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Abstract
Nursing and health researchers may be presented with uncertainty regarding the utilization or legitimacy of

methodological or analytic decisions. Sensitivity analyses are purposed to gain insight and certainty about the validity

of research findings reported. Reporting guidelines and health research methodologists have emphasized the

importance of utilizing and reporting sensitivity analyses in clinical research. However, sensitivity analyses are underre-

ported in nursing and health research. The aim of this methodological overview is to provide an introduction to the

purpose, conduct, interpretation, and reporting of sensitivity analyses, using a series of simulated and contemporary

case examples.
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Nursing and health researchers share a common goal of pro-
ducing robust study findings. Robust findings are insensitive
to changes in methodological or analytic assumptions
(Thabane et al., 2013), and thus improve confidence in the
inferences drawn and context-specific generalizability of
study findings (Delaney & Seeger, 2013). Sensitivity ana-
lyses are commonly conducted to gain insight and confidence
in the decisions, methods, analytics, and measures used
(Thabane et al., 2013; Vandenbroucke et al., 2014). Health
research methodologists and reporting guidelines have
emphasized the value of conducting sensitivity analyses
(Hayden et al., 2013; Page et al., 2021; Vandenbroucke
et al., 2014), though they are consistently underreported in
clinical research (Morris et al., 2014; Vandenbroucke et al.,
2014). The aim of this paper is to provide an introductory
and pragmatic overview for nursing and health researchers
on the purpose, conduct, interpretation, and reporting, of sen-
sitivity analysis using a series of simulated and contemporary
case examples.

What is a sensitivity analysis?
Sensitivity analysis is a method used to evaluate the influence
of alternative assumptions or analyses on the pre-specified
research questions proposed (Deeks et al., 2021;

Schneeweiss, 2006; Thabane et al., 2013). In other words,
a sensitivity analysis is purposed to evaluate the validity
and certainty of the primary methodological or analytic strat-
egy. Sensitivity analyses are most informative when there is
an array of reasonable and differing assumptions (Morris
et al., 2014). To illustrate, envision a graduate nursing stu-
dentconcerned about the impact of outlier values on the stat-
istical estimates of their regression model. To determine the
influence of outlier values, they examine model estimates
and associated measures of variance both with (pre-specified)
and without outliers present in the analysis. The assumption
in this scenario is that the few outlier values in the data have
minimal influence on estimates if included in the analysis. If
statistical estimates and corresponding measures of variance
are similar between models, then confidence can be gained in
the robustness of study findings with regard to outlier values
(El-Masri et al., 2020). In this scenario, it is recommended
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that authors report the change in estimates of interest, or lack
thereof, with the secondary model included in
the document’s appendices.

Timing and benefits of conducting
a sensitivity analysis
Sensitivity analyses are conducted after the study’s primary
analyses are completed and conclusions have been made on
the results of the primary analysis (Thabane et al., 2013).
However, it is best to consider the use of sensitivity analyses
during the protocol and study development stage to deter-
mine potential uncertainties in the study design after all vari-
ables and data analysis approaches have been selected (de
Souza et al., 2016; Frey & Patil, 2002). Design of the
primary research question should include a clear description
of any planned sensitivity analyses, where applicable (e.g.,
covariate imbalance or protocol deviations) (de Souza
et al., 2016). Therefore, the primary analysis should closely
follow the pre-determined sensitivity analysis approach to
address the impact of the previously identified concerns or
uncertainties (de Souza et al., 2016).

There is utility in conducting sensitivity analyses on sec-
ondary research questions or post-hoc analytics, though
these should be classified and reported as ‘secondary ana-
lyses’ to avoid confusion with the sensitivity analysis
reported for the primary analysis (Morris et al., 2014). This
type of sensitivity analysis is often carried out to test the val-
idity of arbitrary or unclear decisions made following proto-
col publication or data collection. For example, if there is
uncertainty regarding the cut-off used to define an exposure
or outcome, a sensitivity analysis could be conducted to
determine if statistical or clinical significance changes
when using a different proposed cut-off for these measures.
Recently, a recent systematic review conducted a sensitivity
analysis to determine if there was any difference in the choice
of cut-off value used in the Clinical Frailty Scale to define
frailty, and the influence it had on predicting survival after
cardiac arrest (Mowbray et al., 2021).

A lack of evidence-based guidelines or expert consensus
regarding a particular methodological decision may necessi-
tate this type of sensitivity analysis (Deeks et al., 2021). If a
post-hoc sensitivity analysis results in uncertainty about
which statistical model to report, such as in an exploratory
study, then it is recommended that the most biologically or
theoretically plausible model be emphasized in the reports
(Morris et al., 2014).

Data screening, cleaning, and analysis, commonly reveal
unanticipated barriers and findings, further highlighting the
value of post-hoc sensitivity analyses (Morris et al., 2014).
However, these post-hoc analyses require a clear rationale
and justification outlined in theMethods section of the manu-
script, including an explanation of the need for the sensitivity
analysis (de Souza et al., 2016). Regardless, whether sensitiv-
ity analyses are planned either a priori or post-hoc, both

intend to answer: Are the inferences drawn from the data
valid and reliable? This can be confirmed when consistency
in results is noted between the primary analysis and sensitivity
analysis (Frey & Patil, 2002; Thabane et al., 2013).

Sensitivity analyses are not only beneficial for researchers
and peer reviewers, but they also increase the reader’s confi-
dence in study findings by verifying and validating results
when unable to meet or demonstrate ideal analytic conditions
(de Souza et al., 2016; Frey & Patil, 2002). When a sensitiv-
ity analysis suggests that results are not robust or consistent
(i.e., results differ greatly from the primary analysis), the
researcher must take steps to further investigate the
potential source of bias. This is particularly important in clin-
ical research, where findings have the potential to influence
health policy development, clinical practice, institutional pro-
tocols, and ultimately the care and safety of patients. By thor-
oughly considering and evaluating study assumptions, one
gains confidence in translating and applying study findings
to clinical and academic settings.

Case examples
Sensitivity analyses are conducted across a multitude of scien-
tific disciplines and methodologies. To support knowledge
retention and translation, we provide a series of simulated
and contemporary case examples to display the utility and ver-
satility of sensitivity analyses in nursing and health research.
We provide three examples to showcase how sensitivity ana-
lyses can be used across multiple phases of the research
process; missing data (data cleaning and screening), clustered
data (statistical analysis), and meta-analysis (data synthesis).

Missing data
A common hurdle in clinical research is the presence of
missing data (El-Masri & Fox-Wasylyshyn, 2005). The ana-
lytic approach chosen when dealing with missing data must
consider both the pattern and influence of missing data
points (de Souza et al., 2016; El-Masri & Fox-Wasylyshyn,
2005). Complete-case analysis excludes patients with
missing data on one or more variables from statistical esti-
mates (Little et al., 2012; Zhou, 2020). This method is not
commonly recommended as its use can reduce statistical
power and precision of estimates (Little et al., 2012; Nakai
et al., 2014; Zhu, 2014). More importantly, complete-case ana-
lysis has the potential to bias estimates if data are missing in a
systematic fashion and thus not representative of the entire
study cohort (Moons et al., 2015). For example, older adults
are commonly excluded from clinical trials given their
greater propensity for poor health outcomes (Herrera et al.,
2010; Watts, 2012). However, if excluded from analyses,
this can distort our understanding of the intervention or asso-
ciation of interest, considering they are the largest user of
health services (Gruneir et al., 2018; Rais et al., 2013).
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Imputation methods are commonly recommended over
complete-case analysis when appropriate (e.g., data missing
completely at random), given the reasons previously men-
tioned. Multiple imputation methods are the preferred imput-
ation technique, over single imputation, as they are more
robust, though often more computationally intensive (de
Souza et al., 2016; Nakai et al., 2014). Bearing in mind the
importance of understanding the context and etiology of
missing data (Altman & Bland, 2007), one could conduct a
sensitivity analysis to determine the influence of missing
data by comparing the statistical estimates and model accur-
acy in a model with and without imputation (i.e., complete
case analysis) (Lee & Simpson, 2014). Study findings are
considered robust if sensitivity analyses comparing the
complete-case model and multiple imputation model yield
similar results (Lee & Simpson, 2014).

Systematic reviews and meta-analysis
Assessing the Risk of Bias (RoB) for studies included in a sys-
tematic review is a crucial step to determine the internal validity
of individual studies, as well as how threats to validity influ-
ence synthesized estimates and reporting (Patole, 2021;
Sobieraj & Baker, 2021). To illustrate, imagine one is inter-
ested in conducting a systematic review with a meta-analysis
aiming to pool data on the effect of enhanced discharge teach-
ing for hospitalized older adults on follow-up with primary
care. Figure 1 displays a forest plot with the five eligible
studies, four with low RoB, and one with high RoB. To deter-
mine if the study with high RoB distorts our pooled estimate of
enhanced discharge teaching, one could conduct a sensitivity
analysis, in which the high RoB study is removed from the
pooled analysis (see Figure 2), and both pooled estimates are
compared. As one can see, removing the study with high
RoB decreases the absolute risk difference of primary care
follow-up by 8% (0.29 → 0.21). This indicates that the high
RoB study overestimates the effect of enhanced discharge
teaching on primary care follow-up, and thus is likely biasing
pooled estimates. While we would typically not pool data
with such a high level of heterogeneity (e.g., I2) (Foroutan
et al., 2020), these figures are purely for educational purposes.

Correlated (clustered) data
Often in clinical research, we deal with individuals who contrib-
ute multiple observations, whereas others may only contribute
one (Cleophas et al., 2012; Schober & Vetter, 2018; Senn
et al., 2000). Emergency department visitation is an ideal
example of this, where some patients may present for multiple
repeat visits (Seguin et al., 2018; Slankamenac et al., 2019). If
one person (John) contributes five visits in a year, and
another (Roopa) only contributes one visit for the year, analysts
would need to take into consideration that John contributes
approximately five times the information and weight to statis-
tical estimates as Roopa, and thus John is said to have clustered

(or correlated) data. Where clustered observations exist, pooling
of these data points may be necessary to facilitate appropriate
weighting of estimates and to best capture the variance both
within, and between, clusters of data. The five observations con-
tributed by John in the prior case example would be an example
of one cluster of data (within-cluster variance). The difference in
emergency outcomes between John and Roopa would be an
example of between-cluster variance.

Methods exist to handle this clustering in the data, like
multi-level modelling and generalized estimating equations
(GEE), though the details of these methods are beyond the
scope of this paper. With regard to sensitivity analyses,
researchers may be interested in testing the influence of
using a clustered statistical model versus a standard non-
clustered model. If the model associations and measures of
variance are similar, then one gains confidence in the decision
to report the model without clustering. However, if a clinical or
statistical difference is noted, then the authors would be
encouraged to reported the clustered model as the primary
model. It is recommended that the sensitivity analysis is men-
tioned in theMethods and Results sections of the manuscript or
report, and any additional analyses are included as supplemen-
tary files to support reader decision-making.

Next steps for nursing and health
researchers
The majority of medical journals reflect low usage of sensi-
tivity analyses in most publications of clinical research
(Thabane et al., 2013) – the same can be assumed for
nursing research. To increase consideration and use of sensi-
tivity analyses in nursing research, nursing and clinical health
programs should aim to include education about the utility
and importance of sensitivity analyses in graduate level
methodology and statistics courses. Students should be
encouraged to understand threats to validity (e.g., selection
bias, confounding), as this knowledge is necessary to limit
and account for possible biases that may invalidate study
findings (Altman & Simera, 2010).

Both research and clinical faculty are likely to benefit from
understanding the purpose, conduct, and interpretation of sen-
sitivity analyses, as this technique can support the rigour and
understanding of their work. Additionally, knowledge of sensi-
tivity analyses can improve RoB assessments during literature
appraisals and the peer review process. Encouraging nursing
and health researchers to adhere to reporting guidelines (e.g.,
STROBE, PRISMA) is another strategy to indirectly draw
attention to sensitivity analyses, among other analytic strategies
(e.g., subgroup analysis) that may further benefit the conduct
and reporting of clinical research.

Moving forward, nursing and health researchers should
consider the use of sensitivity analyses during the study
design phase, and include a priori sensitivity models into
research protocols and registries. A discussion of the
included sensitivity analyses should also be routinely
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inserted into funding applications to promote their use with
the noble intention of results transparency. The inclusion of
sensitivity analyses in these pre-study documents may dem-
onstrate researchers’ thoughtfulness regarding analytic strat-
egy to academic journal editors, funding agencies, and key
stake holders.

Reporting the conduct and results of sensitivity analyses,
either in-text or in a supplemental file, is recommended to
allow readers to easily identify and evaluate any uncertainty
in study findings (de Souza et al., 2016). Additionally, high-
lighting any post-hoc sensitivity analyses, as well as the rea-
soning for conducting them, is likely to improve contextual
understanding of the study for both the researcher and
reader. Clinical researchers are encouraged to highlight
whether the sensitivity analysis improved certainty of their
study findings. They are also encouraged to discuss how
the analysis influenced their contextual understanding of
the potential biases that influence the research question
within the Discussion section of respective manuscripts (de
Souza et al., 2016).

Conclusion
Sensitivity analyses can be used in a wide array of analytic
scenarios to promote the transparency and validity of

proposed research questions and methods. When there is pos-
sible uncertainty regarding study methods, analyses, mea-
sures, or decisions, conducting and reporting sensitivity
analyses is beneficial for both researchers and readership
alike. Nursing and other health researchers are encouraged
to consider utilizing and reporting the value of sensitivity
analyses during the study design phase.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Fabrice I. Mowbray https://orcid.org/0000-0002-8844-5850

References
Altman, D. G., & Bland, J. M. (2007). Missing data. British Medical

Journal, 334(7590), 424. https://doi.org/10.1136/bmj.38977.
682025.2C

Figure 2. Forest plot with only low risk of bias studies.

Figure 1. Forest plot with all eligible studies.

374 Canadian Journal of Nursing Research 54(4)

https://orcid.org/0000-0002-8844-5850
https://orcid.org/0000-0002-8844-5850
https://doi.org/10.1136/bmj.38977.682025.2C
https://doi.org/10.1136/bmj.38977.682025.2C
https://doi.org/10.1136/bmj.38977.682025.2C


Altman, D. G., & Simera, I. (2010). Responsible reporting of health
research studies: Transparent, complete, accurate and timely. The
Journal of Antimicrobial Chemotherapy, 65(1), 1–3. https://doi.
org/10.1093/jac/dkp410

Cleophas, T. J., Zwinderman, A. H., & van Ouwerkerk, B. (2012).
Clinical research: A novel approach to the analysis of repeated
measures. American Journal of Therapeutics, 19(1), e1–e7.
https://doi.org/10.1097/MJT.0b013e3181ed83b0

Deeks, J., Higgins, J., & Altman, D. (2021). Chapter 10: Analysing
data and undertaking meta-analyses. In Cochrane Handbook for
Systematic Reviews of Interventions version 6.2 (updated
February 2021).

Delaney, J. A., & Seeger, J. D. (2013). Sensitivity analysis. In
Developing a protocol for observational comparative effectiveness
research: A user’s guide (pp. 142–158). Agency for Healthcare
Research and Quality (US). https://www.ncbi.nlm.nih.gov/books/
NBK126178/

de Souza, R. J., Eisen, R. B., Perera, S., Bantoto, B., Bawor, M.,
Dennis, B. B., Samaan, Z., & Thabane, L. (2016). Best (but oft-
forgotten) practices: Sensitivity analyses in randomized con-
trolled trials. The American Journal of Clinical Nutrition,
103(1), 5–17. https://doi.org/10.3945/ajcn.115.121848

El-Masri, M. M., & Fox-Wasylyshyn, S. M. (2005). Missing data:
An introductory conceptual overview for the novice researcher.
The Canadian Journal of Nursing Research, 37(4), 156–171.
Retrieved from https://cjnr.archive.mcgill.ca/article/view/1976

El-Masri, M. M., Mowbray, F. I., Fox-Wasylyshyn, S. M., &
Kanters, D. (2020). Multivariate outliers: A conceptual and prac-
tical overview for the nurse and health researcher. The Canadian
Journal of Nursing Research, 53(3), 316–321. https://doi.org/10.
1177/0844562120932054

Foroutan, F., Guyatt, G., Zuk, V., Vandvik, P. O., Alba, A. C.,
Mustafa, R., Vernooij, R., Arevalo-Rodriguez, I., Munn, Z.,
Roshanov, P., Riley, R., Schandelmaier, S., Kuijpers, T.,
Siemieniuk, R., Canelo-Aybar, C., Schunemann, H., & Iorio, A.
(2020). GRADEGuidelines 28: Use of GRADE for the assessment
of evidence about prognostic factors: Rating certainty in identifica-
tion of groups of patients with different absolute risks. Journal of
Clinical Epidemiology, 121, 62–70. https://doi.org/10.1016/j.
jclinepi.2019.12.023

Frey, H. C., & Patil, S. R. (2002). Identification and review of sen-
sitivity analysis methods. Risk Analysis, 22(3), 553–578. https://
doi.org/10.1111/0272-4332.00039

Gruneir, A., Fung, K., Fischer, H. D., Bronskill, S. E., Panjwani, D.,
Bell, C. M., Dhalla, I., Rochon, P. A., & Anderson, G. (2018).
Care setting and 30-day hospital readmissions among older
adults: A population-based cohort study. Canadian Medical
Association Journal, 190(38), E1124–E1133. https://doi.org/10.
1503/cmaj.180290

Hayden, J. A., van der Windt, D. A., Cartwright, J. L., Côté, P.,
& Bombardier, C. (2013). Assessing bias in studies of prog-
nostic factors. Annals of Internal Medicine, 158(4), 280–
286. https://doi.org/10.7326/0003-4819-158-4-201302190-
00009

Herrera, A. P., Snipes, S. A., King, D. W., Torres-Vigil, I.,
Goldberg, D. S., & Weinberg, A. D. (2010). Disparate inclusion
of older adults in clinical trials: Priorities and opportunities for
policy and practice change. American Journal of Public
Health, 100(Suppl 1), S105–S112. https://doi.org/10.2105/
AJPH.2009.162982

Lee, K. J., & Simpson, J. A. (2014). Introduction to multiple imput-
ation for dealing with missing data. Respirology (Carlton, Vic.),
19(2), 162–167. https://doi.org/10.1111/resp.12226

Little, R. J., D’Agostino, R., Cohen, M. L., Dickersin, K., Emerson,
S. S., Farrar, J. T., Frangakis, C., Hogan, J. W., Molenberghs, G.,
Murphy, S. A., Neaton, J. D., Rotnitzky, A., Scharfstein, D.,
Shih, W. J., Siegel, J. P., & Stern, H. (2012). The prevention
and treatment of missing data in clinical trials. New England
Journal of Medicine, 367(14), 1355–1360. https://doi.org/10.
1056/NEJMsr1203730

Moons, K. G. M., Altman, D. G., Reitsma, J. B., Ioannidis, J. P. A.,
Macaskill, P., Steyerberg, E. W., Vickers, A. J., Ransohoff,
D. F., & Collins, G. S. (2015). Transparent reporting of a multivari-
able prediction model for individual prognosis or diagnosis
(TRIPOD): Explanation and elaboration. Annals of Internal
Medicine, 162(1), W1–73. https://doi.org/10.7326/M14-0698

Morris, T. P., Kahan, B. C., &White, I. R. (2014). Choosing sensitivity
analyses for randomised trials: Principles. BMC Medical Research
Methodology, 14, 11. https://doi.org/10.1186/1471-2288-14-11

Mowbray, F. I.,Manlongat,D.,Correia,R.H., Strum,R. P., Fernando, S.
M.,McIsaac, D., deWit, K.,Worster, A., Costa, A. P., Griffith, L. E.,
Douma, M., Nolan, J. P., Muscedere, J., Couban, R., & Foroutan, F.
(2021).Prognostic associationof frailtywithpost-arrest outcomes fol-
lowing cardiac arrest: A systematic review and meta-analysis.
Resuscitation, 167, 242–250. https://doi.org/10.1016/j.resuscitation.
2021.06.009

Nakai, M., Chen, D.-G., Nishimura, K., & Miyamoto, Y. (2014).
Comparative study of four methods in missing value imputations
under missing completely at random mechanism. Open Journal
of Statistics, 4, 27–37. https://doi.org/10.4236/ojs.2014.41004

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T.
C.,Mulrow,C.D., Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan,
S.E.,Chou,R.,Glanville, J.,Grimshaw, J.M.,Hróbjartsson,A.,Lalu,
M. M., Li, T., Loder, E. W., Mayo-Wilson, E., & McDonald,
S,...& Moher, D. (2021). The PRISMA 2020 statement: An
updated guideline for reporting systematic reviews. Journal of
Clinical Epidemiology, 134, 178–189. https://doi.org/10.1016/j.
jclinepi.2021.03.001

Patole, S. (Ed.). (2021). Principles and practice of systematic
reviews and meta-analysis (pp. 89–97). Springer International
Publishing. https://doi.org/10.1007/978-3-030-71921-0.

Rais, S., Nazerian, A., Ardal, S., Chechulin, Y., Bains, N., &
Malikov, K. (2013). High-cost users of Ontario’s healthcare ser-
vices. Healthcare Policy, 9(1), 44–51. Retrieved from https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3999548/

Schneeweiss, S. (2006). Sensitivity analysis and external adjustment
for unmeasured confounders in epidemiologic database studies
of therapeutics. Pharmacoepidemiology and Drug Safety,
15(5), 291–303. https://doi.org/10.1002/pds.1200

Schober, P., & Vetter, T. R. (2018). Repeated measures designs and
analysis of longitudinal data: If at first you do not succeed— try,
try again. Anesthesia and Analgesia, 127(2), 569–575. https://
doi.org/10.1213/ANE.0000000000003511

Seguin, J., Osmanlliu, E., Zhang, X., Clavel, V., Eisman, H.,
Rodrigues, R., & Oskoui, M. (2018). Frequent users of the pediatric
emergency department. Canadian Journal of Emergency Medical
Care, 20(3), 401–408. https://doi.org/10.1017/cem.2017.15

Senn, S., Stevens, L., & Chaturvedi, N. (2000). Repeated measures in
clinical trials: Simple strategies for analysis using summary mea-
sures. Statistics in Medicine, 19(6), 861–877. https://doi.org/10.

Mowbray et al. 375

https://doi.org/10.1093/jac/dkp410
https://doi.org/10.1093/jac/dkp410
https://doi.org/10.1093/jac/dkp410
https://doi.org/10.1097/MJT.0b013e3181ed83b0
https://doi.org/10.1097/MJT.0b013e3181ed83b0
https://www.ncbi.nlm.nih.gov/books/NBK126178/
https://www.ncbi.nlm.nih.gov/books/NBK126178/
https://www.ncbi.nlm.nih.gov/books/NBK126178/
https://doi.org/10.3945/ajcn.115.121848
https://doi.org/10.3945/ajcn.115.121848
https://cjnr.archive.mcgill.ca/article/view/1976
https://doi.org/10.1177/0844562120932054
https://doi.org/10.1177/0844562120932054
https://doi.org/10.1177/0844562120932054
https://doi.org/10.1016/j.jclinepi.2019.12.023
https://doi.org/10.1016/j.jclinepi.2019.12.023
https://doi.org/10.1016/j.jclinepi.2019.12.023
https://doi.org/10.1111/0272-4332.00039
https://doi.org/10.1111/0272-4332.00039
https://doi.org/10.1111/0272-4332.00039
https://doi.org/10.1503/cmaj.180290
https://doi.org/10.1503/cmaj.180290
https://doi.org/10.1503/cmaj.180290
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.2105/AJPH.2009.162982
https://doi.org/10.2105/AJPH.2009.162982
https://doi.org/10.2105/AJPH.2009.162982
https://doi.org/10.1111/resp.12226
https://doi.org/10.1111/resp.12226
https://doi.org/10.1056/NEJMsr1203730
https://doi.org/10.1056/NEJMsr1203730
https://doi.org/10.1056/NEJMsr1203730
https://doi.org/10.7326/M14-0698
https://doi.org/10.7326/M14-0698
https://doi.org/10.1186/1471-2288-14-11
https://doi.org/10.1186/1471-2288-14-11
https://doi.org/10.1016/j.resuscitation.2021.06.009
https://doi.org/10.1016/j.resuscitation.2021.06.009
https://doi.org/10.1016/j.resuscitation.2021.06.009
https://doi.org/10.4236/ojs.2014.41004
https://doi.org/10.4236/ojs.2014.41004
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://doi.org/10.1007/978-3-030-71921-0
https://doi.org/10.1007/978-3-030-71921-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999548/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999548/
https://doi.org/10.1002/pds.1200
https://doi.org/10.1002/pds.1200
https://doi.org/10.1213/ANE.0000000000003511
https://doi.org/10.1213/ANE.0000000000003511
https://doi.org/10.1213/ANE.0000000000003511
https://doi.org/10.1017/cem.2017.15
https://doi.org/10.1017/cem.2017.15
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F


1002/(SICI)1097-0258(20000330)19:6< 861::AID-SIM407>3.0.
CO;2-F

Slankamenac, K., Zehnder, M., Langner, T. O., Krähenmann, K., &
Keller, D. I. (2019). Recurrent emergency department users:
Two categories with different risk profiles. Journal of Clinical
Medicine, 8(3), 333. https://doi.org/10.3390/jcm8030333

Sobieraj,D.M.,&Baker,W.L. (2021).Research andscholarlymethods:
Systematic reviews. Journal of the Americal College of Clinical
Pharmacy, 4(7), 849–854. https://doi.org/10.1002/jac5.1440

Thabane, L., Mbuagbaw, L., Zhang, S., Samaan, Z., Marcucci, M.,
Ye, C., Thabane, M., Giangregorio, L., Dennis, B., Kosa, D.,
Borg Debono, V., Dillenburg, R., Fruci, V., Bawor, M., Lee,
J., Wells, G., & Goldsmith, C. H. (2013). A tutorial on sensitivity
analyses in clinical trials: The what, why, when and how. BMC
Medical Research Methodology, 13, 92. https://doi.org/10.1186/
1471-2288-13-92

Vandenbroucke, J. P., von Elm, E., Altman, D. G., Gøtzsche, P. C.,
Mulrow, C. D., Pocock, S. J., Poole, C., Schlesselman, J. J., &
Egger, M., & STROBE Initiative. (2014). Strengthening the
reporting of observational studies in epidemiology (STROBE):
Explanation and elaboration. International Journal of Surgery,
12(12), 1500–1524. https://doi.org/10.1016/j.ijsu.2014.07.014

Watts, G. (2012). Why the exclusion of older people from clinical
research must stop. BMJ, 344, e3445. https://doi.org/10.1136/
bmj.e3445

Zhou, X.-H. (2020). Challenges and strategies in analysis of missing
data. Biostatistics & Epidemiology, 4(1), 15–23. https://doi.org/
10.1080/24709360.2018.1469810

Zhu, X. (2014). Comparison of four methods for handing missing
data in longitudinal data analysis through a simulation study.
Open Journal of Statistics, 04(11), 933. https://doi.org/10.
4236/ojs.2014.411088

376 Canadian Journal of Nursing Research 54(4)

https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6%3C861::AID-SIM407%3E3.0.CO;2-F
https://doi.org/10.3390/jcm8030333
https://doi.org/10.3390/jcm8030333
https://doi.org/10.1002/jac5.1440
https://doi.org/10.1002/jac5.1440
https://doi.org/10.1186/1471-2288-13-92
https://doi.org/10.1186/1471-2288-13-92
https://doi.org/10.1186/1471-2288-13-92
https://doi.org/10.1016/j.ijsu.2014.07.014
https://doi.org/10.1016/j.ijsu.2014.07.014
https://doi.org/10.1136/bmj.e3445
https://doi.org/10.1136/bmj.e3445
https://doi.org/10.1136/bmj.e3445
https://doi.org/10.1080/24709360.2018.1469810
https://doi.org/10.1080/24709360.2018.1469810
https://doi.org/10.1080/24709360.2018.1469810
https://doi.org/10.4236/ojs.2014.411088
https://doi.org/10.4236/ojs.2014.411088
https://doi.org/10.4236/ojs.2014.411088

	 
	 What is a sensitivity analysis?
	 Timing and benefits of conducting a sensitivity analysis
	 Case examples
	 Missing data
	 Systematic reviews and meta-analysis
	 Correlated (clustered) data

	 Next steps for nursing and health researchers
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


