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Abstract Since its introduction in the twentieth century,

null hypothesis significance testing (NHST), a hybrid of

significance testing (ST) advocated by Fisher and null

hypothesis testing (NHT) developed by Neyman and

Pearson, has become widely adopted but has also been a

source of debate. The principal alternative to such testing is

estimation with point estimates and confidence intervals

(CI). Our aim was to estimate time trends in NHST, ST,

NHT and CI reporting in abstracts of major medical and

epidemiological journals. We reviewed 89,533 abstracts in

five major medical journals and seven major epidemio-

logical journals, 1975–2014, and estimated time trends in

the proportions of abstracts containing statistical inference.

In those abstracts, we estimated time trends in the pro-

portions relying on NHST and its major variants, ST and

NHT, and in the proportions reporting CIs without explicit

use of NHST (CI-only approach). The CI-only approach

rose monotonically during the study period in the abstracts

of all journals. In Epidemiology abstracts, as a result of the

journal’s editorial policy, the CI-only approach has always

been the most common approach. In the other 11 journals,

the NHST approach started out more common, but by

2014, this disparity had narrowed, disappeared or reversed

in 9 of them. The exceptions were JAMA, New England

Journal of Medicine, and Lancet abstracts, where the pre-

dominance of the NHST approach prevailed over time. In

2014, the CI-only approach is as popular as the NHST

approach in the abstracts of 4 of the epidemiology journals:

the American Journal of Epidemiology (48%), the Annals

of Epidemiology (55%), Epidemiology (79%) and the

International Journal of Epidemiology (52%). The report-

ing of CIs without explicitly interpreting them as statistical

tests is becoming more common in abstracts, particularly in

epidemiology journals. Although NHST is becoming less

popular in abstracts of most epidemiology journals studied

and some widely read medical journals, it is still very

common in the abstracts of other widely read medical

journals, especially in the hybrid form of ST and NHT in

which p values are reported numerically along with dec-

larations of the presence or absence of statistical

significance.

Keywords Statistics � Confidence intervals � Statistics and
numerical data

Introduction

Since its introduction early in the twentieth century, null

hypothesis significance testing (NHST) has caused debate. It

is a constantly mutating hybrid of Fisher significance testing

(ST), in which p values are interpreted as continuous mea-

sures of evidence against hypotheses, and Neyman-Pearson
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Materials and methods

Search and retrieval of abstracts

We searched PubMed (http://www.ncbi.nlm.nih.gov/

books/NBK3827/#pubmedhelp.PubMed_Coverage, acces-

sed June 17–18, 2015) for all journal articles with abstracts

published in 1975-2014 in the five medical journals (An-

nals of Internal Medicine [AIM], British Medical Journal

[BMJ], Journal of the American Medical Association

[JAMA], Lancet, New England Journal of Medicine

[NEJM], and seven epidemiology journals (American

Journal of Epidemiology [AJE], Annals of Epidemiology

[ANE], Epidemiology [EPI], European Journal of Epi-

demiology [EJE], International Journal of Epidemiology

[IJE], Journal of Clinical Epidemiology [JCE] (and its

predecessor Journal of Chronic Diseases), Journal of

Epidemiology and Community Health [JECH]) with the

highest impact factors in 2014.

Abstract classifications

We used the index function of SAS to search for confi-

dence intervals, p values, comparisons of p values with

criterion values and the letter string ‘‘signif’’. We classified

abstracts as follows: ‘‘Significance testing only’’ (ST-only)

consists of reporting numerical p values (e.g., ‘‘p = 0.02’’)

with neither comparisons of p values with thresholds nor

significance terminology, regardless of CI reporting. ‘‘Null

hypothesis testing only’’ (NHT-only) consists of comparing

p values with thresholds (e.g., ‘‘p B 0.05’’) or use of sig-

nificance terminology but no numerical p value reporting,

regardless of CI reporting. ‘‘Null hypotheses significance

testing’’ (NHST) includes any use of ST or NHT, regard-

less of CI reporting. ‘‘Any-CI’’ consists of any reporting of

CIs, regardless of NHST reporting. Finally, ‘‘confidence

interval only’’ (CI-only) consists of reporting of CIs

without any NHST reporting.

Statistical methods

We estimated time trends by weighted nonparametric local

regression smoothing (LOESS) [22, 23] with cubic local

polynomials and a smoothing parameter of 0.5, which means

that 50% of the data in each local neighborhood is used for

the smoothing procedure. We derived weights by the score

method, which incorporates a continuity correction for each

annual proportion in each journal, and used these weights for

the weighted LOESS fitted trend estimates [24]. For the

visual display of smoothed time trends in the prevalence of

abstract categories, we used stacked area charts [25].

null hypothesis testing (NHT), in which dichotomous cate-
gorizations of p values are used to accept or reject 
hypotheses [1]. A count in 2000 of over 300 warnings of 
limitations of ST, NHT and NHST [2] was followed a year 
later by a list of 402 references (http://warnercnr.colostate. 
edu/*anderson/thompson1.html, accessed Sept 30, 2015), 
among which we found 89 in biomedical publications. 
Despite the many cautions, NHST remains one of the most 
prevalent statistical procedures in the biomedical literature.

Experts, including many editors of biomedical journals, 
have repeatedly recommended de-emphasis of all variants 
of NHST in favour of estimation, in the form of point 
estimates and confidence intervals (CIs) [3–5]. Within the 
NHST context, guidance has strongly favored ST over 
NHT [6–10]. Although Walter wrote in 1995 that ‘‘the 
debate [related to the use of NHST] will undoubtedly 
continue for some time,’’ [11] it might be news to some 
researchers that there is a debate. As it has continued, there 
are some indications that it has begun to create a movement 
away from strict adherence to NHT, if not to ST as well. 
For instance, in the Matrixx decision in 2011, the US 
Supreme Court unanimously ruled that admissible evi-
dence of causality does not have to be statistically signif-
icant [12]. In 2015, the editors of a psychology journal 
banned not only NHT and ST, but CIs as well [13, 14].

Recently, the American Statistical Association (ASA) 
released a policy statement on statistical significance and 
p values including: ‘‘The widespread use of ‘statistical 
significance’ (generally interpreted as ‘p B 0.05’) as a 
license for making a claim of a scientific finding (or 
implied truth) leads to considerable distortion of the sci-
entific process.’’ [10] Despite this evidence, there is little 
documentation of the prevalence of NHT, ST and CIs in 
biomedical journals.

The few systematic reviews on the use of NHST and CIs 
in the biomedical and psychological literature that are 
available tend to focus on single journals [15–17]. Reviews 
across journals are scant [18–21]. In biomedical research in 
general, Chavalarias et al. recently used an automated text-
mining analysis to extract data on p value reporting among 
12 million MEDLINE abstracts and in more than 800,000 
full-text articles in PubMedCentral (PMC) from 1990 
through 2015. The proportion of abstracts containing 
p values (ST) or comparisons of p values with criterion 
values (NHT) increased from 7% in 1990 to 15% in 2014. 
In a subgroup analysis of a random sample 1000 abstracts 
from 1990 through 2015, only 2% reported CIs [19].

The aim of our systematic review is to take advantage of 
the capabilities of Medline’s successor, PubMed, to 
investigate the presence of statistical inference in the form 
of NHT, ST and CIs in abstracts of major medical and 
epidemiology journals, especially the trends over time.

http://warnercnr.colostate.edu/%7eanderson/thompson1.html
http://warnercnr.colostate.edu/%7eanderson/thompson1.html
http://www.ncbi.nlm.nih.gov/books/NBK3827/%23pubmedhelp.PubMed_Coverage
http://www.ncbi.nlm.nih.gov/books/NBK3827/%23pubmedhelp.PubMed_Coverage


Validation subsamples

We drew two stratified random samples of 400 abstracts

(200 medical, 200 epidemiological). In the first, confined to

ST-only abstracts with the letter string ‘‘signif,’’ we

determined the percentage in which the significance ter-

minology was used in a nonstatistical sense. In the second,

restricted to CI-only abstracts, we measured the percentage

in which at least one CI for an estimated measure of

association included the null value. As a third validation

step, we compared our search algorithm-based approach of

abstract classification with the thorough review of abstracts

and full articles of the American Journal of Epidemiology

by Savitz et al. [15], for NHST reporting by topic area

(cancer, infectious disease and cardiovascular disease) in

1970, 1980, and 1990.

Results

Overall

Our review contained nearly 90,000 abstracts. The annual

number of abstracts varied from 17 in the Annals of Epi-

demiology in 1990 to 722 in the Lancet in 2000. The annual

number of abstracts containing statistical inference varied

from 5 in the Annals of Epidemiology in 1990 and the

International Journal of Epidemiology in 1978 to 310 in

the Lancet in 2000 (Table 1).

Time trends in statistical inference in all abstracts

Figure 1a provides guidance for interpreting the time

trends shown in Fig. 2 in the prevalence of statistical

inference in all abstracts. The trend was an increase over

time in every journal but the Journal of Clinical Epi-

demiology, where the prevalence remained steady at

40–50%. In most journals, the increase leveled off or began

to decline in the late 1990s to early 2000s. In the Journal of

Epidemiology and Community Health, the increase picked

up again in the most recent decade. In three journals

(European Journal of Epidemiology, BMJ, JAMA), the

increase was steady and most dramatic in JAMA, from

about 10% to about 90% over the four decades of the study

period.

Time trends in NHST, its subtypes, and CIs

in abstracts containing statistical inference

Figure 1b provides help in interpreting the time trends

shown in Fig. 3 in the reporting of NHST, its variants (ST

and NHT) and CIs in abstracts containing statistical

inference. In Epidemiology, the prevalence of NHST in

abstracts has remained low and the prevalence of CIs has

Table 1 Distribution of number of abstracts per calendar year and journal included in the systematic review of the publication years 1975

through 2014

Calendar years All Abstracts Abstracts per calendar year

Overall Containing any statistical inference

Min Max Min Max

Medical journals 58,926 1058 1745 398 938

Ann Intern Med 1975–2014 8246 157 271 53 138

BMJ 1975–2014 12,149 144 463 87 221

JAMA 1975–2014 12,401 221 373 35 260

Lancet 1975–2014 16,750 266 722 107 310

N Engl J Med 1975–2014 9380 183 282 73 194

Epidemiology journals 30,607 138 1183 36 724

Am J Epidemiol 1975–2014 9239 98 397 26 265

Ann Epidemiol 1990–2014 2306 17 165 5 104

Epidemiology 1990–2014 2389 64 123 14 71

Eur J Epidemiola 1985–2014 3124 46 167 10 98

Int J Epidemiol 1975–2014 4720 34 184 5 112

J Clinical Epidemiolb 1982–2014 4776 74 202 27 87

J Epidemiol & Community Health 1978–2014 4053 43 269 10 166

a In 2002, Medline did not contain abstracts of the European Journal of Epidemiology
b From 1982 through 1987, the predecessor Journal of Chronic Diseases was used



Most recent period 2010–2014

The style of reporting statistical inference differed by

journal category and among journals. In the most recent

5 years of our review (2010–2014), the prevalence of sta-

tistical inference in abstracts was lower in epidemiology

journals (59%) than in medical journals (69%). Among

abstracts containing statistical inference, the prevalence of

CIs was lower in epidemiology than medical journals (74 vs

83%). However, the prevalence of CIs as the only means of

statistical inference was higher in epidemiology journals

than in medical journals (43 vs 22%). Epidemiology had the

highest percentage of CI-only abstracts (84%), followed by

the International Journal of Epidemiology (56%). All

remaining journals had CI-only prevalences below 50%. In

JAMA, Lancet and New England Journal of Medicine, it

was under 25%. Also the style of reporting statistical test

results differed by journal category and among journals.

Medical journals more frequently presented a combination

Fig. 1 Guidance for the interpretation of time trends in stacked area

plots with the example of the European Journal of Epidemiology.

a All abstracts (see Fig. 2). b Abstracts containing statistical

inference (see Fig. 3). CI-only—reporting of confidence intervals

without continuous or categorical p values and without significance

terminology; NHST—null hypotheses significance testing includes

any use of ST or NHT regardless of CI reporting; ST-only—

significance testing only includes reporting of ‘‘p equals’’ with neither

p value thresholds nor significance terminology regardless of CI

reporting; NHT-only—null hypothesis testing only includes reporting

of p value thresholds or significance terminology but no ‘‘p equals’’

reporting regardless of CI reporting; the white area from 1975 through

1984 indicates that the journal did not exist at that time period

remained high since the journal’s inception in 1990. In the 
abstracts of every other journal, NHST has declined in 
prevalence and CIs have risen. The declines from an initial 
prevalence of approximately 100% in NHST have been 
most pronounced in the International Journal of Epi-
demiology, down to about 40%, and less so in the American 
Journal of Epidemiology, the European Journal of Epi-
demiology, the Annals of Internal Medicine and BMJ down 
to about 60%. The prevalence of any CIs rose from 
approximately zero to 80% or higher in the abstracts of 
seven journals (the American Journal of Epidemiology, the 
European Journal of Epidemiology, the International 
Journal of Epidemiology, the Annals of Internal Medicine, 
BMJ, JAMA and Lancet). In 2014, the CI-only approach is 
as popular as the NHST approach in the abstracts of 4 of 
the epidemiology journals: the American Journal of Epi-
demiology (48%), the Annals of Epidemiology (55%), 
Epidemiology (79%) and the International Journal of 
Epidemiology (52%).



of ST and NHT compared with epidemiology journals

(Table 2).

Reviews of random samples of abstracts

In the 400 abstracts containing significance terminology

without any other explicit NHST 89% (epidemiology 92%,

medical 86%) clearly used that terminology in the statis-

tical sense. In 1% (epidemiology 1%, medical 1%) we

could not determine whether the significance language was

statistical or substantive.

In the 400 abstracts that presented CIs without any NHST

20% (epidemiology 14%,medical journals 25%)were on topics

or estimated measures not typically accompanied by NHST

Fig. 2 Flexibly estimate time trends 1975–2004 in the prevalence of

null hypothesis significance testing only, null hypothesis significance

testing in combination with confidence intervals, and confidence

intervals only in the abstracts of seven major epidemiology and five

major medical journals. Flexibly (LOESS) fitted trend of the

prevalence of statistical inference in abstracts; black area NHST-

only; light gray area NHST combined with CIs; dark gray area CI-

only; white top area percentage of abstracts that do not contain

statistical inference; AIM Annals of Internal Medicine; AJE American

Journal of Epidemiology; ANE Annals of Epidemiology; EJE

European Journal of Epidemiology; EPI Epidemiology; IJE Interna-

tional Journal of Epidemiology; JCE Journal of Clinical Epidemiol-

ogy; JECH Journal of Epidemiology and Community Health



52%,medical: 68%); 31%reportedat least oneCI that includeda

null value and at least one that excluded it (epidemiology: 36%,

medical: 25%), and 10% presented only CIs that included null

values (epidemiology: 13%, medical: 7%).

area ST-only; white top area CI-only; AIM Annals of Internal

Medicine; AJE American Journal of Epidemiology; ANE Annals of

Epidemiology; EJE European Journal of Epidemiology; EPI Epi-

demiology; IJE International Journal of Epidemiology; JCE Journal of

Clinical Epidemiology; JECH Journal of Epidemiology and Commu-

nity Health

Fig. 3 Flexibly estimate time trends 1975–2004 in the prevalence of 
null hypothesis significance testing only, null hypothesis significance 
testing in combination with confidence intervals, and confidence 
intervals only in the abstracts of seven major epidemiology and five 
major medical journals containing any statistical inference. Flexibly 
(LOESS) fitted trend of the prevalence of statistical inference in 
abstracts; black area NHT-only; light gray area NHT & ST; dark gray

(disease frequency measures, diagnostic indices, measures of
central tendency, methodological articles, etc.); among abstracts
containing CIs for estimates of measures with null values, 59%
reported only CIs that excluded the null value (epidemiology:



Comparison with a previous review

Our search algorithm-based approach revealed very similar

percentages of abstracts that contained the NHST approach

in the American Journal of Epidemiology as found in the

thorough review by Savitz et al. [15] (Supplementary

Table S3).

Discussion

The percentage of abstracts with statistical inference

increased considerably from the mid 1970s to the most recent

period among the high-impact medical journals and epi-

demiology journals in our review. This increase mirrors the

general increase of statistical methods in biomedical journals.

For example, in a reviewof statisticalmethods of full papers in

the New England Journal of Medicine, Horton found that the

percentage of articles that do not contain statisticalmethods or

descriptive statistics only steadily decreased from 27% in

1978–1979 to 13% in 2004–2005 [26]. Similar time trends

were found in other journals [27–29].

The prevalence of abstracts containing NHST without

any CIs has dwinded from close to 100% in the journals

that were published in the 1970s to below 25% today in

every journal. CIs now appear more frequently than all

forms of NHST combined in the abstracts of all but three

journals: the Journal of Clinical Epidemiology, the Journal

of Epidemiology and Community Health and the New

England Journal of Medicine. The reporting of CIs without

any explicit use of NHST has grown over time. The most

impressive rises have been in the International Journal of

Epidemiology, from zero in the mid 1970ies to about 60%

today. CIs have always been the predominant mode of

statistical inference and NHST in all its forms has been

exceedingly rare in the abstracts of Epidemiology, since

that journal’s founding in 1990.

We believe that the steady stream of authoritative cri-

tiques promoting estimation over testing and, within test-

ing, promoting ST over NHT has had a profound effect.

For example, in 1988, more than 300 biomedical journals

agreed to adhere to the manuscript guideline of the Inter-

national Committee of Medical Journal Editors (ICMJE)

that encouraged to present results with appropriate indi-

cators of uncertainty (such as confidence intervals) [4]. In

addition, the continuously growing number of articles and

books that warn against NHST may have influenced

authors and reviewers of journals over time.

Medical journals more frequently publish articles related

to results of randomized studies than epidemiology

Table 2 Prevalences of reporting of statistical inference in abstracts of the publication years 2010-2014

Journal Total

(n)

Any statistical

inference (n)

Percent Percentages among abstracts containing statistical inference (%)

Any CI CI-only Any NHST ST-only NHT-only ST & NHT

All epidemiology journals 5339 3168 59 74 43 57 8 38 12

Am J Epidemiol 1531 1006 66 79 39 61 10 37 14

Ann Epidemiol 639 415 65 71 40 60 6 43 11

Epidemiology 488 301 62 95 84 16 7 7 1

Eur J Epidemiol 442 297 67 79 38 62 6 41 15

Int J Epidemiol 674 342 51 81 56 44 11 24 8

J Clin Epidemiol 783 301 38 52 29 71 7 48 16

J Epidemiol & Community Health 782 506 65 62 32 68 4 54 10

Journal Total (n) Any statistical

inference (n)

Percent Percentages (%)

Any CI CI-only Any NHST ST-only NHT-only ST & NHT

All medical journals 5821 4022 69 83 22 78 11 30 37

Ann Int Med 842 411 49 79 34 66 14 54 31

BMJ 1160 942 81 88 30 70 8 35 27

JAMA 1160 995 86 92 21 79 11 30 38

Lancet 1452 763 53 86 20 79 19 25 36

N Engl J Med 1207 911 75 65 11 89 9 27 54

CI—reporting of any CI, CI-only—reporting of CIs without continuous or categorical p values and without significance terminology; NHST—

null hypotheses significance testing includes any use of ST or NHT regardless of CI reporting; ST-only—significance testing only includes

reporting of ‘‘p equals’’ with neither p value thresholds nor significance terminology regardless of CI reporting; NHT-only—null hypothesis

testing only includes reporting of p value thresholds or significance terminology but no ‘‘p equals’’ reporting regardless of CI reporting



CIs as associations or as no association. In addition, the

10% of abstracts that clearly used significance terminology

only in a nonstatistical sense is unmistakable evidence of

classification error on our part with regard to abstracts,

though some of the authors may have engaged in overt or

covert NHST nonetheless in the full articles.
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