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Abstract
Background Population surveys are crucial for public policy planning and provide valuable representative data. 
In the health sector studies to identify and assess the prevalence of Arterial Hypertension (AH), a chronic non-
communicable disease (NCD), along with its associated risk factors have been conducted.

Objectives This study aims to assess the effectiveness of a population health survey in estimating the prevalence of 
arterial hypertension (AH) in the Sorocaba municipality between August 2021 and June 2023. Methods: The analyzed 
performance indicator is the precision (design effect - deff ) of AH prevalence in adults (≥ 18 years) and their exposure 
to primary risk factors. The total sample included 1,080 individuals from the urban area, deemed sufficient to estimate 
a deff of 1.5. This cluster-based study utilized census sectors as clusters, with data collected through household 
interviews, standardized questionnaires, and measurements of blood pressure and biometric parameters. The deff 
calculation formula used was weighted variance / raw variance. The Research Ethics Committee approved this study, 
with registration CAAE 30538520-1-0000-5373.

Results The deff values ranged from 0.44 for chronic obstructive pulmonary disease to 1.63 for asthma, with a deff 
of 1.00 for AH prevalence. Conclusion: The study demonstrated good precision in its results, with high receptivity 
and cooperation from participants. The cost-effectiveness of the research deemed appropriate. The technique of 
selecting households within clusters (census sectors) based on detailed mapping and demographic data from the 
Instituto Brasileiro de Geografia e Estatística (IBGE) proved to be practical and efficient, suitable for replication in other 
municipalities and for studying other NCDs.
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Background
Population health surveys are epidemiological tools used 
to construct reliable health information and are carried 
out with probabilistic and representative samples. These 
surveys may be international, national, regional or local 
[1]. When primary data are obtained, the methodology 
is defined by the researcher, who has control over the 
data collection and application of the instrument, usu-
ally through a questionnaire. On the other hand, when 
secondary data are collected, the information databases 
are public and were originally created for administrative, 
financial or epidemiological purposes [2]. In healthcare, 
these surveys deal with the description and analysis of 
the prevalence of diseases and their risk factors, including 
reported or diagnosed morbidity. They assess, through 
questionnaires, the functioning of healthcare from the 
user’s point of view, knowledge about morbidity and life-
styles, reliable estimates about the prevalence of a given 
event, risk and protective factors, conditions of health, 
the development of health systems, the surveillance of 
various chronic diseases, and their determinants [3, 4].

The need for health surveys arises from the limita-
tions of the available recorded health data, which may be 
continuous, as yearly report, or with defined periodicity. 
These data can be classified as timely, partial, incomplete, 
unsatisfactory, fragmented, outdated or those that not 
allows disaggregation [5, 6].

The National Health Survey (PNS), one of the main 
Brazilian population surveys, uses a probabilistic cluster 
sample. It is obtained in 3 selection stages: primary units 
– census tracts; secondary units – households; and ter-
tiary units – individuals aged 18 or over. In 2013, the PNS 
included 6,081 census sectors, 81,767 households and 
62,986 individuals [7].

These surveys can be performed via telephone, mail, 
the internet, home visits or interviews. Regarding diag-
nosed morbidity, these methods of surveys include 
subsamples with clinical examinations and biological 
specimen collections [8].

In developed countries, population-based surveys have 
been conducted since the 1960s. In the case of Brazil, the 
Ministry of Health has made substantial investments in 
this area since the 1990s, such as financing the National 
Research Health Supplement by Household Sample 
(PNAD) since 1967, which became continuous, repeated 
every three months, since 2012 [9].

Other important surveys in Brazil were the National 
Cancer Institute (INCA) [10], the Municipality of São 
Paulo Survey [11], the ISA SP CAPITAL [12], and the 
VIGITEL which is conducted annually since 2006 [13].

At the international level, the following surveys have 
been conducted: the National Health Interview Sur-
vey (USA) [14], the European Health Interview [15], the 
General Health Survey for England [16], the National 

Population Health Survey [17] (Canada), and the World 
Health Survey [18].

Regarding the prevalence of arterial hypertension (AH) 
in adults ≥ 18 years old, the 2013 PNS reported a preva-
lence of 21.4% (95% CI 20.8–22.0) using self-reported 
criteria, 22.8% (95% CI 22.1–23.4) for measured AH, 
and 32.3% (95% CI 31.7–33.0) for measured hyperten-
sion and/or reported medication use. The prevalence for 
adults ≥ 75 years old was 55% [19].

For complex samples like the PNS, the method involves 
cluster sampling with multiple selection stages, each with 
unequal draw probabilities. Estimating the design effect 
(deff) on the collected sample data is recommended. 
Deff is an important indicator in both planning the sam-
ple size and evaluating the precision of survey results. 
The formula to calculate the design effect is typically: 
DEFF =

V arclustersampledesign

V arsimplerandomsample
 [20]. A deff lower than 2 is 

recommended [21].
Studying the prevalence of chronic non-communicable 

diseases in Brazilian populations, such as AH, has epide-
miological value, as long as the statistical criteria estab-
lished for defining the prevalence and associated risk 
factors are valid. To this end, calculating the deff helps in 
assessing the performance of the methodology used.

Objectives
To assess the performance of a population health survey 
carried out in the municipality of Sorocaba from 2021 to 
2023, which aimed to estimate the prevalence of AH. The 
performance indicator used is the precision (deff) of the 
AH and its main risk factors in adults.

Methods
This survey aimed to analyze the urban resident popula-
tion of the municipality of Sorocaba, aged 18 years and 
older, estimated at 535,843 individuals in 2022. The total 
population of Sorocaba in the same year was estimated at 
723,682 individuals [22]. The survey was performed using 
a stratified cluster sampling method Sampling was per-
formed in clusters composed of 6 strata represented by 
the regionalized division of the Municipal Health Depart-
ment of Sorocaba: Center South, East, Center North, 
North, Northwest and Southwest Regions. In each census 
sector, data were collected from 18 individuals divided 
into 6 domains: 6 individuals over 60 years of age (3 men 
and 3 women), 6 individuals aged 40 to 59 years (3 of 
each sex), and 6 individuals aged 18 to 39 years (3 of each 
sex). In each stratum, 10 census sectors were selected. 
The total sample included 1,080 individuals, satisfying 
the following parameters: expected prevalence of arterial 
hypertension = 33.7% with an estimated error of 3.65%; 
significance level of 0.05 considering a two-sided test 
with Z = 1.96; design effect (deff) = 1.5; and loss of infor-
mation (non response) = 10%. The selection of 60 census 
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sectors was conducted according to the following pro-
cedure: listing all sectors belonging to a given region in 
descending order according to the size of the population 
of each sector, calculating the interval to be used in sys-
tematic random sampling (total sectors of the region/10), 
drawing the sector from the first interval and systemati-
cally repeating the interval to select the 9 remaining sec-
tors in that region.

The selection of households was carried out using the 
following procedure: mapping the residential streets 
of the census sector, defining the route, calculating the 
interval between households to be selected (total house-
holds/18), drawing a random number between 1 and 
18 to select the first household to be included and sys-
tematically repeating the interval for the selection of the 
remaining 17 individuals. To ensure data collection, the 
recruitment of individuals followed the order of the rar-
est domain to the most frequent, namely, elderly males, 
elderly females, young males, young females, adult males 
and adult females. Collection was extended on holi-
days, Saturdays and Sundays to ensure the inclusion of 
workers.

As this is a survey sample, considering each domain, 
the weight of the sampling unit is the inverse of sampling 
fractions, and was composed of the following: a. Indi-
vidual weight = total of individuals in the census sector 
divided by 3; b. Sector weight = region population divided 
by sampled sector population, multiplied by 10; c. Weight 
of the region = total population divided by population of 
the region, multiplied by 6. The final weight of each sam-
ple unit = (a × b × c) [20].

For data collection, a standardized form contain-
ing sociodemographic data and risk factors for AH was 
used as an instrument. In addition to the measurements 
of blood pressure (BP), age and sex of the individuals 
selected for the sample, additional information was col-
lected, such as skin color/race/ethnicity, marital status, 
education, occupation/type of work, religion, family 
income in Reais, number of people in the family, family 
morbidity history, use of health services, chronic diseases 
and comorbidities, medical treatment, practice of physi-
cal activity, ingestion of alcoholic beverages, and smok-
ing. Every human participant gave its informed consent 
after reading the Free and Informed Consent Form, 
which is attached in a supplementary file.

Data were collected from August 2021 to June 2023 
during household visits. Interviews were conducted 
using a standardized questionnaire with open-ended and 
multiple-choice questions. In addition, blood pressure 
was measured in accordance with the recommendations 
of the Brazilian AH Guidelines 2020. Participants who 
had an average systolic blood pressure ≥ 140 mmHg and/
or diastolic blood pressure ≥ 90 mmHg were considered 
to have AH or who had a BP below these limits and were 

receiving regular treatment with anti-hypertensive medi-
cations [23–25].

The STATA 16.0 program and its survey command 
were used for the analyses. The calculation of the deff was 
carried out using the stat effects command with the deff 
option after svy mean command for continuous quantita-
tive variables, or svy,

proportion for qualitative variables [26]. The deff is the 
ratio between the weighted variance, which considers 
both inter-cluster and intra-cluster variance, and the raw 
variance, which can be thought of as intra-cluster vari-
ance assuming the entire sample is one cluster. [20].

This project was submitted and approved by the 
Research Ethics Committee (CEP) of the Faculty of Med-
ical and Health Sciences (FCMS) of the Pontifical Catho-
lic University of São Paulo (PUC-SP), registered as CAAE 
30538520-1-0000-5373.

Results
Between the second half of 2021 and the first half of 
2023, data were collected from 1,080 individuals in 60 
sectors as planned. The intracluster weights assigned to 
the individuals interviewed ranged from 1.7 to 161. All 
sectors planned for collection were included. The sector 
weights ranged from 1.93 to 159.1. The region weights 
ranged from 0.14 to 3.35. The greatest data loss was for 
family income (34%); however, for the other variables, 
the losses did not exceed 0.4%. The interviewers, always 
in pairs, strictly followed the collection protocol, trying 
to cover the entire area of   the census sector. Vertical or 
horizontal condominiums were included, applying the 
same proportionality rule (draw) for choosing the resi-
dential unit. Non-regular situations, such as collective 
housing or clusters of precarious housing, were regis-
tered, analyzed and included, and the same sample selec-
tion rule was applied. The interviewers, students of the 
Scientific Initiation Program of Medicine, supervised by 
professors, followed the construction of the database in 
STATA, based on data collected in an EXCEL spread-
sheet, and they participated in the first analyses.

Table  1 shows that for the global deff according to 
social and demographic variables, exception to Ethnicity/
Brown, they were less than 1.5, which was the value esti-
mated in the sample planning, indicating better precision 
of the results. The Family monthly income and Occupa-
tion have the lowest deff (1.03), indicating good accuracy 
in information. As the sampling was planned for repre-
senting the global prevalence of AH among people from 
18 or more years old, it can be observed that the deff by 
sex and age categories show more variability, with higher 
values for 18–39 years and lower values for 60 years or 
more; this trend is similar for both genders.

Table  2 shows that the global highest deff, defined 
according to variables related to lifestyle, was for 
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Quantity of physical activity (1.61); deff values lower 
than 1 were observed for time of smoking (0.60) and time 
as an ex-smoker (0.67). Ex-smokers and ex-alcoholics 
have deff values   close to 1. Again, it is verified the same 
trend by sexo and age, higher deff for 18–39 years. Use of 
depressant drugs and Use of stimulant drugs show non-
calculable deff because had not enough sample number.

Table  3 shows that according to the variables related 
to family and personal morbidity history, the global deff 
varied from 0.44 for chronic obstructive pulmonary dis-
ease (COPD) to 1.63 for asthma. Those values  were equal 
to or close to 1 for dyslipidemia, and hyperthyroidism. 
Family member with some morbidity has deff lower than 
1 for all domains.

Table 4 shows that according to variables related to the 
clinical examination, the global deff varied from 0.88 for 
arm circumference to 1.28 for stress, and the deff was 
very satisfactory for HA, at 1.00. Height, and metabolic 
syndrome factors presented deff values   close to 1. The 

same pattern is verified according to domains: higher deff 
for youngers.

As shown in Table 5, according to variables related to 
the drug treatment of AH the global deff varied from 0.86 
for the Use of calcium channel blockers, to 1.41 for the 
use of sympatholytics.

Discussion
This research can be considered a successful study rep-
resenting the urban population of Sorocaba. It required 
significant effort but minimal resources. The strategy of 
implementing it as a scientific initiation program with 
students supervised by medical teachers utilizing avail-
able software at the institution was effective. In terms of 
urban population aged 18 and above, it can be inferred 
that the selection bias was minimal, evident from both 
data analysis and comparison with other surveys [20, 
26–29].

Table 1 Design effect values (deff ), according to sociodemographic variables. Sorocaba-SP/2021-23
Variable Type Category* DOMAINS Global deff
Sex M F
Age 18–39 40–59 60or+ 18–39 40–59 60or+
Marital Status PQ Separated 1.65 0.88 0.38 1.36 0.96 0.49 1.32
Ethnicity PQ Brown 1.50 0,78 0.48 1.61 1.20 0,58 1.52
Religion PQ Christians (not catholic) 1.13 0.58 0.,43 1.12 1.20 0.45 1.29
Education PQ High school incomplete 1.58 0.84 0,49 1.62 0.90 0.49 1.48
Family monthly income Q Brazilian Reais 1.76 0.94 0.72 1.70 1;32 0.75 1,03
Number of people in the household Q total number of people in the household 1.73 0.84 0.47 1.75 1.05 0.52 1.27
Occupation DQ Inactive 1.28 0.67 0.34 1.11 0.80 0.16 1.03
*For polytomous variables the category with the highest deff is described. PQ = Polytomous Qualitative; DQ = Dichotomous Qualitative; Q = Quantitative

Table 2 Design effect value (deff ), according to variables related to lifestyle. Sorocaba-SP/2021-23
Variable Type Category DOMAINS deff
Sex M F
Age 18–39 40–59 60or+ 18–39 40–59 60or+
Smoking DQ Yes 1.53 0.79 0.25 1.15 0.94 0.48 1.12
Time of smoking Q years 1.55 0.94 0.43 1.72 1.37 0.60 0.60
Ex-smoker DQ Yes 1.35 0.53 0.29 1.33 1.07 0.54 0.94
Time as ex-smoker Q years 1.43 1.16 0.55 2.11 1.67 0.71 0.67
Alcoholism DQ Yes 1.26 0.72 0.28 1.46 0.73 0.48 1.49
Alcohol amount Q Grams per day 1.92 1.10 0.49 1.93 1.29 0.59 1.43
Ex-alcoholism DQ Yes 1.28 1.28 0.43 1.51 1.03 0.49 1.05
Use of Illicit drugs DQ Yes 1.28 1.22 0.37 1.45 1.23 0.53 1.30
Use of Depressant drugs DQ Yes 1.38 0.85 n.c. 1.50 1.07 n.c. 1.32
Use of Stimulant drugs DQ Yes 1.37 1.90 0.39 1.55 n.c n.c 1.55
Use of Disruptive drugs DQ Yes 1.55 0.86 0.38 1.50 1.23 0.52 1.45
Physical activity DQ Yes 1.19 0.74 0.30 1.53 0.83 0.44 1.42
Quantity of physical activity Q Hour per week 1.78 1.14 0.44 2.20 1.59 0.55 1.61
Level of physical activity Q Moderated

Stress load
1.97 0.77 0.46 2.03 1.12 0.55 1.60

Low sodium diet DQ Yes 1.55 0.61 0.50 1.12 0.77 0.27 1.50
Salt shaker on the table DQ Yes 1.68 0.66 0.48 1.48 0.97 0.62 1.25
DQ = Dichotomous Qualitative; Q = Quantitative; n.c = non calculable
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In terms of precision, the research demonstrated high 
satisfatory levels, with a global deff of less than 1.64 for all 
variables analyzed. Specifically for arterial hypertension, 
the deff was 1.00 in our study, indicating high precision. 
For example, in the study by Alves [20], it was 1.37 for 
the group of teenagers and 1.52 for the group of elderly 
people. From the data, it can be inferred that one of the 
axes of precision was objective information, subject to 
verification, notably variables related to clinical exami-
nation, as opposed to subjective information such as 
variables related to lifestyle. The other axis of precision 
refers to the frequency of the event in the population and 
its intra-cluster and inter-cluster variance. If the clusters 
are more similar than expected for a random distribution 
of a given variable, the deff may be less than 1. Further-
more, if the variable is widely distributed in the popula-
tion, there is a small cluster effect, and the prevalence of 
the event studied differs significantly inside strata, so it is 
likely that the deff is less than 1 [27]. It can occur in both, 
very frequent and rare events, which explains the deff of 
osteoporosis (0.58) and of COPD (0.44), respectively.

Concerning the study limitations, it is important to 
note that information on family income was highly 
unreliable, that information on drug use was probably 
influenced by modesty or fear, and that information on 
seeking health services was compromised by the respon-
dents’ memories [30, 31, 32].

As for the domains, the tendency for higher deff 
for younger people indicates the need to increase this 

subsample, while deff below one for older people indi-
cates a smaller amount needed for this subsample, and 
this occurs in both men and women. This is because there 
is a sample planned for satisfying a maximum global deff 
of 1.5 for AH, and not planned for each domain. Further-
more, some very specific conditions demonstrate that 
different sample calculations would be necessary if there 
were interest.

As suggestions for future studies, the comorbidities 
of the interviewees could have been diagnosed in some 
situations. For example, in patients with diabetes, asthma 
and COPD, capillary blood glucose tests and spirom-
etry could be employed. Furthermore, considering that 
it is a resident population and that the bond established 
in the first contact was of high quality, it would be pos-
sible to schedule new visits to obtain more information, 
including various clinical protocols, such as adherence to 
treatment.

Conclusion
A survey was conducted with the urban population of 
Sorocaba between 2021 and 2023 for measuring the prev-
alence of AH in adults. The results showed good preci-
sion, with a global deff of 1.00 for this variable. There was 
good receptivity and collaboration from interviewees, 
and the research had an adequate cost‒benefit ratio. The 
technique used for selecting households in the respective 
clusters (census sectors), based on detailed mapping and 

Table 3 Value of the design effect (deff ) according to variables related to family and personal morbidity antecedents. 
Sorocaba-SP/2021-23
Variable Type Category DOMAINS deff
Sex M F
Age 18–39 40–59 60or+ 18–39 40–59 60or+
Family member with some morbidity DQ Not 0,54 0.43 0.28 0.64 0.60 0.36 1.11
Family member with stroke DQ Yes 1.82 0.74 0.54 1.49 0.75 0.40 1.26
Family member with acute myocardial infarction DQ Yes 1.66 0.95 0.51 1.40 1.17 0.59 1.42
Family member with diabetes mellitus DQ Yes 1.28 0.48 0.43 1.15 0.97 0.42 1.29
Family member with high blood pressure DQ Yes 0.64 0.36 0.33 0.72 0.44 0.34 1.15
Comorbidities (interviewed) DQ Yes 1.32 1.18 0.50 1.92 1.47 0.88 1.37
Dyslipidemia (interviewed) DQ Yes 1.40 1.05 0.43 1.45 1.38 0.49 1.05
Ischemic Heart Disease (interviewed) DQ Yes n.c. 0.76 0.58 1.55 1.33 0.59 0.89
Stroke (interviewed) DQ Yes 1,52 0.88 0.81 n.c. 1.31 0.45 0.89
Chronic Kidney Disease (interviewed) DQ Not 0.12 0.13 0.14 0.09 0.15 0.10 0.85
Obstructive Arterial Disease (interviewed) DQ Not 0.12 0.13 0.18 0.07 0.15 0.06 0.85
Type 2 diabetes mellitus (interviewed) DQ Yes 1.45 1.01 0.32 1.50 1.23 0.45 0.86
Asthma (interviewed) DQ Yes 1.73 0.95 0.37 1.87 1.52 0.44 1.63
Chronic Obstructive Pulmonary Disease (interviewed) DQ Not 0.12 0.13 0.22 0.07 0.15 0.10 0.44
Hypothyroidism (interviewed DQ Yes 1.31 0.90 0.47 1.30 1.48 0.65 1.16
Hyperthyroidism (interviewed DQ Yes 1.07 n.c n.c 1.55 1.07 0.51 1.05
Gastritis (interviewed) DQ Yes n.c 0.95 0.39 1.52 1.05 0.52 1.15
Osteoporosis (interviewed DQ Not 0.12 0.14 0.21 0.75 0.15 0.14 0.58
Common Mental Disorder (interviewed DQ Yes 1.38 0.76 0.58 1.26 1.36 0.37 1.21
DQ = Dichotomous Qualitative; n.c = non calculable
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demographic information from the IBGE, proved to be 
practical and efficient.
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Table 4 Design effect value (deff ) according to variables related 
to the clinical examination. Sorocaba-SP/2021-23
Variable Type Category DOMAINS deff
Sex M F
Age 18–39 

40–59 
60or+

18–39 
40–59 
60or+

Weight QT kilos 1.47 
0.72 
0.57

1.67 
0.78 
0.77

1.10

Height QT centimeters 1.29 1.19 
0.42

1.45 
1.07 
0.70

1.07

Arm 
circumference

QT centimeters 1.58 0.86 
0.39

1.60 
1.07 
0.68

0.88

Abdominal 
circumference

QT centimeters 1.37 0.87 
0.55

1.54 
1.07 
0.65

1.08

Average Systolic 
Blood Pressure

QT mmHg 1.56 1.04 
0.40

1.52 
0.96 
0.54

0.90

Average Diastolic 
Blood Pressure

QT mmHg 1.52 0.88 
0.38

1.45 
1.23 
0.54

1.10

Average Heart 
Rate

QT beats/minute 1.53 1.09 
0.53

1.17 
1.07 
0.50

1.08

Body mass index QT kg/m2 1.40 0.89 
0.69

1.44 
1.12 
0.77

1.19

Hypertension QL > or < 140/90 
mmHg

1.25 0.48 
0.29

1.30 
1.06 
0.22

1.00

Metabolic Syn-
drome Factors

QL Yes 1.15 0.44 
0.39

0.90 
0.59 
0.25

1.02

Stress QL Yes 1.05 0.57 
0.25

0.86 
0.57 
0.42

1.28

QL = QUALITATIVE QT = QUANTITATIVE

Table 5 Design effect value (deff ) according to variables 
related to the drug treatment of arterial hypertension. 
Sorocaba-SP/2021-23
Variable Type Category DOMIAINS deff
Sex M F
Age 18–39 

40–59 
60or+

18–39 
40–59 
60or+

Medical 
insurance

Q Yes 0.94 0.75 
0.33

0.73 0.80 
0.32

1.13

Diagnosis of 
hypertension

Q Yes 1.71 0.73 
0.37

1.36 1.02 
0.31

0,91

Hypertension 
treatment

Q Yes n.c 1.23 
0.63

1.42 1.29 
0.79

1.08

Use of angioten-
sin II AT1 receptor 
blockers

Q Yes 2.21 0.93 
0.51

1.32 1.55 
0.51

1.07

Use of angioten-
sin II convert-
ing enzyme 
inhibitors

Q Yes 1.5 1.12 
0.39

1.49 1.42 
0.50

0.96

Use of calcium 
channel blockers

Q Yes 1.48 1.05 
0.48

n.c 1.23 
0.45

0.86

Use of thiazide 
diuretics

Q Yes 1.36 0.76 
0.59

1.47 0.99 
0.62

0.88

Beta blocker use Q Yes 1.36 0.84 
0.52

1.44 1.28 
0.44

0.93

Loop diuretic use Q Not 0,12 0.14 
0.19

0.07 0.15 
0.10

0.90

Use of 
spironolactone

Q Not 0.12 0.15 
0.21

0.07 0.14 
0.09

0.90

Use of 
sympatholytic

Q Not 0.12 0.14 
0.21

0.09 0.14 
0.09

1.41

Use of direct-act-
ing vasodilators

Q Not 0.12 0.14 
0.21

0.75 0.14 
0.10

0.96

Time since last 
consultation

QT months 1.37 0.92 
0.34

1.99 1.47 
0.62

1.04

Recent search for 
health services

Q Yes 1.08 0.80 
0.27

1.26 0.81 
0.51

1.17

Q = Qualitative QT = quantitative

https://doi.org/10.1186/s12889-024-19626-z
https://doi.org/10.1186/s12889-024-19626-z
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