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Objectives: Subanaesthetic ketamine (0. 5 mg/kg/40 min intravenous infusion) produces rapid and robust antianhedonic effects in subjects with mood disorders, independent of other depressive symptoms. The objective of this study was to examine potential differences in rate of antianhedonic response to ketamine in males and females, which has not been previously examined.

Methods: A total of 135 patients with depression (68 males, 67 females) who received six intravenous infusions of ketamine (0.5 mg/kg/40 min) during 2 weeks were enrolled. The anhedonia subscale of the Montgomery–Åsberg Depression Rating Scale (MADRS) was utilized to measure anhedonic symptoms. Antianhedonic remission and response were defined as ≥75 and ≥50% improvement of anhedonic symptoms at 24 h after the sixth ketamine infusion (day 13).

Results: Antianhedonic response (50 vs. 47.8%, p > 0.05) and remission (26.5 vs. 14.9%, p > 0.05) rates did not differ significantly between males and females. A linear mixed model revealed a nonsignificant between-group difference in MADRS anhedonia subscale scores [F(1, 132.5) = 1.1, p = 0.30]. Females reported a significantly larger reduction in anhedonic symptoms than males at the 2-week follow-up (p < 0.05).

Conclusion: The rates of antianhedonic response and remission to multiple ketamine infusions for the treatment of depression were similar between males and females. These findings should be verified by future studies, preferably randomized controlled trials (RCTs).
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Introduction

Major depressive disorder (MDD) is a multisymptom condition that accounts for 40.5% of disability-adjusted life years (DALYs) caused by mental and substance use disorders (1), and females have from a twofold higher risk of MDD than males (2). Numerous studies have observed differences in clinical presentation and comorbidities between females and males with MDD (2, 3). For example, females were likely to have greater depressive symptom severity, earlier onset of first-episode MDD, and longer duration of depressive episodes than males in the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study (3). Alcohol and drug abuse and obsessive compulsive disorder were more common in males than in females (3).

Interestingly, females with MDD were significantly more likely than males to receive antidepressants (2). However, findings on gender differences in outcomes (i.e., response and remission rate, time to response and remission, and adverse drug reactions) of treatment with antidepressants were inconsistent. For example, an increasing number of studies have reported that females are more likely than males to have a positive response to antidepressants, especially selective serotonin reuptake inhibitors (SSRIs) (4–6). Other studies (4, 7) found a significantly greater therapeutic response to the tricyclic antidepressant (TCA) imipramine in males than in females.

The rapid antidepressant response to ketamine (0.5 mg/kg/40 min intravenous infusion), a glutamate N-methyl-D-aspartic acid (NMDA) receptor antagonist for individuals with treatment-resistant depression (TRD), suggests a possible new approach in the treatment of MDD and bipolar depression, which compares favorably to the multiple weeks required for current first-line pharmacotherapies (8–11). Furthermore, both single dose (12–15) and repeated dose (15–17) intravenous ketamine treatments exhibited rapid and sustained antisuicidal and antianhedonic effects. Importantly, Lally et al. found that ketamine's antianhedonic effects are independent of other depressive symptoms (12).

Sex differences in antidepressant response to intravenous ketamine treatment for patients with depression have been investigated, but with inconsistent findings (18). For example, Freeman et al. found no significant difference in antidepressant response to intravenous ketamine infusions in females suffering from TRD, as compared with males with this diagnosis (18). However, a recent systematic review and meta-analysis (437 participants receiving ketamine) found that males appeared to have slightly longer antidepressant responses to a single-dose administration of ketamine than females (19). However, there has been no testing for sex differences in antianhedonic response to ketamine infusions in patients with depression.

In this study we aimed to investigate the impact of sex on the antianhedonic effects of six infusions of 0.5 mg/kg ketamine over two weeks in Chinese patients with MDD or bipolar depression. Based on the findings of Freeman et al.'s study (18), we hypothesized that there is no difference in the efficacy of six ketamine infusions for ameliorating anhedonia levels between females and males with depression.



Methods

This prospective cohort study of consecutive depressed patients with TRD and/or suicidal ideation treated at the Affiliated Brain Hospital of Guangzhou Medical University was initiated in November 2016. The current paper reports on results to date in an ongoing study. This study protocol (Clinical Trials Identifier: ChicCTR-OOC-17012239) was approved by the local ethics committee in accordance with the Declaration of Helsinki. All subjects signed written informed consent.


Patients

The selection of patients has been previously described (20, 21). Briefly, all patients (68 males, 67 females) met the following inclusion criteria: (1) a major depressive episode at the beginning of this study that met the Diagnostic and Statistical Manual of Mental Disorders 5th edition (DSM-5) criteria for bipolar disorder or MDD diagnosis without hallucinations or delusions; (2) aged 18 to 65 years, Han Chinese; (3) a baseline Hamilton Depression Rating Scale-17 (HAMD-17) score ≥ 17; and (4) inadequate response to two or more sufficient courses of antidepressants and/or a baseline Scale for Suicidal Ideations (SSI)-part I score ≥ 2. Patients experiencing TRD and/or suicidal ideation who had a history of alcohol or substance dependence or major medical or neurological diseases (i.e., cancer or infectious disease) were excluded from this study.



Intravenous injections of ketamine

In line with the methodology of previous studies (22, 23), all participants received six intravenous infusions of ketamine during 2 weeks. A detailed description of repeated-dose ketamine infusions in this study has been published in previous studies (20, 21). Briefly, following an overnight fast, all subjects received six intravenous infusions of ketamine hydrochloride administered over a 2-week period (3 times per week) by an intravenous pump. As recommended previously (23), the dose of ketamine was 0.5 mg/kg administered intravenously over a 40-min period. A trained psychiatrist recorded blood pressure, respiratory rate, and pulse frequency for all participants at 10-min intervals during and after each intravenous injection. All participants continued using their previously prescribed psychotropic medications throughout the study.



Anhedonic symptoms

Clinical ratings of anhedonic symptoms were measured by clinical psychiatrists at baseline (day 0), at 4 and 24 h after each infusion of ketamine (0.5 mg/kg over 40 min) and at 2 weeks postinfusion (day 26) using the anhedonia item of the Montgomery–Åsberg Depression Rating Scale (MADRS). The anhedonia item of the MADRS included the following 5 items: inability to feel, concentration difficulties, lassitude, apparent sadness, and reported sadness, which has been utilized in previous studies and proven useful in evaluating anhedonia symptoms (24–26). A change in the MADRS anhedonia subscale scores from day 0 to 26 was the primary endpoint of this study. The secondary outcomes were as follows: antianhedonic remission rate (defined as a ≥75% reduction in MADRS anhedonia subscale scores at day 13) and response rate (defined as a ≥50% reduction in MADRS anhedonia subscale scores at day 13). For multiple assessments of the MADRS anhedonia subscale scores, the interrater correlation coefficient was > 0.9.



Statistical analysis

SPSS version 24.0 (SPSS Inc., Chicago, United States) was used for all statistical analyses. For descriptive analyses, quantitative and qualitative variables were expressed as the means ± standard deviation (SD) and numbers (percentage) in both the male and female groups. We used Student's t-test and/or the Mann–Whitney U-test for continuous variables (which included education, age of onset, and duration of illness) and the χ2 test for categorical variables (which included gender, marital status, family history of psychiatric disorders) to compare the differences in demographic and clinical variables of the male and female groups. The rates of antianhedonic response and remission by gender were analyzed by χ2 test. Then, we compared the rates of antianhedonic response and remission by gender using odds ratios derived from logistic regression analyses after adjusting for the related variables. We compared the changes in MADRS anhedonia subscale scores from day 0 to 26 between the male and female groups using a linear mixed model after controlling for baseline level. Bonferroni corrections were utilized for multiple tests. A P < 0.05 was considered statistically significant.




Results

As shown in Table 1, male patients with depression were more likely to be unmarried (p = 0.01, Bonferroni corrected p < 0.05/7 = 0.007) and living alone (p = 0.005, Bonferroni corrected p < 0.05/7 = 0.007) than female patients with depression. Male patients with depression had a higher body mass index (BMI) (p = 0.003, Bonferroni corrected p < 0.05/7 = 0.007), longer duration of illness (p = 0.009, Bonferroni corrected p < 0.05/7 = 0.007), younger age of onset (p = 0.005, Bonferroni corrected p < 0.05/7 = 0.007), more family history of psychiatric disorders (p = 0.009, Bonferroni corrected p < 0.05/7 = 0.007) and more history of psychiatric hospitalization (p = 0.01, Bonferroni corrected p < 0.05/7 = 0.007) than female patients with depression. After Bonferroni corrections, living alone, BMI, and younger age of onset remained significant (all p < 0.007).


TABLE 1 Comparison of demographic and clinical characteristics between male and female patients with depression.
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Antianhedonic response rates were 50% (34/68) in male patients with depression and 47.8% (32/67) in female patients with depression. In terms of antianhedonic remission rates, male patients with depression reached 26.5% (18/68), and female patients with depression reached 14.9% (10/67). Antianhedonic response and remission rates did not differ significantly between the two groups (all p > 0.05). After controlling for confounders, there were still no significant differences (all p > 0.05).

When analyzing the change in anhedonic symptoms over time, a nonsignificant between-group difference was found using a linear mixed model (time: F(13, 1684.8) = 74.6, p < 0.001; group: F(1, 132.5) = 1.1, p = 0.30; group-by-time interaction: F(13, 1684.8) = 1.7, p = 0.05). When compared to baseline, as shown in Figure 1, a significant reduction in anhedonic symptoms was observed from the 1st to 6th injection as well as on day 26 in both groups (all p < 0.05). The subgroups did not significantly differ in the improvement of anhedonic symptoms from the 1st to 6th injection (Figure 1). Females were significantly associated with a greater reduction in anhedonic symptoms than males at day 26 (p < 0.05) (Figure 1).
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FIGURE 1
 Gender differences in changes in anhedonia symptoms in patients with depression following multiple ketamine infusions. All values are presented as mean ± standard error. #A significant difference was found at a given time point between women and men with depression (p < 0.05). MADRS, Montgomery-Åsberg Depression Rating Scale.




Discussion

To the best of our knowledge, this is the first study to determine the gender differences in the antianhedonic effects of ketamine (0.5 mg/kg/40 min intravenous infusion) in female vs. male patients with depression. The main findings of this study included the following: (1) six intravenous infusions of ketamine used in patients with depression are a similarly effective treatment in rapidly ameliorating anhedonia levels for both females and males; and (2) significantly lower MADRS anhedonia subscale scores were found only at the 2-week follow-up in females than in males after receiving six intravenous infusions of ketamine.

Although females appeared to have a significantly higher rate of anhedonia than males (27), no significant gender differences in antianhedonic response and remission rate were found in either females or males after receiving serial ketamine treatments in this study, which was similar to the findings of several studies examining the gender differences in the antidepressant effects of ketamine and esketamine (18, 28). For example, Jones et al. found that the antidepressant effects of esketamine nasal spray are similar in females vs. males suffering from TRD (28). Gender differences in outcomes for the use of other antidepressants such as SSRIs have been investigated, but with mixed findings (4, 5, 7, 29). For example, no gender differences in antidepressant efficacy were reported in some studies (30, 31). However, several studies reported that females responded better than males to SSRIs (5, 29), which was contrary to the findings of previous studies (4, 7). The inconsistent findings across the above studies may be due in part to differences in study design, study drug, and the inclusion criteria of participants.

Although no gender differences in the rates of antianhedonic response and remission to ketamine in patients with depression were found in this study, accumulating studies have found that various factors, including differences in hormone levels, drug metabolism and neuronal circuitry, may account for the disparity in treatment outcomes to other antidepressants between females and males. For example, many studies (32, 33), but not all (34–36), found that both sex hormone therapy and menopausal status were associated with treatment outcomes for antidepressants in females. A recent study found that the antidepressant effects of ketamine were not associated with menopausal status among women (18).

Several limitations are worth considering. First, the sample size of these analyses was relatively small, partly interpreting the negative findings on the rates of antianhedonic response and remission to ketamine in males versus females. Second, this was an open-label real-world clinical study rather than a randomized controlled trial (RCT). Furthermore, psychotropic medications might potentially affect the antianhedonic effects of ketamine. Third, although several animal studies reported that sex hormones might be related to ketamine treatment response (37, 38), hormone levels such as female oestradiol and female progesterone were not collected in this study. Finally, the current study was a post hoc secondary analysis focusing on patients with MDD and bipolar depression.



Conclusion

The rates of antianhedonic response and remission to multiple ketamine infusions for the treatment of depression in males vs. females were similar. These findings should be verified by future RCTs with relatively large sample sizes.
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