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RESUMO
Introdução: A regressão logística é frequentemente utilizada para estimar medidas de associação entre uma exposição, determinante de saúde ou 
intervenção e um desfecho binário. No entanto, quando o desfecho é frequente (> 10%), estas estimativas podem ser enviesadas. Apesar de existirem 
modelos estatísticos alternativos, muitos estudos continuam a aplicar modelos de regressão logística indiscriminadamente. O objetivo deste estudo 
foi comparar as estimativas e o ajuste de modelos de regressão logística, log-binomial e Poisson robustos, em estudos transversais com desfechos 
binários frequentes.
Métodos: Realizaram-se dois estudos transversais. O Estudo 1 foi um estudo representativo a nível nacional sobre o impacto da poluição atmosférica 
na saúde mental. O Estudo 2 foi um estudo local sobre o acesso de imigrantes a serviços de urgência. Obtiveram-se odds ratio (OR) através de regres-
sões logísticas e razões de prevalência (RP) através de modelos log-binomiais e Poisson robustos. Foram ainda obtidos intervalos de confiança a 95% 
(IC 95%), suas amplitudes, os erros-padrão (EP) das estimativas e comparados os valores Akaike Information Criteria (AIC).
Resultados: No Estudo 1, a OR (IC 95%) foi de 1,015 (0,970 - 1,063) e a RP (IC 95%) obtida através do modelo de Poisson robusto foi de 1,012 (0,979 
- 1,045). O modelo de regressão log-binomial não convergiu. No Estudo 2, a OR (IC 95%) foi de 1,584 (1,026 - 2,446), a RP (IC 95%) para o modelo de 
regressão log-binomial foi de 1,217 (0,978 - 1,515) e para o modelo de Poisson robusto foi de 1,130 (1,013 - 1,261). Os IC 95%, as suas amplitudes e 
os EP das OR foram superiores ao das RP, em ambos os estudos. No entanto, no Estudo 2, o valor do AIC foi inferior no modelo de regressão logística.
Conclusão: As OR sobrestimaram as RP, com IC 95% mais amplos e EP superiores. A magnitude da sobrestimação foi tanto maior quanto mais pre-
valente o desfecho em estudo, em linha com estudos prévios. No Estudo 2, a regressão logística foi a que melhor se ajustou aos dados. Este exemplo 
ilustra a necessidade de avaliar vários critérios para selecionar o modelo estatístico mais apropriado. Os modelos de Poisson robustos são uma alterna-
tiva viável em estudos transversais com desfechos binários frequentes e evitam o problema de não convergência dos modelos log-binomiais.
Palavras-chave: Avaliação de Processos e Resultados em Cuidados de Saúde; Distribuição de Poisson; Modelos Estatísticos; Modelos Logísticos; 
Rácio de Probabilidades

ABSTRACT
Introduction: Logistic regression models are frequently used to estimate measures of association between an exposure, health determinant or interven-
tion, and a binary outcome. However, when the outcome is frequent (> 10%), model estimates for relative risks and prevalence ratios might be biased. 
Despite the availability of several alternatives, many still rely on these models, and a consensus is yet to be reached. We aimed to compare the estima-
tion and goodness-of-fit of logistic, log-binomial and robust Poisson regression models, in cross-sectional studies involving frequent binary outcomes.
Methods: Two cross-sectional studies were conducted. Study 1 was a nationally representative study on the impact of air pollution on mental health. 
Study 2 was a local study on immigrants’ access to urgent healthcare services. Odds ratios (OR) were obtained through logistic regression, and preva-
lence ratios (PR) through log-binomial and robust Poisson regression models. Confidence intervals (CI), their ranges, and standard-errors (SE) were also 
computed, along with models’ relative goodness-of-fit through Akaike Information Criterion (AIC), when applicable.
Results: In Study 1, the OR (95% CI) was 1.015 (0.970 - 1.063), while the PR (95% CI) obtained through the robust Poisson mode was 1.012 (0.979 - 
1.045). The log-binomial regression model did not converge in this study. In Study 2, the OR (95% CI) was 1.584 (1.026 - 2.446), the PR (95% CI) for the 
log-binomial model was 1.217 (0.978 - 1.515), and 1.130 (1.013 - 1.261) for the robust Poisson model. The 95% CI, their ranges, and the SE of the OR 
were higher than those of the PR, in both studies. However, in Study 2, the AIC value was lower for the logistic regression model.
Conclusion: The odds ratio overestimated PR with wider 95% CI and higher SE. The overestimation was greater as the outcome of the study became 
more prevalent, in line with previous studies. In Study 2, the logistic regression was the model with the best fit, illustrating the need to consider multiple 
criteria when selecting the most appropriate statistical model for each study. Employing logistic regression models by default might lead to misinter-
pretations. Robust Poisson models are viable alternatives in cross-sectional studies with frequent binary outcomes, avoiding the non-convergence of 
log-binomial models.
Keywords: Logistic Models; Models, Statistical; Odds Ratio; Outcome Assessment, Health Care; Poisson Distribution



698Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com Revista Científica da Ordem dos Médicos

PER
SPEC

TIVA
IM

A
G

EN
S M

ÉD
IC

A
S

A
R

TIG
O

 D
E R

EVISÃ
O

A
R

TIG
O

S C
U

R
TO

S
PR

O
TO

C
O

LO
S

C
A

SO
 C

LÍN
IC

O
C

A
R

TA
S

N
O

R
M

A
S O

R
IEN

TA
Ç

Ã
O

A
R

TIG
O

 O
R

IG
IN

A
L

ED
ITO

R
IA

L

Pinheiro-Guedes L, et al. Logistic regression: limitations in the estimation of measures of association with binary health outcomes, Acta Med Port 2024 Oct;37(10):697-705

KEY MESSAGES 
•	 Researchers should avoid defaulting to logistic regression, in studies with frequent binary outcomes (frequency > 

10%), as it may lead to misinterpretations of data.
•	 The Robust Poisson regression is a viable alternative to the logistic regression, in cross-sectional studies with 

frequent binary outcomes, as it provides less biased estimates for prevalence ratios and avoids the convergence 
issues often encountered with log-binomial models.

•	 Careful consideration of the outcome’s frequency and appropriate model selection are crucial to ensure accurate 
estimates.

•	 The Akaike Information Criterion (AIC) can be used to assess the goodness-of-fit for different models, but a lower 
AIC does not necessarily mean the model provides the most appropriate estimates for measures of association, as 
illustrated by the better fit of logistic regression in Study 2, despite its overestimation.

INTRODUCTION
	 In medical research, logistic regression models are fre-
quently used to estimate measures of association between 
an exposure, treatment or health determinant and a binary 
outcome.1,2 These models are employed mostly in cross-
sectional and case-control studies to estimate odds ratios 
(OR), the odds of disease occurrence between the exposed 
and unexposed.1 Logistic regression models are very at-
tractive due to their simplicity and effectiveness.
	 The equivalent of the relative risk or risk ratio (RR) of 
prospective studies is the prevalence ratio (PR) in the case 
of cross-sectional studies. Although under certain conditions 
OR might allow to infer PR/RR, in many other cases, these 
inferences should not be made as they introduce bias.1 If 
the outcome of the study is rare (≤ 10%), logistic regression 
models may appropriately estimate PR/RR. However, if the 
outcome is frequent (> 10%), OR might not be a suitable 
estimator of PR/RR.2,3

	 In the case of a frequent outcome, OR tend to overes-
timate PR/RR when their values are greater than one, or 
to underestimate them when values are lower than one.2,4 
A study reported that 40% of the papers that employed lo-
gistic regression models estimated OR which deviated by 
over 20% from the corresponding RR.5 Odds ratio is also 
mistakenly portrayed as PR/RR, which is reflected in the 
results section of some research papers where ‘risk’ and 
‘probability’ are wrongly used instead of the correct ‘odds’ 
and ‘possibility’ to refer to OR.2,3

	 While alternative methods to estimate valid adjusted 
PR/RR in the presence of frequent binary outcomes have 
been suggested, a consensus on the matter is yet to be 
reached. Log-binomial,6-8 and modified Poisson regression 
models6,7,9 are the most widely accepted.
	 The Poisson regression model is the nominal model for 
count data, being commonly used in cohort studies to esti-
mate RR.7,9 In cross-sectional studies with binary data, the 
computed ratios can still be interpreted, but as an approxi-
mation to the PR.7,9 This approach yields correct estimates 

of the PR directly like log-binomial models, but typically with 
larger variances and standard errors.7,9 Modified Poisson 
regression models, as the robust Poisson model, address 
this issue. Robust standard errors, determined through 
the Huber sandwich estimation (Appendix 1: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/21435/15510), correct the Poisson model for data 
overdispersion (when variance is higher than the mean). 
This robust estimator performs well even when data does 
not perfectly meet the model’s requirement, as in the case 
of Poisson regression models applied to cross-sectional bi-
nary data.9

	 Since methodological consistency is essential to epide-
miological and clinical research, and given the potential im-
pact of biased estimates on clinical practice, policymaking, 
communication and community behaviour, selecting the 
appropriate statistical models holds paramount importance. 
This study aimed to compare the estimation and goodness-
of-fit of logistic, log-binomial, and robust Poisson regression 
models, in cross-sectional studies with frequent (> 10%) bi-
nary outcomes.

METHODS
	 We carried out two cross-sectional studies (Study 1 and 
Study 2) to estimate the measures of association between 
two different exposures and two different frequent (> 10%) 
binary outcomes that were adjusted for several variables 
identified as potential confounders through directed acyclic 
graphs, elaborated based on a literature review of the as-
sociations in the study. 
	 We conducted a comparative analysis of the estimates 
of the measures of association (OR in the case of logistic 
regression models, and PR in the case of log-binomial and 
robust Poisson regression models), in terms of their magni-
tude and significance. The estimates’ confidence intervals, 
their ranges and standard errors were also compared.
	 The maximum likelihood estimation method was 

Pinheiro-Guedes L, et al. Logistic regression: limitations in the estimation of measures of association with binary health outcomes, Acta Med Port 2024 Oct;37(10):697-705



PE
R

SP
EC

TI
VA

www.actamedicaportuguesa.com

IM
A

G
EN

S 
M

ÉD
IC

A
S

A
R

TI
G

O
 D

E 
R

EV
IS

Ã
O

A
R

TI
G

O
S 

C
U

R
TO

S
PR

O
TO

C
O

LO
S

C
A

SO
 C

LÍ
N

IC
O

C
A

R
TA

S
N

O
R

M
A

S 
O

R
IE

N
TA

Ç
Ã

O
A

R
TI

G
O

 O
R

IG
IN

A
L

ED
IT

O
R

IA
L

699Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com

employed in all the computed models, even for those using 
complex survey data (Study 1). In this case, we fitted mod-
els to complex data incorporating the sampling weights in 
a designed-based analysis (a statistical analysis of survey 
data that took the survey design, its stratification and clus-
tering, and the sampling weights into consideration). 
	 As the Akaike Information Criterion (AIC) is a widely 
used tool in model selection and allows to compare the 
relative goodness-of-fit of different models, AIC values were 
obtained for every model in study fitting non-complex data 
(Study 2) and compared. The optimal model should be the 
one with the minimum AIC value. Any model yielding an AIC 
value within two units of the minimum AIC value might also 
be an appropriate candidate.10

	 All statistical analyses were conducted using Stata®, 
version 15. The significance level was established at 5%.

Study 1: Association between long-term exposure to 
ambient air, depression and anxiety
	 Particulate matter smaller than 10 μm (PM10) accounts 
for much of the impact of air pollution on health.11,12 Some 
studies have assessed the association between long-term 
exposure to PM10 and common mental disorders (CMD), 
namely depressive and anxiety disorders, but evidence is 
inconsistent.13-18 To estimate the association between long-
term exposure to PM10 and the frequency of probable diag-
nosis of CMD, a population-based, nationally representative 
cross-sectional study was conducted, in mainland Portugal.
	 Long-term exposure to PM10 was estimated through 
one-year average concentrations of PM10, calculated with 
data from the Portuguese Environment Agency’s air qual-
ity monitoring stations, and attributed to each individual 
considering their seven-digit postal codes of residence. 
The probable diagnosis of CMD was ascertained through 
the scores obtained in the 5-item Mental Health Inventory 
(MHI-5) [Appendix 2 – Fig. 2.1 (Appendix 2: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/21435/15511)].19-21 A score ≤ 52 in the MHI-5 repre-
sents a situation that implies proper clinical evaluation by 
a doctor (a “Probable diagnosis of CMD”), while a score > 
52 represents a situation that does not imply proper clini-
cal evaluation. The MHI-5 scores and the independent vari-
ables’ data were obtained from a restricted sample of the 
participants of the first Portuguese National Health Exami-
nation Survey (INSEF).22 The study participants were the 
INSEF participants from mainland Portugal who consented 
on data linkage, had their seven-digit postal codes of resi-
dence available in the database, were living within a 30-
km radius from a background air quality monitoring station 
(with available data on PM10 atmospheric concentration), 
like previously detailed,23-26 and who had answered all the 
five items of the MHI-5. Data on area-level socioeconomic 

deprivation, the Portuguese version of the European Depri-
vation Index, was available online.27 Individually allocated 
one-year average temperatures were obtained through a 
similar methodology to the one applied to estimate expo-
sure to PM10, making use of one-year average temperatures 
collected from the National Oceanic and Atmospheric Ad-
ministration data.23,24,26 Data on area-level walkability was 
obtained through the weighted sum of residential density, 
street connectivity, and a land use mix index, for all the par-
ishes of mainland Portugal, and is available at request, in 
terciles of increasing walkability.
	 We performed single-level multivariable analyses since, 
even if we used individual and aggregated variables (at par-
ish level) in our models, the assumptions for carrying out a 
multilevel analysis were not met [some parishes had just 
one individual) (models’ specifications in Appendix 2 – Table 
2.1 (Appendix 2: https://www.actamedicaportuguesa.com/
revista/index.php/amp/article/view/21435/15511)]. All esti-
mates were weighted to account for different selection prob-
abilities resulting from the complex sampling design, and 
to match the population distribution in terms of geographic 
region, age group and sex, unless specifically stated.

Study 2: Association between immigration status and 
urgent care use in a paediatric population
	 Foreign residents have been increasing in Portugal, in 
the past years.28 One of the biggest challenges immigrants 
face in the host countries is to obtain access to healthcare  
services.29 The Portuguese National Health Service offers 
universal and free healthcare services for children up to 18 
years old, irrespective of their immigration status.30 Several 
studies have already reported the increased urgent care use 
by migrants, compared to non-migrants,31-33 but evidence is 
inconsistent,31,34-38 and differences exist according to mi-
grants’ characteristics and to countries’ different healthcare 
systems.31,39 To estimate the association between being an 
immigrant and the urgent care use, in the paediatric popula-
tion living in Amadora, a population-based, non-representa-
tive cross-sectional study was conducted there, in the most 
densely populated Portuguese municipality, and the second 
with the highest density of foreign residents.30

	 Data was obtained from the participants of the first wave 
of the CRIAS (Health Trajectories of Immigrant Children 
in Amadora) cohort, implemented in Portugal from June 
2019 to March 2020. The CRIAS targeted children born in 
2015, aged four or five years old, who had records of at-
tending at least one of the primary healthcare centres of 
Amadora in the two years before the assessment time, also 
targeting their parents. Self-reported data on the families’ 
demographic and socioeconomic characteristics, migration 
history, and on the children’s lifestyle and health was col-
lected and integrated with data on the children’s healthcare 

Pinheiro-Guedes L, et al. Logistic regression: limitations in the estimation of measures of association with binary health outcomes, Acta Med Port 2024 Oct;37(10):697-705 Pinheiro-Guedes L, et al. Logistic regression: limitations in the estimation of measures of association with binary health outcomes, Acta Med Port 2024 Oct;37(10):697-705



700Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com Revista Científica da Ordem dos Médicos

PER
SPEC

TIVA
IM

A
G

EN
S M

ÉD
IC

A
S

A
R

TIG
O

 D
E R

EVISÃ
O

A
R

TIG
O

S C
U

R
TO

S
PR

O
TO

C
O

LO
S

C
A

SO
 C

LÍN
IC

O
C

A
R

TA
S

N
O

R
M

A
S O

R
IEN

TA
Ç

Ã
O

A
R

TIG
O

 O
R

IG
IN

A
L

ED
ITO

R
IA

L

teria [Appendix 2 – Fig. 2.2 (Appendix 2: https://www.ac-
tamedicaportuguesa.com/revista/index.php/amp/article/
view/21435/15511)]. Included and excluded individuals 
were similar regarding most of the analysed characteristics. 
Differences between these two groups were only found re-
garding the individual allocated one-year average tempera-
ture, and the area-level walkability terciles [Appendix 2 – 
Table 2.2 (Appendix 2: https://www.actamedicaportuguesa.
com/revista/index.php/amp/article/view/21435/15511)].
	 The study population had higher percentages of female 
participants (52.6%, 95% CI: 50.2 - 55.1) and individuals 
belonging to the age groups 35 - 49 years (34.1%, 95% 
CI: 32.0 - 36.4) and 50 - 64 years (31.5%, 95% CI: 29.4 
- 33.7) [Appendix 2 – Table 2.3 (Appendix 2: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/21435/15511)]. The median [interquartile range (IQR)] 
individual allocated one-year average PM10 concentration 
was 18.6 (15.3 - 19.3) μg/m³ [Appendix 2 – Table 2.4 (Ap-
pendix 2: https://www.actamedicaportuguesa.com/revista/
index.php/amp/article/view/21435/15511)]. A probable diag-
nosis of DMC was found in 22.7% (95% CI: 20.0 - 25.6) of 
the study population [Appendix 2 – Table 2.3 (Appendix 2: 
https://www.actamedicaportuguesa.com/revista/index.php/
amp/article/view/21435/15511)]. 
	 The adjusted logistic regression model obtained an OR 
(95% CI) = 1.015 (0.970 - 1.063), and the robust Poisson 
model a PR (95% CI) = 1.012 (0.979 - 1.045). The adjusted 
log-binomial regression model did not converge. Adjusted 
OR overestimated the adjusted PR obtained through the ro-
bust Poisson model by 0.003 and presented wider 95% CI 
(95% CI range: 0.093 vs 0.066, respectively) and a higher 
standard-error (0.022 vs 0.016, respectively) (Table 1).
	 No statistically significant association between long-
term exposure to PM10 and the frequency of probable CMD 
diagnosis was observed in any of the models after adjust-
ment. 

Study 2
	 From the CRIAS participants, 410 children were includ-
ed in the study, since 10 were excluded due to missing data 
in the variable urgent care use.
	 Most of the children were male (50.7%), being most 
of their caregivers (or questionnaire respondents) female 
(87.6%) with a median (IQR) age of 34 (18 - 75) years 
old [Appendix 3 – Table 3.2 (Appendix 3: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/21435/15512)]. Among the children in study, 50.5% 
were immigrants [Appendix 3 – Table 3.2 (Appendix 3: 
https://www.actamedicaportuguesa.com/revista/index.php/
amp/article/view/21435/15512)]. Approximately 48.0% of all 
children used urgent care services (58.4% of them being 
immigrants) [Appendix 3 – Tables 3.2 and 3.3 (Appendix 3: 

use, obtained through electronic health records.30 From the 
CRIAS participants, those with missing data on the vari-
ables of immigration status or urgent care use were exclud-
ed from the present study. 
	 Immigration status was categorized as “immigrant” 
(born to non-native parents, even if in Portugal) and “non-
immigrant” (born in Portugal, to native parents). Urgent care 
use was categorized as “yes” or “no” according to the chil-
dren having, or not, at least one visit to the urgent care ser-
vice of the Hospital Professor Doutor Fernando Fonseca, in 
2019.
	 The AIC values were obtained for all the fitted models 
[models’ specifications in Appendix 3 – Table 3.1 (Appendix 
3: https://www.actamedicaportuguesa.com/revista/index.
php/amp/article/view/21435/15512)]. 

Ethical considerations
	 In this study, no ethical or legal issues of confidentiality 
were raised, since all the data came from anonymized data-
bases. 
	 The INSEF had its scientific protocol approved by the 
Ethics Committee for Health of the National Health Institute 
Doutor Ricardo Jorge (INSA) (Internal Note No. 7/2011), 
by the National Data Protection Commission (Authoriza-
tion No. 199/2001), and by the Ethics Commissions of the 
Northern Portugal Regional Health Administration (Authori-
zation No. 91/2014), the Central Portugal Regional Health 
Administration (Authorization No. 44/2014), the Lisbon and 
Tagus Valley Regional Health Administration (Authorization 
No. 17/2014), the Algarve Regional Health Administration 
(Authorization No. 2742 of 04/03/2015), and the Health Ser-
vice of the Autonomous Region of Madeira (Authorization 
No. 32/2014). All the participants were asked to sign a dec-
laration of informed consent to participate in INSEF, which 
consisted of accepting to respond to a general health inter-
view, perform a physical examination and donate a blood 
sample for testing.
	 The protocol of this study was also approved by the 
INSA Ethics Committee and by the Institutional Review 
board of INSEF (INSA-IM60_05/February 2023).
	 The CRIAS cohort involves human participants and was 
approved by the Health Ethics Committee of the Lisbon and 
Tagus Valley Regional Health Administration of, Portugal 
(001/CES/INV/2019). The parents signed a written informa-
tion and consent form to participate in the study, including 
permission to assess data from the child’s health centre and 
hospital medical records.

RESULTS
Study 1
	 A total of 2398 individuals were included in the study, 
following the application of the inclusion and exclusion cri-
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https://www.actamedicaportuguesa.com/revista/index.php/
amp/article/view/21435/15512)].
	 The adjusted logistic regression model obtained an OR 
(95% CI) = 1.584 (1.026 - 2.446), the adjusted log-binomial 
regression model a PR (95% CI) = 1.217 (0.978 - 1.515), 
and the robust Poisson regression model a PR (95% CI) = 
1.130 (1.013 - 1.261). The adjusted OR overestimated the 
adjusted PR obtained through the log-binomial and robust 
Poisson regression models by 0.367 and 0.454, respective-
ly, presented wider 95% CI (95% CI range: 1.420 vs 0.537 
and 0.248, respectively) and higher standard-errors (0.351 
vs 0.136 and 0.063, respectively). However, the AIC value 
was lower for the logistic regression model than for the log-
binomial and robust Poisson models (1.345 vs 1.350 and 
1.656, respectively) (Table 2).
	 Only logistic and robust Poisson regression models 
showed statistically significant associations between immi-
gration status and urgent care service use, in the adjusted 
models. The log-binomial model, however, did not yield sta-
tistically significant associations.

DISCUSSION
	 This study, based on two distinct real-life epidemiologi-

cal examples involving outcomes with different prevalence 
(22.7% in Study 1, and 48.0% in Study 2), contributed to the 
knowledge about the estimation of measures of associa-
tion, in cross-sectional studies with frequent outcomes, in 
different settings. Study 1 assessed a nationally representa-
tive sample of 2398 individuals, whereas Study 2 focused 
on a local sample of 410 individuals. Study 1 estimated the 
association between a continuous exposure and a binary 
outcome, adjusting for nine independent variables (includ-
ing one continuous variable); and Study 2 estimated the as-
sociation between a binary exposure and a binary outcome, 
adjusting for three covariates.
	 In Study 1, the log-binomial regression model did not 
converge. This likely happened due to the inclusion of two 
continuous independent variables in the model (one vari-
able which was a potential confounder and the exposure in 
study).8,40,41 When in the presence of quantitative variables, 
the maximum likelihood estimate can lie on the boundary 
of the parameter space which can lead to model non-con-
vergence as the instantaneous slope of the likelihood may 
not reach zero at this boundary.6 This inability to find a so-
lution that fits the model to the data supports authors who 
advocate for the robust Poisson regression model as the 
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Table 1 – Characteristics of logistic, log-binomial and robust Poisson regression models fitted for the estimation of measures of associa-
tion between the exposure to particulate matter with an aerodynamic diameter equal than or lower to 10 micrometres and the frequency 
of common mental disorders

  Logistic Log-binomial Robust Poisson
Number of individuals included in the 
adjusted models 2210 2210 2210

Adjusted OR/PR*
(95% CI)

1.015
(0.970 - 1.063) Did not converge 1.012

(0.979 - 1.045)

95% CI range 0.093 Did not converge 0.066

Standard-error of the adjusted estimates 0.022 Did not converge 0.016

OR: odds ratio; PR: prevalence ratio; 95% CI: 95% confidence interval; PM10: particulate matter with an aerodynamic diameter less than or equal to 10 micrometres.
* Adjusted for sex, age groups, education level, employment status, professional occupation, area-level socioeconomic deprivation terciles, individual allocated one-year average tem-
perature, area-level walkability terciles, degree of urbanization (OR for logistic and log-binomial regression models, PR for robust Poisson regression model).

Table 2 – Characteristics of logistic, log-binomial, and robust Poisson regression models fitted for the estimation of measures of associa-
tion between immigration status and urgent care use

Logistic Log-binomial Robust Poisson
Number of individuals included in the 
adjusted models 389 389 389

Adjusted OR/PR* 
(95% CI)

1.584
(1.026 - 2.446)

1.217
(0.978 - 1.515)

1.130
(1.013 - 1.261)

95% CI range 1.420 0.537 0.248

AIC for the adjusted model 1.345 1.350 1.656

Standard-error of the adjusted estimate 0.351 0.136 0.063

OR: odds ratio; PR: prevalence ratio; 95% CI: 95% confidence interval; AIC: Akaike information criteria.
* Adjusted for caregiver’s age, education level and professional occupation (OR for logistic and log-binomial regression models, PR for robust Poisson regression model). Results in 
bold are those statistically significant.
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preferred choice to logistic models, when addressing fre-
quent outcomes in cross-sectional studies, instead of log-
binomial models.40,41

	 As, in Study 1, the obtained point estimate for the mea-
sures of association was higher than 1, the OR overesti-
mated the PR obtained through the robust Poisson regres-
sion model. The magnitude of the overestimation was 0.003 
units (OR = 1.015 vs PR = 1.012). The precision of the OR 
was lower than the precision of the PR, which presented a 
narrower 95% CI, with the 95% CI range for the OR being 
0.027 units higher than the obtained for the PR through the 
robust Poisson regression model (0.093 vs 0.066, respec-
tively). Consistently, the standard-error was 0.006 units low-
er for the robust Poisson (robust Poisson: 0.016 vs logistic: 
0.022, respectively).
	 In Study 2, the obtained measures of association were 
also higher than 1, with the consequent overestimation of 
PR by OR already reported in Study 1. The magnitude of 
the overestimation was higher when the OR was compared 
with the PR obtained through the robust Poisson model, 
than with the PR obtained through the log-binomial model 
(overestimations of 0.454 and 0.367 units, respectively). 
This happened because the robust Poisson model obtained 
a lower value for the PR than the log-binomial model (PR: 
1.130 vs 1.217, respectively). The robust Poisson model 
also obtained the most precise estimate (the one with the 
lowest 95% CI range), followed by the log-binomial and, 
lastly, by the logistic regression model (95% CI ranges: 
0.248, 0.537, and 1.420, respectively), as well as the low-
est standard-error for the estimate. However, the AIC val-
ues were lower for the logistic regression model, followed 
by the log-binomial model, and, lastly, by the robust Pois-
son model, indicating that the logistic was the one better 
fitting to the data, which was counterintuitive. This might 
have been because the binomial distribution is ultimately 
more appropriate to module binary outcomes than the Pois-
son distribution, and because the mean and the variance of 
the outcome were different in this study (variance = 0.250, 
mean = 0.480), affecting the fit of the Poisson model, even if 
a robust estimator was being used.7 This example illustrates 
why relying solely on the AIC value for the selection of the 
most appropriate statistical model is not adequate. 
	 We also observed that, in Study 2, the log-binomial 
model could not obtain a statistically significant associa-
tion, while the logistic and robust Poisson models did. This 
might have been due to the conjunction of the estimation of 
a not-so-inflated estimate through the log-binomial model, 
as through the logistic model, with wider 95% CI for the log-
binomial than for the robust Poisson model.
	 Moreover, in Study 2, the magnitude of the overesti-
mation exceeded the overestimation observed in Study 
1 (Study 2: 0.454 and 0.367 units, Study 1: 0.003 units), 

which was also verified in terms of the 95% CI range. This 
discrepancy was likely due to the higher prevalence of the 
outcome in Study 2 compared to Study 1 and illustrates 
that higher outcome prevalence represents larger OR infla-
tions.1,3

	 In both Study 1 and Study 2, the robust Poisson model 
exhibited greater precision (narrower 95% CI and lower 
95% CI ranges) than log-binomial and logistic regression 
models. This characteristic is particularly relevant when a 
study aims to estimate unbiased measures of association 
(where the expected value is identical to the population pa-
rameter being estimated), but not so when the aim is solely 
to comprehend the general trend or direction of it.2

	 In both examples, we observed that OR obtained 
through logistic regression models provide biased estimates 
of PR, in the presence of frequent binary outcomes, and 
also wider confidence intervals, magnifying the probability 
of a type II error. Additionally, we verified that the extension 
of the bias became more pronounced as the prevalence of 
the outcome increased, consistent with findings from prior 
studies.4,6,8,40-44 The challenges associated with estimating 
measures of association through logistic regression models 
when there are frequent outcomes in study are not limited to 
cross-sectional designs. Longitudinal studies and random-
ized clinical trials might encounter similar estimation issues, 
and also need to be investigated.5

	 This study reinforces the viability of alternative statisti-
cal models and reopens a discussion that has yet to reach 
a definitive solution. These alternative models are readily 
accessible within commonly used statistical software pack-
ages like SPSS®, Stata® and R Studio®. Nonetheless, they 
have potential disadvantages that could lead researchers 
to discard them and stick to the logistic regression models. 
A disadvantage of the log–binomial regression is that the 
model might not converge, like in Study 1.45 Despite robust 
Poisson regression not showing convergence issues, this 
model, like the log-binomial, may yield individual predicted 
probabilities above 1. The robust Poisson regression is in-
deed a suitable method to obtain valid, unbiased estimates, 
but not to predict individual probabilities (as in diagnostic 
or prognostic studies).3,7,9 Moreover, both models lack reci-
procity, underscoring the importance of being mindful of the 
reference category selected.4 While other options exist, the 
log-binomial and the robust Poisson regression models are 
relatively straightforward to apply, easy to interpret, and of-
fer the ability to control for confounding.7,9

	 Given the curriculum requirements that often compel 
medical doctors and other health professionals to publish, 
recognizing the time constraints clinicians face to master 
research methodologies and statistics, and considering the 
need for consistency in research, establishing a standard-
ized approach for the selection of the most suitable model to 
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employ in a study would be useful. Several processes have 
been proposed. One of them involves constructing a con-
tingency table between the exposure and the outcome and 
comparing the OR and RR/PR obtained through epidemio-
logical formulas of calculation. Relevant disparities between 
the values would suggest the employment of a model that 
estimates RR/PR instead of OR (such as the log-binomial 
and robust Poisson models).44 However, this methodology 
is too simplistic, can only be applied in the presence of a 
categorical exposure, and does not help to choose between 
log-binomial and robust Poisson models. Another proposal 
was made by a group of authors who created a flowchart to 
support researchers, but its interpretation could be complex 
as it requires some methodological knowledge, and it was 
not agreed upon consensus.46 

Strengths and limitations
	 This study has several strengths. First, it contributed 
to reigniting the discussion around the validity of the OR 
to infer RR/PR in the context of frequent binary outcomes, 
in cross-sectional studies. Second, it used real-life datas-
ets applied to different settings – in terms of topics inves-
tigated (the health impact of air pollution, and the access 
to healthcare services), types of exposure assessed (con-
tinuous, and categorical), types of independent variables 
included (categorical and continuous, or just categorical), 
and outcome prevalence (22.7%, and 48.0%) – allowing for 
a comprehensive discussion, pertinent to several different 
scientific fields and aims. Third, the example studies were 
conducted according to robust and previously published 
methodological approaches, allowing us to diminish biases 
and confounding, and to add findings relevant to the scien-
tific literature. 
	 Some limitations should also be noted. First, a simula-
tion study to calculate the exact relative risk was not per-
formed. Second, the assessed associations did not have 
substantial effect magnitudes, making the estimates’ values 
closer to one and, across models, to each other (due to 
reduced variability). Third, logistic regression models were 
compared against log-binomial and robust Poisson regres-
sion models, and not all the possible models. This choice 
was made not only based on the appropriateness of these 
models to the studies developed, but also on their popu-
larity and user-friendliness. However, we acknowledge that 
each model has its own assumptions and limitations

CONCLUSION
	 Even if both the OR and the RR/PR might be appro-
priate to understand the direction of a certain measure of 
association, in a study whose aim is to obtain unbiased es-
timates, using the OR might lead to misinterpretations. The 
OR should not be interpreted as RR/PR in cross-sectional 

studies whose outcomes are not rare. Robust Poisson mod-
els could be a viable alternative to logistic regression mod-
els, avoiding the non-convergence of log-binomial models. 
	 There is not a standardized approach to the selection 
process of the most suitable model. The type of outcome 
variable, the aim of the study (the need or not of unbiased 
estimates), its intent, the fulfilment of the assumptions for 
causal inference, and the fulfilment of the assumptions of 
the available statistical models should guide the decision. 
Several statistical measures could be used to support the 
models’ selection, including models’ estimates, standard-
errors, 95% CI, and AIC values. This study emphasizes that 
no single value should serve as the sole criterion to deter-
mine the most appropriate model to employ.
	 More studies could be conducted to compare other al-
ternatives to logistic regression models (modified Cox, qua-
si-Poisson, negative binomial, and probit models), not only 
within cross-sectional, but also in longitudinal studies and 
clinical trials, provided these studies aim to obtain unbiased 
estimates. Simulation studies could be useful to fix relative 
risks. A standard approach to the estimation of measures 
of association involving frequent binary outcomes would be 
helpful to guide researchers in the process.
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