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Abstract

Introduction: Research in Emergency Medicine (EM)
serves as the basis for informed, reasonable, effective
medical practice and knowledge of research methods is a
requirement of residency training in EM.

Our objective was to catalog the statistical methods used
in four EM journals to find the most commonly employed
techniques. We examined what types of studies were
reported.

Methods: This was a cross-sectional observational study.
We examined original research articles and meta-analyses
published from July 2016 to June 2017. The journals inclu-
ded were Academic Emergency Medicine, the American
Journal of Emergency Medicine, Annals of Emergency Me-
dicine, and the Journal of Emergency Medicine. For each
article, we recorded the type of study performed and col-
lected the number and type of statistical tests used. The use
of statistical software packages was recorded.

Results: We evaluated 545 articles. Almost 60% of them
were cohort studies; 17% were randomized controlled
trials, 15% were cross-sectional studies and 4% were
meta-analyses. The mean number of statistical tests per
article was 4.16 (SD = 1.98), with a median of 4 (IQR =
2). The top ten statistical techniques applied (descriptive
statistics, confidence intervals, contingency tables, t-tests,
epidemiologic statistics, non-parametric tests, regression
analysis, power analysis, multiway tables, and non-
parametric correlation) comprised 84% of all the methods
employed.

Conclusion: An extensive array of statistical methods is
utilized in EM research. The number and sophistication of
statistical methods employed in the EM literature presents
challenges for both practicing emergency physicians
and residency educators and underscores the need for
curriculum development.
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Introduction

Research in emergency medicine (EM) serves as
the basis for informed, reasonable, and effective
medical practice. Knowledge of research methods
and statistical analyses is essential in interpreting the
abundance of research in EM. Moreover, knowledge of
the basic principles of research, including how research
is conducted, evaluated, and applied to patient care is a
requirement of residency training in EM [1].

Previous studies have examined the frequency of use
of various statistical techniques in a variety of medical
journals [2-7]. This has not been studied in an emergency
medicine journal in a number of decades [8,9]. In
an effort to ascertain the current level of statistical
literacy required to have a reasonable understanding
of published studies in EM, we undertook a study of
the methods and statistical analyses used in various
emergency medicine journals (Table 1).

The objective of the study was to catalog the
statistical methods used in four emergency medicine
journals to find the most commonly employed
techniques. This data can provide some indication of
the level of statistical literacy required to have a good
understanding of published studies; moreover, it will
serve to guide residency educators in developing and
refining their research curriculum. We also examined
what types of studies were reported and which software
packages, if any, were employed by the authors.

Methods

This was a cross-sectional observational study of the
statistical methods employed in four peer-reviewed
EM journals. We examined original research articles,
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Table 1: Categories of statistical procedures in emergency medicine.

Category

Brief description

Descriptive statistics

Percentages, means, standard deviations, medians, interquartile ranges, standard errors, histograms

Contingency tables

Chi-square, Fisher’s exact test, McNemar’s test

Multiway tables

Mantel-Haenszel procedure, log-linear models, logistic regression

Epidemiologic stats

Prevalence and incidence rates, relative risk, odds ratio, log odds, measures of association, sensitivity,
specificity, likelihood ratios

Propensity score

Matching, Regression adjustment/stratification, weighting by using propensity score

T-tests

One-sample, matched pair, two-sample t-tests, z-test

Pearson correlation

Classical product-moment correlation

Regression analysis

Linear regression, polynomial regression, and stepwise regression

Analysis of variance

ANOVA, analysis of variance, analysis of covariance, simple linear contrasts, F-test

Multiple comparisons

Procedures for handling multiple inferences on same data sets — Bonferroni techniques, Scheffe’s
contrasts, Holm, Dunnett, Duncan’s, Newman-Keuls procedure, False discovery Rate [FDR]

Non-parametric tests

Sign test, Wilcoxon signed-rank test, Mann-Whitney test, median/range test, Kruskal-Wallis test,
Friedman test, Kolmogorov Smirnov test

Non-parametric
correlation

Spearman’s rho, Kendall’s tau, Monotone regression, test for trend, Cohen’s kappa

Confidence intervals

Interval estimate so defined that there is a specified probability that the value of a parameter lies within it

Survival methods

Survival function, Kaplan-Meier plot, Proportional hazards model, Other survival model, rate
adjustment, log-rank test

Adjustment and
standardization

Pertains to incidence rates and prevalence rates

Power analysis

Use of the size of detectable [or useful] difference in determining sample size

Transformation

Use of data transformation [e.g., logs] often in regression

Cost-benefit analysis

Process of combining estimates of cost and health outcomes to compare policy alternatives

Sensitivity analysis

Examines sensitivity of outcome to small changes in parameters of model or in other assumptions

Repeated measures
analysis

Repeated measures ANOVA, generalized estimating equation, mixed-effect models for repeated
measures

Missing data methods

Listwise deletion, Pairwise deletion, Mean substitution, Simple hot-deck, regression estimation,
Complete case method, single imputation, Multiple imputation

Noninferiority trials

Whether the experimental therapy is not inferior to the active control

Receiver-operating
characteristic

Decision statistics based on analysis of ROC curves

Resampling

Bootstrap, Jackknife, Cross-validation, Permutation procedures

Principle component
analysis

Factor analysis, stepwise discriminant analysis, Varimax rotation

Cluster analysis

Hierarchical, K-means, Two-step clustering, DBSCN

Meta-analysis

Statistical technique for combining the findings from independent studies

Genetic analysis or
Statistical genetics

Aggregation, Heritability and Segregation analysis, Linkage analysis, genetic association analysis,
Population Substructure, gene-expression data analysis

Other

Anything not fitting above headings

categories for simple linear regression and multiple

systematic reviews, and meta-analyses published from
July 2016 to June 2017. We did not examine summaries
of extant research such as commentaries, opinion
pieces, reports, letters, or editorials. The journals
reviewed were Academic Emergency Medicine, the
American Journal of Emergency Medicine, Annals of
Emergency Medicine, and the Journal of Emergency
Medicine.

For each journal, issues published from July 2016
to June 2017 were included. Each investigator was
assigned one journal and identified articles in each issue
as fitting inclusion criteria or not. After identifying those
that fit criteria, for each article we recorded the type of
study performed and the number and type of statistical
techniques used. If no statistical tests were employed,
that was recorded. Individual statistical tests were
grouped into larger categories using a modification of
the methodology of Sato, et al. [7]. For example, the
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regression were combined into one category entitled
“regression analysis”. We also added two categories for
recording the use of confidence intervals and for other
statistical tests not already covered in one of the existing
categories. We did not comment on the appropriateness
of using a particular statistical test, since the purpose of
this investigation was to ascertain which specific tests
are being used the most, and not whether their use is
justified or correct. If the use of a statistical software
package was mentioned, it was recorded.

Data entry and interrater reliability was assessed
by having 55 of the articles (10%) randomly selected
and checked by another researcher for agreement.
Discrepancies were resolved by consensus. Interrater
reliability was determined using Cohen’s kappa. This
study was reviewed by our institutional IRB and found
to be exempt.
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Results

We evaluated 545 articles. The types of research
studies found are depicted in Figure 1. Three hundred

m Cohort studies = Randomized controlled trials

» Cross-sectional studies = Meta-analyses

= Others

Figure 1: The types of research studies found.

twenty (59%) were cohort studies; 90 (17%) were
randomized controlled trials, 83 (15%) were cross-
sectional studies, and 23 (4%) were meta-analyses. The
remaining 29 were a variety of other types of studies.

The individual and cumulative frequency distribu-
tions of the statistical methods employed are presented
in Figure 2. The bars represent the absolute number of
times a technique was utilized, while the line is a graph
of the cumulative frequency. The mean number of stati-
stical tests per article was 4.16 (SD = 1.98), with a median
of 4 (IQR = 2). Only 33 articles (6%) employed descrip-
tive statistics alone. The top ten statistical techniques
(descriptive statistics, confidence intervals, contingency
tables, t-tests, epidemiologic statistics, non-parame-
tric tests, regression analysis, power analysis, multiway
tables, and non-parametric correlation) comprised 84%
of all the methods employed (Table 2).

The five most common statistical software packages
utilized were SPSS (35%), SAS (20%), Stata (19%), Excel
(9%), and R (5%). In 23% of articles no software package
or application was mentioned.
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Figure 2: The individual and cumulative frequency distribution of the statistical methods employed.
The bars represent the absolute number of times a technique was utilized, while the line is a graph of the cumulative

frequency. ROC: Receiver Operating Characteristic.
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Table 2: Statistical Methods by Journal

Statistic Ann EM AEM Am J EM JEM Total p-value
Descriptive 80 93 255 88 516
statistics (92%) (83.8%) (98.5%) (100%) (94.7%) <0001
Confidence intervals 64 55 102 39 260 <0.001
(73.6%) (49.5%) (39.4%) (44.3%) (47.6%)
Contingency tables 19 37 161 39 256 <0.001
(21.8%) (33.3%) (62.2%) (44.3%) (46.9%)
t-Tests 7 19 136 23 185 <0.001
(8%) (17.1%) (52.5%) (26.1%) (33.9%)
Epidemiologic 28 52 73 19 172
statistics (32.2%) (46.8%) (28.2%) (21.6%) (31.5%) <0001
Non-parametric 11 27 118 16 172
tests (12.6%) (24.3%) (45.6%) (18.2%) (31.5%) <0.001
Regression analysis 27 3 71 10 111 <0.001
(31%) (2.7%) (27.4%) (11.4%) (20.3%)
Power Analysis 25 5 43 19 92 <0.001
(28.7%) (4.5%) (16.6%) (21.6%) (16.9%)
Multiway tables 2 19 36 16 73 <0.01
(2.3%) (17.1%) (13.9%) (18.2%) (13.4%)
Non-parametric 11 12 30 13 66
correlation (12.6%) (10.8%) (11.6%) (14.8%) (12.1%) NS
ROC curve 8 1 43 3 55 <0.001
(9.2%) (0.9%) (16.6%) (3.4%) (10.1%)
ANOVA 6 2 37 2 47 <0.001
(6.9%) (1.8%) (14.3%) (2.3%) (8.6%)
Survival methods 9 2 16 4 31 NS
(10.3%) (1.8%) (6.2%) (4.5%) (5.7%)
Sensitivity analysis 14 3 5 8 30 <0.001
(16.1%) (2.7%) (1.9%) (9.1%) (5.5%)
MuItipIe' 2 3 19 2 26 NS
comparisons (2.3%) (2.7%) (7.3%) (2.3%) (4.8%)
Pearson Correlation 1 1 13 2 17 NS
(1.1%) (0.9%) (5%) (2.3%) (3.1%)

Ann EM: Annals of Emergency Medicine, AEM: Academic Emergency Medicine, Am J EM: American Journal of Emergency

Medicine, JEM: Journal of Emergency Medicine

The interrater reliability was almost perfect with a
kappa of 0.92.

Discussion

A multiplicity of statistical techniques was employed
by researchers in four prominent peer-reviewed
emergency medicine journals during a one-year period.
Based on our data, having an understanding of the
ten most utilized methods would allow a reader to be
familiar with 84% of all the statistical techniques applied.

Compared to earlier studies, it is apparent that the
number and variety of statistical methods utilized by EM
researchers is increasing and becoming more diverse.
Compared to findings by Menegazzi, et al. [9] in 1991,
our study shows a substantial decrease in the number
of articles with only descriptive statistics (31% versus
6%); while increased use of confidence intervals (2%
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versus 48%), nonparametric tests (7% versus 32%),
regression analysis (8% versus 20%), and nonparametric
correlation (1% versus 12%) was noted.

In 2003, Reed and colleagues cataloged the statistical
methods used in six journals from the fields of family
practice, emergency medicine, and obstetrics and
gynecology [10]. If we focus only on the results from
the two EM journals, we find additional methods being
employed, epidemiologic statistics, receiver operating
characteristic (ROC) curves, and survival methods. Our
study reveals that currently researchers are employing
even more sophisticated methods, such as power
analysis, multiway tables, and sensitivity analysis.

The increasing variety and complexity of statistical
techniques employed by EM researchers presents chal-
lenges for both residency training programs and practi-
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cing emergency physicians. The scope of expected sta-
tistical literacy is expanding and it benefits the resident
and the practicing physician to have an understanding
of the principles underlying statistical analysis and some
familiarity with the actual techniques employed by in-
vestigators so that they may better evaluate the results
of research and how it may be applied to their practice
environment. This investigation will help to inform edu-
cators in residency training programs in their research
curriculum development and refinement.

Although experience with statistical software is
not required for the practicing emergency physician,
knowledge of which statistical packages are most
commonly used would be useful for the EM researcher.
In our study, the most utilized statistical software
packages reported were SPSS, SAS, and Stata.

Our study has several limitations. First, it reflects
only one-year snapshot of four journals and did not
attempt to track trends over time. Second, only EM-
specific journals were included. EM related research
is also presented in a broad range of other journals
and they may include methods not identified in our
survey. Finally, we did not attempt to ascertain whether
the methods used were the most appropriate for the
research hypothesis studied.

Conclusion

An extensive array of statistical methods is utilized
in emergency medicine research. Identification of these
methods provides a structure for developing a research
curriculum for residents and training for practicing
physicians. The increased number and sophistication
of statistical methods employed in the EM literature
may present challenges for both practicing emergency
physicians and residency educators.
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