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Abstract
Gender-specific differences in the prevalence, incidence, comorbidities, prognosis, severity, risk factors, drug-related aspects and outcomes of various medical conditions are well documented. We present a literature review on the extent to which research in this field has developed over the years, and reveal gaps in gender-sensitive awareness between the clinical portrayal and the translation into gender-specific treatment regimens, guidelines and into gender-oriented preventive strategies and health policies. Subsequently, through the lens of gender, we describe these domains in detail for four selected medical conditions: asthma, obesity and overweight, chronic kidney disease and coronavirus disease 2019. As some of the key gender differences become more apparent during adolescence, we focus on this developmental stage. Finally, we propose a model which is based on three influential issues: (1) investigating gender-specific medical profiles of related health conditions, rather than a single disease; (2) the dynamics of gender disparities across developmental stages; and (3) an integrative approach which takes into account additional risk factors (ethnicity, socio-demographic variables, minorities, lifestyle habits etc.). Increasing the awareness of gender-specific medicine in daily practice and in tailored guidelines, already among adolescents, may reduce inequities, facilitate the prediction of future trends and properly address the characteristics and needs of certain subpopulations within each gender. 
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Core tip: An accumulating body of evidence demonstrates gender-specific differences in medical conditions, in terms of prevalence, incidence, prognosis, severity and comorbidity. Yet, little has been translated into an approach to gender-specific treatments, guidelines and prevention strategies. The evidence and gaps are discussed by providing four examples: asthma, obesity, chronic kidney disease and coronavirus disease 2019. We propose a broader approach to gender medicine that integrates information regarding medical profiles of coexisting medical conditions, rather than focusing on a single disease, considers the dynamics of medical profiles across developmental stages, focuses on adolescence, paving the way for adulthood morbidity, and is adjusted to diverse risk factors, and hence tailored to diverse subpopulations.

INTRODUCTION
The fundamentals and background of gender medicine 
Buoncervello and colleagues[1] claimed that "biology of sex differences deals with the study of the disparities between females and males and the related biological mechanisms" where "the term gender refers to a complex interrelation and integration of sex–as a biological and functional determinant and psychological and cultural behaviors (due to ethnical, social or religious background)" as well as aspects related to preferences, views and values. Gender differences may also develop and change over time, as they are age-related. Biological differences between males and females are apparent even from the early stage of pregnancy, and become more pronounced with development. Fundamental gender variation exists not only at the whole organism level, organ system level, organ level, and tissue level but most likely also at the cellular and molecular levels[2,3]. Gender differences are manifested in a wide range of fields such as: genetics, anatomy, physiology, biochemistry and metabolism, psychology, nutrition, behavior and sociology, exposure, diet and lifestyle. Differences have also been acknowledged in medicine–health status in general, and from disease states (occurrence and severity[4]) to drug-related aspects (such as toxicokinetics and toxicodynamics[5], as well as pharmacological response[6]) and their outcomes in particular. Gender medicine focuses on the impact of gender and sex on human physiology, pathophysiology, prognosis, and clinical features (management, treatment and outcome) of diseases that are common to women and men. Clinical examples with broad applicability that highlight sex and gender differences in key domains, such as epigenomic modifiers, hormonal milieu, immune function, neurocognitive aging processes, vascular health, response to therapeutics, and interaction with healthcare systems have been recently reviewed[7]. Therefore, here we will try to highlight other aspects, while emphasizing those related to adolescents. There are three main reasons for us to focus on adolescents: (1) gender differences, including diverse medical differences (developmental/anatomical, physiological, hormonal, psychological, behavioral etc.), become more apparent at this developmental stage; (2) currently, we  believe there is a lack of attention to gender differences at early stages, although those might contribute to gender differences in morbidity at later stages and may allow the medical community to trace the origin of gender differences in old age; and (3) our vast experience in studying gender-specific medical profiles among adolescents.

A call for a paradigm shift in the approach of gender medicine
In this review, we attempt to look at the accumulating body of evidence about the already known gender-specific differences in medical conditions–in terms of prevalence, incidence, prognosis, comorbidities etc.–and how these are translated into approaches to gender-specific treatments, guidelines and prevention strategies. The opening section of this article will provide a literature review on these three main aspects of health-related gender differences–namely: occurrence of medical conditions, treatment, and health policy. We will provide an overview on the extent to which research in these domains has developed over the years. In the main section of this article we will document the most important findings of these aspects of gender medicine in four chosen fields: asthma, obesity, chronic kidney disease and Coronavirus disease 2019 (COVID-19). In each of these fields, we will present the accumulated body of evidence related to gender medicine, and the gaps between these three aspects of health-related gender differences. In the last section of this article, we will introduce a broader, integrative, and novel approach to facilitate the formulation of an evidence-based, gender-oriented health policy to bridge these gaps and realize the full potential of basic and applied research and maximize the impact of the field of gender medicine. We rely on a model of transforming evidence generation to support the design of health policy and programs, as well as improved decision making about health and healthcare, at all levels: individual, communal, organizational, and national[8] and adapt it to a gender-specific and age/race/socioeconomic-related model, to illustrate and illuminate a possible bridge between these pivotal, yet usually not well-connected steps.
Here, we call for a shift in the approach of gender medicine to three main issues: medical profile, age of subjects, and stratified populations. While the current approach examines each medical condition separately, the broader approach of a gender-specific medical profile or signature which takes into account diverse comorbidities and health conditions should be adopted. In addition, special attention should be given to health conditions among adolescents, as some of the key gender differences become more apparent at this developmental stage. Moreover, research at younger ages may provide evidence and insights on gender differences, at early stages of life, and may allow the medical community to trace the origin of gender differences which are known at older ages, and follow their course of development. This approach may indicate the need for gender-specific interventions, such as screening, diagnosis, continuous monitoring, treatment, guidelines, preventive strategies and health policies for both acute and chronic care. Such actions may achieve a better health status and impactful medical outcome, both during adolescence and later in life, not only for gender-specific medical conditions, but most importantly, for medical conditions that are not gender-specific. Lastly, to increase precision and generate tailored, high-resolution practical guidelines and health policy, we recommend analyzing additional independent key risk factors, such as race/ethnicity, diverse socio-demographic variables (socio-economic status (SES), parental education etc.), lifestyle habits etc. Hence, the characteristics and needs of certain subpopulations within each gender will be properly addressed. 

GENDER-SPECIFIC MEDICINE-WHAT HAS BEEN DONE TO DATE AND WHAT IS LACKING?
Interest in gender differences related to medical conditions and health status has developed over the years. A search in the PubMed database (https://pubmed.ncbi.nlm.nih.gov/) revealed a total of 20944 publications, the first of them as early as 1966 (Figure 1). While until the mid-1980s no more than 10 articles were published each year, dozens of articles were published each year during the late 1980s, and the annual numbers steadily grew to over a hundred during the early 1990s, a few hundred during the 2000s, and over one thousand during the early 2010s, reaching approximately 2000 and more articles per year in recent years (Figure 1).
While most of the literature revolves around gender differences in the prevalence or incidence of medical conditions, only few studies–5007 publications to be precise–acknowledge gender-specific guidelines (596) or approaches to treatment (3575) or intervention (1372) of the same medical conditions among males and females. Furthermore, even fewer studies–3418 articles–deal with policy (621) or prevention strategies (2955) related to these gender-specific differences. A similar upward trend has also been observed in the numbers of such studies, yet the first articles were only published during the late 1970s and early 1980s, respectively, and the highest annual publication rates were approximately 600 and 400, respectively. Of note, a significant proportion of these articles only call for action, namely to convert the evidence for gender differences in health status and comorbidities into actual guidelines and treatments, as well as preventive strategies and health policy which is adapted to each gender, rather than proposing or studying those gender-oriented guidelines, strategies and policies. 
Altogether, these trends suggest an increasing interest in studying differences in the occurrence and severity of health conditions among males and females. Following the slow initial accumulation of evidence, and more rapid accumulation in recent years, gender-specific guidelines for treatment or intervention programs have begun to emerge, as well as prevention strategies and health policies that consider each gender-disease pair specifically. There appears to be a fundamental understanding and recognition of the importance of formulating guidelines for treatments and medical policies based on the cumulative information, but in practice this has only been partially realized.

FROM EVIDENCE FOR GENDER DIFFERENCES IN HEALTH CONDITIONS TO TREATMENT GUIDELINES AND HEALTH POLICY 
A sex-and gender-informed approach promotes discovery and expands the relevance of biomedical research. Issues of motivation, subject selection, sample size, data collection, analysis, and interpretation, considering implications for basic, clinical, and population research have been recently addressed and discussed[9], as well as the consideration of sex disparities in preclinical studies including in vitro and in vivo approaches[1]. Furthermore, the pursuit of gender differences in biomedical research has gained momentum, based on thoughtful study designs and deliberate methodologies to address gender disparities[9]. 
Yet, almost simultaneously the premise of personalized medicine[10] or precision medicine[11,12] has emerged and became more popular, driven by novel and low-cost genetic technologies, rapid advances in computational power, massive, linked databases, and new targeted therapies, in concordance with the rising perception of individualism and patient autonomy. The gender approach in medicine has not been neglected in basic research and applied medicine, but rather it has been (or may be) incorporated into precision medicine approaches[13-16] and translational medicine[17], or into epidemiological and pathophysiological data as well as into information on treatment options and clinical outcomes[18]. All these, in turn, may not only shed light on the basis and origin of clinical conditions, but may also shape and dictate actionable guidelines for diagnosis and detection, monitoring, treatment and intervention programs, drug development and administration, and facilitate the design of preventive strategies and health policy, which are all specific to subpopulations with regard to gender (and other factors such as age, risk factors etc.), and even individuals.
Gender-specific differences in health status have been acknowledged in the occurrence of diverse conditions such as cardiovascular diseases (CVD)[19-22], diabetes[23-26], renal diseases[27], asthma[28-30], autoimmune diseases[31], migraine[32], cancer[33-36], spondyloarthritis[37], multiple sclerosis[38,39], Alzheimer’s disease[40-42], sleep apnea and sleep disordered breathing[43], epilepsy[44], stroke[45], autism[46], depression[47], anxiety[48], addiction and substance use[49,50], and others. Calls or recommendations for further studies to establish guidelines for gender-specific treatment and health policy have been recorded in many of these and other fields. Nevertheless, they have only been partially realized–in terms of both the medical conditions (in only certain types and to a limited degree) and the target population (mainly among adults and the elderly). 
Hereafter, four medical conditions have been chosen and the diverse aspects of gender differences among children and adolescents–from occurrence to treatment and policy–will be described. The criteria and incentives for choosing the medical conditions–asthma, obesity, chronic kidney disease and COVID-19 were: (1) conditions which are relatively frequent among adolescents; (2) conditions that are of great interest to the medical and scientific communities worldwide; (3) the impact of the condition–both in term of medical aspects, individuals' level of functioning and life quality as well as economic burden on healthcare systems, their preparedness and quality of service–at present on adolescents and in the future, as individuals mature and age, thus providing the opportunity to investigate how gender differences evolve with time, and accordingly to establish gender-sensitive guidelines and policies; (4) availability of data on gender differences among adolescents; and (5) our own experience and expertise in studying these conditions with regard to gender-specific medical profiles. Of note, not all of the selected conditions answer all of these criteria. We do not aim to provide a comprehensive review on each condition, but to depict key evidence for gender disparities and the existing gap in converting it into gender-specific or gender-adjusted treatment and health policy. 

Asthma
Asthma is a multifaceted, complex and common chronic respiratory disease that affects over 330 million people worldwide. Its prevalence, clinical impact upon quality of life and healthcare expenditure, as well as mortality and morbidity statistics, provide a complete and relevant indication of its significance and global burden[51-53]. Its pathophysiology includes abnormalities of the immune regulation of allergic, inflammatory and neuroendocrine responses[54,55]. It is characterized by intermittent bronchial hyper-responsiveness and reversible airway obstruction, yet presents with multiple clinical forms and levels of severity.
A notable sex disparity has been observed in asthma prevalence, incidence, severity, hospitalization rate and duration, being more common and severe in boys during early childhood, equalizing during adolescence, and having female predominance in adulthood[56-59]. The role of sex hormones, genetic predisposition and comorbidities in airway inflammation, smooth muscle contraction, mucus production and airway mechanics has been demonstrated[28,60]. Delineating the relevant pathways in animal models as well as human subjects with various phenotypes of asthma will help determine whether women with asthma should take (or avoid) hormonal contraceptives as well as predict changes in asthma symptoms during life phases, including pregnancy and menopause, when sex hormone levels change dramatically [29,30].
Alongside asthma symptoms and severity, asthma comorbidity also places a significant burden on individuals and the healthcare system with higher rates of hospitalization, emergency department visits and ambulatory care claims among individuals with asthma compared to those without asthma[61-63]. Cross-sectional surveys and small cohorts support the relationship of asthma[64-68], particularly the severe asthma phenotype[69,70], with diverse comorbidities such as upper airway diseases, neurologic disorders including migraine[71] and psychological dysfunction, diverse gastrointestinal diseases, laryngeal dysfunction, pulmonary and bronchial diseases, atherosclerotic cardiac disease and circulatory disorders, dermatologic conditions, connective tissue/rheumatic diseases, metabolic disorders and hormonal imbalance, immunologic and hematologic disease, obesity and overweight[72,73], sleep apnea and chronic pain conditions. Cluster analyses of asthma-related comorbidities have identified diverse profiles and clinical asthma phenotypes in children and adults[74-76]. These comorbidities have been shown to be more prevalent among asthmatic subjects and some may be related to a more severe form of asthma or refractoriness to treatment, and may influence its clinical manifestation and treatment response, impair health-related quality of life and increase demand on resources. The associations of specific asthma phenotypes with specific comorbidities and their impact on asthma control and management have been investigated[70,77,78], as such comorbidities may be coincidental findings or they may contribute directly to asthma severity[79] and to the difficult-to-treat phenotype[70]. However, in most studies the gender approach was not applied. 
Recently, we employed a comparative approach to characterize mild asthma and moderate-to-severe asthma in comparison to subjects without asthma among Israeli adolescent males and females separately, while examining secular trends and relationships with sociodemographic variables and anthropometric indices[80], as well as coexisting medical conditions[81]. These studies not only strengthened the growing body of evidence supporting the notion that perhaps different mechanisms and probably etiological bases are involved in the pathogenesis of mild compared to moderate-to-severe asthma, but they also highlighted the differences between young males and females with regard to sociodemographic risk factors associated with asthma development and the medical signature or profile (of either mild or moderate-to-severe asthma). 
A diagnostic and management algorithm for assessing comorbid conditions in patients with severe asthma has been outlined[70]. Additionally, identifying gender-specific risk factors for asthma among both young and adult populations[80-84] may have potential gender-specific diagnostic, therapeutic, prognostic and preventive implications for reducing the burden of asthma itself and its associated comorbidities. These are even more critical considering the 'gender shift' in disease occurrence from childhood to adolescence and maturity. 
Nevertheless, despite the vast and diverse body of data on gender-specific differences in asthma development that have accumulated in recent years, data on studies or programs aimed at differentially dealing with asthma among (young or elderly) males and females–from diagnosis, to monitoring the disease and its progression, through investigating possible different treatment managements and responses to drugs, and to preventive strategies and health plans–have not been described. 

Obesity
During recent decades, mean body mass index (BMI) and above normal BMI–i.e. overweight and obesity–in children and adolescents–have increased in most countries and regions of the world, among both males and females[85,86]. Overweight and obesity are the result of complex relationships between genetic and sociodemographic factors and cultural influences. Reduced physical activity, dietary habits and food marketing practices are the most commonly suggested postulated causes of the obesity epidemic, although evidence supporting other putative contributors has also been found[87]. Of note, agreement was sought among six indicators (BMI, triceps and subscapular skinfolds, the sum of four skinfolds, waist circumference and percentage body fat determined by bioelectric impedance analysis) used to classify youth as obese, yet it changes considerably with age and between genders[88]. It seems that regardless of the threshold or definition, the estimates of severe obesity are higher among boys than among girls[89-91], although the evidence is not conclusive[92].
Being overweight or obese in childhood and adolescence is associated with greater risk and earlier onset of chronic disorders such as type 2 diabetes, metabolic syndrome, CVD and a variety of other comorbidities[86,93-95], including hyperlipidemia, hypertension, and abnormal glucose tolerance[96]. Moreover, childhood and adolescent obesity, mainly among girls, is associated with adverse psychosocial consequences[86], social exclusion and depression[96,97], as well as lower educational attainment[98,99], lower income and increased rates of household poverty[99]. Not only is overweight in adolescent subjects associated with increased risks of adverse health effects–only some of which are common to both males and females, and not to the same extent (see below)–it may also be associated with an increased risk of mortality among men, but not among women[100]. Furthermore, the number of years living with obesity is directly associated with the risk of mortality[101]. Recently, an algorithm that uses combinations of extractable electronic health record indicators and determines provider attention to high BMI and associated medical risk has been developed and validated[102].
The associations between obesity and a wide range of comorbidities differ between genders, for example: migraine[103], depression, eating disorders, anxiety and other mental disorders[104,105], sleep apnea[106], hypertension[107,108], atrial fibrillation[109], certain cancers etc. While most gender-specific differences in obesity-related comorbidities have been investigated and documented in adults, one cannot exclude the possibility that these, at least partially, reflect differences in health problems among obese children and adolescents. Profound differences between the medical profiles, or health condition signatures, of obese males and females were recently obtained (alongside common risk factors) for Israeli adolescents: obesity was associated with higher risk for hyperlipidemia, diabetes and mental disorders and lower risk for pre-hypertension only in males, whereas it was associated with a higher risk for micro-hematuria only in females, and differences in the magnitude of associations were also demonstrated[4]. This study not only uncovered novel associations between BMI categories and medical conditions, but also enabled a portrayal of the medical signature of each gender–BMI group, and revealed the gender differences within each BMI category, while providing a broader view on health-status-compromising medical conditions, representing approximately 90% of all medical conditions among Israeli adolescents[110]. Recently, the gender-specific associations between obese adolescents with cardiovascular and non-cardiovascular mortality in midlife were investigated[111]. Furthermore, gender-biased access to deceased donor kidney transplantation was observed among obese patients, as obesity reduces the likelihood of being listed for deceased kidney donor transplantation, especially among women[112].
Altogether, the rising prevalence of elevated BMI and its burden [113]–in terms of health, social and economic consequences[99,114-117]–highlight the local and international need for a continued focus on the surveillance of BMI and the identification, implementation, and evaluation of evidence-based interventions to address this problem generally, and specifically for each gender.
It is widely accepted and recommended that conservative approaches such as intensive, family-based lifestyle modification/behavioral therapy for weight management should be a prerequisite for all obesity-aggressive interventions (including medications and invasive procedures such as bariatric surgeries, gastric bypass, and gastric banding), for the general population, and particularly for children and adolescents[118]. Obesity control and prevention programs in children and adolescents mainly involve diet/nutrition and physical activity, education, multi-component lifestyle interventions, and community or family involvement or friends' support for eating and exercise[119-125]. There is more evidence that obesity prevention programs produce larger effects for females than males[126], although this difference is usually non-significant[122]. Moreover, gender differences have also been observed in obese people’s preferences, perceived value and willingness to pay for weight loss, lifestyle changes and reduction of long-term risks to health[127]. For example, female participants providing open-ended responses included wanting to have a baby, not wanting to embarrass their children, physical pain, quality-of-life improvements, and stigma, while males’ responses were associated with health insurance coverage and better employment opportunities[127]. Policy makers should assess compliance and prioritize treatment opportunities by analyzing these aspects, and differentially refer young males and females to relevant programs that are adjusted to population characteristics and needs, including gender-related issues. Yet, none of this is implemented in practice. 
Specific criteria for integrating overweight into routine preventive screening of adolescents have been determined[128], and recommendations that provide practical guidance to pediatric clinicians who evaluate, treat and prevent overweight and obesity in children and adolescents have been developed[129,130]. Certain medical associations also provided physicians with a comprehensive and multidisciplinary protocol for guiding and personalizing innovative obesity care for safe and effective weight management[118,131]. Yet, none of these guidelines or recommendations consider gender differences. 
Specific national calculations for adolescent obesity plans and policy have been conducted in a number of countries, such as Germany[132] and Australia[133]. Policy directives concerning childhood obesity combine medical effectiveness at the individual level with cumulative investment requirements at the population level that are expected to cause growth in healthcare expenditure[134]. Gender differences in the economic impact of obesity have been estimated by quality of life, years of life lost[135] and hospitalization costs[136] which are essential for population decision making (in comparison to guidelines to treat the individual patient) and policy. This would provide a platform for priority setting of interventions to prevent and treat obesity, based on value gained for investment, aiming to increase health and reduce costs of secondary implications. Social determinants, such as the burden to minorities[137], low income countries[138] or deprived populations, have already been inspected through the gender lens.

Chronic kidney disease 
Chronic kidney disease (CKD) is currently defined by abnormalities of kidney structure or function. It is characterized by persistent renal damage and loss of nephron mass and glomerular function that may lead to progressive decline and even loss of renal function over time. The condition may progress from early disease to advanced stages that require kidney replacement therapy (KRT)[139]. This common disorder is a major risk factor for end-stage renal disease (ESRD), which is the endpoint of chronic renal disease, as well as CVD. Through these effects it contributes markedly to the global burden of morbidity and mortality[140]. Additionally, CKD, especially in later stages, may cause chronic anemia[141], mostly due to a lack of erythropoietin, osteoporosis[142] and cognitive impairment[143]. It has been recognized as a leading public health problem worldwide. The age-standardized global prevalence of CKD stages 1-5 in adults aged 20 and older has been estimated at 10.4% in men and 11.8% in women[144], and recently it was updated upwards[140]. However, the prevalence of CKD shows wide variation between and within specific geographic locations – it is higher especially in low - and middle-income countries–due to both true regional differences in CKD prevalence as well as technical and methodological issues related to measurement and definition[145]. There is limited epidemiological information on the prevalence and incidence of pediatric CKD, particularly in its early stages, since it is often asymptomatic and therefore under-diagnosed and under-reported[146]. The currently available data are not only limited but also imprecise, and flawed by methodological differences between the various sources[147]. In Europe, the prevalence of CKD among children aged < 20 ranged from ca. 56 to 75 per million of the age-related population (registries spanning the period 1975-2008), with predominance of males (male/female ratio ranging from 1.3:1.0 to 2.0:1.0)[146]. While in Latin America the corresponding prevalence is lower (~42 per million of the age-related population) and data from the Middle East are fragmented[146], there is actually no comparable information available from the United States[147]. 
Cobo et al[148] nicely summarized the issues related to CKD and gender differences: "Men and women with CKD differ with regard to the underlying pathophysiology of the disease and its complications, present different symptoms and signs, respond differently to therapy and tolerate/cope with the disease differently". Importantly, the lack of inclusion of women in randomized clinical trials in nephrology was noted; therefore, gender differences in CKD pathophysiology, progression, management, treatment and outcome should be carefully considered[148]. 
Several risk factors in childhood and adolescence have been associated with increased risk for future ESRD, including: persistent asymptomatic isolated microscopic hematuria[149], hypertension and pre-hypertension[150,151], overweight and obesity[152,153], and a history of clinically evident kidney disease in childhood, even if renal function was apparently normal in adolescence[154]. In all these studies, gender differences, if they existed, were not statistically significant. 
Different gender trajectories of CKD progression in children and adolescents have been reported in a few studies, although the evidence is not conclusive. Among glomerular patients, faster progression of CKD was found in females[155], whereas among non-glomerular patients no significant gender difference was obtained[155] or even faster progression of CKD was noted in males[156]. In adults, women have lower risk of CKD progression, and hence ESRD (despite men's lower prevalence of CKD), as well as lower risk of death compared with men[157]. Differences in hormone levels (protective effects of estrogens and/or damaging effects of testosterone) together with unhealthier lifestyles, might cause kidney function to decline faster in men than in women[158,159]. Furthermore, hyperuricemia has been shown to be an independent risk factor for faster CKD progression in children and adolescents, but only among males, who seem to tolerate higher levels of uric acid than females[160]. Gender differences in hypertension control, particularly in the early stages of CKD, may also contribute to disparities in CKD progression, as it has been shown that African American men with CKD have poorly controlled hypertension compared with African American women[161].
Gender-specific disparities have also been observed in the treatment of CKD[148,158,159,162]. More men undergo dialysis or KRT than women, despite the fact that more women are affected by CKD, especially stage G3 CKD. Men are also referred earlier for KRT than women. The relative difference between men and women initiating and undergoing KRT has remained consistent over the last five decades and in all studied countries. Yet, the male-to-female ratios, calculated for incident and prevalent KRT patients, increase with age, showing consistency over decades and for individual countries. Although women are also less likely than men to receive kidney transplants, they are more likely to donate a kidney. Additionally, gender differences in preferences have been noticed, as elderly women seem to prefer conservative care over KRT. Although access to living donor kidneys seems equal, women have reduced access to deceased donor transplantation. Dissimilarities between the genders are also apparent in the outcomes of CKD treatment. In patients with pre-dialysis CKD, mortality is higher in men than in women; however, this difference disappears for patients on KRT. Moreover, quality of life while on KRT is poorer in women than in men, as the former report a higher burden of symptoms. 
Effective CKD prevention policies begin with the identification of CKD risk factors in the population, i.e. accurately determining the incidence and prevalence of CKD while considering the distribution and burden of diverse risk factors. Then, appropriate targeted mitigation strategies should be developed, including early screening and treatment for populations or individuals with CKD risk to prevent the onset and delay the progression of the kidney disease[163]. Moreover, practical clinical guidelines, a prevention program and policy for CKD management and treatment, as well as research, should stem from an approach that recognizes and addresses CKD as a national public health problem beset by inequities in incidence and prevalence, and complications across gender, as well as other risk factors such as race/ethnicity and SES[159,164]. However, such an approach has been largely neglected[148], and all aspects of CKD–from clinical guidelines, through recommendations for management, referral to a preventive program, design of health policy, and research–are made in a gender-blind manner[148,159], despite the wide range of gender disparities related to underlying CKD pathophysiology, disease symptoms and signs, progression and complications, management, response to therapy and its outcome[148].

Severe acute respiratory syndrome COVID-19
Policies and public health efforts have not addressed the gender-related impacts of disease outbreaks, which are both physically and socially constructed[165]. The response to COVID-19 appears no different, as no global health institution or government in any affected country has conducted a gender analysis of the outbreak[166].
The outburst of a pneumonia-like disease with an unknown etiology in Wuhan, China, in mid-late December 2019[167-169] has become a global pandemic that poses a significant threat to global health[170]. It was later found to be caused by the pathogen of the coronavirus clade termed severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)[171-174]. People at risk for COVID-19, in terms of disease frequency, mortality or both, have been characterized as having pre-existing diseases such as hypertension, CVD, diabetes, chronic respiratory disease, cancer,[175] and elevated BMI, mainly obesity[176]. 
Although the disease has only recently erupted and spread, early studies have already indicated noticeable differences between males and females[177]. First, there might be a gender predisposition to COVID-19, with men more prone to being affected[178], as male prevalence ranges from approximately 55%[168,179,180] to 67%[181,182] and up to approximately 75%[167,183], depending on the country, disease severity and method of diagnosis. Overall, the male to female ratio is 2.7:1[184], which is quite similar to the ratio detected in the outburst of Middle East Respiratory Syndrome Coronavirus (MERS-Cov) in 2012. The reduced susceptibility of females to viral infections could be attributed to enhanced innate and adaptive immune responses in females driven by chromosome X and sex hormones[185], lower density (or expression level) of angiotensin-converting enzyme 2 (ACE-2), which is the entry receptor for the COVID-19 virus, in the lungs of females compared to males[186], or maybe smoking habits and their effects on increased airway expression of ACE2[187,188], although the smoking effect should be validated[186]. Of note, in a few studies the gender differences in the number of cases, if they existed, were not statistically significant[166,189,190], and the differences have been shown to possibly change with age[191]. In general, only a few studies have provided precise data stratified by age group and gender [192]; this may be a major hurdle to evidence-based decision making and policy design[193]. 
Regardless of susceptibility, there seem to be gender differences in mortality from and vulnerability to the disease[166,176], as current evidence suggests that male gender is also a risk factor for a worse outcome of COVID-19. Namely, men may be more prone to higher severity and mortality, independent of age, susceptibility and pre-existing comorbid risk factors, among the general infected population[194] and particularly among severely ill (or worse) patients and those who need management in intensive care units[167,195] and invasive mechanical ventilation[176]. In contrast, another study found no gender differences among patients in intensive care units or in mortality rate[189]. Furthermore, patients with refractory COVID-19 were also more likely to be males, and male gender also predicted poorer treatment efficacy compared to women[196].
In addition, indirect effects of COVID-19 also exhibit gender differences. For example, women in the hardest hit areas of China reported significantly higher posttraumatic stress symptoms (PTSS), compared to men, during the COVID-19 outbreak[197].
Naturally, most of the research to date has focused on adults and the elderly, who are more prone to and affected by the disease. In general, children are less affected[198,199] and tend to have a milder clinical course, yet the reported proportion of male children is approximately 55% or higher[200-202]. Data on children and adolescent patients with COVID-19 have just begun to accumulate[202,203]. 
Although data on gender differences are limited, and have not yet been integrated into guidelines and recommendations for disease screening, management and public policy, evidence for the consideration of gender differences has already emerged. For example, exploration of serial intervals, which refers to the time interval from symptom onset of a primary case (infecting) to that of a secondary case (infected), by regression models has accounted for gender-specific differences[204]. Gender has also been integrated into a classifier prediction model to predict the status of recovered and dead COVID-19 patients[205]. Nevertheless, to date, the international and national responses of countries dealing with the COVID-19 pandemic have neither considered nor addressed gender differences such as "gender norms, roles, and relations that influence women's and men's differential vulnerability to infection, exposure to pathogens, and treatment received"[166]. Moreover, these factors may also differ among different groups of women and men, based on age, ethnicity/race, etc. and therefore should also be considered and integrated into guidelines and health policies. 

A BROAD AND INTEGRATIVE APPROACH TO EVIDENCE-BASED, GENDER-ORIENTED HEALTH POLICY 
Herein, we have reviewed diverse aspects of gender-specific differences related to different health conditions among adolescents, and the gap between evidence and its implementation into practical guidelines, recommendations for disease management and design of preventive strategies, and public health policies. In the next section, we provide additional evidence for this gap in diverse domains and discuss the current barriers. Then, we highlight a few emerging and influential key themes (detailed below) that should be considered and integrated into a broader approach to gender medicine to inform evidence-based, gender-oriented health policy: (1) Incorporating diverse risk factors (ethnicity, socio-demographic variables, minorities, residence, education, lifestyle habits etc.), in addition to gender, in order to better characterize the needs of sub-populations and properly address their needs; (2) Investigating gender-specific medical profiles of related health conditions, rather than a single disease; (3) The dynamics of gender disparities across developmental stages; and (4) The different levels of analysis: individual, communal, regional, national and global levels.
Lastly, we reflect on this broader approach, and on its application and implications. 

The overall picture: difficulties and barriers to translating medical evidence into guidelines and health policy
Gender-specific medicine is the study of how diseases differ between men and women in terms of occurrence, clinical signs, therapeutic approach and management, prognosis, psychological and social impact, prevention and research. Despite the urgency of basic science and clinical research to increase our understanding of the gender differences of diseases, it is a neglected dimension of medicine and not included in most guidelines[206,207]. To date, some attention to gender differences has been given mainly to certain clinical areas of medicine, many of them related to older populations, such as CVD, oncology, pharmacology, osteoporosis, pulmonary diseases, gastroenterology, hepatology, nephrology, autoimmune diseases, endocrinology, hematology, and neurology[206-208]. In some of these medical fields, guidelines have been only partially adopted to include a certain degree of gender orientation. However, implementation is still far from optimal. For example, autoimmune hepatitis guidelines are considered gender-specific; however, they are driven by individual genetic fingerprints, and do not draw a clear border between men and women[209]. Existing gender-adjusted treatment guidelines are still not completely applied, for example, guidelines have not been equally implemented for hypertension[210], for myocardial infarction[211] and for acute coronary syndrome[212,213]. Access to dialysis treatment and the types of treatments employed for kidney diseases differ by gender[214,215] (as well as by age, race, ethnicity and SES[215,216]). Even if already integrated into current guidelines, such as those of CVD, guidelines still require gender-based revision[19]. Only a small proportion of Canadian clinical practice guidelines contain gender-related diagnostic or management recommendations, recommendations for gender-specific laboratory reference values, or refer to differences in epidemiologic features or risk factors[217]. Moreover, developers of clinical practice guidelines have yet to endorse a consistent and systematic approach for considering gender-specific information in these guidelines, such as in the case of CVD[218]. In addition, epidemiological research data, which are relevant to the local population, and stratified by gender and other key variables, should be transformed from a research setting into a format that could be used by policy developers to support strategies encouraging healthy lifestyle choices and service planning within local government. For instance, data exchange supported by a population statistics company can serve as a conduit to keep regional policy makers informed by local evidence (according to age, sex and residence/suburb), rather than by a national or state health survey, in order to optimize potential intervention strategies[219]. Recently, barriers to the development of sex/gender-sensitive guidelines have been identified[220], including the increasing complexity of guidelines, the lack of availability and quality of gender sensitive evidence, the shortage of resources, and deficiencies in awareness/knowledge. In contrast, policies and standards from guideline organizations are conceived as facilitators. Addressing these barriers–national/social, organizational and individual ones–may create a basis for potential solutions and tools to achieve behavioral change in the development of gender-sensitive guidelines in the future[220]. 
Gender-specific healthcare will need to cope not only with clinical-epidemiological aspects, but also with education and preparedness of hospitals, healthcare professionals and the entire healthcare ecosystem. This implies that concepts of sex and gender health should be embedded into medical curricula related to education, training and professionalism of current and future healthcare professionals[221], as well as emergency medicine education[222], in light of the important implications of gender for changing the clinical practice of emergency care[223]. A global action initiative was convened as a workshop to assemble the available knowledge on gender-sensitive public health and identify structural influences on practice implementation, resulting in the definition of overarching implementation strategies and principles[224]. Both gender norms[225] and gender-equality policies[226] may influence and impact approaches to gender health and women’s health throughout their lifetime and gender inequalities in health, including care demands. This may necessitate correction and redesign of gender-equality policies and effective gender-related health policies, as well as health treatment and services for women, which in turn may require additional budgets. 

Emerging themes to be integrated into a broader gender medicine approach
Men and women are not homogeneous populations due to adverse and combined effects originating from the interplay between genetics, environmental factors and socio-cultural background. However, gender is only one of a few independent risk factors including race/ethnicity, age, and diverse socio-demographic variables (SES, parental education etc.)[227-229]. Lifestyle habits and personal preferences also have an impact on both health status and the entire healthcare system, and influence the demand for healthcare services[230]. Yet, gender is a pivotal risk factor, as epidemiological studies have revealed that gender remains an independent risk factor after ethnicity, age, comorbidities, and scored risk factors are taken into account[207]. Interestingly, interviews with leaders of the Israeli healthcare system about their attitude towards inequity and distributed justice of healthcare services revealed the central place of age deprivation (to the elderly), geographic inaccessibility and unbalanced private-public healthcare services, in contrast to gender–that was mentioned by only one expert–among the possible threats to equity in the provision of healthcare[231]. 
In addition, most of the literature revolves around gender differences related to a specific medical condition, providing only a narrow view of health status, rather than studying medical profiles of multiple diseases or comorbidities. As most people have more than one single medical condition, one should inspect not only a given medical condition but also its accompanying cluster of associated conditions, namely, the medical condition should be placed in the context of the other co-existing medical conditions at the individual level as well as at the population level. 
Furthermore, little if any attention has been given to the interplay between risk factors such as age-related gender differences, in research and in practical guidelines. This may be due to a lack of evidence, as gender differences become pronounced during adolescence, yet evidence is mainly based on data of adults and the elderly. As physiological, morphological and behavioral and other differences between males and females become more pronounced during puberty, one should not ignore medical differences at this developmental stage. Obtaining evidence for gender differences during adolescence, and tracing these to adulthood may provide insights on the origin of these differences and on their change over the course of development. Such information may be crucial for the design of specific practical guidelines (for screening, diagnosis, continuous monitoring, and treatment) and preventive programs and health policies among males and females. It can improve individual health status, increase the impact on interventions and policies, and may assist in closing gender disparities at later stages of life. 
Each individual can be observed from different angles: the genetic print, health portrait, sensitivity to exposure, and vulnerability to co-morbidity. The perspective of time over the lifespan–from childhood to old age plays a role in the presentation of health conditions, since age is a major factor in pathophysiology, pharmacodynamics, reaction to treatment and prognosis. But above all, differences between men and women may dramatically affect behavior, responses and outcomes that may be amplified if treated in a non-personalized and gender-insensitive manner. 
Moreover, policy makers and caregivers should observe population trends, or rather the cumulative effect of groups of patients–at national, regional and global levels–stratified by gender, age, ethnicity and other risk factors. This approach will indicate the burden of a disease in a specific manner enabling the definition of targeted guidelines and strategies[113,232]. For instance, a recent study demonstrated the change over time of racial and ethnic disparities in vital care practices and certain outcomes, such as hospital mortality and severe morbidities[233]. 
In addition, demographic changes, such as aging populations, impact the entire healthcare system in terms of healthcare service utilization and cost requirements. But demographic changes are also affected by healthcare system output, such as advanced medical care and prevention measures as well as improved health behavior within the population. Forecasting future morbidity among diverse population groups is based on population projections, considering demographic changes, and the bi-directional relationship of future morbidity with the healthcare system. Such forecasting of probable trends of occurrence rates may enable determination of the measures to be taken within the healthcare system, as well as identification of priorities among population groups[234,235]. 

A broader gender medicine approach: application and implications
Previously, we proposed a multi-step model to bridge the gap between data collection on adverse populations, research and informed health decisions and policy making[8]. It would be tempting to recommend, although too easy and oversimplified, to split the model for males and females in order to generate gender-sensitive health policy. Instead, an integrative and broader approach should be applied, integrating all the above-mentioned indicators and processes in a matrix-like manner (Figure 2). 
Through this approach, gender is positioned at the top of the hierarchy; below it are other risk factors such as age, race/ethnicity, SES, residence, education, minorities etc. In other words, male and female populations are subdivided by these risk factors, which reflect inequities and diversities, and thus are taken into account. For the grading of each medical condition, within each gender–and preferably also within sub-populations–a multidimensional algorithm should be utilized, while considering occurrence (prevalence, incidence, exposure), progression over time, current and future disease severity (clinical symptoms/signs) and functional disability, psychological and social impact, additional co-existing co-morbidities, medical and economic consequences, mortality rate, preference and response to diverse therapeutic approaches and management protocols, etc. This would sum up to a given score or weight, which reflects the medical condition burden. 
Moreover, the interplay of the medical condition with genetic data as well as epidemiological data on lifestyle habits, environmental factors and socio-cultural background should be assessed. Optimally, this would be applied to multiple medical conditions in parallel, so the entire spectrum of medical conditions comprising the health status of a given individual is considered, placing each medical condition in its true context and unraveling the medical profiles or signatures of given sub-populations. 
For each case the relevance of the data–from the local, to national or global (other countries) populations–should be indicated. Obviously, data which are collected routinely should be integrated with evidence from designated research and trials. Such a broad, in-depth and tailored evidence base that is stratified to subpopulations within each gender may enable more accurate predictions of the burden of the medical signature–comprising its co-existing comorbidities, which in turn may allow better matching and design of adapted practical guidelines and gender-sensitive health policy.
Such an integrative approach relies on complex, multi-dimensional regression models and advanced statistics tools and data analysis models (Cox proportional hazards e.g.), but can also rely on machine learning and artificial intelligence (AI) learning methods to produce the above-mentioned scores and direct us toward specific measures of intervention treatments and prevention strategies of various medical conditions among male and female subpopulations. 
The use of AI in the analysis of big data in public health has already been discussed, and methods of approaching big data by machine learning, neural networks and pattern recognition have been suggested in constructing models[236]. Key components of analytics technology and operations, data governance, change and automation, advanced analytics and insights, analytics literacy and strategy and relationship management are of importance in analyzing big data by AI[237]. The use of AI in the analysis of epidemiological data related to gender, age and morbidity has been demonstrated recently for predictive purposes with implications for patient care, showcasing machine learning classification techniques in lung cancer[238], as well as artificial neural network (ANN) methods in a nutritional status study[239] and metabolic syndromes[240]. These exemplary studies may serve as a proof-of-concept for the feasibility of using AI as a tool in the proposed integrative approach to generating evidence-based, gender-sensitive health policy. Therefore, AI and advanced analytics can provide insights into implications for patient care, assist in forecasting future morbidity among diverse population groups, and may enable determination of the measures to be taken within the healthcare system.

CONCLUSION
Although the growing body of evidence clearly points to gender-specific differences in diverse range of medical conditions, from chronic disease to pandemics, little has been translated into gender-oriented and adjusted medical guidelines and health policies. An integrative approach to gender medicine-which incorporates information of medical profiles of co-existing medical conditions, considering the dynamics of these profiles across developmental stages, and adjusted to diverse risk factors-was proposed, and may bridge this wide gap. Increased awareness of gender-specific differences–in basic and applied research, clinical portrayal, design of treatment regimens and procedures, guidelines, preventive strategies and public health policies-may improve individualized care, properly address the unique needs of genders and sub-populations, and hence reduce inequities, as well as reduce current and future disease burden at the individual, community, national and global levels.
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Figure Legends
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Figure 1 The annual number or articles publishes in PubMed on gender differences and medical conditions. The annual number of articles on gender differences and medical conditions1 (black rhombus, continuous line), and the subsets on treatment/intervention/guidelines2 (dark gray square, dotted line) or health policy/prevention strategies3 (light gray, dashed line). 1The exact query searched for the following terms in either the “Title” or the “Abstract” of the articles: [(“Gender difference” OR “sex difference” OR [(“sex” OR “gender”) AND “risk factors”)] AND (“health” OR “comorbidities” OR “medical conditions”) NOT (“transgender” OR “identity” OR “orientation”)]; 2The exact query is similar to the first one, including an additional condition: (“Treatment” OR “intervention” OR “guidelines”); 3The exact query is similar to the first one, including an additional condition: (“Policy” OR “prevention”).
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Figure 2 A broad and integrative approach to generating data on gender differences related to medical profiles across developemental stages and translating the evidence into age-adjusted and gender-oriented clinical guidelines and health policy. 
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