moreover, experts were consulted 
to identify any important publications missing 
from the search results. A reference management 
software (EndNote® X8 Thompson Reuters, 
Philadelphia, PA) was used to collect references 
and exclude duplicates. An online data manager 
(Rayyan QCRI) was used for reading and select-
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study, test version, type of presentation (monoaural/
binaural), and type of response, as recommended 
by expert consensus.

Clinical heterogeneity between studies was 
assessed by comparing the variability between the 
gender and educational level of participants. In 
turn, methodological heterogeneity, which includes 
the number of items presented, test version, type 
of presentation (monoaural/binaural), and type of 
response was assessed by comparing variability in 
cross-sectional studies and risk of bias in individual 
studies.

Results

In phase 1, 1.818 citations were collected from 
the electronic databases, of which 809 remained af-
ter removing duplicates. In addition, 37 references 
were retrieved from the grey literature and 2 from 
the reference list of included articles, totaling 848 
articles. An expert responded to the email sent to 
him, but did not indicate any study. A total of 348 
articles were found in the update, of which 164 
remained after removing duplicates.

In phase 1, the evaluation of titles and abstracts 
included 15 articles for full-text analysis. In phase 
2, full-text reading excluded 10 studies based on 
the described eligibility criteria (Appendix 2). 
Thus, only 5 studies intended to answer the main 
research question were included for the final sys-
tematic review. Figure 1 shows the selection and 
exclusion processes.

or humming), and the score (including mean and 
standard deviation) for each group of participants 
(Table 1). An email was sent to an author about 
missing data and he replied that he no longer had 
the data. Therefore, the study had to be excluded. 
Two emails were sent to experts to identify any 
missing important publications.

The methodology of the selected studies and 
risk of bias for cross-sectional studies were as-
sessed through the critical assessment tools of the 
Meta-Analysis of Statistics Assessment and Review 
Instrument (MAStARI).38 This assessment was 
carried out independently by the first and second 
reviewers. Disagreements were resolved with the 
help of a third author. Figure 2, on risk of bias, 
was generated by the RevMan39 software. RevMan 
questions were changed to MAStARI questions to 
suit the type of study. Risk of bias was categorized 
as high when the study reached up to 49% of “yes” 
scores; moderate when the study reached 50% 
to 69% of “yes” scores; and low when the study 
reached more than 70% of “yes” scores.

Differences in the mean scores of the tests 
were used in the two groups (normal hearing and 
presbycusis) and in the analysis of continuous data 
(mean and standard deviation).

A descriptive analysis of the results was per-
formed according to the score of the groups with 
and without hearing loss. Statistical analysis, risk 
of bias, and group characteristics were described. 
In order to reduce heterogeneity between studies, 
the results were synthesized according to the type of 
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Three studies were classified as having a 
low risk of bias, one30 with 100% “yes” answers 
to the eight questions of the quality assessment 
instrument. Thus, meeting all methodological 
quality criteria, the other study11 reached 75% 
“yes” answers. Two studies29,31 were classified 
as having a moderate risk of bias, reaching 50% 

Sample size in the studies ranged from 5 to 
26 healthy patients and from 8 to 22 patients with 
presbycusis. All patients underwent the PPS test. 
All included studies were cross-sectional. Table 1 
shows a summary of the characteristics of the five 
included studies.

Figure 1. Flow Diagram of Literature Search and Selection Criteria (Adapted from PRISMA).
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“yes” answers. Figure 2 and Appendix 3 show all 
aspects evaluated.

Azzolini and Ferreira29 analyzed a sample of 
16 women and 5 men. They measured two types 
of response (humming and verbal) and made 10 
presentations for each type of response, totaling 20 
presentations. Hearing thresholds were up to 25 dB 
HL for the control group, and ranged from 25 dB to 
60 dB HL for the presbycusis group. Noteworthy, 
DPS scores were lower for men in humming condi-
tion (p = 0.008). The results of the PPS test did not 
show statistically significant differences between 
groups with and without presbycusis (p = 0.635). 
The authors also compared the results of the PPS 
test in both groups, not finding any statistically 
significant differences between them (p = 0.324). 
Risk of bias was moderate.

Lima and Gonsalez11 evaluated 30 subjects. 
The authors did not describe the percentage of each 
gender in the sample. Hearing thresholds for the 
control group were up to 25 dB HL at 500, 1,000, 
and 2,000 Hz. For the presbycusis group, hearing 
thresholds were up to 60 dB HL. The presentation 
level was 50 dB HL for elderly people with nor-
mal hearing and 30 dB HL for elderly people with 
presbycusis. The authors compared the effects of 
educational level on the DPS test and performed a 

Table 1. Summary of the characteristics of the included studies (n= 5)

Author, 
Years, 

Country

Type of 
study

Sample 
(N)

Age range 
(yrs)

Test, 
Version Presentation Response 

type 

SCORE

NH Mean 
%(SD)

PB Mean 
%(SD) P value

Azzolini, 
Ferreira, 

2010
Brasil

Cross 
sectional

13 NH
8 PB 60-81

PPS 
Auditec

DPS 
Auditec

Binaurally
Binaurally
Binaurally 
Binaurally

Humming
Verbally

Humming
Verbally

69.23 
(33.7)
39.23 
(36.3)
64.62 
(35.0)
50.77 
(37.5)

83.75 
(19.9)
57.50 
(27.1)
66.13 
(32.3)
43.75 
(28.7)

0.372
0.342
0.913
0.635

Lima, 
Gonsalez, 

2016
Brasil

Cross 
sectional

15 NH

15 PB
60-75 DPS 

Musiek  Binaurally Verbally 83.50 
(25.8)

77.00 
(18.2) 0.691

Liporaci, 
Frota, 2010

Brasil

Cross 
sectional

26 NH
22 PB
17 PB

60-79 DPS Musiek Binaurally Verbally 57.50 
(25.6)

69.00 
(24.9)
63.90 
(25.4)

0.290

Mesquita, 
Pereira, 
2013
Brasil

Cross 
sectional

5 NH
10 PB > 60 DPS

Musiek Binaurally ND 84.60 
(13.0) 78.00 (8.4) 0.248

Peixe, 
Bruna 
2019
Brasil

Cross 
sectional

12NH
11PB >60

PPS 
Auditec

DPS 
Auditec

Binaurally ND

94.99 
(6.28)
87.78 

(12.50)

92.12 
(8.73) 
80.00 

(18.32) 

0.379
0.287

Legend: DPS = Duration pattern sequence; PPS = Pitch pattern sequence; Y =  Young adults; E = Elderly; N= number of participants; 
NH = Normal hearing group; PB = Presbycusis group; ND = Not described

Legend: (+): low risk of bias; (-): high risk of bias; (?): unclear

Figure 2. Risk of Bias Summary
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sion of the DPS test. Liporaci30 divided the study 
group in two, depending on the degree of hearing 
loss. The other studies separated the groups ac-
cording to the presence (study group) or absence 
(control group) of hearing loss. They all had the 
same methodology for the type of presentation. 
Only one study tested PPS and found no statisti-
cal significance in the scores between groups with 
and without hearing loss. The five studies included 
did not find statistical significance in the scores of 
groups without hearing loss in comparison to the 
group with presbycusis. These were the only studies 
that aimed to compare DPS scores regarding the 
presence or not of hearing loss.

The included studies used a similar methodol-
ogy, which reduced the possibility of interpretation 
errors. They had the same kind of response and pre-
sentation. Two studies had a different trial version. 
Educational level and cognition were confounding 
factors that were not well known; some studies did 
not consider them. The number of presentations 
ranged between 10 and 45 between studies, but not 
all studies had this information. Test scores were 
given as a percentage (Appendix 3).

Discussion

This systematic review investigated the influ-
ence of age-related hearing loss on PPS and DPS. 
This influence is not evident in these tests when 
observing the performance of elderly people with 
and without hearing loss.

Presbycusis refers to age-related physiologi-
cal changes in the peripheral and central auditory 
system, which lead to hearing loss and difficulty 
in understanding spoken language.7

It is noteworthy that the studies included in 
this review involved elderly subjects with hearing 
loss and without evidence of other neurological 
injuries. However, there was no differential infor-
mation on whether presbycusis was sensory, neural, 
mechanical, or metabolic since this is a complex 
topodiagnosis.

Some studies have demonstrated the negative 
impact of peripheral hearing loss on performance 
in central hearing tests.2,34 In fact, some tests are 
affected by hearing loss, as shown by Humes et 
al..9 These authors compared elderly and young 
adults with a battery of ten auditory processing 
tests, including PPS and DPS. Regardless of hear-
ing condition, the elderly had lower scores than 

cognitive screening battery with the Mini-Mental 
State Examination (MMSE)39. The correlation 
coefficients between DPS and educational level 
(p = 0.914) showed that this temporal test was not 
influenced by educational level. In addition, the 
correlation between DPS and age (p = 0.17) showed 
that age did not affect the test as well. Even with 
a significant difference between groups regarding 
age (p = 0.024) and educational level (p = 0.002), 
since the group with presbycusis had less schooling 
and was older, the elderly with hearing impairment 
performed similarly (p = 0.691) to the elderly with 
normal hearing in the DPS. Risk of bias was low.

Liporaci and Frota30 evaluated 65 individu-
als, 46 women and 19 men, with a mean age of 
67.3 years. They showed 45 patterns, binaurally. 
The study was divided into three groups: control 
group (G1), with normal hearing, and two study 
groups that differ in terms of hearing loss at high 
frequencies, from mild (G2) to moderate (G3). 
There was a statistically significant difference in 
mean age between groups G3 (69.4) and G1 (65.9). 
There were no statistically significant differences 
in the results of the DPS test between groups (p = 
0.29). The Mini-Mental State Examination39 was 
the cognitive screening battery used to minimize 
confounding factors. Risk of bias was low.

Mesquita and Pereira31 evaluated 15 individu-
als of both genders. The number of participants of 
each gender was not described, nor the number of 
presentations. Hearing thresholds were up to 25 
dB HL for the control group, and 25 dB to 70 dB 
HL for the presbycusis group. The correlation test 
between age and DPS scores was not statistically 
significant (p = 0.477). Differences in DPS scores 
between groups with and without hearing loss were 
not statistically significant (p = 0.248).

Peixe et al.32 evaluated elderly people over 
60 years of age, 11 with normal hearing and 12 
with mild to moderate sensorineural hearing loss. 
All scored above 75% in the dichotic digit test. 
All underwent PPS and DPS, and there was no 
significant difference in performance in relation 
to the presence of hearing loss.

Regarding the research question “Is there a 
difference in the performance of elderly with hear-
ing loss in comparison to normal-hearing elderly 
in pitch and duration pattern tests?”, each selected 
study presents relevant information.

Three studies used the Musiek version of the 
tests.11,30,31 Two studies29,32 used the Auditec ver-
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assist the clinician in the diagnosis and appropriate 
treatment for a good adaptation of hearing aids.

The BSA says that a test is useful to diagnose 
CAPD if it is useful to diagnose neurological inju-
ries.3 In the comparison of patients with neurologi-
cal lesions, cochlear lesions, and normal hearing,41 
PPS was a sensitive and specific test. Therefore, 
although the scientific evidence of this systematic 
review is already an empirical knowledge of some 
clinicians who work in the CAP evaluation area, 
it provides clear scientific subsidies. These allow 
the association of sensorineural hearing loss with 
the presence of CAPD in the clinical assessment 
of elderly people presenting performances lower 
than expected in PPS and/or DPS. This elderly 
person should be investigated for the presence of 
basic neurological changes that can be subclinical 
in this life cycle, with complaints related only to 
difficulties in hearing comprehension and speech 
recognition in noise.

On the other hand, there is a need to establish 
a reference percentage of correct answers for the 
elderly in both versions of the pitch and duration 
pattern tests. Studies that used the Auditec version 
of PPS showed lower than reference values (1430 
and 880Hz)39, although one of them did not show 
the type of response used.39 In the Musiek version 
of PPS, scores were higher than the test reference 
(1122 and 880 Hz) in two of the three included 
studies11,31 and below the reference in both groups 
in another study.30 

Some study limitations should be mentioned. 
Variables such as gender, cognitive influence, and 
educational level must be evaluated so as to allow 
statistical comparison to verify their influence on 
test performance. Only one study had gender data.29 
Cognitive influences were analyzed in two of the 
included studies11,30 through the Mini-Mental State 
Examination.39 Educational level was analyzed by 
a study11 that found no influence of this factor on 
DPS performance. Normative studies for these 
temporal tests also considered ecucational13,19,20,24,27 
and cognitive21,49 influences. The BSA claims that 
CAPD is often found in conjunction with cognitive 
functions of language, speech, attention, executive 
functions, fluid reasoning, memory, and emotion 
and can impair these systems. Thus, CAPD can 
include auditory and cognitive elements.2 No 
study aimed to verify correlations between PPS 
and cognition. Hence, further studies are needed 
to clarify the issue.

young people in most tests. As a result, the group 
of elderly people with sensorineural hearing loss 
performed significantly worse than the other two 
groups in five tests, but this result was not evident 
in the PPS and DPS.9

All studies in this systematic review applied 
the test by binaural presentation, a condition that 
allowed its grouping.11,29-32 At the beginning, when 
this test was published, it was done in a monoaural 
condition,20,28,42 which can prolong the time it takes 
for the individual to finish the test, especially the 
elderly. In fact, several studies proceed in the binau-
ral condition.43 Other studies that performed these 
tests in adults in the monoaural condition compared 
ear scores and found no statistically significant 
differences.19,20,22-24 Two other studies investigated 
ear differences for the monoaural condition in the 
elderly and found no significant differences for 
PPS.14,26 One of them also tested for DPS, finding 
no statistical difference as well.14

The American Academy of Audiology states 
that CAPD assessment can be done in elderly 
people with hearing loss and good speech recog-
nition skills through tests that are less affected by 
cochlear hearing loss. The institution suggests the 
inclusion of the PPS test1 since its authors claim that 
the test is not influenced by hearing loss as long as 
the stimuli are audible.13,44 For PPS, Musiek found 
no significant differences between groups with and 
without hearing loss, but the study did not include 
elderly people.28

In Brazil, the prevalence of presbycusis is 40% 
for women and 60% for men.45 The BSA recognizes 
that central hearing disorders and associated behav-
ioral hearing difficulties can be highly prevalent 
in the elderly and can be a predictor of success 
with binaural hearing aids.2 Studies on the fitting 
of hearing aids46,47 have shown that CAPD can 
impair adaptation, while auditory training indicated 
improvement in auditory processing skills. One 
study showed statistically significant differences 
between groups with and without auditory training 
(p < 0.001) and benefited hearing aid adaptation.46 
The American Speech-Language-Hearing Associa-
tion (ASHA) states that tests that employ stimuli 
that are minimally affected by hearing loss should 
be selected whenever possible in the evaluation 
of individuals with hearing loss.48 Therefore, it is 
important to ensure that elderly with presbycusis 
have access to an exam with a reliable test that is 
not affected by age-related hearing loss. This will 
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that show low influence of hearing loss in the 
elderly.

Conclusion 

All studies in this systematic review did not 
show differences between elderly with hearing 
loss and normal-hearing elderly in PPS and DPS 
performance.

These findings allow us to infer that PPS 
and DPS can be applied in the context of clinical 
evaluation of auditory processing in elderly people 
with hearing loss, in which we can expect the same 
reference values of the elderly without hearing loss.

More primary studies using the same protocol 
as PPS and DPS are needed to create more con-
sistent comparisons and conclusions, expanding 
generalization and thus increasing the level of 
evidence.

References

1. American Academy of Audiology. Guidelines for the 
diagnosis, treatment and management of children and adults with 
central auditory processing disorder. 2010; https://audiology-
web.s3.amazonaws.com/migrated/CAPD%20Guidelines%20
8-2010.pdf_539952af956c79.73897613.pdf, 2018.
2. British Society of Audiology. Auditory processing disorder 
(APD) position statement and practice guidance 2018; www.
thebsa.org.uk/resources/position-statement-practice-guidance-
auditory-processing-disorder-apd/.
3. British Society of Audiology. Position statement 
auditory processing disorder APD. 2011; http://www.
thebsa.org.uk/wp-content/uploads/2014/04/BSA_APD_
PositionPaper_31March11_FINAL.pdf, 2018.
4. Musiek FE, Chermak GD. Three commonly asked questions 
about central auditory processing disorders: Assessment. Am J 
Audiol. 1994; 3: 23-7.
5. Moore DR, Rosen S, Bamiou D-E, Campbell NG, Sirimanna 
T. Evolving concepts of developmental auditory processing 
disorder (APD): a British Society of Audiology APD special 
interest group ‘white paper’. Int J Audiol. 2013; 52: 3-13.
6. Cooper JJ, Gates GA. Hearing in the elderly--the Framingham 
cohort, 1983-1985: Part II. Prevalence of central auditory 
processing disorders. Ear Hear. 1991; 12: 304-11.
7. Jerger J, Jerger S, Oliver T, Pirozzolo F. Speech understanding 
in the elderly. Ear Hear. 1989; 10: 79-89.
8. Jerger J, Chmiel R, Allen J, Wilson A. Effects of age and 
gender on dichotic sentence identification. Ear Hear. 1994; 
15: 274-86.
9. Humes LE, Coughlin M, Talley L. Evaluation of the use of 
a new compact disc for auditory perceptual assessment in the 
elderly. J Am Acad Audiol. 1996; 7: 419-27.

The number of presentations varied between 
studies in this review from 10 to 45. In other stud-
ies, this number varied from 15 to 60 for the el-
derly,14,17 and as normative data for adults20,22-24,27,43 
in monoaural or binaural conditions. Musiek wrote 
a guide for the PPS test and stated that the test can 
be done with presentations ranging from 15 to 30 
items in monoaural condition.50 This shows the 
wide variety of application of these tests, leading 
to the need for studies that compare the different 
applications and their influence on the scores.

A descriptive study that measured the scores 
of elderly people with presbycusis for PPS and 
DPS did not observe influences of age or hearing 
loss.26 As these studies did not have a control group 
to compare elderly people with presbycusis and 
normal hearing, the number of included studies 
decreased. Thus, there is a need to improve these 
tests for CAPD diagnosis2 so that many studies 
can be compared and more consistent results can 
be obtained.

Although, initially, many studies seek the 
influence of age-related hearing loss on PPS and 
DPS, this review, following the eligibility criteria, 
included five studies, conducted in Brazil. Among 
the 10 studies excluded (Appendix 2) in phase 2 of 
this review, 9 were due to not having a compara-
tive control group and/or not having the results of 
PPS and DPS in percentage of correct answers by 
groups, tasks, and/or ears (monoaural condition). 
Moreover, in phase 1, most of the excluded stud-
ies involving PPS and DPS in the elderly referred 
mainly to clinical or cross-sectional case studies 
aiming to describe the influence of neurological 
changes/injuries in these tests. In this context, the 
inclusion of exclusively national studies shows a 
difference between scientific interests in the use of 
these temporal processing testing protocols by the 
various research groups. Therefore, researchers in 
Brazil showed concern in designing studies that 
could in fact evidence the presence or not of dif-
ferences in the performance of subjects of different 
ages and the influence of hearing loss on them.

The included studies also diverged in the 
number of items presented and in the test version, 
which modifies the frequency of stimuli in PPS or 
the duration of stimuli in DPS, a fact that prevented 
meta-analysis.

Such questions lead to the need for primary 
studies to improve the analysis of these variables 
that affect the universal applicability of these tests 

https://audiology-web.s3.amazonaws.com/migrated/CAPD%20Guidelines%208-2010.pdf_539952af956c79.73897613.pdf
https://audiology-web.s3.amazonaws.com/migrated/CAPD%20Guidelines%208-2010.pdf_539952af956c79.73897613.pdf
https://audiology-web.s3.amazonaws.com/migrated/CAPD%20Guidelines%208-2010.pdf_539952af956c79.73897613.pdf
about:blank
about:blank
about:blank
http://www.thebsa.org.uk/wp-content/uploads/2014/04/BSA_APD_PositionPaper_31March11_FINAL.pdf
http://www.thebsa.org.uk/wp-content/uploads/2014/04/BSA_APD_PositionPaper_31March11_FINAL.pdf
http://www.thebsa.org.uk/wp-content/uploads/2014/04/BSA_APD_PositionPaper_31March11_FINAL.pdf


Auditory processing abilities in pitch and duration pattern tests for elderly: a systematic review 

A
R

T
IC

L
E

S

457
  
Distúrb Comun, São Paulo, 33(3): 447-461, setembro, 2021

29. Azzolini VC, Ferreira MIDdC. Temporal auditory 
processing in elders. Int Arch Otorhinolaryngol. 2010; 14: 
95-102.
30. Liporaci FD, Frota SMMC. Envelhecimento e ordenação 
temporal auditiva. Rev CEFAC. 2010; 12: 741-8.
31. Mesquita LG, Pereira LD. Processamento temporal em 
idosos: o efeito da habilidade de resolução temporal em tarefas 
de ordenação de série de sons. Rev CEFAC. 2013; 15: 1163-9.
32. Peixe BP, Sanguebuche TR, Maiavolta VC, Garcia MV. O 
estudo de respostas a testes de processamento auditivo em um 
grupo de idosos. Rev. CEFAC. 2019; 21(6): e13818. 
33. Neijenhuis K, Tschur H, Snik A. The effect of mild hearing 
impairment on auditory processing tests. J Am Acad Audiol. 
2004; 15: 6-16.
34. Gallun FJ, McMillan GP, Molis MR, Kampel SD, Dann SM, 
Konrad-Martin DL. Relating age and hearing loss to monaural, 
bilateral, and binaural temporal sensitivity1. Front Neurosci 
(Print). 2014; 8: 172.
35. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. Ann Intern Med. 2009; 151: 264-9.
36. Prospero. International Prospective Register of Sistematic 
Reviews https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=105972. Accessed 17/08, 2018.
37. Federal S. Estatuto do idoso. Brasília (DF): Senado Federal. 
2003.
38. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetc 
R, et al. Systematic reviews of etiology and risk. Joanna Briggs 
Institute Reviewer’s Manual. The Joanna Briggs Institute 2017; 
https://reviewersmanual.joannabriggs.org/ 
39. Cochrane T. Review Manager (RevMan) 5.3. Copenhagen: 
The Nordic Cochrane Centre 2008; https://nordic.cochrane.org/
nordic-cochrane-centre-copenhagen
40. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: 
a practical method for grading the cognitive state of patients for 
the clinician. J Psychiatr Res. 1975; 12: 189-98.
41. Musiek FE, Chermak GD, Weihing J, Zappulla M, Nagle S. 
Diagnostic accuracy of established central auditory processing 
test batteries in patients with documented brain lesions. J Am 
Acad Audiol. 2011; 22: 342-58.
42. Pinheiro M, Musiek F. Sequencing and temporal ordering in 
the auditory system. Assessment of central auditory dysfunction: 
Foundations and clinical correlates. 1985: 219-38.
43. Neijenhuis K, Snik A, Priester G, van Kordenoordt S, van 
den Broek P. Age effects and normative data on a Dutch test 
battery for auditory processing disorders. Int J Audiol. 2002; 
41: 334-46.
44. Musiek FE, Pinheiro ML. Frequency Patterns in Cochlear, 
Brainstem, and Cerebral Lesions: Reconnaissance mélodique 
dans les lésions cochléaires, bulbaires et corticales. Int J Audiol. 
1987; 26: 79-88.
45. Mattos LC, Veras RP. A prevalência da perda auditiva em 
uma população de idosos da cidade do Rio de Janeiro: um estudo 
seccional. Braz J Otorhinolaryngol. 2007; 73: 654-9.
46. Megale RL, Iório MCM, Schochat E. Treinamento auditivo: 
avaliação do benefício em idosos usuários de próteses auditivas. 
Pró-Fono. 2010; 22: 101-6.

10. Schoof T, Rosen S. The role of auditory and cognitive 
factors in understanding speech in noise by normal-hearing 
older listeners. Front Aging Neurosci. 2014; 6: 307.
11. Lima IMdS, Miranda-Gonsalez ECd. Efeitos da perda 
auditiva, escolaridade e idade no processamento temporal de 
idosos. Rev CEFAC. 2016; 18: 33-9.
12. Emanuel DC. The auditory processing battery: Survey of 
common practices. J Am Acad Audiol 2002; 13: 93-117.
13. Musiek FE. Frequency (pitch) and duration pattern tests. J 
Am Acad Audiol. 1994; 5: 265-68.
14. Parra VM, Iório MCM, Mizahi MM, Dos S. Baraldi G. 
Frequency and duration patterns tests in elderly people with 
normal hearing sensitivity. Braz J Otorhinolaryngol. 2004; 
70: 517-23.
15. Murphy CFB, Rabelo CM, Silagi ML, Mansur LL, Bamiou 
DE, Schochat E. Auditory Processing Performance of the 
Middle-Aged and Elderly: Auditory or Cognitive Decline? J 
Am Acad Audiol. 2018; 29: 5-14.
16. Jerger J, Musiek F. Report of the consensus conference on 
the diagnosis of auditory processing. J Am Acad Audiol 2000; 
11: 467-74.
17. Kumar U, AV S. Temporal processing abilities across 
different age groups. J Am Acad Audiol 2011; 22: 5-12.
18. Bellis TJ, Ross J. Performance of normal adults and children 
on central auditory diagnostic tests and their corresponding 
visual analogs. J Am Acad Audiol. 2011; 22: 491-500.
19. Casaprima V, Jannelli A, Lobo M, Martínez E, Lizarraga A. 
Obtaining normative values in the evaluation of central auditory 
function. Rev Med Rosario. 2013; 79: 73-7.
20. Corazza MCA. Avaliação do processamento auditivo central 
em adultos: teste de padrões tonais auditivos de frequência 
e teste de padrões tonais auditivos de duração [doctoral 
dissertation]. São Paulo, UNIFESP; 1998.
21. Dias TLL. Resolução temporal e cognição no idoso saudável 
[dissertation], UNIFESP; 2010.
22. Fuente A, McPherson B. Auditory processing tests for 
Spanish-speaking adults: an initial study. Int J Audiol. 2006; 
45: 645-59.
23. Majak J, Zamysłowska-Szmytke E, Rajkowska E, 
Śliwińska-Kowalska M. Auditory temporal processing tests 
– Normative data for polish-speaking adults. Med Pr. 2015; 
66: 145-52.
24. Marshall EK, Jones AL. Evaluating test data for the duration 
pattern test and pitch pattern test. Speech, Lang Hear. 2017; 
20: 241-6.
25. Neijenhuis KA, Stollman MH, Snik AF, Van der Broek P. 
Development of a central auditory test battery for adults. Int J 
Audiol. 2001; 40: 69-77.
26. Sanchez ML, Nunes FB, Barros F, Ganança MM, Caovilla 
HH. Auditory Processing Assessment in older people with no 
report of hearing disability. Braz J Otorhinolaryngol. 2008; 
74: 896-902.
27. Tsang K-m. Norms for the pitch pattern sequence (PPS) test 
for Cantonese adults. In: The University of Hong Kong; 2003.
28. Musiek FE, Baran JA, Pinheiro ML. Duration pattern 
recognition in normal subjects and patients with cerebral and 
cochlear lesions. Int J Audiol. 1990; 29: 304-13.

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=105972
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=105972
https://reviewersmanual.joannabriggs.org/
https://nordic.cochrane.org/nordic-cochrane-centre-copenhagen
https://nordic.cochrane.org/nordic-cochrane-centre-copenhagen


A
R

T
IC

L
E

S

458
  
Distúrb Comun, São Paulo, 33(3): 447-461, setembro, 2021

Debora Bonizio Zukowski, Sheila Andreoli Balen, Karinna Veríssimo Meira Taveira, Isabella Monteiro de Castro Silva, Lucas Moura Viana, André Luiz Porporatti

47. Perrella AC, Branco-Barreiro FC. Avaliação da função 
auditiva central em idosos e suas contribuições para a adaptação 
de próteses auditivas. Distúrb Comun. 2005; 17: 333-46.
48. American Speech-Language-Hearing Association. (Central) 
auditory processing disorder. 2005; https://www.asha.org/
content.aspx?id=10737450473, 2018.
49. Alonso R. Avaliação eletrofisiológica e comportamental 
do processamento auditivo (central) e treinamento auditivo 
em indivíduos idosos [doctoral dissertation], Universidade de 
São Paulo; 2011.
50. Musiek FE. The frequency pattern test: a guide. Hear J. 
2002; 55: 58.

https://www.asha.org/content.aspx?id=10737450473
https://www.asha.org/content.aspx?id=10737450473


Auditory processing abilities in pitch and duration pattern tests for elderly: a systematic review 

A
R

T
IC

L
E

S

459
  
Distúrb Comun, São Paulo, 33(3): 447-461, setembro, 2021

Appendix 1. Database search strategy

Database Search (May 13 th 2018; updated on June 12th, 2020)

LILACS

(tw:(“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch Discrimination” OR “Pitch 
Discriminations” OR “duration pattern” OR “duration patterns” OR “frequency sequence” OR 
“frequency pattern” OR “frequency patterns” OR “temporal test” OR “temporal tests” OR “temporal 
auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT” OR “padrao de frequencia” OR 
“padrao de frequencia e duração” OR “padrao de duração” OR “padrao de duração e frequencia” 
OR “teste temporal” OR “testes temporais” OR “TPF” OR “TPD” OR “patrones de frecuencia” 
OR “patrones de duracion” OR “ordenamiento temporal” OR “pruebas auditivas” OR “prueba 
auditiva”)) AND (tw:(“auditory perceptual disorders”[MeSH Terms] OR “auditory perceptual 
disorders” OR “auditory perceptual disorder” OR “central auditory” OR “auditory processing” OR 
“Transtornos da Percepção Auditiva” OR “Transtorno da Percepção Auditiva” OR “processamento 
auditivo” OR “sistema nervoso auditivo central” OR “sistema auditivo central” OR “Trastornos de 
la Percepción Auditiva” OR “Trastorno de la Percepción Auditiva” OR “procesamiento auditivo” 
OR “sistema nervioso auditivo central” )) AND (instance:”regional”) AND ( db:(“LILACS”))

LIVIVO

(“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch Discrimination” OR “Pitch 
Discriminations” OR “duration pattern” OR “duration patterns” OR “frequency sequence” OR 
“frequency pattern” OR “frequency patterns” OR “temporal test” OR “temporal tests” OR “temporal 
auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT”) AND (“auditory perceptual 
disorders” OR “auditory perceptual disorder” OR “central auditory” OR “auditory processing”)

PubMed

(“pitch pattern”[All Fields] OR “pitch patterns”[All Fields] OR “pitch perception”[MeSH Terms] 
OR “Pitch Perception”[All Fields] OR “Pitch Discrimination”[Mesh] OR “Pitch Discrimination”[All 
Fields] OR “Pitch Discriminations”[All Fields] OR “duration pattern”[All Fields] OR “duration 
patterns”[All Fields] OR “frequency sequence”[All Fields] OR “frequency pattern”[All Fields] OR 
“frequency patterns”[All Fields] OR “temporal test”[All Fields] OR “temporal tests”[All Fields] OR 
“temporal auditory”[All Fields] OR “PPS”[All Fields] OR “DPS”[All Fields] OR “FPT”[All Fields]) 
AND (“auditory perceptual disorders”[MeSH Terms] OR “auditory perceptual disorders”[All Fields] 
OR “auditory perceptual disorder”[All Fields] OR “central auditory”[All Fields] OR “auditory 
processing”[All Fields] OR “Auditory Diseases, Central”[Mesh:noexp])

Scopus

(TITLE-ABS-KEY(“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch 
Discrimination” OR “Pitch Discriminations” OR “duration pattern” OR “duration patterns” OR 
“frequency sequence” OR “frequency pattern” OR “frequency patterns” OR “temporal test” OR 
“temporal tests” OR “temporal auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT”)) 
AND (TITLE-ABS-KEY(“auditory perceptual disorders” OR “auditory perceptual disorder” OR 
“central auditory” OR “auditory processing”)) AND ( LIMIT-TO ( DOCTYPE,”ar”))

SpeechBITE “auditory processing”

Web of Science

(“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch Discrimination” OR “Pitch 
Discriminations” OR “duration pattern” OR “duration patterns” OR “frequency sequence” OR 
“frequency pattern” OR “frequency patterns” OR “temporal test” OR “temporal tests” OR “temporal 
auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT”) AND (“auditory perceptual 
disorders” OR “auditory perceptual disorder” OR “central auditory” OR “auditory processing”)

Google Scholar
(“pitch pattern” OR “Pitch Discrimination” OR “duration pattern” OR “frequency sequence” OR 
“frequency pattern” OR “temporal test” OR “temporal auditory” OR “duration sequence”) AND 
(“central auditory” OR “auditory processing”)

Open Grey

(“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch Discrimination” OR “Pitch 
Discriminations” OR “duration pattern” OR “duration patterns” OR “frequency sequence” OR 
“frequency pattern” OR “frequency patterns” OR “temporal test” OR “temporal tests” OR “temporal 
auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT”) AND (“auditory perceptual 
disorders” OR “auditory perceptual disorder” OR “central auditory” OR “auditory processing”)

ProQuest

noft((“pitch pattern” OR “pitch patterns” OR “Pitch Perception” OR “Pitch Discrimination” OR 
“Pitch Discriminations” OR “duration pattern” OR “duration patterns” OR “frequency sequence” OR 
“frequency pattern” OR “frequency patterns” OR “temporal test” OR “temporal tests” OR “temporal 
auditory” OR “duration sequence” OR “PPS” OR “DPS” OR “FPT”) AND (“auditory perceptual 
disorders” OR “auditory perceptual disorder” OR “central auditory” OR “auditory processing”))
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Appendix 2. Excluded articles and reasons for exclusion

Excluded Studies Reasons for exclusion
(Alonso 2011) (1) 4

(Asal et al. 2020 (2) 4
(Dias 2010) (3) 4

(Bellis and Wilber 2001) (4) 4
(Humes 1996) (5) 4

(Kumar and AV 2011) (6) 4
(Mukari, Umat et al. 2010) (7) 4
(Parra, Iório et al. 2004) (8) 4
(Rohini and Shany. 2018) (9) 1

(Sanchez, Nunes et al. 2008) (10) 4

Legend.
1- Adults under 60 years old; 
2- History of language, learning, neurologic, or related disorders; 
3- Electrophisiologic central auditory processing test; other temporal auditory that is not PPS or DPS tests; 
4- Absence of comparison between groups with and without hearing loss, results not clearly described;
5- Reviews, letters, personal opinions, book chapters, and conference abstracts, case report, case series.
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Appendix 3.  Risk of bias

Risk of bias assessed by Meta-Analysis of Statistics Assessment and Review Instrument (MAStARI) 
critical appraisal tools. Risk of bias was categorized as High when the study reaches up to 49% score 
“yes”, Moderate when the study reached 50% to 69% score “yes”, and Low when the study reached 
more than 70% score “yes”. 

Analytical cross sectional studies   

Question
Azzolini, 
Ferreira, 

2010 (19)

Lima, 
Gonzale, 

2016 (18)

Liporaci, 
Frota, 2010 

(17)

Mesquita, 
Pereira, 2013 

(20)

Peixe, Bruna, 
2019 (32)

1- Were the criteria for 
inclusion in the sample clearly 
defined?

N U Y U Y

2- Were the study subjects 
and the setting described in 
detail?

U U Y U Y

3- Was the exposure measured 
in a valid and reliable way? Y Y Y Y U

4- Were objective, standard 
criteria used for measurement 
of the condition?

Y Y Y Y Y

5- Were confounding factors 
identified? N Y Y N Y

6- Were strategies to deal with 
confounding factors stated? N Y Y N U

7- Were the outcomes 
measured in a valid and 
reliable way?

Y Y Y Y Y

8- Was appropriate statistical 
analysis used? Y Y Y Y Y

TOTAL 50% M 75% L 100% L 50% M 75%L

Legend - Y=Yes, N=No, U=Unclear, L=low, M=moderate, H=high
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