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Abstract

Background: While ketamine has been increasingly studied for treatment resistant depression 

(TRD), the impact of sex differences on treatment outcomes has not been well studied. The 

objective was to ascertain whether there were differences in response to a single administration of 

ketamine for TRD between men and women, and between pre- and post-menopausal women.

Methods: A randomized, double-blind, placebo-controlled trial (N=99; N=50 male; N=49 

female) was conducted to investigate the efficacy of intravenous ketamine versus active placebo as 

augmentation of antidepressant therapy for TRD. Patients were assigned to one of five arms; one-

time administration of ketamine of varying doses (i.e., 0.1, 0.2, 0.5, and 1.0 mg/kg), and one group 

receiving active placebo (intravenous midazolam). A priori-planned analyses were conducted to 

compare responses between women and men, as well pre- vs. postmenopausal women.

Results: Analyses demonstrated no significant differences between women and men in terms of 

treatment response (F(1,80)=0.06, p=0.80). There were no significant differences in the frequency 

of adverse effects (AEs) reported by those assigned to ketamine treatment groups (p>0.21 for all 

AEs reported more than once), although women reported more headaches (12% vs. 6%, p=0.30) 

and nausea (10% vs. 6%, p=0.47). In comparing pre- vs. postmenopausal women, no differences 

in efficacy were observed (F(1,76)=0.36, p=0.55).
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Conclusions: Results do not support differential efficacy or tolerability of ketamine for the 

treatment of TRD between women and men, nor based on menopause status among women. 

However, larger trials with these a priori aims are needed to confirm these results.
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INTRODUCTION

Ketamine has progressively received increased attention as an expeditiously acting treatment 

for major depressive disorder (MDD), treatment resistant depression (TRD), and suicidality 

(Duman et al., 2016; Sanacora et al., 2017; Tundo et al., 2015; Wilkinson et al., 2018). 

Ketamine is a dissociative anesthetic and an antagonist of N-methyl-d-aspartate receptors 

(NMDAr) (Duman et al., 2016; Sanacora et al., 2017; Tundo et al., 2015; Wilkinson et al., 

2018). A consensus statement around the use of ketamine for the treatment of depression 

was recently published, detailing the robust and rapid antidepressant effects of ketamine in 

randomized controlled trials, while underscoring the limitations of the current evidence base 

(Sanacora et al., 2017). As ketamine use becomes more prevalent and accessible, a better 

understanding of predictors of patient response and tolerability is needed. Previous studies 

have suggested that there may be sex differences among men and women in terms of 

response to monoaminergic antidepressants (Kornstein et al., 2000; Kornstein et al., 2006; 

Sloan and Kornstein, 2003; Young et al., 2009), and it would be important to know if 

differences occurred with ketamine use. Also, it is possible that treatment responses may 

differ among women according to menopause status, with premenopausal women 

responding differently to postmenopausal women, and that perimenopausal women may also 

have different treatment responses. Previously in the assessment of treatment responses to 

SSRI and SNRI therapy in two large studies, Kornstein et al. did not find differences among 

women based on menopause status nor exogenous sex hormone treatment (Kornstein et al., 

2014; Kornstein et al., 2013). However, in a study in which patients received either the 

tricyclic antidepressant imipramine or the SSRI sertraline, women responded better to 

sertraline than to imipramine overall, with premenopausal women showing a significantly 

more robust response to sertraline than imipramine, a difference not found among 

postmenopausal women (8). In the same study, men were found to have better responses to 

imipramine than sertraline, representing a significant sex difference in treatment response.

It is plausible that men and women may respond differently to ketamine treatment, and that 

women may respond variably based on reproductive lifecycle status, specifically regarding 

whether they are pre- or postmenopausal. Animal models suggest that the neuropsychiatric 

sequelae of ketamine may be affected by sex and gonadal steroids. In one study, ketamine 

was found to induce a schizophrenia-like state in male and diestrous female rats (in a low 

estradiol phase), while these behaviors were not observed in female rats during the high 

estrous phase (Celia Moreira Borella et al., 2016), suggesting that a high-estrogen state may 

dampen a ketamine-related response. Other findings in animal studies have also suggested 

that sex may influence rates of ketamine metabolism (Guo et al., 2016; Livingston and 

Waterman, 1977).
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In animal models of depression, sex differences in response to ketamine have been 

inconsistent and challenging to apply to humans. Female rats appear to respond more 

robustly to ketamine administration in the forced swim test, although effects may last longer 

in males (Franceschelli et al., 2015). There may be an interaction between estrogen and 

ketamine, with female rats demonstrating more of an antidepressant-like response to low 

dose ketamine, not observed among male or ovariectomized female rats. Antidepressant-like 

effects that are not observed in ovarectomized animals have been observed when 

physiological replacement of both estrogen and progesterone were provided (Carrier and 

Kabbaj, 2013; van den Buuse et al., 2015). In another study of repeated ketamine 

administration, male rats experienced an antidepressant-like effect, while female rats 

demonstrated behaviors consistent with anxiety and depression (Thelen et al., 2016). 

Ketamine administration in animals has also led to observations about neurochemical effects 

differentiated by sex (Sarkar and Kabbaj, 2016; Thelen et al., 2016). Taken together, these 

studies support the assessment of possible sex differences in response to ketamine in humans 

and potential roles of estrogen and progesterone in those differences.

In humans, few studies have yet to inform whether ketamine administration might have 

clinically important sex differences in the treatment of depression or other neuropsychiatric 

indications. In a pooled analysis of four studies assessing ketamine infusions as a treatment 

for MDD or bipolar depression, investigators did not find that sex was predictive of 

depression outcomes (Niciu et al., 2014). However, a meta-analysis that included N=437 

patients demonstrated that men appeared to maintain antidepressant responses to ketamine 

longer than women after a single dose administration (Coyle and Laws, 2015). Regarding 

tolerability, in a study of ketamine abusers undergoing substance abuse treatment, 

withdrawal symptoms and subjectively reported cognitive symptoms were more common 

among females compared to males (Chen et al., 2014). In contrast, in a retrospective study 

of fifty patients who received ketamine for sedation or pain relief on medical and surgical 

units, no differences in psychiatric adverse effects were found (Rasmussen, 2014).

This trial of ketamine was conducted as part of a collaboration between the MGH Clinical 

Trials Network and Institute (CTNI), multiple academic sites, and the National Institute of 

Mental Health (NIMH), with the goal of assessing rapid onset antidepressant effects of 

treatment with a range of ketamine doses (Fava et al., in press).

We aimed to assess the impact of sex and female lifecycle status on the short-term 

antidepressant effects of ketamine infusions. The objective of these a priori analyses were to: 

1) assess sex differences in rapid antidepressant response to ketamine treatment between 

men and women, with the primary outcome in depression response at 24 hours, 2) to assess 

differences in antidepressant response between pre- and postmenopausal women, and 3) to 

assess the potential impact of gonadal sex hormones at baseline on the antidepressant 

response of ketamine in females, to ascertain whether sex hormones may serve as a potential 

biomarker of response.
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METHODS

Overview

These analyses were planned a priori as part of a multi-site treatment study designed to 

assess the rapid-onset antidepressant effects of ketamine therapy for TRD and to assess the 

efficacy of differential dosing (Fava et al., in press). In brief, this was a randomized, 

doubleblind, placebo-controlled study of the acute efficacy of intravenous ketamine or 

placebo added to ongoing, stable, and adequate antidepressant therapy (ADT) in the 

treatment of adults with TRD. Subjects were consented, documented with written informed 

consent forms that were approved by the site IRBs and NIMH Data Safety and Monitoring 

Board. Patients were randomized to one of five possible arms in a 1:1:1:1:1 fashion: a single 

dose of ketamine 0.1 mg/kg (n=18), a single dose of ketamine 0.2 mg/kg (n=20), a single 

dose of ketamine 0.5 mg/kg (n=22), a single dose of ketamine 1.0 mg/kg (n=20), or a single 

dose of midazolam 0.045 mg/kg (n=19).

Subjects

Male and female outpatients between the ages of 18 and 70 years were eligible for 

enrollment if they were diagnosed with MDD and were experiencing a major depressive 

episode (MDE) of at least eight weeks in duration prior to screening as defined by the 

Diagnosis and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (AP, 

2000) (DSM-IV-TR™) criteria (AP, 2000). Eligible subjects were also confirmed to be 

experiencing TRD during the current MDE, defined as a failure to achieve a satisfactory 

response to at least two adequate treatment courses of antidepressant therapy with a minimal 

dose approved for the treatment of MDD and of at least eight weeks’ duration (<50% 

response). For at least four weeks prior to screening, patients were required to be on stable 

doses of antidepressants. Remote raters confirmed that patients met inclusion criteria.

For a complete summary of the inclusion/exclusion criteria used in this protocol, please refer 

to the original study (Fava et al., in press).

Methods and Study Medication

Participants were screened between 7 to 28 days, during which eligibility was determined, 

and prohibited medications were discontinued. Eligible subjects proceeded to the baseline 

visit. Participants were stratified by body mass index (BMI) (≤30 and >30), and were block 

randomized into each of the five arms of the study. N= 99 total subjects were randomly 

assigned to each of these five arms in a 1:1:1:1:1 fashion; four of these treatment groups 

received ketamine at different single-dose administration (0.1 mg/kg, 0.2 mg/kg, 0.5 mg/kg, 

and 1.0 mg/kg respectively), and those in the control group received a single dose of 

midazolam, the active placebo (0.045 mg/kg).

At the baseline visit (Day 0), subjects received either ketamine or placebo by continuous 

infusion for 40 minutes. The study drug was administered intravenously via an electronic 

syringe infusion pump, and subjects were continuously monitored throughout the process.
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Assessments

Remote raters blinded to treatment assignment were utilized to maintain study blinding. The 

primary outcome measure was the change on the 6-item Hamilton Depression Rating Scale 

(HAM-D6) at 24 hours after treatment (Bech et al., 1981; Bech et al., 2010; Hamilton, 1960; 

O’Sullivan et al., 1997). This version of the HAM-D was utilized as it has been shown to be 

more sensitive for the detection of changes with acute treatment than the original 17-item 

version (Bech et al., 2010). Secondary measures are described in the primary report of the 

study outcomes (Fava et al., in press). With respect to patient safety, the Columbia Suicide 

Severity Rating Scale (C-SSRS) (Posner et al., 2007), the Clinician-Administered 

Dissociative States Scale (CADSS) (Bremner et al., 1998), and the Systematic Assessment 

for Treatment Emergent Events - Systematic Inquiry (Levine and Schooler, 1986) (SAFTEE-

SI) were utilized to measure any emergent suicidal ideation and behavior, as well as adverse 

events including dissociation during infusion.

The MGH Female Reproductive Lifecycle and Hormones Questionnaire (FRLHQ) (Freeman 

et al., 2013) was utilized to systematically assess and prospectively document reproductive 

lifespan status (pre-, peri-, or postmenopausal), use of exogenous hormones, including 

hormonal birth control and hormone treatment for menopausal symptoms, and menstrual 

cycle phase.

Laboratory Assessments

Laboratory assessments included hormonal measures collected at Visit 1. For female 

subjects, this included estradiol, progesterone, follicle-stimulating hormone (FSH), 

luteinizing hormone (LH), Sex hormone-binding globulin (SHBG), testosterone, and free 

testosterone, and for male subjects, testosterone, free testosterone, SHBG, 

dehydroepiandrosterone (DHEA), and progesterone.

Analytic Strategy

Analyses focused on Day 1 outcomes, even though ketamine was assessed on days 3, 5, 7, 

14, and 30 as well, because previous analyses found that Day 1 differences largely accounted 

for the 72-hour hypothesized effect of ketamine (cite main outcome paper). Thus, in order to 

maximize the chances of finding a gender effect in these exploratory analyses, we focused 

analyses on Day 1.

In order to test if there was a gender difference in the response to ketamine on the HAMD6 

on Day 1, we fit a linear mixed effects model where HAMD6 score was the dependent 

variable, and predictor variables were DAY (Day 0 (pre infusion), Day 1), GENDER (male, 

female), GROUP (midazolam, ketamine), and their interaction terms. Of interest was the 

GENDER*DAY*GROUP interaction term, which tests if there was a gender effect on the 

GROUP*TIME interaction effect, which captures the effect of randomized group on 

HAMD6 scores. We modeled observations as nested within individuals, and included a 

random effect for SITE (6 sites). To examine if there was a different effect based on 

ketamine dosage, we used the same model, but used the 5-level GROUP variable 

(midazolam, 0.1 mg/kg. 0.2 mg/kg, 0.5 mg/kg, 1.0mg/kg) instead of the 2-level GROUP 

variable.
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To examine gender differences long-term, we also fit a model for HAMD6 scores observed 

on days 1-30. To this end, we fit a linear mixed effects model where HAMD6 score was the 

dependent variable, and predictor variables were DAY (1, 3, 5, 7, 14, 30), GENDER (male, 

female), GROUP (midazolam, ketamine), and BASELINE (i.e., baseline HAMD6 scores, as 

measured on day 0). Because this model fits a line across follow-up, and does not include 

Day 0 in the outcome vector, the effect of interest in this model was the GENDER*GROUP 

interaction effect. If significant, this interaction term would suggest gender differences in 

HAMD6 group by group during the follow-up phase. In building this model, we first 

included 2- and 3-way interaction terms for DAY, GENDER, and GROUP, and then removed 

them one by one if not significant, with the exception of the hypothesized interaction term, 

GENDER*GROUP. As before, we modeled observations as nested within individuals, and 

included a random effect for SITE (6 sites). To examine if there was a different effect based 

on ketamine dosage, we used the same model, but used the 5-level GROUP variable.

Next, we tested if there was a difference between women of different reproductive lifespan 

status. We used the same models as described for gender differences in Day 1 response to 

ketamine, except that we limited analyses to women, and instead of using GENDER as a 

predictor variable, we used MENOPAUSE (pre- vs. post-menopausal). N=3 women were 

excluded from these analyses, because they were neither pre- nor post-menopausal (i.e., 

peri-menopausal).

Finally, we used the same models to test for an effect of baseline hormonal levels on 

response to ketamine. Analyses were restricted to women. Instead of using the categorical 

predictor MENOPAUSE, we used the continuous lab values as the predictor. We tested 7 

hormonal tests (i.e., estradiol, progesterone, FSH, LH, SHBG, Testosterone, and Free T).

RESULTS

Baseline Comparisons

Please see Table 1 for comparisons at baseline between men and women, and between pre- 

and postmenopausal women. Because the number of perimenopausal women was so small 

(N=3), these women were excluded from statistical comparisions. On most variables at 

baseline, men and women were similar, as were pre- and postmenopausal women, with the 

exception of the expected finding that postmenopausal women being older than 

premenopausal women.

Effect of gender on response to ketamine at Day 1

When testing the 2-group difference (all ketamine groups combined vs. midazolam) (Table 

2), the GENDER*DAY*GROUP interaction term was not significant (F(1,180)=0.06, 

p=0.80). Results were similar when modeling ketamine by its different dosages by using a 5-

level GROUP variable (midazolam, 0.1 mg/kg. 0.2 mg/kg, 0.5 mg/kg, 1.0mg/kg). As in the 

2-group model, the GENDER*DAY*GROUP interaction term was not significant 

(F(4,168)=1.04, p=0.39). Unlike in the 2-level GROUP variable model, the 

GROUP*GENDER effect was significant (F(4,168)=2.89, p=0.02). In examining this non-

hypothesized effect further, we noted significant differences by GENDER in the ketamine 
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0.5 mg/kg and 1.0 mg/kg group, where women in the ketamine 0.5 mg/kg group had higher 

HAMD6 scores than men at 24 hours (least squares means = 10.5 vs. 8.0), but women in the 

ketamine 1.0 mg/kg group had lower HAMD6 scores than men (least squares means = 8.3 

vs. 10.8). This effect likely captures pre-existing differences in women vs. men.

In examining HAMD6 scores across Days 1-30 (illustrated in Figure 1), we also did not 

identify a statistically significant gender difference. Specifically, when testing the 2-group 

difference (all ketamine groups combined vs. midazolam), none of the interaction terms 

were significant, so that we removed, in turn, the interaction terms for 

DAY*GENDER*GROUP (F(5,508)=0.19, p=0.97), DAY*GROUP (F(5,513)=1.53, p=0.18), 

and DAY*GENDER (F(5,518)=0.47, p=0.80). We kept the hypothesized 

GENDER*GROUP effect in the model regardless of significance. The results of this reduced 

model did not identify an overall significant effect of gender on ketamine response, with 

F(1,523)=0.70, p=0.40 for the GENDER*GROUP interaction effect.

Results were similar when modeling ketamine by its different dosages by using a 5-level 

GROUP variable (midazolam, 0.1 mg/kg. 0.2 mg/kg, 0.5 mg/kg, 1.0mg/kg). As in the 2-

group model, none of the interaction terms were significant, so that we removed, in turn, the 

interaction terms for DAY*GENDER*GROUP (F(20,472)=0.71, p=0.81), DAY*GROUP 

(F(20,492)=1.20, p=0.25), and DAY*GENDER (F(5,512)=0.47, p=0.80). The results of this 

reduced model also did not identify an overall significant effect of gender on ketamine 

response, with F(4,517)=1.28, p=0.28 for the GENDER*GROUP interaction effect.

Effect of reproductive lifespan status on response to ketamine

Similar to the gender difference analyses focused on Day 1, when testing the 2-group 

difference (all ketamine groups combined vs. midazolam), the MENOPAUSE 

*DAY*GROUP interaction term was not significant (F(1,76)=0.36, p=0.55). When repeating 

the model using the 5-level GROUP variable, the MENOPAUSE *DAY*GROUP interaction 

term remained non-significant (F(4,64)=1.03, p=0.40). Similarly to the gender difference 

analyses, the non-hypothesized GROUP*MENOPAUSE interaction effect was significant 

(F(4,64)=3.26, p=0.02). In examining this effect further, we noted significant differences by 

MENOPAUSE in the ketamine 0.2 mg/kg group, where premenopausal women (n=6) had 

higher HAMD6 scores than postmenopausal women (n=3) (LS means = 12.9 vs. 9.7, 

respectively), reflecting pre-existing differences prior to randomization.

Effect of baseline hormonal values on response to ketamine

The 3-way interaction term GROUP*DAY*LAB was non-significant for all seven hormonal 

variables we tested, in both the 2-group (p≤0.21 across the 7 hormonal variables) and 5-

group analyses (p≤0.19 across the 7 variables) (Table 3). The main effect for hormonal level 

was non-significant across all models. Two-way interactions were significant only for the 

GROUP*LAB interaction in the model involving SHBG values, in both the 2-group 

(p=0.005) and 5-group comparison (p=0.0046).
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Tolerability

In terms of tolerability, there were also no significant differences between women and men 

in the frequency of adverse effects (AEs) reported by those assigned to the ketamine groups 

(p>0.21 for all AEs reported more than once study-wide), although women reported more 

headaches (12% vs. 6%, p=0.30) and nausea (10% vs. 6%, p=0.47).

DISCUSSION

These findings support that one-time use of ketamine is a similarly effective and tolerable 

treatment for TRD for both women and men. Specifically, these analyses did not 

demonstrate significant differences in response to ketamine between the two groups, and 

also did not discern differences in treatment response between pre- and postmenopausal 

women. The results of these analyses are consistent with two past studies, which reported 

that sex did not have a significant effect on depression treatment outcomes (Niciu et al., 

2014; Salvadore et al., 2012), as well as with some animal models (Kara et al., 2017). 

However, they are in contrast with other studies in both humans and animals that suggest sex 

differences (Carrier and Kabbaj, 2013; Celia Moreira Borella et al., 2016; Coyle and Laws, 

2015; Franceschelli et al., 2015; Guo et al., 2016; Sarkar and Kabbaj, 2016; van den Buuse 

et al., 2015; Wright et al., 2017). Additionally, although sex hormones have been shown to 

modify ketamine treatment response in some animal studies (Carrier and Kabbaj, 2013; 

Celia Moreira Borella et al., 2016; van den Buuse et al., 2015; Wright et al., 2017), our 

current findings did not suggest that baseline hormone levels predicted response in humans.

Although we did not find significant differences between men and women in terms of 

ketamine tolerability, additional research using larger sample sizes would be required to 

definitively conclude that this is the case. Several rodent studies have demonstrated potential 

sex differences in adverse events (Carrier and Kabbaj, 2013; Jevtovic-Todorovic et al., 2001; 

Thelen et al., 2016), suggesting more adverse effects in females compared to males. In 

humans, studies have been inconsistent with regard to sex differences in adverse effects to 

ketamine, both in samples of ketamine abusers and in those who received ketamine for the 

treatment of MDD, sedation or pain relief (Rasmussen, 2014). Importantly, there may be 

salient sex differences in some adverse events, such as ketamine-induced hypertension, as in 

one study women experienced higher maximal diastolic blood pressure changes with 

ketamine administration than men (Liebe et al., 2017). Ketamine abuse data indicate that 

female users may have a greater risk of psychiatric comorbidity (Tang et al., 2015), 

increased withdrawal symptoms, and subjectively reported cognitive symptoms (Chen et al., 

2014).

If further research supports sex differences in ketamine treatment efficacy and safety 

contrary to our findings, it will be important to explore how underlying mechanisms 

contribute to distinctions. Previous studies have suggested sex differences in ketamine 

metabolism (Guo et al., 2016; Jevtovic-Todorovic et al., 2001; Livingston and Waterman, 

1977). Other mechanisms could relate to sex differences in the function of glutamatergic 

cells (Gray et al., 2015) or variables of genetic expression (Gray et al., 2015).
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Strengths of these analyses include the randomized, placebo-controlled design of the 

original study, and the a priori collection of detailed information about female participants’ 

reproductive lifecycle status, i.e., pre-, peri, and postmenopausal status, and collection of 

hormonal assays at baseline and assessment with treatment response.

However, there are important limitations to these analyses. The study was not powered to 

assess sex and female reproductive lifespan status as predictors of response or tolerability. 

Additionally, the study was designed to assess rapid effects of ketamine, with a focus on the 

response to a single treatment at 24- and 72-hours after infusion. Therefore, we are not able 

to generalize these results to serial treatment with repeated administration of ketamine, nor 

longer term outcomes. In addition, due to the sample size, we were not able to take into 

account the use of hormonal contraceptives and timing of the menstrual cycle, both of which 

introduce additional variables that may be important in the assessment of the impact of 

gonadal hormones on response to ketamine.

In the study of ketamine and any treatment for a psychiatric disorder, in order to determine 

the best treatments for the specific patient sub-groups, variables pertaining to endogenous 

and exogenous reproductive hormones should be prospectively collected and well 

documented in clinical trials. Although in this trial we did not see differential outcomes 

when comparing men and women, and reproductive lifecycle status among women, future 

studies of ketamine may elucidate predictors of response based on sex, reproductive status, 

or exogenous hormone use, and it is possible that biomarkers such as gonadal steroids may 

predict treatment response. Typically in clinical trials for MDD, the focus of collection of 

reproductive data pertains strictly to the use of contraception, and reproductive lifecycle 

status is not usually explicitly documented. In addition, phases of the menstrual cycle and 

precise data regarding exogenous hormonal treatments is not usually well documented in 

studies of depression. Therefore, precise collection of these variables should be encouraged 

in future trials. The ability to analyze such variables may assist in honing the ability to 

determine which patients will respond best to specific treatments.
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Figure 1. 
Gender differences in HAMD6 scores across Days 1-30
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Table 2

Type 3 tests of mixed effects model testing for a gender difference on HAMD6 on days 1-30

2-group comparison 5-group comparison

Effect Num DF Den DF F Value Pr > F Num DF Den DF F Value Pr > F

GROUP 1 180 7.25 0.01 4 168 3.73 0.01

DAY 1 180 54.51 <.0001 1 168 140.00 <.0001

GENDER 1 180 0.24 0.63 1 168 0.97 0.32

GROUP*DAY 1 180 8.00 0.01 4 168 4.13 0.00

GROUP*GENDER 1 180 0.16 0.69 4 168 2.89 0.02

DAY*GENDER 1 180 0.05 0.83 1 168 0.00 0.98

GROUP*DAY*GENDER 1 180 0.06 0.80 4 168 1.04 0.39
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Table 3

Effect of hormonal level on response to ketamine in women (i.e., significance of the GROUP*DAY*LAB 

effect)

2-group comparison 5-group comparison

Hormonal Measure Num DF Den DF F Value Pr > F Num DF Den DF F Value Pr > F

Female Estradiol 1 66 0.14 0.71 4 54 1.09 0.37

Female Progesterone 1 73 0.00 0.96 4 61 0.20 0.94

Female FSH 1 77 1.57 0.21 4 65 1.57 0.19

Female LH 1 81 1.16 0.28 4 69 0.73 0.57

Female SHBG 1 81 0.67 0.42 4 69 0.45 0.77

Female Testosterone 1 77 0.22 0.64 4 65 1.10 0.36

Female Free T 1 69 0.58 0.45 4 57 0.99 0.42

Note: degrees of freedom vary across models for the different hormornal variables, because of missing lab results for some women.
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