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Abstract 

Objective  The number of analyzed outcome variables is important in the statistical analysis and 
interpretation of research findings. This study investigated published papers in the field of environmental 
health studies. We aimed to examine whether differences in the number of reported outcome variables 
exist between papers with non-significant findings compared to those with significant findings. Articles on 
the maternal exposure to mercury and child development were used as examples. 

Methods  Articles published between 1995 and 2013 focusing on the relationships between maternal 
exposure to mercury and child development were collected from Medline and Scopus. 

Results  Of 87 extracted papers, 73 used statistical significance testing and 38 (43.7%) of these 
reported ‘non-significant’ (P>0.05) findings. The median number of child development outcome 
variables in papers reporting ‘significant’ (n=35) and ‘non-significant’ (n=38) results was 4 versus 7, 
respectively (Mann-Whitney test P-value=0.014). An elevated number of outcome variables was 
especially found in papers reporting non-significant associations between maternal mercury and 
outcomes when mercury was the only analyzed exposure variable. 

Conclusion  Authors often report analyzed health outcome variables based on their P-values rather 
than on stated primary research questions. Such a practice probably skews the research evidence. 
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INTRODUCTION 

he existence of outcome reporting bias in 
medical research articles has been widely 
suspected for decades[1-6]. Selective 

outcome reporting occurs when a study measuring 
multiple outcomes reports those outcomes based on 
the nature or direction of their results[7]. For 
example, authors of published articles tend to report 
only statistically significant findings. Researchers are 

also less likely to submit manuscripts for publication 
of studies that were non-significant, negative, or 
neutral in outcome[3,7]. However, the consequences 
when the results are non-significant, negative, or 
neutral in outcome are of great interest. For 
example, if the findings are reported, how are they 
reported? If statistically non-significant results find 
their way into the published literature, do the 
authors report all outcomes including secondary 
outcomes and not only selected results? 

T 
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Epidemiological environmental studies usually 
include several exposure variables and health- 
related outcomes[8]. In most cases, multivariable 
regression methods are applied to explore possible 
environmental prognostic variables with little or no 
prior information on which variables are the most 
important. Fitting multivariable regression models 
for several outcome variables provides challenges in 
data analysis and reporting[9]. Schriger et al.[10] 
recently demonstrated that readers are rarely shown 
the relationship between the outcome variables. 
This does not fully utilize the data generated or help 
other investigators decide whether the hypothesis is 
worth further study.  

Analysis of the relationship between the 
outcomes of statistical tests and the number of 
reported outcome variables likely faces several 
potential confounding factors. The prestige and 
visibility of journals are potential confounding factors 
requiring adjustment. For example, studies with 
positive results may be more likely published in more 
visible journals than those with statistically 
non-significant results[7,11-12]. Furthermore, 
environmental studies emphasize current prevalent 
research methods differently; for example, some 
environmental journals may publish more cohort 
studies than cross-sectional or biological studies. 
Some authors have found that poor quality 
methodological reporting is associated with 
exaggerated positive findings[13-14]. There are also 
suspicions that a high number of coauthors means 
publishing ultra-thin salami slices with low quality 
and trivial findings[15].  

We are interested in the reporting of health 
outcome variables in environmental health studies. 
We have previously reported about difficulties in 
meta-analysis in the field[16]. Here we explore the 
association between the number of reported 
outcome variables and statistical significance of the 
relationship between environmental mercury 
exposure and child development. To our knowledge, 
this is the first study to analyze this type of selective 
outcome reporting in medical journal articles.  

METHODS 

Set of Articles 

The set of analyzed articles on mercury 
exposure and child development was obtained 
through Medline and Scopus. The literature was 
searched using the terms ‘mercury’ and ‘child 
development’, either as thesaurus terms, in titles, or 

as abstract terms with synonyms and closely related 
words. In summary, the selection criteria used to 
compose the list of publications subjected to analysis 
were as follows: publication type, original research 
article; publication language, English; year of 
publication, 1995-2013; topic, child development 
and mercury. The list of hits or search results from 
the article databases included 112 articles, all of 
which were then requested and supplied by the 
Medical Library of the authors’ institute.  

As the next step, all retrieved articles were 
screened to exclude those not actually analyzing the 
relationship between maternal mercury exposure 
and child development variables. Articles were also 
excluded if they included just a study protocol or 
technical report. No papers were deleted from the 
group based on overlap with other studies or a 
repetition of a previous study. The total number of 
included articles was 87.  

Variables 

A protocol for data collection was developed 
and employed. We read each paper and then 
completed the predesigned questionnaire. Where 
interpretation of the paper was ambiguous, the 
article was appraised by the other authors and 
conclusions were reconciled in group discussions. 

To evaluate study characteristics of the 
reviewed articles, the following information was 
obtained:  

Whether the relationship between maternal 
mercury exposure and child development was the 
primary outcome of the article (as stated in study 
objectives, abstract or introduction, labeled 
‘primary’ in methods, or presented first in the results 
and central to the main conclusions); 

Whether or not the authors used formal 
statistical analysis, and if so, whether they reported 
a statistically significant result (P-value<0.05); 

Whether the primary research question or 
hypothesis was clearly stated in the report’s 
introduction or methods section; 

Whether the study design was a cohort or 
another observational study (cross-sectional survey 
or case-control study); 

Whether mercury was the only measured 
explanatory compound or if other compounds were 
also assessed from the umbilical cord blood; the 
mother’s serum, nail or hair; or estimated using 
other methods; 

Whether sample size was low (<300 
mother-child pairs) or high (≥300), the median value 
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of 300 was used as the cut-off point;  
Whether assessment of correlation or 

association was the main strategy in the study 
analysis of the primary research question.  

The number of outcome variables related to 
child development was counted from both the tables 
and text in each article. Health outcomes included 
the following domains of child development: general 
development; physical developmental milestones; 
cognitive, language, and intellectual development; 
behavioral outcomes; motor function; audition, 
visual, and visual-motor development; and 
neurodevelopmental disorders or other health 
outcomes[17]. Outcome assessment methods related 
to child development and health outcomes found in 
the included papers are listed in Appendix A 
(www.besjournal.com for the details).  

To control for journal visibility, the impact factor 
for the publication year was recorded from the journal 
that published the article under study. The number of 
authors was also counted from each article.  

Statistical Analysis 

Statistical analyses aimed to explore possible 
differences in the reported number of child 
development outcome variables between articles 
reporting significant and non-significant results. 
Because the distribution of the number of child 
development outcome variables was skewed to the 
right, its distribution was summarized using medians 
and interquartile ranges. Scatterplots and 
Spearman’s correlation coefficient were used to 
illustrate the correlation of the number of authors to 
the number of reported outcome variables. 
Mann-Whitney tests were used to analyze 
differences in the number of outcome variables 
between dichotomous categorical characteristics of 
the articles. Multivariable linear regression was 
applied to adjusted analysis to evaluate the 
independent effect of the significance of primary 
developmental mercury outcomes in 
mercury-exposed children on the square root of the 
number of reported outcome variables. A box plot 
was used to illustrate the distribution of the number 
of reported child development outcome variables. 
SPSS Statistics 22.0 was used for the analysis.  

RESULTS 

The statistical significance of the relationship 
between maternal mercury and child development 
in the article set is summarized in Table 1. All eligible 

articles were classified according to whether or not 
the authors had reported or decided that any of the 
relationships were statistically significant or 
non-significant. If no results of formal statistical 
significance testing or confidence interval estimation 
were included in reporting the finding, the article 
was classified as not evaluating statistical 
significance. We found that 73 (84.9%) articles 
reported a statistical test on the hypothesis of a 
relationship between mercury exposure and child 
development. Of these, 38 (52.1%) reported a 
statistically non-significant result. However, this 
proportion varied by study design (Table 1), with 
28/46 (61%) statistically non-significant in cohort 
studies compared to 10/27 (37%) in others. The 
proportion of studies reporting non-significant or 
negative results was higher in the longitudinal cohort 
studies than in cross-sectional surveys or 
case-control studies. This was also seen in the 
analysis strategy: articles assessing strength of 
correlation or association more often reported 
non-significant findings (57.1%) than articles 
comparing groups (37.5%). Our literature review 
found no uniform evidence of a relationship 
between maternal mercury and child development. 

The articles included in this study had a wide 
range of outcome variables. Figure 1 shows how the 
number of outcome variables varies by the statistical 
significance and number of authors. In three articles, 
the authors report findings from studies in which 
they had analyzed about 40 different child 
development variables[18-20]. There was a moderately 
positive correlation between the number of 
outcome variables and number of authors 
(Spearman’s correlation coefficient=0.249, P=0.020). 
In multi-authored papers, the number of reported 
outcome variables tended to be higher, probably 
reflecting all those areas of child development in 
which the authors were interested.  

Figure 2 illustrates how the number of child 
development outcome variables is distributed by the 
statistical significance of the article. Statistically 
non-significant articles reported more outcome 
variables, while the articles with significant findings 
concentrated on a limited number of outcomes. 

As seen in the last row of Table 2, our analysis 
suggests that articles with a non-significant result 
are more likely to report several outcome variables 
(P=0.014). Without adjustment, this effect is also 
evident across reporting primary research questions, 
measured compounds, and the main analysis 
strategy. The multivariable linear regression analysis 
confirmed the independent association of a reported  
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Table 1. Distribution of Statistical Significance of the Primary Outcome by Article Characteristics in 87 Original 
Articles Focusing on the Relationship Between Maternal Exposure to Mercury and Child Development 

Item 
Significant 
(P<0.05) 

n (%) 

Not Significant 
(P≥0.05) 

n (%) 

No Testing 
n (%) 

Total 
n (%) 

Primary research question stated     

Yes 26 (38.2) 32 (47.1) 10 (14.7) 68 (100) 

No 9 (47.4) 6 (31.6) 4 (21.1) 19 (100) 

Study design     

Cohort study 18 (32.7) 28 (50.9) 9 (16.4) 55 (100) 

Other 17 (53.1) 10 (31.2) 5 (15.6) 32 (100) 

Measured compounds     

Only mercury 21 (41.2) 21 (41.2) 9 (17.6) 51 (100) 

Other included 14 (38.9) 17 (47.2) 5 (13.9) 36 (100) 

Sample size a     

<300 20 (46.5) 17 (39.5) 6 (14.0) 43 (100) 

300-9999 14 (35.0) 20 (50.0) 6 (15.0) 40 (100) 

Main analysis strategy     

Assessment of correlation or association 25 (38.5) 32 (49.2) 8 (12.3) 65 (100) 

Comparison of groups 10 (45.5) 6 (27.3) 6 (27.3) 22 (100) 

All articles 35 (40.2) 38 (43.7) 14 (16.1) 87 

Note. a, Sample size was not reported in four articles. 

non-significant outcome with a high number of 
analyzed outcome variables (P=0.026) when 
adjusted for article characteristics (number of 
authors, reporting of primary research question, 
study design, measured compounds, and main 
analysis strategy). 

There was a low correlation between the number 
of outcome variables and publishing journal’s impact 
factor (Spearman’s correlation coefficient 0.13, 
P=0.232). The papers with statistically non- ignificant 
findings were published in journals with both low and 

 

Figure 1. Relationship between number of 
authors and number of reported outcome 
variables in 87 original articles focusing on 
the relationship between maternal exposure 
to mercury and child development. 

 

Figure 2. Number of outcome variables by 
the statistical significance in 87 original 
articles focusing on the relationship between 
maternal exposure to mercury and child 
development. The horizontal line in the 
middle of the box indicates the median value 
of citations and the lower (upper) boundary 
indicates 25th (75th) percentile. The box plot 
also displays outliers; cases with more than 
1.5 box-length from the upper edge of the 
box are designated with a circle. The largest 
and smallest observed values that are not 
outliers are also shown. Lines are drawn 
from the ends of the box to those values. 
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epidemiology may differ. However, this example 
demonstrates that articles from observational 
studies may include misleading positive findings and 
are subject to reporting bias.  

The health outcome concept ‘child 
development’ includes many dimensions: growth, 
motor functions, cognition, and behavior including 
intelligence and language skills as well as social 
interaction[17,25]. For example, McCarthy Scales of 
Children’s Abilities were used to assess a child's level 
of development in both cognitive and motor 
abilities[26-28]. Intelligence can be assessed with 
several different scales, e.g., Crump et al. 
administered a battery of 26 psychological and 
scholastic tests[26]. One evaluated article in our set 
had analyzed 42 different neuropsychological 
outcome variables to study the relationship between 
mercury exposure from thimerosal (an 
organomercury compound also called thiomersal) 
and neuropsychological functioning[20]. These 
measurements usually form a correlated set of 
outcome variables. Coping with multiple outcomes, 
multiple models, and multiple comparisons is one of 
the biggest challenges in data analysis and 
reporting[21,29-30]. Our finding suggests the need to 
improve the reporting of studies with several 
outcome variables. It is important to fully report 
results for all primary responses including any 
non-significant findings[29]. However, it is not always 
necessary to present all descriptive statistics for the 
secondary outcomes, or they can be shown in an 
article supplement. The key is the recognition of 
‘close alternative’ outcomes. This set of variables 
includes several inter-correlated health outcome 
scales or related measurements that were also 
analyzed. Variables selected for the final report are 
often interpreted as the only important outcome 
variables. This problem of interpretation can be 
reduced if the close alternatives to the selected 
primary outcomes are reported. The presentation of 
all variables originally analyzed in the study recovers 
information on the correlated set of outcomes 
variables and encourages readers to think in terms 
of sets of variables that together represent 
outcomes associated with the explanatory variables.  

The number of outcome variables was also 
associated with the number of authors and stated 
primary research question. Collaboration between 
researchers has increased the proportion of 
multi-authored papers[31-32]. Coauthors often 
represent different subfields relevant to the research 
question under study. Multidisciplinary research may 

increase the number of interesting response 
variables in health studies. Although it is valuable for 
medical studies to evaluate several aspects of 
subjects’ responses, it is important to identify a small 
set of primary outcome or response variables[21]. The 
importance of stating the purpose and a priori 
hypotheses of a research project in the report is 
obvious, but such a statement was missing in 20.5% 
(15/73) of papers. These papers also reported more 
outcome variables. In these cases, the results cannot 
be interpreted in light of a priori hypotheses. The 
large number of outcome variables may only 
indicate that the analyses are explanatory and 
speculative, and/or the study was conducted to 
create a hypothesis of potential association of an 
environmental factor and potential health effect. In 
any case, the purpose of study should be clearly 
expressed.  

Emission sources of mercury are from both 
man-made and natural phenomena (e.g., volcanic 
eruptions). Humans are exposed to mercury mostly 
through fish consumption and to a lesser extent 
from medical or cosmetic compounds and dental 
amalgam[33]. Mercury is a highly toxic metal, has no 
benefits for human health, is one of the most 
neurotoxic compounds known, and exposure to it 
can cause adverse effects during any period of 
development[34]. However, the lack of sufficient and 
consistent scientific findings on its association with 
defects in neurological development in early life 
exposure has raised public concerns[35-36]. In 
Davidson et al. [35] review on the association between 
exposure to mercury and child development 
outcomes, the insufficient data on mercury 
neurotoxicity at low doses, discrepancies in data 
interpretation, and the limitation of dose-response 
data on neurodevelopment were criticized. 
Therefore, it is recommended to report all studied 
outcomes despite their significances and P-values. 

Why do the studies on child development with 
non-significant results (significant) include a high 
number of outcome variables? First, child 
development is a broad area of study comprising 
several aspects worthy of exploration. Investigators 
may try to seek links from many sources and include 
everything, as they should, when no significant 
findings are found. Similar diligence in reporting 
both the study’s purpose and all findings would be 
needed when positive findings are reported. The 
number of related outcome variables and their 
significance may then either validate the findings or 
cast doubt on their biological significance. 
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Furthermore, medical literature shows a strong 
tendency to accentuate significance testing, 
specifically statistically significant outcomes. Small 
p-values have a hypnotic effect on the editors and 
readers alike. Altman[37] stated over two decades ago 
that in all medical fields ‘P-values and P<0.05 rule 
most’, and this remains true. Significant outcomes 
are more likely to be reported and published[7,38]. 
Our analysis suggests that authors reporting 
significant associations have selected a subset of 
outcomes conveniently describing with low P-values 
the relationship between maternal mercury and a 
set of child development measures. Our results 
reinforce increasing concern with the misuse of 
significance testing in interpreting medical data[39].  

In summary, we empirically investigated the 
relationship between the number of outcome 
variables in a research paper and the statistical 
significance of its primary outcome. After 
adjustment for likely confounders, articles with 
non-significant primary findings had substantially 
more outcome variables. We conclude that the 
motivation of authors to report outcomes is often 
associated with the size of the outcomes’ P-value 
rather than their intrinsic scientific information. This 
does not help future investigators to know which 
outcomes are redundant, which provide unique 
information, and which are most responsive to 
changes in the exposure variable. Editors and 
referees should be aware of the consequences and 
likely presence of an outcome reporting bias. To 
combat this bias, the improved education of 
researchers, registration of all studies, and their 
systematic inclusion in meta-analyses should be 
encouraged by the academic community. 
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Appendix A. List of Variables (assessment tests, disorders, or measures) Related to Child Development and 
Health Outcomes Used in the Included 87 Papers 

Domain of Child 
Development Test Instruments, Disorders, or Measures 

General development 
Test instruments: Comprehensive Developmental Inventory for Infants and Toddlers, Gesell Developmental 
Schedules 

Physical developmental 
milestones 

Test instruments: Physical Developmental Index 
Measures: age of sitting, age of standing, age of talking, age of walking, birth head circumference, birth 
length, birth weight, creeping, gestational age. 

Cognitive, language, and 
intellectual development 

Test instruments: Bayley Scales of Infant Development (Bailey III), Boston Naming Test, Burt Word 
Recognition Test, California Verbal Learning Test, Children’s Memory Scale, Clay Diagnostic Survey, 
Confrontational Naming Task, Fagan Test Of Infant Intelligence, Kaufman Brief Intelligence Test, Key 
Mathematics Test, McArthur-Bates Communicative Development Inventory, McCarthy Scales Of Children's 
Abilities, Peabody Picture Vocabulary Test, Preschool Language Scales, Raven Colored Progressive 
Matrices, SACMEQ School Achievement Test, Spoken Language Quotient, Stanford-Binet Intelligence Scale, 
Tactual Performance, Test of Language Development, Wechsler Intelligence Scale For Children (WISC-R 
WISC-III,WISC-IV), Woodcock-Johnson Tests of Cognitive Abilities. 
 

Behavioral outcomes 

Test instruments: Bayley Scales of Infant Development (Bailey III), Behavior Rating Inventory of Executive 
Function, Child Behavior Checklist, Conners’ Rating Scales, Continuous Performance Test, Disruptive 
Behavior Disorders Rating Scale, Gordon Diagnostic System Neonatal Behavioral Assessment Scale,  
Disorders: level of auto-aggressive behavior, level of disruptive behavior. 
 

Motor function 

Bender-Gestalt Test, Bruininks-Oseretsky Test, Finger·Tapping Test, Grooved Pegboard Test, Ear-Hand 
Coordination Test, Eye-Hand Coordination Test, Fine Motor Coordination Test, Postural Sway Test, Trail 
Making Test, Tremor Test 
Measures: tics, reaction time. 

Audition, visual, and 
visual-motor development 

Test instruments: Beery-Buktenica Developmental Test Of Visual-Motor Integration, Bender-Gestalt Test, 
Drawing Test (visual-motor), Haptic Matching Tests, Matching Test (visual spatial), Pegboard Test (fine 
motor skills), Teller Visual Acuity Test, Visual Recognition Memory. 
Measures: Audiometric tests. 

Neurodevelopmental 
disorders and other health 

outcomes 

Test instruments: Bayley Scales Of Infant Development (Bailey II, Mental Developmental Index MDI and 
Psychological Developmental Index PDI), Denver Developmental Screening Test, Neurological Development 
Tests, Profile of Mood States (Bipolar version), 
Disorders: Attention deficit disorder ADD, attention deficit hyperactivity disorder ADHD, autism and autism 
spectrum disorders, congenital anomalies, developmental disorder, emotional disturbance, failure to 
thrive, learning disability, pervasive developmental disorder not otherwise specified (PDD-NOS), 
pneumonia. 
Measures: long chain polysaturated fatty acids, sex hormones. 

 


