Additional File 1
Supplementary Results
Sex-specific pharmacokinetics and adverse drug reactions
	An abbreviated summary of the findings appears in Tables 1-3 of the main text. Pharmaceuticals are sorted by the WHO Anatomical Therapeutic Chemical (ATC) Classification System, which lists active ingredients of drugs according to the primary organ(s) or system(s) upon which they act, along with their therapeutic, pharmacological and chemical properties. 

ATC Classification A: Alimentary tract and metabolism	
	Liraglutide. Women have 30% lower weight-adjusted clearance compared to men. Significantly more female than male subjects reported adverse events, most frequently headache, vomiting and nausea (1). No dose adjustments were suggested (NDA 022341).  
	Ranitidine. AUC and Tmax were significantly lower for women than men (2). The incidence of duodenal damage in women at both four and eight weeks of treatment was significantly lower than that in men (3).
	Rosiglitazone. A population PK analysis determined that net clearance in women is about 15% lower than for men (NDA 21071; Avandia). From a meta-analysis of 10 randomized controlled trials and two large observational studies, Loke et al. (4) concluded that rosiglitazone and pioglitazone were associated with a significantly increased risk of fractures; in five randomized controlled trials this risk was greater among women but not among men. 
	Ondansetron. Women cleared ondansetron more slowly than men, producing higher absolute bioavailability (5). The AUC was >2 fold higher in women than men (354 vs. 154 ng·hr/ml), and the Cmax was 83 ng/ml for women vs. 51 ng/ml for men. Although the FDA-approved labeling accurately identified this sex discrepancy in plasma concentrations and clearance, no sex-aware dosing adjustment is recommended (Zofran, FDA product labeling; (6)). The VigiBase ADR ratio was 2.14, based on 16266 reports.

ATC Classification B: Blood and blood forming organs
Heparin. After a standard heparin bolus and infusion, women had significantly higher values than men (0.56 vs. 0.35 units/ml; (7). Sex differences were reported in 273 out of 621 adverse events associated with heparin.  Heparin-induced blood and lymphatic system disorders were greater for female than male patients. Drug labels indicate that a high risk of bleeding after heparin treatment is increased in women older than 60 years. After matching for age, body mass index, and type of antithrombotic therapy (e.g., heparin), bleeding risk after percutaneous coronary intervention remained significantly higher in women than men. Bleeding was associated with increased risk of 1-year mortality (8). Gutie´rrez-Chico et al. (9) noted a higher incidence of bleeding complications from antithrombotic drug treatment in women that might be related to frequent over-dosage. 
Aspirin. Aspirin is frequently utilized in treating cardiovascular disease. Oral bioavailability of aspirin was higher in females than males, with significantly greater plasma concentrations in women (10–13). The AUC and elimination t1/2 of aspirin were significantly greater, and aspirin plasma hydrolysis rate significantly lower in women. Aspirin clearance was  61% higher in men than in women (14).  
Aspirin is much more effective in preventing myocardial infarction in men than women (42% vs. 19%; (15–17)). The use of aspirin is associated with a higher reduction of risk for ischemic stroke in women (17).  Aspirin administered to men produced a nonsignificant increase in stroke. In another report, aspirin administered to women did not significantly reduce the risk of major cardiovascular events, but significantly decreased risk of stroke (18). Fibrinogen concentration in aspirin-treated women is significantly higher than in men and may contribute to higher platelet aggregation (19). Women have lower mean percent inhibition of platelet aggregation and greater prevalence of aspirin resistance than men (20). Inhibition of platelet aggregation may be insufficient in women; female patients might benefit from higher maintenance doses (21). Young women exhibit greater post-treatment reactivity while on aspirin, which may contribute to the excess risk observed in this population (22). An increased risk of non-fatal/fatal cardiovascular disease associated with aspirin treatment in patients with Type 2 diabetes was present in women but not in men (23). Analyses of sex differences in bleeding from antithrombotic treatment with aspirin yielded conflicting results. No significant difference in bleeding risk between women and men on aspirin was found in one study, a higher bleeding risk was seen in men in another study and in a meta-analysis no sex difference in bleeding risk was found (24).
Warfarin. Sex was a significant independent contributor to warfarin clearance with women having 22% lower S-warfarin clearance than men (25) as also reported by Takahashi et al. (26). Studies cited by Whitley et al. (27) consistently report lower warfarin doses are required for women compared with men, e.g., median warfarin daily dose requirements varied significantly with sex and were 2.9 mg for women and 3.7 mg for men (28). Garcia et al. (29) note that women required 4.5 mg less warfarin per week; the recommended initiation dose of 5 mg/day will be excessive for 82% of women and 65% of men. Major bleeding complications occur more often in women than men treated with warfarin and thrombolytics for venous thromboembolism (30). Women on warfarin were 3.35 times more likely than men to experience a major bleed (31).
Clopidogrel. The Cmax was 1.7 fold higher and the AUC 1.88 times higher in female than male patients (22). A low dose of this blood thinner increased fracture risk in women but fracture incidence for men was only increased at higher doses (32). Clopidogrel is associated with higher incidence of gastrointestinal symptoms in women with irritable bowel disease symptoms (33) with a higher prevalence of bleeding reports in women (24). Young women have greater baseline clotting tendency, reduced response to clopidogrel, and greater post-treatment reactivity which may contribute to the excess risk observed in young women (22).
Dabigatran. The AUC is 20-30% higher in elderly women than elderly men (34). Dabigatran was similarly effective for stroke prevention in both sexes, but it decreased the risk of major bleeding in men but not in women (35) and a stratified analysis suggests increasing odds of dabigatran-induced adverse bleeding as age increases among women (36).
Icatibant. Younger women exhibited lower clearance rates with 2.3-fold increases in both Cmax and AUC compared to men (NDA 022150). In elderly females, Cmax was similarly increased 2.3-fold compared to age-matched males, and AUC was 1.8-fold higher. Nevertheless, no dosage reductions are recommended for women on the drug label, justified based on post hoc PK analyses from two additional trials and a population PK analysis of all available data. The ADR ratio was 3.18, based on 1765 reports.

ATC Classification C: Cardiovascular system
Over the past 4 decades the incidence of cardiovascular diseases has been reported to progressively decline in men, but it has continued nearly unchanged in women (37). HMG-CoA reductase inhibitors (statins) are a frontline treatment protocol for lipid management; statins interfere with the action of HMG-CoA reductase, a key enzyme in the synthesis of cholesterol. The benefit of statins in women for secondary prevention has been demonstrated but, their role in primary prevention of cardiovascular disease remains controversial (38). Clinical trials on statins have been conducted almost entirely on men (39,40). Because statins have not been adequately tested in women, treatment decisions such as drug selection and dosing regimens for women are potentially dangerous (41). In addition, women are more prone than men to develop torsades de pointes (TdP), a life-threatening cardiac rhythm disturbance during administration of multiple cardiovascular drugs that prolong cardiac repolarization (42).  
Torasemide. Both absolute and body weight-adjusted AUC and Cmax values were 30% to 40% higher in women than men, t1/2 was significantly longer and oral clearance was slower in women (43). These sex differences are accompanied by a higher rate of major ADRs in women; a pharmacovigilance project indicated that 66% of hospitalizations due to torasemide ADRs occurred in women, a number that was not accounted for by sex‐specific differences in drug prescription rates (43). 
Pravastatin. Among patients with a specific hepatic transporter molecule genotype (SLCO1B1 c.521TT genotype) women administered a single dose of pravastatin had a 147% greater peak concentration in plasma over the next 12 h, and a 142% greater AUC than men (44). The incidence of coronary heart disease was more pronounced in older women than in older men (45). 
Amlodipine. In middle-aged and older patients, clearance was ~30% faster in women than men (46). Adverse reactions are substantially more common in women for edema, flushing and palpitations (Norvasc; product label). 
Digoxin. Clearance is 12-14% lower in women than men (47). The original digoxin trial suggested increased mortality among women. Death from any cause was 5.8% higher in women (48) perhaps reflecting higher drug concentrations (49). Digoxin therapy is associated with an increased risk of death from any cause among women, but not men (50). It has been suggested that patient sex should be considered when prescribing this drug (51,52). 
Verapamil. Clearance of oral verapamil was accelerated in women (53); the t1/2 of verapamil and mean residence time were significantly shorter in women than men (54). After administration of sustained-release verapamil, however, oral clearance was lower in women than men, 43 vs. 75 ml/min/kg, with a similar sex difference after regular-release verapamil. This sex difference was not evident when verapamil was administered intravenously, suggesting that intestinal processes likely influence sex-specific differences in drug clearance (55). Constipation, edema, fatigue and headache occur more frequently in women than men (56) treated with controlled-onset, extended-release verapamil.
Aliskiren. The AUC was 22% lower and Cmax was 24% lower in men than women, but sex differences were abolished when corrected for body weight (57). In women increases in diarrhea rates were evident starting at a dose of 150 mg daily, comparable to those seen at 300 mg for men.
Losartan. Cmax was 100% higher and AUC was 250% higher in women than men.  Despite these differences no dose adjustment was recommended for women ((58), citing drug prescribing information from the Physicians Desk Reference and Novartis). Os et al. (59) reported that women had more adverse events but fewer serious drug-related adverse events than men, but none of these differences was statistically significant. Men on losartan were more likely to be hospitalized for angina and tended to have overall higher mortality (3.6% vs. 1.8%; (59)). 
Propranolol. Oral clearance was 63% higher in men than women (60) and AUC and Cmax in women were 74% and 99% higher, respectively, than in men (61). The incidence of dizziness, muscle pain, headaches and dry mouth was substantial higher in women than men (62). 
Dofetilide. Women’s systemic exposure is 14–22% higher after correcting for body weight and creatinine clearance (FDA label; Roukoz and Saliba, 2007). The risk of TdP in women was approximately three-times that in men and directly related to plasma concentration and dose (63).  Modification of doses based on creatinine clearance and baseline QTc measurements can accommodate sex-specific dosing of dofetilide.
	Pitavastatin. Among healthy subjects Cmax and AUC were 60 and 54% higher, respectively, in women than men without affecting efficacy or safety in clinical studies (NDA 22363). The ADR ratio was 1.12, based on 5003 reports. 
Labetalol. For women receiving similar average dosages and having similar body weights, dose-corrected concentrations were 80% higher in women, and Cmax was more than 2-fold higher in women, but the drug effect was similar in both sexes, as the protocol dictated dosage titration to a specific antihypertensive effect. Women required nearly 2-fold higher drug concentrations to achieve a similar antihypertensive effect (64). ADR ratio of 1.5, based on 4210 reports.
	Nifedipine. Clearance was significantly slower in men than women 9.3 ± 0.6 versus 12.1 ± 1.5 ml/min/kg (65). The ADR ratio was 1.29 based on 36924 reports.
Metoprolol. Women had significantly higher Cmax and AUC values than men after oral treatment with metoprolol tartrate; women also exhibited a greater reduction in exercise heart rate and systolic blood pressure (66). Sharma et al. (67) observed similar sex differences when metoprolol was administered in the presence of a steady state of diphenhydramine, which increased the metoprolol AUC by 84% in women and only 45% in extensive metabolizer men. Sex differences in PKs persisted after correction for differences in body weight. Ueno and Sharma (68) suggested that women may require lower-than-standard doses to avoid adverse effects, whereas men may require larger doses to obtain therapeutic benefit. On the other hand, Cocco and Chu (2006) reported that despite presumed greater plasma concentration of metoprolol in women, there was a significant difference in anti-ischemic effect in favor of men. ADR ratio of 1.26, based on 39751 reports.

ATC Classification G: Genito-urinary system and sex hormones
Mirabegron. The Cmax and AUC for treatment of overactive bladder were approximately 40-50% higher in females than males; systemic exposure was 20-30% higher in women after correction for body weight differences. Mixed results were reported in studies that examined the effect of sex on discontinuation of treatment. In Canada and the Czech Republic mirabegron persistence rates were higher in men than women (Table 1; (69,70)) whereas the reverse was found in an UK-based studies (71) and no sex difference in a Japanese study (72). There are no label indications of this difference and no recommendations that dose adjustments are necessary based on sex (NDA 202611). 
Darifenacin. Darifenacin hydrobromide clearance was 31% lower in women than men (73); Cmax and AUC at steady state were approximately 57-79% and 61-73% higher in females than males, respectively; women reported more adverse effects than men (74) but no dose adjustment was recommended based on sex (NDA 021513). 
Trospium. Trospium chloride dosed to elderly men and woman generated AUC and Cmax values 26% and 68% higher, respectively, in women and t1/2  was prolonged by approximately 4 h in women (cited by (75)). Women were twice as likely as men to develop cognitive impairments (76) but sample sizes were small. 

ATC Classification H: Systemic hormonal preparations
Prednisone. Prednisone is converted to prednisolone by the liver before it becomes active. Body weight–normalized free prednisolone oral clearance was 22% higher in white men than in white women, and 40% higher in black men than black women (77). In stable renal transplant recipients, median dose- normalized total prednisolone AUC was significantly higher in women than men (78). Prednisone ADRs were significantly more common in women who also reported significantly more intolerable ADRs (depression, fatigue, hair loss, mood swings, moon face, sleeplessness, stomach complaint, and weight gain) and were less willing to accept a dose increase compared to men (79).
Methylprednisolone. Women in the luteal phase of the menstrual cycle cleared methylprednisolone significantly faster and had a shorter elimination half-life than men when values were normalized to ideal body weight (IBW) and the AUC was significantly lower in women; the concentration of methylprednisolone sufficient to suppress endogenous cortisol was >10-fold lower in women (0.11 vs. 1.69 ng/ml; (80); the authors suggested that men and women should receive the same methylprednisolone dose normalized to IBW because even though women eliminate the drug faster, they also have a greater response to a lower concentration of the drug. The VigiBase ADR sex ratio was 1.39, based on 35227 reports.

ATC Classification J: Antiinfectives
Levofloxacin. Women had a 24% greater exposure after receiving a 500 mg i.v. dose with a significantly smaller steady-state Vd and a slower clearance time than men (81). Fixed i.v. doses produced greater drug exposure in women and an increased risk of fluoroquinolone toxicity. Dosage adjustments based on sex should be considered on an individual basis (81).
Erythromycin. Women cleared erythromycin significantly more rapidly from the serum than did men (82). Significantly more women than men develop TdP arrhythmias after treatment with erythromycin (83).
	Voriconazole. The NDA indicated that the Cmax and AUC for young women were 83% and 113% higher, respectively, than in young men; these sex differences were no longer present in subjects >65 years of age.  In the same document, oral dosing generated AUC values 45% higher in women than men, with comparable Cmax. Steady state trough concentrations (Cmin) were 100% and 91% higher in women treated with tablet and oral suspension, respectively. Nevertheless, no indications were included on the approved drug label to suggest that dosage adjustments based on sex should be considered (NDA 021266). Females on voriconazole exhibited a greater increase in cardiac QTc symptoms than males.

ATC Classification L: Antineoplastics and immunomodulating agents
Cyclosporine. Multiple studies document that women clear cyclosporine 30–88% faster than men (reviewed in (52)). In psoriasis patients, the incidence of adverse events was 37% higher in fertile women and 18% higher in postmenopausal women than in age-matched men, but differences were not statistically significant (84). 
Fluorouracil. Men had a 26% higher elimination of 5-fluorouracil and women had a significantly higher AUC than men (85). Women experience significantly greater and more frequent and more extensive toxicity (stomatitis, leukopenia, alopecia, diarrhea) with fluorouracil-based chemotherapy (86,87). Women also experienced more frequent moderate to severe mucositis than men (88). 
Paclitaxel. Elimination was 20% higher in men than women with solid tumours (89). In women treated with paclitaxel-eluting stents myocardial infarction was slightly worse as compared with their male counterparts (90).  In expanded-use patients, women had signiﬁcantly higher death rates and total lesion revascularization (91). 
Capecitabine. The AUC of the capecitabine metabolite FBAL was 37% greater in women (92). The AUC of capecitabine was 87% greater in females than males. Women had a significantly higher dose-limiting toxicity incidence than men (68 vs. 52%; (93)). 
Infliximab and adalimumab. Clearance of infliximab was about 33% lower in women than men (94). The mean clearance across all doses of adalimumab was significantly lower in women than men. The 30% difference appeared to be due mainly to 23% differences in body weight (95). During treatment with anti-TNF antibodies women were more at risk for allergic reactions and subsequent discontinuation of the treatment than men (96); specifically, the most frequent adverse reactions to infliximab and adalimumab were allergic responses (15% of all infliximab users and 7% of all patients treated with adalimumab) and for both agents a significantly higher rate of allergic reactions occurred in women (96). 

ATC Classification M: Musculo-skeletal system
Ibuprofen. Sex differences were observed in weight-adjusted pharmacokinetic parameters of both R- and S-ibuprofen. Women had a significantly lower R-ibuprofen Cmax and t1/2 and S-ibuprofen AUC and Cmax, and a higher S-ibuprofen clearance rate than men. These differences may be related to CYP2C8 or CYP2C9 genotypes; a reanalysis of the association between ibuprofen pharmacokinetics and sex, restricted to wild-type subjects, found significantly lower R-ibuprofen Cmax and t1/2, and S-ibuprofen Cmax and AUC in women and a higher ibuprofen clearance in women. A robust sex-specific difference in increased drug elimination times, may decrease drug efficacy and necessitate an increase in drug doses for women, which may be accompanied by increases in ADRs.   The phase of the menstrual cycle did not affect either S-ibuprofen or R-ibuprofen pharmacokinetics but women treated with oral contraceptives had lower AUC and higher clearance than women not contracepted (97).  Conflicting results reporting no ibuprofen   differences in pharmacokinetics were based on sample sizes of 8 per group (98).
An ibuprofen dose of 800 mg was effective in young men but did not produce analgesia in young women in an experimental pain test (99,100). This may reflect lower R-ibuprofen t1/2 and S-ibuprofen AUC and Cmax in women than men and suggests that women may require higher ibuprofen doses to achieve comparable analgesia. ADR of 1.46 in 130176 reports.

ATC Classification N1 and N2: Nervous system – anesthetics and analgesics
	Women emerge faster from general anesthesia than men, but their recovery trajectory is significantly poorer, in terms of higher pain scores and need for treatment of nausea and vomiting (101). Women had higher bispectral index values (BIS; an indicator of depth of anesthesia) than men, despite being administered similar drug amounts and having a faster time to eye opening. Women were less sensitive to the hypnotic effects of multiple anesthetics (101).
A review of several studies of patient-controlled analgesia (PCA) with different opioids revealed significantly greater analgesia in women than men. Indeed, the longer the duration of PCA, the greater the sex difference (102). The lower opioid consumption among women reported in PCA studies after surgery may partially reflect the greater frequency of side effects among women (see below; (103)). Elderly women had higher incidences of nausea, vomiting, vertigo, inappropriate sensory and motor blockages, as well as experiencing more pain in bed rest and daily activities during PCA. Elderly men had more pain experience while coughing but had higher satisfactions to PCA (104). 
Morphine. Peak plasma concentrations were 25% higher in women than men, but this difference was eliminated when data were corrected for body weight (105). In terms of the intended drug response to morphine and other opiates, repeatable sex differences exist in opiate-induced analgesia. Sarton et al. (106) documented a slower speed of onset and offset in morphine-induced analgesia, but a greater potency in women. Similar results were obtained for pain threshold and pain tolerance. Women experienced more severe postoperative pain and required a greater dose (+11%) of morphine than men in the immediate postoperative period. This sex-related difference was not present in elderly patients (107). 
Sex differences in ADRs to opiates are widespread. Respiratory depression is a greater risk in females: a bolus of 100 µg/kg morphine, followed by a continuous infusion of 30 µg/kg/h, reduced the slope of the ventilatory response to CO2 in women but not in men. Morphine decreased hypoxic sensitivity in women but not in men. Neither inclusion of body surface area, nor correction for body fat by using it as a covariate eliminated these sex differences in morphine-induced respiratory effects (108). •

Morphine attenuated cardiovascular reactivity in an ischemic pain task in men but not in women; women were also significantly more likely to experience emesis and nausea after taking morphine (109), and more likely to manifest respiratory depression after morphine treatment (108). Following a dose of 0.08 mg/kg morphine (i.e., corrected for body weight) women reported greater frequency of negative side effects than men (110). Women report feeling more ‘spaced out’, ‘heavy’ and ‘sluggish’ than men after comparable morphine treatments (111). The incidence of respiratory depression (52% vs 32%) and postoperative nausea and vomiting (43% vs 4%) were higher in girls than boys with perioperative morphine doses ≥0.3 mg/kg (112). 
Oxycodone and related opiates. Plasma OxyNorm (oxycodone) concentrations are 25% higher in women than men, even when adjusted for body weight, (OxyNorm product information). The product insert states that “…prolonged use of opioids may result in impairment of reproductive function, including fertility and sexual dysfunction in both sexes, and irregular menses in women,” (p. 4), yet incongruously concludes that “…no significant male/female differences [were] detected for efficacy or adverse events in clinical trials.” (p. 6) Women were more sensitive to the positive subjective effects of oxycodone than men (113).  Women also experienced significantly more oxymorphone-related nausea (24% vs. 12%) and pruritus (9% vs. 5%) than men, and in oxycodone-experienced patients, successful titration for chronic low back pain was achieved less frequently by women compared with men (35% vs. 56%; (114)). Functional impairment, psychiatric severity, and higher likelihood of using opioids to cope with negative affect and pain were all significantly greater in women than men for oxycodone and hydrocodone (115). 
Buprenorphine. Women have signiﬁcantly higher AUC (58.4 vs. 41.9 ng·h/ml) and Cmax (6.97 vs. 5.15) values (116).  Women had a signiﬁcantly greater likelihood of reporting sleep disturbances than men (117).
Tramadol. A single oral dose induced a 12% higher peak concentration and a 35% higher AUC in women than men (product information for Tramal). The risk of treatment cessation in response to Tramal, due to emergent adverse reactions was 2.2 times higher in women than men (118).
Zolmitriptan. After oral dosing for the treatment of acute migraine, Cmax and AUC were ~2 fold higher in women than men (119,120), which may put women at increased risk for toxicity when administered the same maintenance dose as men (121). More women than men reported symptoms of pressure and tightness usually of the face and neck (119). 
Ketamine.  Sigtermans et al. (122) reported a 20% greater elimination clearance of S(+)-ketamine and S(+)-norketamine in women than men, resulting in higher drug plasma concentrations in men. They did not detect any sex differences in several pain tests, but men showed a greater performance decrement after ketamine administration compared to women on the Hopkins Verbal Learning Task and a greater subjective sense of memory impairment than women (123).
	Lignocaine (lidocaine). The percentage of lignocaine unbound in the plasma of women taking oral contraceptives was significantly greater by 17% than in men (124). In one clinical report, 64% of adverse reaction reports were from women, for a female: male ratio of 1.78, but it is unclear whether or not this ratio merely reflects the frequency of lignocaine use in men and women (125). ADR reports in VigiBase were similarly sex biased towards women (1.64 ADR ratio, based on 21583 reports).
Propofol. After a single bolus, women had significantly higher values of weight-corrected AUCs of propofol glucuronide (1.25-fold), 4-hydroxypropofol-1-glucuronide (2.1-fold) and 4-hydroxypropofol-4-glucuronide (1.7- fold; (126,127)). However, women also emerge from propofol anesthesia significantly faster than men, with plasma concentrations of the drug declining significantly more rapidly in women (128). Women require more propofol than men to maintain the equivalent BIS index level under general anesthesia.  Women treated with an augmented sedative cocktail of propofol / remifentanil / dexmedetomidine consumed comparable amounts of morphine compared to men, but when drug ingestion was normalized for body weight, they consumed much more morphine than men (129). ADRs were more frequently reported for women than for men (1.45 ADR ratio, based on 20903 reports).
Butorphanol. The AUC and Cmax values for single intranasal administration were significantly greater by 23–29% in women versus men for three doses of the drug (130). Nalbuphine and butorphanol significantly prolonged the duration of analgesia in women compared with men (131). ADR ratio of 3.23, based on 5475 reports.
Paracetamol (acetaminophen). Miners et al. (14; see also (132)), reported that clearance was 22% lower in women than men but Court et al. (133) found that total or metabolite clearance values were not different between sexes; however, significantly shorter plasma half-life values were observed for acetaminophen, acetaminophen glucuronide, and acetaminophen sulfate in women versus men.  71% of patients admitted to hospitals for acetaminophen overdose were women (134,135). ADR ratio of 1.68, based on 125775 reports.
	
ATC Classification N3 and N4: Nervous system – antiepileptics and anti-Parkinson’s
Carbamazepine(s). Absolute clearance was higher and t1/2 shorter in women than men (136). The potential toxic dose of oxcarbazepine was substantially lower for women than men (1200 vs. 1800 mg) as also was true for carbamazepine (800 mg for women vs. 1200 mg for men; (137)). Thus, women may benefit from lower doses given their tendency to reach toxic concentrations at lower doses (137) although the opposite recommendation has been made; women may require an increase in milligram per kilogram dosing if plasma levels do not correspond to the prescribed dose (138).  Carbamazepine and oxcarbazepine are associated with cognitive impairment which is greater in women (139). High and low density lipid differences were significantly more pronounced in women than men treated with carbamazepine (140). 
Gabapentin. Cmax was significantly different between sexes: ~25% higher for women than men (141). In data combined across two phase III and one phase IV studies of gastroretentive gabapentin (G-GR), the most common adverse events were dizziness, somnolescence and nausea. The probability to report any ADR was 0.6 for females and 0.4 for males, and only female sex was a significant predictor of ADR reporting: correcting for other covariates, women were 1.9 times more likely to report ADRs at any time after treatment (142). 
Perampanel. Healthy women had 32% higher AUC than men; oral clearance was 17% lower in women than men. Vazquez et al. (143) suggested that lower clearance and corresponding increase in plasma concentrations in women may account for the slightly greater seizure reduction seen in women.  Common adverse events such as dizziness and headache occurred more frequently in women than men. ADRs were the main reason for discontinuation of treatment, with a higher percentage for women (10.9%) than men (6.8%). No dosing reductions were recommended for women in labels.
	Pramipexole. For this dopamine receptor agonist administered for the treatment of Parkinson's disease, the steady-state Cmax and AUC following a single dose were 28-32% and 35-43% greater in women than men, respectively (144). No sex difference with respect to Parkinson’s treatment, but nausea and fatigue were more frequently reported by female than male restless leg syndrome patients (NDA 020667). 
	Ezogabine (retigabine). AUC values were 20% higher in young women than young men and 30% higher in elderly women than elderly men. The Cmax values were approximately 50% higher and approximately 100% higher in elderly and young women than men, respectively. There was no sex difference in weight-normalized clearance (145); dosage adjustments on the basis of sex are not considered necessary as ezogabine is titrated based on individual patient efficacy and tolerability ((146) citing data from drug manufacturer Glaxo). ADR was 0.90, based on 582 reports.

ATC Classification N5: Nervous system – Psycholeptics
	In general, patients on long-term antipsychotic therapy, with doses adjusted according to therapeutic efficiency, exhibited hyperprolactinemia that was more frequent and occurred at a lower daily dose in women, despite men being administered, on average, a two-fold higher daily dose than women (147). 
	Marazziti et al. (2013) noted that because blood volume is less in women and lipid mass is greater than in men; the Vd of lipophilic drugs, such as antipsychotics, is greater in women than in men, which may prolong the half-life of antipsychotics in women. This observation is congruent with the findings summarized below.
Clozapine. Clozapine is in widespread global use and on the WHO list of essential medicines. Norclozapine is its major active metabolite. Clozapine and norclozapine concentrations in the circulation after comparable dosing regimens were 35% and 36% higher, respectively, in women, after controlling for other variables (148–150). Fabrazzo et al. (1996) reported that clozapine plasma concentrations are twice as high in women than men during early phases of treatment (4 - 6 weeks), but not after 24 weeks. The dose-adjusted concentrations in women were significantly (28%) higher than in men. Metabolic and gastrointestinal ADRs are common in patients taking clozapine, and sex biases in ADRs are symptom-specific. Metabolic syndrome was reported to be more prevalent in men on clozapine (151), although a report with a larger sample size indicated a female bias in clozapine-associated metabolic syndrome (152). In a meta-analysis focused on case reports, West et al. (153) concluded that clozapine-induced gastric hypomobility was more common in men; however, other reports indicated that women taking clozapine were more likely to develop ileus (154), and another report indicated that sex did not impact colonic transit time in patients on clozapine (Every-Palmer et al., 2016). In a broader meta-analysis, Alberich et al. (2019) identified elevated blood glucose, laxative use, obesity, increases in body mass, type II diabetes, neutropenia and leukopenia as ADRs that were increased in women, and hypertension, increases in BMI, homocysteine, increased basal metabolic rate, increased plasma lipids, QTc, blood dyscrasias, myocarditis and cardiomyopathy as male-biased ADRs. Perhaps the most consistently-reported ADR on clozapine is weight gain. (155) identified female sex as a risk factor for significant weight gain among 110 schizophrenics on clozapine, data which confirmed a previous report indicating greater weight gain in women on clozapine (156). 
	Olanzapine. In a psychotic inpatient population on a stable olanzapine dose, adjusted mean plasma concentrations were 18.5 ng/ml for men and 31.7 ng/ml for women. Weight-corrected concentration/dose ratios for women were 33.5% higher than those shown by men (157); clearance from the blood is ~30% reduced in women than men (NDA 20592). However, sex did not significantly affect plasma olanzapine concentrations in an adolescent study population (158). Female sex was significantly associated with probability of undesired or severe weight gain (159,160). Olanzapine labeling recommends lower doses in patients in whom higher exposures are anticipated (161). A pharmacometric analysis suggests that for olanzapine to achieve 70% dopamine (DA) receptor occupancy, men require ~20 mg/day and women require only half that amount, which suggests clinicians should consider this difference in selecting starting doses (162). 
	Risperidone. Dose-adjusted plasma concentrations were 18.7% higher in women (158,163). Another study indicated 30% higher serum concentrations in women compared to men (164,165). Hyperprolactinemia, a neuroendocrine side effect of tuberoinfundibular DA inhibition, was significantly greater in women than men treated with risperidone (127 vs. 54 ng/ml; (166,167)). Hyperprolactinemia is a well-established risk factor in the development of mammary carcinomas (168). Women treated with risperidone also exhibited neurological effects more frequently than men (169); sex differences in risperidone-associated ADRs also included headache and hypotension, which were significantly more frequent in women than men (31% vs. 11%, and 17% vs. 0%, respectively (170)).
Aripiprazol. Cmax and AUC are 30-40 % higher in women than men and the apparent oral clearance is lower in women (Figure 23 in NDA 021436). Aripiprazol treatment is accompanied by sex differences in blood pressure, heart rate and an elongated corrected QT (QTc) interval; women and patients with higher AUC and Cmax values were also more prone to gastrointestinal ADRs (171). Nevertheless, no dosage adjustment is recommended based on sex (NDA 021436). Indeed, the NDA repeats the clause “Examination of population subsets (age, race, and gender) did not reveal any differential responsiveness on the basis of these subgroupings.”, and variants thereof, in multiple instances, without indicating the statistical basis of these conclusions (significance level for rejection, statistical trends, sample sizes, power, etc.).
	Diazepam. Data indicating robust sex differences in circulating diazepam were available in the 1970’s: the mean percent of unbound pharmacologically-active diazepam was higher in women than men (10.8% vs. 5.8%, (172)). Sample sizes were small and this nearly two-fold difference only approached statistical significance. In contrast, in another report clearance of total (bound + free) diazepam was substantially higher in older women than men (0.48 vs. 0.24 ml/min/kg; (173)). MacLeod et al. (174), again with small sample sizes, noted that the t1/2 of diazepam was significantly greater in women than men (46.2 h vs. 32.0 h). Moreover, female sex hormones markedly affect the clearance: women using contraceptives exhibited significantly greater percent of diazepam free in plasma as compared to contraceptive-free women, both of which were greater than male percentages (174). These data are consistent with ADR observations that indicate that women are more impaired than men in psychomotor skills after diazepam administration (175). 
	Zolpidem. Zolpidem was FDA-approved in 1992 to treat insomnia (NDA 19908). The sole pre-approval assessment of the effect of sex on zolpidem PKs enrolled 19 women and 49 men; both the Cmax and AUC were ~45% higher in women. Peak concentrations were also reached 1 hour sooner in women. The lack of specific details of study design did not convince the FDA to recommend dose reductions for women. This was a missed opportunity, which would be repeated many times over the next quarter century. Eight hours after a 10 mg dose of zolpidem, 15% of women and 3% of men had blood zolpidem concentrations of 50 ng/ml or greater (176). Fast forward to 2011, when more rigorous pre-approval testing of a newer form of zolpidem tartrate (Intermezzo) was FDA-approved (NDA 022328) after enrolling 259 women and 118 men. Women cleared zolpidem tartrate after sublingual administration of a 3.5 mg dose at a significantly lower rate than men (2.7 ml/min/kg vs. 4.0 ml/min/kg); Cmax and AUC parameters again were ~45% higher in female subjects (e.g., (177)), replicating the zolpidem NDA assessment 21 years prior. As recently as 2007, labeling information recommended a dose of 10 mg zolpidem immediately before bedtime for both women and men. By 2013, prompted by post-marketing reports of cognitive deficits, the label advised an initial dose of 5 mg for women. Such reports included data indicating that women were more seriously compromised than men in driving performance on the morning after middle-of-the-night administration of 10 mg zolpidem (178). In a study that did not test for sex differences Yang et al. (179) reported that use of zolpidem on the previous day might be associated with an increased risk of motor vehicle accidents. By 2013 the label information for extended release zolpidem tartrate (NDA 021774) finally advised using the lowest effective dose for the patient, based on findings that women clear zolpidem tartrate from the body at a lower rate than men, with Cmax and AUC approximately 50% and 75% higher at the same dose in women, 6 to 12 hours after dosing (i.e., on the following day). The recommended initial dose of Ambien CR for adult women was 5 mg, and for men 5 or 10 mg. This change in labeling precipitated an increase in the percentage of patients prescribed low-dose zolpidem that was only significant for young women (180).  It also did not escape pushback from scientists and the pharmaceutical industry: Greenblatt et al. (2019) in a review and reanalysis of earlier studies, noted that none of the epidemiological studies demonstrating driving deficits after zolpidem treatment considered the issue of timing of treatment dosage relative to the timing of driving tests and concluded that there is no established relationship between zolpidem concentration and driving impairment. They recommended that the FDA revise the mandated dose recommendations for zolpidem to become equivalent to doses in men. They also suggest that dose reductions in women may negatively impact treatment of insomnia, echoing the drug sponsor’s concerns after the label change was proposed by the FDA. These are valid considerations; earlier data, however, not associated with driving tests, provide circumstantial evidence that zolpidem concentrations would be substantially increased at times corresponding to when driving could reasonably be assumed to be occurring: i.e., 12 hours after dosing, zolpidem concentrations were 2- to 3 fold higher in adult female compared to adult male subjects (NDA 021774). And 8.5 hours after a dosing of 10 mg Ambien, circulating concentrations averaged 38 ng/ml in women and 17 ng/ml in men; 5 of 16 women, but only 1 of 17 men generated blood levels ≥50 ng/ml (NDA 021774). Greenblatt et al. (2019) reanalyzing data from a study that did not evaluate sex differences (181) reported that 8-hour post-dosage plasma zolpidem concentrations were higher in women than in men for both the 10 mg immediate release and 12.5 mg modified release dose trials and that self-rated and/or observer-rated sedation was significantly greater in women than men for both treatments. 
Clobazam. Distribution was larger in women than men of all ages. In young subjects, elimination t1/2 was longer in women than in men (182). ADR ratio of 1.1 based on 6372 reports.
Eszopiclone. Under steady-state conditions, women had a 25% higher AUC for eszopiclone (NDA 21476). Dysgeusia was more intense and longer lasting in women than in men, and positively correlated with drug plasma and saliva concentrations (183).
Sertindole. Multiple oral dosing yielded Cmax values 20% higher in young and 31% higher in elderly women compared to men of similar age. The mean AUC values within a single dosing interval were 29% higher in women than men and persisted after correction for body weight; this sex difference may reflect an age disparity as women in the study were substantially older than men (184). ADR ratio of 1.06, based on 611 reports.
Thiothixene (tiotixene). Orally administered thiothixene had higher clearance in men than women (48 vs 22 L/min; (185)). The ADR ratio was 1.35, based on 949 reports.
Oxazepam. Clearance of oxazepam was significantly slower in women than men (9.7 h vs. 7.8 h; (186)). The ADR ratio was 1.31, based on 6573 reports.
Temazepam. The elimination t1/2 was consistently longer in women than men (16.8 vs. 12.3 h); clearance of unbound temazepam was higher in men than women (187). The ADR ratio was 1.34 based on 4508 reports.
Zopiclone. The Cmax was 14% to 24% higher, and the AUC was 16% to 20% higher in women than men (188). Zopiclone impaired driving equally in men and women in the morning, until 11 hours after bedtime ingestion (189); however, these behavioral conclusions were based on small sample sizes (13 men, 12 women) and were performed in patients with no history of insomnia. The ADR ratio was 1.55, based on 9632 reports in the VigiBase.

ATC Classification N6: Nervous system – Psychoanaleptics
	Antidepressants are disproportionately prescribed to women. During 2011–2014, 12.7% of persons in the U.S. aged 12 and older reported taking antidepressants in the previous month; the overall ratio of women to men on antidepressants is at least 2:1 among Caucasians and Hispanics; this ratio increases to ~2.5:1 among non-Hispanic Asian Americans and non-Hispanic African Americans (190). 
	Imipramine. A meta-analysis of 12 studies found that women had significantly higher dose-adjusted plasma concentrations than men, although in three of the studies the adjustment of dose to body mass eliminated the effect of sex (191). Men exhibited better responses to imipramine than pre-menopausal women (192). Depressed women responded significantly more slowly than men to imipramine (193). Baca et al. (194) reported that women treated with imipramine experienced significantly more ADRs including dry mouth, constipation, sweating and tremor. The proportion of patients who dropped out of imipramine drug trials due to ADRs was 27.8% for women and 11.5% for men (194).
Nortriptyline. Female patients do not clear nortriptyline as fast as male patients do; plasma concentrations were significantly greater in female than male patients (3.8 ± 1.1, versus 2.1 ± 0.5); this difference manifested despite a combined total study sample size of 21 patients (195). In a clinical trial, a significant increase in ADRs, self-rated dry mouth, was present during all 6 weeks of nortriptyline treatment in women, whereas in men this symptom was only manifest on two of the study weeks (196). 
Fluoxetine. In adolescents administered fluoxetine for 8 weeks, serum concentrations were significantly higher in females than males (111 vs. 62 ng/ml); similar sex differences were recorded after 12 weeks of treatment (197). Peak concentrations were 37% higher in adult women than men (198). Use of fluoxetine (as well as other SSRIs and TCAs) is commonly accompanied by increased hypothalamic-pituitary adrenal axis (HPA) activity (199). Serum cortisol concentrations were increased by 68% and 98% in depressed men and women respectively, after treatment with fluoxetine (200). Increased HPA axis activity may be related to treatment efficacy (201). Fluoxetine also induced significant increases in albumin concentrations in women only, and total serum tryptophan concentrations increased by 32% in men and 83% in women (200).  Suicidal ideation was more likely to emerge in women than men during treatment (202). 
	Citalopram. Dose-corrected plasma concentrations in patients under 21 years of age were substantially higher in females than males (1.9 vs. 1.1 ng/ml) suggesting that sex differences in PKs manifest early in life (203). Dose-corrected serum concentrations were significantly higher in women than men ((204); 3.1 vs. 2.4 ng/ml). PET imaging indicated that following acute citalopram treatment women exhibited numerous areas of increased cortical glucose metabolism and relatively few areas of decreased cortical glucose metabolism, unlike men who exhibited many regions of decreased cortical glucose metabolism, with no regions of increased metabolism (205). Female sex was a risk factor for inappropriate secretion of antidiuretic hormone in patients on citalopram (206). 
	Sertraline. Plasma AUC was ~25% higher in young females than young males, and the terminal t1/2 elimination time was ~40% longer in young women; plasma concentrations were 35 to 40% lower in young men than in elderly or young women or elderly males (207–209). In a trial of olanzapine + sertraline vs. olanzapine + placebo for psychotic depression, women had significantly more delusions with disorganization than men, as well as higher cholesterol measures (210). The dropout rate for depressed patients treated with sertraline was 14% for women and 24% for men but this difference was not statistically significant; women were significantly more likely to report nausea and dizziness, and men were significantly more likely to report dyspepsia, sexual dysfunction, and increased urinary frequency (193). 
Bupropion. Mean values for AUC, Vd normalized to body weight, Cmax and elimination t1/2 were significantly greater in women than men; female:male ratios were ~1.3 for each measure (211). The odds of women having sharp EEG waves was significantly increased by a factor of 2.53 compared to men controlled for both age and dose. Similarly, women were 2.45 times more likely than men to have focal EEG slowing (212). Women have a 1.5-fold greater likelihood of having seizures than men (213).
Methylphenidate. The AUC was significantly greater in men than in women (93.4 vs. 73.5 ng·h/ml); women exhibited stronger subjective responses than men (214). Among teenagers with ADHD, once daily treatment resulted in more girls than boys exhibiting a comorbid anxiety disorder. Girls had a statistically superior response to methylphenidate at 1.5 h post-dosing and an inferior response at 12 h post-dosing (215). The authors argued that methylphenidate would be less likely to induce psychiatric ADRs (e.g., anxiety disorder) if dose titration were performed in patients based on systematic evidence of drug responses at different times across the day; no such dosing recommendations exist on the label (215). 
Memantine. Women had about 45% higher exposure than men to memantine hydrochloride, but the difference in exposure was not present when body weight was taken into account (memantine label information). ADR ratio of 1.50, based on 8396 reports. 
Desipramine. AUC and clearance rates were higher and lower, respectively, in women, but sample sizes were insufficiently powered to permit meaningful statistical evaluation (216). No sex differences were reported for desipramine clearance in children and adolescents (217). ADR ratio of 1.59, based on 2147 reports.
Clomipramine. Plasma concentrations were ~50% higher in women than men (191). ADR ratio of 1.57, based on 9072 reports.
Paroxetine. Women had 60% higher concentrations than men (28 vs. 16 ng/ml) although discrepant findings have been reported (218). Analysis of a clinical database of 218 paroxetine-treated panic disorder patients indicates that more men than women met the treatment response criteria (72 % vs. 55%; Steiner et al., 1996; cited by (219)). ADR ratio of 2.0, based on 63901 reports.
Fluvoxamine. In patients on monotherapy, plasma levels were approximately two-fold higher in women than men; curiously, the magnitude of the sex difference in plasma levels was greater at a lower dose (220). The biological basis of this sex effect has not been identified (208). The ADR ratio was 1.73, based on 8833 reports.
Mirtazapine. Women had significantly higher dose-corrected concentrations of mirtazapine and demethylmirtazapine and demethylmirtazapine:mirtazapine ratios than men (203) and Timmer et al. (221) documented 50% lower concentrations in men. ADR ratio of 1.53, based on 23241 reports.

ATC Classification N7: Nervous system – Other nervous system drugs
Tirilazad. For tirilazad mesylate, clearance values corrected for body weight were approximately 40% higher in young women than young men (222). In another report, mean tirilazad clearance after i.v. treatment was 60% higher in young women compared to middle-aged men, and clearance in middle-aged women was 31% higher than in age-matched men (223); the AUC was almost twice as high for men than women (223). Consistent with these PK values, a fixed dose design generated inappropriately low drug exposure in women (224). Consequently, in some countries tirilazad was approved for the treatment of subarachnoid hemorrhage in men but not women (225). No empirical reports of ADRs were identified in the literature, and too few case reports (n=7; 6 female) exist in VigiBase. 

ATC Classification P: Antiparasitics
	Primaquine. Women had approximately 2-fold higher median values for Cmax (212 vs. 122 ng/ml) and AUC (1909 vs. 917 ng·h/ml) after treatment, which may put them at increased risk for toxicity when administered the same maintenance dose as men (121). In a study that enrolled fewer women than men, GI disturbances were reported more frequently in women (e.g., nausea 35% for females and 12% for males, (226)).

ATC Classification R: Respiratory system
	Terfenadine. The Cmax was significantly higher in women than men (227). Cardiac ADRs are also more common in women than men taking terfenadine; women treated with this antihistamine are more likely to exhibit TdP (228,229). 
	Fexofenadine. AUC was 33% higher in women than men, and Cmax was 46% greater in females (230). Tracking performance and choice reaction time of women on driving tests was significantly worse than that of men (231). 
	Cetirizine. Clearance was slower in female than male children (0.59 vs. 0.77 l/h, (232)). The ADR ratio was 1.76 based on 25576 reports.
	Mizolastine. The median duration of absorption of orally administered mizolastine was >3 h for men and only 40 min for women, contributing to striking variability in drug concentrations by sex (233). More than twice as many ADRs were reported for women than men in VigiBase (ratio of 2.23, based on 414 reports).

Recreational drugs without WHO-ATC Classification Codes
MDMA. Women cleared MDMA (methyl​enedioxy​methamphetamine) almost 40% slower than men (234). Women appear to be more sensitive to adverse side-effects of MDMA (Ecstacy) than men. MDMA significantly elevated plasma copeptin concentrations in women but not in men; an MDMA-induced increased production of the pre-pro-vasopressin precursor in women may account for hyponatremia typically reported in female Ecstasy users (235). Among heavy MDMA users, decreases in overall binding ratios in serotonergic neurons were detected in women but not men (236). 
[bookmark: Influence_of_Sex_on_Long-Term_Outcomes_A][bookmark: Effect_of_concomitant_medications][bookmark: Influence_analyses,_sensitivity_analyses][bookmark: Effect_of_antibodies_to_infliximab][bookmark: Effect_of_sex]Cannabis (THC). Average plasma clearance rates are lower in women than men, 197 ±50 ml/min for women and 248 ±62 ml/min for men ((237) cited by (238). Cooper and Craft (2018) concluded that relative to men, women are more sensitive to both the therapeutic and adverse effects of CB1 receptor agonists such as THC in cannabis. Active cannabis significantly decreased pain sensitivity, indicative of analgesia, relative to inactive cannabis in men but not in women (239). Women exhibited signiﬁcantly greater subjective emotional responses to a 5 mg Δ9-THC dose than men, whereas men were more responsive to the 15 mg dose; however, this sex difference of pleasurable responses to THC may contribute to sex differences in the development of problematic cannabis use (240). When matched for cannabis use, women are more sensitive to the subjective effects of cannabis (~20% higher ratings of “good”, “liking” and “would take again”), which is related to greater cannabis abuse liability in women (241). Indeed, early onset cannabis use was associated with higher levels of introvertive anhedonia but only in female adolescents (242).
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