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On the use of the E-value for sensitivity
analysis in epidemiologic studies

O uso do valor de E para anadlise de sensibilidade
em estudos epidemiolégicos

Sobre el uso del E-value para el analisis de
sensibilidad en los estudios epidemiolégicos

Abstract

This study illustrates the use of a recently developed sensitivity index, the
E-value, helpful in strengthening causal inferences in observational epide-
miological studies. The E-value aims to determine the minimum required
strength of association between an unmeasured confounder and an exposure/
outcome to explain the observed association as non-causal. Such parameter is
defined as E-value =RR +/RR(RR — 1), where RR is the risk ratio between
the exposure and the outcome. Our work illustrates the E-value using ob-
servational data from a recently published study on the relationship between
indicators of prenatal care adequacy and the outcome low birthweight. The
E-value ranged between 1.45 and 5.63 according to the category and prena-
tal care index evaluated, showing the highest value for the “no prenatal care”
category of the GINDEX index and the minimum value for “intermediate
prenatal care” of the APNCU index. For “inappropriate prenatal care” (all
indexes), the E-value ranged between 2.76 (GINDEX) and 4.99 (APNCU).
These findings indicate that only strong confounder/low birthweight associa-
tions (more than 400% increased risk) would be able to fully explain the pre-
natal care vs. low birthweight association observed. The E-value is a useful,
intuitive sensitivity analysis tool that may help strengthening causal infer-
ences in epidemiological observational studies.

Measures of Association, Exposure, Risk or Outcome; Observational Studies
as Topic; Health Care Outcome Assessment
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Introduction

Sensitivity analyses are commonly used in observational epidemiologic studies to quantify the robust-
ness of an investigated association to unmeasured or uncontrolled confounders 1. Traditional sensi-
tivity analysis methods estimate the strength of association between the unmeasured confounder and
the outcome (RRyp) and between the unmeasured confounder and the exposure (RRp). After specify-
ing these associations, one can calculate the influence of a given pair RRyp and RRyy; on the risk ratio
between exposure and outcome (RRpp) (Figure 1). The confounding factor (B) - maximum relative
amount by which unmeasured confounders could reduce an observed and - is calculated as follows 2:

B= RRypRREyU
(RRUD+RREU_1)

(1)

By dividing the observed by B, one obtains the maximum value by which a set of confounding
factors could alter the observed RRp,. However, some author express concern about the subjectivity
underlying sensitivity parameters choice (RRyp and RRpy) 1.2. These parameters also entail simplifica-
tions related to unmeasured confounders, such as being defined as a binary variable or requiring the
assumption of a single confounder 345, which negatively impact the robustness of sensitivity analyses
and the causal inferences sought in observational studies.

Seeking to develop a simple and intuitive tool that waves the need for strong assumptions, Ding &
VanderWeele 2 proposed a new sensitivity analysis technique for observational studies — the E-value.
This tool aims to determine the “..minimum strength of association, on the risk ratio scale, that an unmea-
sured confounder would need to have with both the treatment and the outcome to fully explain away a specific
treatment-outcome association, conditional on the measured covariates” 1 (p. 268). The E-value can be cal-
culated as shown in Equation 2,

E-value=RR+[RR(RR- 1) @

Where RR is the risk ratio between exposure and outcome. The E-value is conditional on the
measured covariates and calculated based on the risk ratio scale used in the analysis. When the effect
measure is the odds ratio (OR) and the outcome is relatively rare (prevalence below 15% in the popula-
tion), OR can be used in Equation 2, defining the following:

E-value =OR +,/OR(OR - 1) 3)

Figure 1

Scheme of a traditional sensitivity analysis (adapted from VanderWeele & Ding 1).

> Unmeasured

S confounders
RRey RRup
. RRep
Measgred ——» Exposure ——  »  Qutcome
covariates

RRgp: risk ratio between exposure and outcome; RRg;: measures the strength of the association between exposure and
unmeasured confounders; RRp: the strength of association between unmeasured confounders and outcome.
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Equation 3 is also applicable to a confidence interval (CI) parameter. For cases where the lower
limit (LL) of the CI is lower than or equal to “1”, the E-value is considered one; otherwise, the E-value
is determined as follows:

E-value =LL +/LL(LL - 1) (4)

For large E-values, the unmeasured confounder will need a considerable impact to fully explain
the effect estimate. Conversely, small values indicate that little impact would already be able to explain
the effect estimate, indicating weak causal relations between the study variables.

Next, we will illustrate the use of the E-value using observational data from a recently-pub-
lished study on the relationship between indicators of prenatal care adequacy and the outcome
low birthweight 6.

Methods

An observational study conducted by Vale et al. 6 used multiple logistic modeling to investigate
low birthweight in 368,093 singleton term live births in Rio de Janeiro, Brazil, from 2015 to 2016.
Box 1 summarizes the study covariate variables and prenatal care indexes. The E-value was used to
determine the minimum strength of association between possible unmeasured confounders and the
outcome capable of altering results interpretation. E-values were calculated based on the adjusted
OR and the lower limit of the 95% confidence interval (95%CI) of each prenatal care adequacy index
(only statistically significant categories). The “Adequate prenatal care” category was used as reference
(OR = 1.00). Analyzes were performed using the R Studio v.1.2.5001 (http://www.r-project.org) and
the SPSS v.23 (https://www.ibm.com/).

Results

The estimated E-value ranged between 1.45 and 5.63 according to the category and index evaluated
(Table 1), showing the highest value for the “no prenatal care” category of the GINDEX index and the
minimum value for “intermediate prenatal care” of the adequacy of prenatal care utilization (APNCU)
index. For “inappropriate prenatal care” (all indexes), the E-value ranged between 2.76 (GINDEX) and
4.99 (APNCU).

Discussion

Based on the E-value parameter, researchers were able to determine the minimum required associa-
tion between unmeasured potential confounders and low birthweight for explaining the observed
associations. For instance, E-value reached its maximum value (4.99) when APNCU (the most dis-
criminatory index) was considered “inappropriate prenatal care,” and only very strong confounders/
low birthweight associations would be able to explain the prenatal care vs. low birthweight associa-
tion observed.

The E-value method allows these results to be contrasted with association values for known risk
factors not included in an traditional analysis. Studies approaching smoking during pregnancy, for
example, reported an adjusted OR ranging from 1.23 to 2.63 7.89,10,11 — Jower than that found by
E-value parameters regarding the “inadequate prenatal care” category of all evaluated indexes, except
for that of Ciari Jr. et al. 12 and Kessner et al. 13. This suggests that, alone, smoking during pregnancy
is not capable of explaining the prenatal care vs. low birthweight association observed, thus strength-
ening causal inferences.
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Box 1

Definition of prenatal care adequacy indexes and covariates used for predicting low birthweight. Rio de Janeiro, Brazil, 2015-2016.

INDEX CRITERION 1 CRITERION 2
Prenatal care adequacy indexes

Brazilian Ministry of Health 19 st visit until 4th month > 6 visits

CiariJr. etal. 12 1st visit until 3rd month > 5 visits

Kessner et al. 13 1st visit until 3rd month < 22 weeks: = 3 visits

< 26 weeks: = 4 visits
< 30 weeks: = 5 visits
<32 weeks: = 7 visits
< 36 weeks: > 8 visits
> 36 weeks: > 9 visits

Takeda 20 1st visit until 5th month > 6 Visits
Coutinho et al. 21 1st visit until 4th month > 6 visits
GINDEX 1st visit until 3rd month No prenatal care, inadequate, intermediate, adequate, intensive

(American College of Obstetricians and Gynecologists standard)

APNCU Tst visit until 4th month No prenatal care: 0 visits
Inadequate: < 50% expected visits
Intermediate: 50%-79% expected visits
Adequate: 80%-109% expected visits
Adequate plus: = 110% expected visits

Covariates
Mother age (years) 15-17, 18-34, 35-45
Marital status Without partner, with partner
Education level Incomplete elementary school, complete elementary school
Color White, non-white
Parity Primiparous, 1-3 previous children, = 4 previous children
Pregnancy duration (weeks) > 37 weeks, < 37 weeks
Newborn Male, female

APNCU: adequacy of prenatal care utilization.

Table 1

E-value parameters calculated as a function of the adjusted odds ratio (OR) in logistic regression models for predicting
low birthweight by prenatal care adequacy indexes.

Models Prenatal care index categories
No prenatal care Inadequate  Intermediate Overadequate

OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
CiariJr. et al. 12 - 2.34(2.20; -) - -
Coutinho et al. 21 - 2.87(2.73;-) - -
Takeda 20 - 3.67 (3.50; -) - -
Brazilian Ministry of Health 19 - 3.38(3.24; -) - -
Kessner et al. 13 - 2.37(2.23;-) 2.12(1.98; -) -
GINDEX 5.63 (2.34; -) 2.76 (2.51; -) 2.15 (2.04; -) -
APNCU 2.12(1.96; -) 4.99 (2.01; -) 1.45(1.32;-) 1.62(1.42; -)

95%Cl: 95% confidence interval; APNCU: adequacy of prenatal care utilization.
Note: only the lower limit of 95%Cl is represented, indicating the minimum strength of association that an unmeasured
confounder should have to fully explain the results
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Likewise, studies reported adjusted ORs for alcohol and drug use during pregnancy ranging
between 1.04 and 1.68 9, so that similar causal inferences may be made: the consumption of alcohol
and drugs during pregnancy per se also would not comprise confounding factors capable of fully
explaining the effects estimate.

Limitations

Just as any new metric, the E-value could be potentially misused, and should only be applied provided
that researchers have a clear understanding of its scope and limitations. The recent literature on
parameters for E-value has pointed out the following caveats for its use 14.15,16,17,18:

(1) The E-value is strictly concerned with the impact of unobserved confounders, evaluating no other
biases such as sample bias, selective reporting, or other design flaws. These factors should be consid-
ered when interpreting an E-value, so that a good study with a low E-value may produce more reliable
results than poorly designed and controlled studies with a high E-value.

(2) The E-value may be less useful in the presence of multiple, possibly interacting unmeasured con-
founders, in which case “..one should perhaps question whether the data available are in fact adequate to get
a reasonable estimate of the causal effect at all (...) it is perhaps time to leave that study data alone and pursue
other data sources more adequate’, as stated by VanderWeele et al. 17 (p. 4).

(3) Another limitation concerns the assumption of the same value for the confounder x exposure
and confounder x outcome association. When this is not the case, more complicated methods were
developed for applying E-value-like metrics 1.2. Using the index under these circumstances is valid
upon the assumption that the E-value is a heuristic filter for the total maximum effect of all unknown
confounders 141516,

Conclusion

Many are the available procedures for conducting sensitivity analyses. However, for being considered
“...too complicated to describe in reports, (...) too difficult to present, occupy too much space” and given that
“reviewers and editors were often unsympathetic and believed that they could not be understood”, as empha-
sized by VanderWeele et al. 16 (p. 131-2), these procedures are not commonly used. Before this sce-
nario, our study illustrated the use of a recently developed sensitivity index: the E-value, an intuitive
tool of easy implementation that assemble the toolbox for dealing with causality inferences in non-
experimental settings. “Statistical significance” metrics such as the p-value determines the existence
of possible relationships between exposure and outcome, but fails in addressing potential bias arising
from unmeasured confounders - to which end the E-value could be used.
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Resumo

O estudo ilustra o uso de um indice recém-desen-
volvido para andlise de sensibilidade, o valor de E,
util para embasar inferéncias causais em estudos
epidemioldgicos observacionais. O valor de E bus-
ca identificar a forca minima da associacdo entre
um fator de confusdo nao medido e uma exposi-
cao/desfecho que seria necessdria para explicar a
associa¢do observada enquanto ndo causal, defini-
do como valor de E-value =RR +/RR(RR - 1)
, onde RR € a razdo de riscos entre a exposicdo e
o desfecho. Aqui, o valor de E é exemplificado
através de dados observacionais de um estudo re-
cém-publicado sobre a relacdo entre indicadores de
adequacdo da assisténcia pré-natal e o baixo peso
ao nascer enquanto desfecho. O valor de E variou
entre 1,45 ¢ 5,63, a depender da categoria e do in-
dice de assisténcia pré-natal avaliado, com o valor
mdximo para a categoria “sem assisténcia pré-na-
tal” do indice GINDEX e 0 minimo para “assistén-
cia pré-natal intermedidria” do indice APNCU.
Na categoria “assisténcia pré-natal inadequada”
(todos os indices), o valor de E variou entre 2,76
e 4,99 (indices GINDEX e APNCU, respectiva-
mente). Isso indica que apenas associacoes fortes
entre um fator de confusdo e baixo peso ao nascer
(aumento de risco maior que 400%) seria capaz de
explicar plenamente a associacdo entre assisténcia
pré-natal e baixo peso ao nascer. O valor de E é
uma ferramenta util e intuitiva para andlise de
sensibilidade, que pode ajudar a fortalecer as infe-
réncias causais em estudos epidemioldgicos obser-
vacionais.

Medidas de Associacdo, Exposi¢do, Risco ou
Desfecho; Estudos Observacionais como Assunto;
Avaliacdo de Resultados em Cuidados de Saiide

Resumen

El presente estudio ilustra el uso de un indi-
ce desarrollado recientemente para el andlisis
de la sensibilidad, el E-value, nutil para el for-
talecimiento de las inferencias causales en los
estudios epidemioldgicos observacionales. El
E-value tiene por objetivo identificar la forta-
leza de asociacion minima necesaria entre un
factor de confusion no calculable y una exposi-
cion/resultado que seria necesario para explicar
la asociacion observada como no-causal, y estd
definida como E-value =RR h/W,
donde RR es la ratio de riesgo entre la exposicion
y el resultado. Aqui, el E-value es ilustratado con
datos observacionales de un estudio recientemen-
te publicado para mostrar la relacion entre indi-
cadores de adecuacion de cuidado prenatal y el
resultado de bajo peso al nacer. El E-value varié
entre 1,45 and 5,63, dependiendo de la categoria y
el indice cuidado prenatal evaluado, con su valor
mds alto para la categoria “no cuidado prenatal”
del indice GINDEX y el minimo para el “cuidado
prenatal intermedio” del indice APNCU. En la ca-
tegoria “inapropiado cuidado prenatal” (todos los
indices) el E-value varié entre 2,76y 4,99 (los in-
dices GINDEX y APNCU, respectivamente). Esto
indica que solamente un factor de confusion fuer-
te/asociaciones bajo peso al nacer (incrementaron
el riesgo mds de un 400%) habria hecho posible
explicar completamente la asociacion observada
cuidado prenatal vs bajo peso al nacer. El E-value
es una herramienta de andlisis de sensibilidad 1til,
intuitiva, que puede ayudar a fortalecer las infe-
rencias causales en los estudios epidemioldgicos
observacionales.

Medidas de Asociacion, Exposicion, Riesgo o
Desenlace; Estudios Observacionales como
Asunto; Evaluacion de Resultados en la
Atencion de Salud
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