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Abstract

Replicability of experimental results and optimal use of experimental animals are everybody’s 

concern. Current efforts towards increased replicability include guidelines and checklists as tools for 

experimenters, referees, editors and publishers. Guidelines are also provided for appropriate use of 

animals. To ensure the quality of experimental results, the number of animals must be adequate, i.e., 

sufficiently large, for the purpose of the given experiment. To comply with current ethical 

recommendations, the use of animals should be reduced as much as possible. Therefore, 

determination of the number of animals for a given scientific objective includes contrasting 

considerations. Current guidelines for animal experimentation, notably from the National Institute of 

Health (NIH), mandate (with very few exceptions) inclusion of animals of both sexes in 

experimental designs statistically powered to address the difference between the two groups. 

Notably, absence of evidence for sex differences between the organ or system functions under study 
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does not qualify as an exception. Mandatory, equal representation of both sexes raises several 

questions including ethical ones. Other guidelines, by public regulators and major publishers, do not 

seem to have a similar selective focus on sex differences.  

In summary, current concerns about replicability of scientific results are justified. 

Concomitantly, the knowledge of sex differences also between non-reproductive, non-endocrine 

organ functions is increasing. In principle, sex matters in any experimental context. However, an 

indiscriminate demand for inclusion of both sexes in all experimental protocols seems a waste of 

animals, money and time, violating traditional principles of animal experimentation, particularly that 

of reduction.

Introduction

 The primary sex characteristic is the nature of the gonads which depends on the sex 

chromosome setup, identical in all, but a few, cells in the body. The rare exceptions, in which this 

somatic setup is not XX or XY, are outside the scope of the present discussion. The secondary sex 

characteristics include structures and functions typical for the body housing a given set of gonads. In 

recent years, the insight into the sex differences of specific body functions has expanded greatly (1), 

and sexual dimorphism has become an essential element of the analysis of multiple complex 

dysregulations, such as blood pressure control and hypertension, e.g. (2, 3).

Concomitant with the increased awareness of sexual differences in extragonadal functions, 

apparent lack of repeatability of experimental results has generated considerable attention. 

Inadequacy of the information provided in scientific articles is not a new phenomenon (4-6), but in 

recent years, considerable concern has mounted among researchers, funding agencies, editors and 

publishers (7-18) leading to a drive towards improvements of the value of experimental results, e.g., 

(12). New or updated guidelines have been proposed for study protocols as well as for the 

publication of scientific results (see below). 
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 The planning of any animal experiment must cover numerous important details divisible 

into categories, such as hypothesis/-es, concepts, animals, protocols of observation or intervention, 

measurement quality and validation, statistics and data reporting. Each category includes multiple 

elements. For example, the category ‘animals’ includes species, strain, age, sex (sex cycle), 

nutritional state, diet and daily environment (light/dark cycle, temperature, humidity). The quality of 

the study and, therefore, the impact of its conclusions, is a complex function of all these elements. It 

is difficult to assign priority to individual elements. In recent years, the sex of the experimental 

animals has received much attention. However, the requirement that any protocol of any grant 

application must be balanced by inclusion of animals of both sexes at numbers providing equal 

statistical power, seems at odds with the principle that animal experimentation must be conducted by 

use of the lowest number of animals (‘reduction’). This potential conflict of interests is discussed 

below.

Replicability of scientific reports 

One of the basic assumptions of the experimental sciences is that under comparable conditions, 

apparently identical experiments provide similar conclusions. More than once, opposite conclusions 

have provided the background for jolts of progress. However, for years qualified concerns have been 

aired regarding the reproducibility of scientific results, cf. the introduction above. Recently, the issue 

has been the subject of a Nature special (19).  Motivated by such concerns, the US National 

Academies of Sciences, Engineering and Medicine appointed a rather large, professionally diverse 

committee to study these issues comprehensively across various fields of science. Reproducibility 

was defined as the generation of ‘consistent computational results using the same input data, 

computational steps, methods, code, and conditions of analysis’ (computational reproducibility) 

because of the rapidly increasing application of this approach in scientific research, while 

replicability was defined to mean ‘obtaining consistent results across studies aimed at answering the 

same scientific question, each of which has obtained its own data’ (20). Leaving no doubt that the 

quality concerns were fully justified, the committee identified sources of non-replicability and 

provided recommendations of counteraction (formally to the US National Science Foundation, see 

(20)), many of these applicable to animal experimentation. The advice included (i) that scientific 

reports should include clear, specific and complete descriptions of how the results were obtained, (ii) 

that researchers should thoughtfully communicate all recognized uncertainties and 

estimate/acknowledge other potential sources of uncertainty relevant to the results, and (iii) that 

authors who use statistical methods should (learn to) use them properly. In addition, resource 

providers should be aware of the ‘benefits of a balance between exploratory and confirmatory 
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research, including rigorous replication studies’ (an array of criteria is included (20)). This recent, 

comprehensive report may serve as a general reference. Over the last decade, several more specific 

guidelines and recommendations have been published (Table). Notably, it runs through all guidelines 

that transparent reporting is a prerequisite for appropriate assessment of any form of animal 

experimentation. 

The concerns about replicability of animal experiments are warranted, and the road towards 

improvement includes the application of clear concepts, stringent approaches, robust repeatable 

experiments, rigorous analyses, and - above all - detailed, transparent reporting. 

Focus on sex as a biological variable 

For more than a century, males have been the preferred choice of experimental animals (21), 

and this aberration seems to continue unabated (22). For several reasons (23), this leads to biased 

(i.e., less representative) results. In addition to the well-known effects of gonadal hormones on 

extragonadal tissues, non-hormonal actions of genes encoded by the sex chromosomes are well 

documented, e.g., (24, 25), see also review by Arnold (26). Sex differences go deeper than the 

classical primary and secondary sex characteristics (27, 28). Therefore, the level of recognition of 

sex as a more general biological variable has been increasing among researchers (1, 28), and funding 

agencies, e.g. (29).

Application guidelines from major funding agencies are critical for the drive towards increased 

transparency of animal research and reporting. In 2016, the US National Institutes of Health (NIH) 

increased its efforts to ensure that it continued to fund the best possible science by adjusting its 

project application instructions, including the concepts, design, variables and analyses (29). Sex as a 

biological variable (SABV) is briefly described under grant applications but receives more attention 

elsewhere. For example, grant application guidance: ‘NIH Grants and Funding » About Grants » 

How to Apply » Write Application » Write Your Application » What to Know Before You Start 

Writing » Scored Review Criteria » Approach’ provides the short and neutral text “Have the 

investigators presented adequate plans to address relevant biological variables, such as sex, for 

studies in vertebrate animals or human subjects?”. Other NIH sources, however, provide more 

specific information. The path ‘NIH Grants and Funding » Policy & Compliance » Peer Review 

Policies and Practices » Laws Regulations and Policies » Rigor » Rigor and Reproducibility » 

Enhancing Reproducibility through Rigor and Transparency » Guidance: Rigor and Reproducibility 

in Grant Applications’ is one of several ways to arrive at the text ‘Consideration of relevant 

biological variables. This description (30), see Appendix 1, focuses strongly on SABV (82% of the 

words deal with the sex of the animal) and leaves no doubt that sex must be factored into all aspects 
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of grant applications which include animal experiments. Of the listed supplementary material (FAQs, 

Blog Posts, reviewer guidance and a journal article), the reviewer guidance (31, 32) and, in 

particular, the journal article (23) provide more details. 

The reviewer guidance (31, 32) leaves little room for interpretation of the criteria of success. 

Sex is a critical component of a rigorous experimental design to the point that NIH expects 

researchers to study both sexes on an equal basis in (almost) every study. Exceptions do exist and 

include genital-tract cancers, limited access to animals (e.g., non-human primates), and 

‘investigations in which the study of one sex is scientifically appropriate’. Examples of the latter are 

not provided. However, in the perspective of NIH, absence of evidence of sex differences relevant to 

the study does not constitute the necessary ‘strong justification’ for the study of one sex only.

The journal article (23) presents a number of reasonable premises, e.g., (i) that the sex of the 

experimental animal is a basic variable in any preclinical study, (ii) that studying both sexes is good 

science providing unique opportunities for biomedical discovery, and (iii) that sex should be directly 

accounted for in the experimental design. In addition, it is stated that considering SABV is not the 

same as looking for sex differences, and that the NIH policy changes do not imply the doubling of 

research animals in every experiment. However, the article (23) is short of guidance to, or examples 

of, procedures which fulfil the NIH requests without having to directly address sex differences, and 

to significantly increase – if not double - the number of experimental animals, respectively. The 

methodological literature to which the reader is referred, e.g., about complete and reduced factorial 

designs (33), does provide a useful example with concrete design alternatives, but the studied 

example is not tailored to “asymmetric” situations in which a number of primary factors (e.g. the 

studied treatments) are of main interest to the experimenter and some other factors (such as sex) are 

secondary. The reader is left with several other references including software in order to get a hand 

on other reduced factorial designs that are fine-tuned to the objective of the experiment.

Specific sample size considerations. 

It is stated in (23) that inclusion of both sexes does not considerably increase the cost of 

experiments. Also, (34) mentions that a relatively small number of additional animals might suffice, 

and highlights situations in which the impact of sex on outcomes is not of genuine interest, sex 

treatment interactions are assumed to be absent and where only three animals per treatment sex 

combination could be adequate. The statement that addressing the influence of sex does not 

necessarily imply an increase in costs of experiments (23) is, however, challenged, if treatment 

effects differ between the two sexes, that is an interaction between treatment and sex is present. Such 

interaction increases the required sample size if one contrasts experiments restricted to the sex with 

the largest treatment effect with experiments using both sexes. This is immediately clear as the large 
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treatment effect is diluted by inclusion of the other sex. From the point of view of pilot studies and 

exploratory research, which often prioritize discovery of potential new mechanisms over 

representation of both sexes, experiments could well be restricted to the single sex with maximal 

effect in order to save sample size, leaving the study of both sexes to later experiments. For 

illustration purposes, the figure shows required sample sizes to reach 80% power in an analysis of 

variance (ANOVA). Especially, we considered three setups: Setup A represents one-factorial 

experiments constrained to the sex with the largest treatment effect (for convenience assume this to 

be male sex); setups B and C represent two-factorial setups including both sexes and with absent or 

reduced (=halved) treatment effect in females, respectively. All sample sizes are plotted against male 

effect size, which is given as ratio of mean treatment difference (in males) and error standard 

deviation. As an example, at male effect size 3, setup A (male animals only) would require 8 

animals, setup B (no effect in females) 20 animals, and setup C (halved effect in females) 12 animals 

– an experiment relying on male animals only would hence save 4 to 12 animals. For completeness, 

it should be pointed out that when experiments erroneously or unknowingly use the sex with the 

lowest treatment effect only (i.e. setup A, but using females instead), required sample sizes increase 

accordingly. Inclusion of both sexes would be an advantage in this situation.

Sexual cycle of female animals. In the journal article (23), the concern about the complexity 

associated with the female sexual periodicities is dismissed with reference to a ‘meta-analysis’ (35) 

which also is cited in the NIH reviewer guidance (31). The latter (35) is remarkable for several 

reasons. 

Firstly, a classical meta-analysis may be defined as an analysis which brings together “many 

studies that have empirically tested the same hypothesis” (36); however, the studies included in (35) 

do not appear to have been aimed at a common key question, but are similar only in including 

scatters of data from male and female mice. This study should not be referred to as a classical meta-

analysis.

Secondly, the authors argue for similarity of male and female mice by investigating 

coefficients of variations (CV) across a wide range of behavioural, morphological, physiological and 

molecular traits. Distributions of CVs for males and females have similar means (although with 

somewhat greater scatter in males). It is shown that female/male variance ratios (given by female-

CV/(female-CV + male-CV)) have a symmetric, bell-shaped distribution with a mean of roughly 0.5 

(35, Fig. 2). This means that females showed higher CVs than males in some 50% of the considered 

studies and traits and lower CVs in the remaining 50%, leading (35) correctly to their main statement 

saying that no sex is generally to be preferred. It is, however, to be noted that for a given trait, male 

and female mice are not shown to be generally alike, but rather that CVs often differ, which might 
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make one sex more attractive to a specific experiment. The results of (35, Fig. 2) should not 

mistakenly be understood as male and female mice showing the same experimental scatter for all 

traits.

Thirdly, the data were extracted as variance ratios from the literature for hundreds of different 

variables and were collected across multiple conditions, procedures and interventions. Thereby some 

10.000 variance ratios were derived from about 300 single articles: The trait ‘Physiology’ 

(Supplementary Table S2 (37), see Appendix 2 below) contains 188 ratios; 67 of the 188 ratios came 

from one original article (37). Another original article (38) provided another 40 of the 188 ratios. 

This means that two publications are the sources of 57% (107/188) of all entries into the trait 

category ‘Physiology’. However, the statistical methods applied in (35) totally ignore this clustering 

within publications and traits, which leaves serious doubts about the validity of the conclusions 

drawn by the authors. 

Fourthly, the title (‘Female mice liberated for inclusion in neuroscience and biomedical 

research’) is inappropriate for a scientific report dealing with the procedures by which female mice 

are exposed to experimentation and death for the benefit of humanity. 

Overall, the advice (31, 32), the article by Clayton (23) and an essential citation herein (35) do 

not  rule out the appearance of sex-associated experimental scatter in animal studies and the possible 

importance of the sexual cycle of female animals. The importance of the differences between 

females and males for a given study most likely is heavily dependent on the project objectives. 

Manipulations of gonadal and somatic sex 

Studies of specific physiological functions ascribable to gonadal sex and to sex-chromosome 

complements of all cells may be carried out at different levels of complexity. (i) Gonadectomy in 

adulthood with and without treatment with exogenous gonadal steroids. A recent example is the 

study of Oydanich et al. (39) who used female, male, ovariectomized female and estrogen-treated 

male mice as the basis for showing that estrogen is among several important mechanisms mediating 

enhanced exercise performance in females. Methodological details concerning physical performance 

may be open for discussion (40, 41), but with regard to sex and steroids, the experimental design is 

illustrative. (ii) Gene manipulations are the background for the more systematic four-core genotype 

model, in which the gonadal sex (F or M, defining the sex of the animal), is combined freely with 

somatic sex hormone complements (XX or XY). Sex hormone actions on cells and tissues are 

‘organizational’ (irreversible effects elicited within a limited time window during development) or 

‘activational’ (current effects which in principle are reversible, albeit with different time constants) 

(42). Gonadectomy may serve to remove the activational effects leaving the organizational effects 
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open for study. Applications of the model in the study of non-gonadal contributions of sex hormone 

activity to normal and pathophysiological functions have been informatively reviewed (42-44). 

Animal models, biological variables and guidelines

In Europe, the issue of use of animals for scientific purposes has been the subject for common 

actions for more than 30 years. Animal experimentation is regulated based on the ‘Directive 

2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection 

of animals used for scientific purposes’ (45) most recently amended (w.r.t. reporting obligations) in 

June 2019. The word ‘sex’ is not mentioned in the directive, but male/female-specific terminology is 

applied in the description of housing requirements (Annex III of the directive), and the ‘gender of the 

animal’ is used (in Annex VIII of the directive, no definition of gender being provided) as one of the 

additional factors which must be considered in relation to severity classification. Mediated by the 

European Science Foundation and the Heads of the European Research Councils, a European Peer 

Review Guide was published in 2011 (46). In this, ‘sex’ is not used, and ‘gender’ only in the context 

of researchers, not animals. 

In consonance with these Pan-European efforts, other guidelines for animal experimentation 

and reporting (Table) do not prioritize female/male balance in the design of animal experiments. This 

is also the case for initiatives of individual journals, for example (47). Notably, the ARRIVE 

guidelines (4) (to which the Wellcome trust refers), the TOP guidelines (48) (endorsed by Nature 

Publishing Group), and the multi-authored call in Nature for increased transparency in preclinical 

reporting (49) do not refer to ‘sex’, ‘male’ or ‘female’  at all.  

The disproportionate use of male experimental animals is unfortunate from several 

perspectives and should be terminated. This obviously requires combined efforts of resource 

providers as well as all operators involved in the publishing process. Although publications in 

prominent journals may improve as a result of checklists (50), researchers themselves seem 

motivated only to a limited extent (51). In biomedical research, the essential but complex question is 

that of the translational relevance of results obtained in animal models. Focus on gonadal sex is 

relevant, sometimes highly relevant, but should remain a balanced consideration of one factor among 

many. The sex of the experimental animal probably is of minor importance in (the unfortunate) case 

young, lean, physically active rodents are used as a model of a middle-aged, overweight, sedentary 

humans. Nevertheless, the sex of the animals invariably should be part of scientific reports, and the 

arguments behind the choice of animal (species, strain, sex and age) always should be clear and 

explicit; however, uncritical and almost unconditional demand for parallel experiments in both sexes 

is overkill. 
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Conclusions

 Sex differences are possible in all cellular, organ and system functions.

 Bias exists in the selection of the sex of experimental animals.

 Underreporting of animal sex is widespread reducing the transparency – and thus the impact of 

the conclusions – of many animal studies.

 Multiple variables characterize experimental animals; sex is one variable, others include species, 

strain, age, nutritional state, physical activity level, and diet, as well as environmental and social 

conditions.

 The relative importance of individual characteristics to a specific study varies with the animal 

species, the nature of the interventions, and the objectives of the study.

 Mandatory inclusion of animals of both sexes to same statistical power in all (but a few) studies 

could result in a waste of animals and other resources if treatment effects are sex-dependent.

 Influencers (policy makers, funding bodies, reviewers, editors, journals) should implement 

unconditional transparency regarding inclusion and exclusion of animals in experiments, 

including the reporting of the scientific arguments behind the choice of animal species and sex.

Disclosure

The first author has authored/co-authored original scientific reports on studies of humans and 

animals. Of 78 reports on work only in animals, 58 studies (74%) included female animals only, 

while 9 studies (12 %) included male animals only. Five reports (6%) included male and female 

animals; 6 (8%) did not provide information on sex.
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Text of “Description of relevant biological variables” 

(https://grants.nih.gov/policy/reproducibility/guidance.htm): “Biological variables, such as sex, age, 

weight and underlying health conditions, are often critical factors affecting health or disease. In 

particular, sex is a biological variable that is frequently ignored in animal study designs and analyses, 

leading to an incomplete understanding of potential sex-based differences in basic biological 

function, disease processes and treatment response. NIH expects that sex as a biological variable will 

be factored into research designs, analyses and reporting in vertebrate animal and human studies. 

Strong justification from the scientific literature, preliminary data or other relevant considerations 

must be provided for applications proposing to study only one sex.”

Appendix 2 

Variance ratios (VR) under trait PHYSIOLOGY in sampled publications (PMID). 

Extract (by present authors) of Supplementary Table S2 of ref. (35) 

VR PMID VR PMID VR PMID VR PMID

1 0.010 21800425 0.391 21800425 0.479 21800425 0.601 19525885

0.015 22116509 0.391 21800425 0.481 20237234 0.603 21800425

0.043 22116509 0.392 21800425 0.481 21800425 0.603 20573987

0.083 21641993 0.393 20237234 0.484 21641993 0.609 19525885

0.104 21641993 0.394 21269910 0.485 21800425 0.613 19525885

0.113 21533960 0.394 21800425 0.491 21800425 0.619 21800425

0.135 20237234 0.394 29237234 0.491 21800425 0.621 21800425

0.178 20573987 0.395 21983155 0.494 21800425 0.621 20237234

0.192 21641993 0.396 22180738 0.495 21983155 0.624 21641993

10 0.193 21983155 0.397 21800425 0.498 21996667 0.631 21800425

0.218 21641993 0.398 21800425 0.498 21983155 0.631 21709246

0.239 21800425 0.400 22116509 0.498 21641993 0.631 20237234

0.240 21641993 0.402 22180738 0.501 21082689 0.632 21800425

0.254 21983155 0.403 21082689 0.514 21800425 0.634 20174655

0.259 21641993 0.405 21709246 0.518 21800425 0.636 21996667

0.266 21641993 0.405 21800425 0.520 21800425 0.640 21800425

0.282 21641993 0.406 21800425 0.520 20237234 0.640 21800425

0.285 21983155 0.410 21800425 0.520 20237234 0.654 21269910

0.288 20237234 0.416 21533960 0.522 21800425 0.654 21800425
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Table

Examples of 

guidelines and 

recommendations 

for animal experimentation and reporting

Year Name, Objective Origin Ref.

2010 ARRIVE, animal study reporting 

(methods, results, discussion)

NC3R (4, 52)

2011 Basel declaration, ethical principles 

in animal experimentation

Basel Declaration Society (53)

2015 TOP, journal procedures and TOP guidelines committee (48)

20 0.291 21800425 0.416 21800425 0.522 21800425 0.660 21800425

0.294 21800425 0.417 21641993 0.522 21800425 0.665 21641993

0.299 21800425 0.419 20237234 0.529 21082689 0.668 21800425

0.299 21533960 0.424 21800425 0.530 21082689 0.675 21641993

0.308 20237234 0.424 21800425 0.531 20237234 0.667 20237234

0.318 21800425 0.424 21800425 0.535 21800425 0.682 21800425

0.318 21800425 0.425 21996667 0.535 21800425 0.688 20237234

0.321 21709246 0.426 20237234 0.537 19525885 0.694 21800425

0.332 20237234 0.428 21800425 0.537 21800425 0.697 21983155

0.335 21641993 0.429 20237234 0.546 21800425 0.708 19525885

30 0.337 20237234 0.429 21800425 0.546 21800425 0.715 20573987

0.343 20237234 0.429 21800425 0.547 21800425 0.726 19525885

0.344 21800425 0.430 21800425 0.548 21800425 0.728 21996667

0.344 20237234 0.434 20237234 0.549 21641993 0.732 19818808

0.346 20573987 0.438 19525885 0.550 20237234 0.739 20573987

0.354 21800425 0.442 21800425 0.555 22180738 0.741 21533960

0.354 21533960 0.442 21082689 0.561 21983155 0.744 21082689

0.355 20237234 0.445 21800425 0.568 21641993 0.745 19729000

0.364 22116509 0.453 21800425 0.569 21800425 0.787 21709246

0.367 20573987 0.459 21082689 0.572 20573987 0.789 21533960

40 0.367 20237234 0.461 21082689 0.575 20237234 0.823 21800425

0.372 20237234 0.463 21082689 0.576 20673987 0.825 20182739

0.375 20237234 0.467 21800425 0.578 21983155 0.889 19525885

0.376 20237234 0.470 20174655 0.582 21800425 0.904 21533960

0.379 20237234 0.470 21269910 0.589 21800425 0.909 20182739

0.385 20237234 0.471 21983155 0.591 21533960 0.913 20182739

0.387 21800425 0.472 21800425 0.591 19525885 0.969 21983155

0.391 21082689 0.478 21082689 0.595 21082689 0.992 21453797
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policies for publication 

2015 Models of bowel disease Journal article (54)

2015 Experimental design, analysis and 

reporting 

The journal/NC3R (55)

2015 ARRIVE implementation The journal/NC3R (56)

2015 ARRIVE adjusted to pain research The journal/ARRIVE (57)

2016 DOHaD research ANZ DOHaD working 

group

(58)

2016 Alzheimer’s disease (AD) International AD Research 

Funder Consortium

(59)

2016 Transparent reporting, CONSAERT 

scheme

Journal article (60)

2017 Animal imaging Journal article (61)

2017 DEPART (arthritis models) 

supplementing ARRIVE 

Journal article (62)

2017 Animal imaging Journal article (63)

2018 PREPARE guidelines Journal article (Norecopa) (64)

2019 Statistics in animal experimentation Journal article (65)

ANZ: Australia New Zealand; ARRIVE: Animal Research: Reporting of In Vivo Experiments; 

CONSAERT: CONsolidated Standards of Animal Experiment ReporTing; DEPART: Design and 

Execution of Protocols for Animal Research and Treatment; DOHaD: Developmental Origins of 

Health and Disease; NS3R: National Center for the Replacement Refinement & Reduction of 

Animals in Research, UK; Norecopa: Norwegian consensus platform for replacement, reduction and 

refinement of animal experiments; PREPARE: Planning Research and Experimental 

ProceduresAnimals: Recommendations for Excellence; TOP: Transparency and Openness 

Promotion.
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Legend to figure 

Required sample sizes as function of effect size for statistical power 0.8 and significance level α = 

0.05.  Sample sizes are provided for three setups: Balanced one-factorial designs with two treatment 

groups restricted to male sex (where treatment effect is assumed to be largest) (A) vs. balanced two-

factorial designs with two treatments and two sexes (B and C). For setup A, sample sizes are based 

on one-way ANOVA, for setup B and C, sample sizes are based on two-way ANOVA and obtained 

as minimal sample size for testing the main treatment effect or testing the interaction effect between 

treatment and sex. Sample sizes are plotted against male effect size, which is given as ratio of mean 

treatment difference (in males) and error standard deviation. Power calculations were done in 

STATA 16.0, plotting in R version 3.6.0.A
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