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Objectives

We aimed to explore the correlation between baseline body mass index (BMI) and the antidepressant properties of intravenous ketamine in patients with depression.





Methods

We divided 135 patients diagnosed with either major depressive disorder (n=103) or bipolar depression (n=32) into lower and higher BMI groups based on their baseline BMI. Patients with a lower BMI (BMI<24 kg/m²; n=92) were included in the lower BMI group, and those with a higher BMI (BMI≥24 kg/m²; n=43) were assigned to the higher BMI group. Each participant received six ketamine infusions. Antidepressant remission was determined using a Montgomery–Åsberg Depression Rating Scale (MADRS; total score of ≤10) within 24 hours after the sixth ketamine infusion on day 13. Antidepressant response was characterized by a ≥50% alleviation in the symptoms of depression at the same time point. Changes in symptoms of depression over time were assessed using a linear mixed model.





Results

The antidepressant response rate in the higher BMI group (67.4%, 95% confidence interval [CI]: 53.5%–81.4%) was higher than that in the lower BMI group (51.1%, 95% CI: 41.3%–60.9%). In addition, the remission rate was higher in the higher BMI group (39.5%, 95% CI: 25.6%–55.8%) than in the lower BMI group (31.5%, 95% CI: 21.7%–41.3%). However, these differences were not significant (all P>0.05). The linear mixed models with covariates indicated a significant group-by-time interaction in the MADRS scores (F13, 1729=3.0, P<0.001). A significant correlation was found between baseline BMI level and the change in depressive symptoms on days 13 and 26 (all P<0.05). However, these correlations were not significant after Bonferroni correction or controlling for baseline depressive symptoms (all P>0.05).





Conclusion

Our exploratory, post-hoc analysis of an open-label, single-arm study suggests that patients with depression and a higher baseline BMI may experience greater reductions in depressive symptoms compared with those with a lower baseline BMI after receiving six ketamine infusions.
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Introduction

Depressive disorder, a complex, multifactorial disorder, is the second most common reason for years lived with disability since 2010 (1). Depression is primarily treated using pharmacotherapy; however, a considerable lag exists before the patient experiences any effect of medication (typically 2–4 weeks). Moreover, a significant proportion of patients did not achieve a response or remission until 8 weeks or later after initiating antidepressant therapy (2). Therefore, the risk of suicide and morbidity potentially increased in these patients (2), especially in the early stages of initiation of antidepressant treatment (3). Furthermore, over a third of patients with major depressive disorder (MDD) experienced treatment-resistant depression (TRD). They did not show improvement even after undergoing systematic treatment with two or more antidepressants (4). Notably, fast-acting antidepressants, such as ketamine (5–8) and esketamine (9–11), have shown encouraging antidepressant effects in patients with MDD, even TRD.

Ketamine, introduced into clinical practice in 1970, is a high-affinity, non-competitive antagonist of the N-methyl-D-aspartate receptor (NMDAR) (12). Several authors have reported the rapid antidepressant (6, 13, 14), antisuicidal (15–17), antianhedonic (18–21), and cognitive improvement (17, 22–24) effects of ketamine in patients with MDD. However, even though its antidepressant efficacy is relatively specific, 40% of patients with TRD did not achieve response efficacy after six repeated intravenous doses (13). Therefore, methods to determine the effectiveness of ketamine need to be explored.

Cognitive function, functional connectivity between brain regions, and body mass index (BMI) are recognized as predictors of the effectiveness of intravenous ketamine as an antidepressant. Better baseline visual learning (22) and lower baseline working memory (23) indicate a more robust antidepressant response after six ketamine infusions. Furthermore, changes in the functional connection between the subgenual anterior cingulate gyrus and the amygdala have been shown to predict the efficacy of antidepressant treatment (25). In addition, higher BMI and a family history of alcohol dependence have been identified as factors that may predict response to ketamine in TRD (26). Additionally, ketamine is more effective in patients with MDD and a higher BMI (BMI between 25 and 35 kg/m2) (27–29). Collectively, BMI appears to predict the antidepressant efficacy of intravenous ketamine. However, the correlation between BMI and the antidepressant effectiveness of intravenously administered ketamine in patients with depression has not been reported in China.

In this exploratory, post-hoc analysis of an open-label, single-arm study, we used the Chinese BMI classification criteria and categorized the patients into two groups based on their baseline BMI—higher BMI (BMI≥24 kg/m2) and lower BMI (BMI<24 kg/m2) groups—to determine which category of patients would exhibit better antidepressant efficacy with intravenous ketamine. Based on previous studies (27–29), we hypothesized that after six doses of intravenous ketamine, patients with depression who had a higher baseline BMI would show better antidepressant efficacy than those who had a lower baseline BMI.





Methods




Study design and ethics

Data from this exploratory post hoc study were obtained from an open-label, single-arm trial (22, 30). This study is part of an ongoing trial at the China Clinical Trial Registry (registration number: ChiCTR-OOC-17012239), officially initiated at the Affiliated Brain Hospital, Guangzhou Medical University, in November 2016. The study protocol was approved by the Ethics Committee of the Affiliated Brain Hospital, Guangzhou Medical University (Ethics Application No. 2016030) and was in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained from all participating patients.





Patient selection

According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), individuals aged 18–65 with different BMIs diagnosed with MDD or bipolar depression (BD) and without psychotic symptoms were eligible to participate in this study. Additionally, patients should obtain a baseline score of ≥17 on the 17-item Hamilton Depression Rating Scale (HAMD-17) to confirm their experience with TRD and/or suicidal ideation (31). TRD was defined as being unresponsive to systemic treatment with two or more antidepressants in adequate doses and regimens (32). A score of ≥2 on part 1 of the Beck Scale of Suicidal Ideation (SSI) confirms suicidal ideation (33). The complete inclusion and exclusion criteria used in this study are available in previously published reports (22, 30).





Ketamine infusions

The study protocol was derived from the previous studies (5, 34). Briefly, 135 patients who met the inclusion criteria received six doses of ketamine (0.5 mg/kg) intravenously three times per week, administered via an intravenous pump over two weeks. The infusion was administered over 40 minutes, and a trained psychiatrist monitored the vital signs of the patient every 10 minutes. Subsequently, the patient remained in the treatment room for at least 30 minutes for observation. Patients were allowed to continue taking their previously prescribed psychiatric medications during this study.





Clinical assessment

A standardized data collection form was used to collect demographic and clinical data after patient enrollment. The Montgomery– Åsberg Depression Rating Scale (MADRS) was used to assess depressive symptom severity (35). MADRS evaluations were conducted at baseline (day 0), 4 and 24 hours after each intravenous ketamine injection, and two weeks post-infusion (day 26). The inter-evaluator correlation coefficient was greater than 0.9. The primary outcome was the association between baseline BMI level and the antidepressant effects of intravenous ketamine in patients with depression. The secondary outcomes included: 1) the antidepressant response rate, defined as a ≥50% reduction in the total MADRS score from day 0 to day 13; 2) the antidepressant remission rate, defined as a total MADRS score of ≤10 at 24 hours after the sixth ketamine infusion (day 13) (36); and 3) the changes in MADRS scores.





BMI measures

BMI, a simple anthropometric measure, is commonly used to assess the presence and severity of excess body fat in adults, and it is defined as the weight in kilograms divided by the square of the height in meters (37). The height and weight of participants were measured after enrollment. They were asked to stand on a weighing scale (instrument model: RGZ-120-RT). The Chinese Working Group on Obesity (WGOC) defines BMIs of ≥24 kg/m² as high BMI (38). Asians tend to have a higher percentage of body fat at lower BMIs than Europeans (39, 40). Moreover, a BMI of 24 kg/m2 has been widely used as a threshold in Asians in previous studies (41–43). Therefore, we categorized patients with BMIs of <24 kg/m2 and ≥24 kg/m2 into lower and higher BMI groups, respectively.





Statistical analysis

A two-sided P value of 0.05 was considered statistically significant and determined using IBM Statistical Product and Service Solutions (SPSS) version 25.0. In descriptive analyses, continuous variables, including age, education, duration of illness, age of onset, baseline HAMD-17 scores, baseline MADRS scores, and baseline BMI, were presented as mean, range, and standard deviation (SD). Comparisons of these variables were performed using the Student's t-test or the Mann–Whitney U-test. Categorical variables, such as gender, marital status, work status, living alone status, previous hospitalization, family history of psychosis, antidepressant responders and remitters, were expressed as frequency, percentages (%), and the 95% confidence interval (CI) of percentages. They were analyzed using the chi-square test or Fisher's exact test. Changes in MADRS scores from day 0 to day 26 were assessed using a linear mixed model. The baseline of MADRS scores and the variates (excluding baseline BMI) that showed significant differences between the two groups in demographic or clinical characteristics were included as covariates in the linear mixed model. BMI subgroup, time point, the interaction of BMI subgroup and time point, and covariates entered the linear mixed model as fixed effects. The time point entered the model as a random effect. Bonferroni corrections were applied to account for multiple tests. The associations between changes in depressive symptoms and baseline BMI levels were examined using Spearman's correlation analysis.






Results

Table 1 presents the demographic and clinical characteristics of the patients. We included 135 patients diagnosed with MDD (n=103) or BD (n=32) with an average age of 34.8 years in the final analysis. Patients with a higher BMI (n=43) were older (P=0.033), predominantly male (P=0.007), less likely to be employed (P=0.035), and more likely to report a family history of mental illness (P=0.028) compared with those with a lower BMI (n=92).


Table 1 | Demographic, clinical characteristics, and the percentage of antidepressive response and remission in depressed patients with lower versus higher BMI.



The antidepressant response rate was higher in the higher BMI group (67.4%, 95% CI: 53.5%–81.4%) than in the lower BMI group (51.1%, 95% CI: 41.3%–60.9%). In addition, the remission rate was higher in the higher BMI group (39.5%, 95% CI: 25.6%–55.8%) than in the lower BMI group (31.5%, 95% CI: 21.7%–41.3%). However, these differences were not significant (all P>0.05; Table 1). When depressive symptom changes over time were analyzed using a linear mixed model with covariates, significant differences were observed in time effect (F13, 1729=77.8, P<0.001; Table 2), group effect (F1, 128=12.8, P<0.001; Table 2), and group-by-time interaction (F13, 1729=3.0, P<0.001; Table 2). Both groups showed that depressive symptoms significantly reduced over time from the first to sixth injections and on day 26 compared to baseline (all P<0.05; Figure 1). Furthermore, patients with a higher baseline BMI showed a more pronounced reduction in depressive symptoms than those with a lower baseline BMI from 24 hours after the first injection through day 26 (all P<0.05; Figure 1).


Table 2 | Comparison of MADRS scores between the lower and higher BMI groups using linear mixed model analysis.






Figure 1 | Changes in depressive symptoms of depressed patients with lower versus higher BMI following multiple ketamine infusions. *Significant differences were found when comparing the baseline at the indicated times in either lower BMI group or higher BMI group (P<0.05). #Significant differences were found between depressed patients with lower and higher BMI at the indicated times (P<0.05). BMI, body mass index; MADRS, Montgomery-Åsberg Depression Rating Scale; SE, standard error.



Baseline BMI levels were not significantly associated with depressive symptoms on days 13 or 26 (all P>0.05; Table 3). Notably, a significant correlation was found between baseline BMI levels and the change in depressive symptoms on day 13 and 26 (all P<0.05; Table 3). However, these correlations were not significant after Bonferroni correction or controlling for baseline depressive symptoms (all P>0.05).


Table 3 | Correlation analysis between baseline BMI levels and depressive symptoms in depressed patients following ketamine treatments.







Discussion

To our knowledge, this exploratory, post-hoc analysis of an open-label, single-arm study reported the correlation between baseline BMI and the antidepressant effects of a subanesthetic dose of ketamine (0.5 mg/kg for 40 min) in patients with depression in China. The primary findings of this study suggest that ketamine quickly alleviates depressive symptoms in patients with depression, showing comparable antidepressant responses and remission rates across both BMI groups. Additionally, the higher BMI group exhibited lower levels of depressive symptoms compared with the lower BMI group on days 13 and 26. The correlation between baseline BMI and changes in depressive symptoms on days 13 and 26 was significant. However, these correlations were not significant after Bonferroni correction or controlling for baseline depressive symptoms.

Lipsitz et al. observed comparable antidepressant response and remission rates across four BMI categories (normal: 18.0–24.9 kg/m2, overweight: 25–29.9 kg/m2, obese I: 30–34.9 kg/m2, and obese II: ≥35.0 kg/m2) (44). Similar to the findings of Lipsitz et al. (44), our results indicated similar antidepressant effects with subanesthetic doses of ketamine across both BMI groups. While BMI may not be a reliable predictor for the antidepressant effects of conventional monoamine-based antidepressants such as sertraline, Lipsitz et al. reported an association between BMI and the antidepressant effects of subanesthetic doses of ketamine (44). Given that ketamine primarily targets the glutamate system instead of monoaminergic system targeted by conventional antidepressants, our findings highlight a unique pattern. We observed that patients with depression and higher BMI levels experienced a more significant reduction in depressive symptoms after ketamine treatment than those with lower BMI levels.

However, studies examining the association between BMI and the antidepressant effects of ketamine have yielded inconsistent findings (26, 45–47). For instance, Niciu et al. (46) reported that patients with TRD and higher baseline BMI experienced markedly greater improvement in depressive symptoms at both 230 minutes and day 1 after a subanesthetic intravenous ketamine infusion (0.5 mg/kg) than those with lower BMI levels. In contrast, Machado-Vieira et al. (45) reported an inverse relationship, suggesting that lower adiponectin levels at baseline could predict the antidepressant effects of ketamine in patients with MDD or BD. Lipsitz et al. (44) found that baseline BMI levels were not predictive of the response to four ketamine infusions. Dale et al. suggested that metabolic syndrome instead of BMI may predict antidepressive response of ketamine (47). Considering these variable findings, our findings indicate a positive correlation between BMI in patients with depression and the anti-depressive effects of ketamine. The inconsistent results in different studies may be partly due to differences in the ketamine administration protocol, sample size, outcome measures, or duration of follow-up in these trials (44–47). For example, repeated ketamine infusions were administered by Dale et al. (47) and Lipsitz et al. (44), whereas a single ketamine infusion was administered by Niciu et al. (46) and Machado-Vieira et al. (45). Further research is needed to validate and expand upon our preliminary findings.

Patients with depression are prone to comorbid obesity, and these conditions can exacerbate each other (48, 49). Leptin, an adipokine produced by adipose tissue, has antidepressant effects (50). Notably, patients with higher BMI, especially those who are obese or overweight, are more likely to experience leptin resistance (51). The antidepressant effects of ketamine may bypass this functional deficit caused by leptin resistance through its action on the glutamatergic system, potentially explaining why ketamine may be more effective in individuals with higher BMI (52). Additionally, several studies have explored the relationship between inflammatory factors and changes in depressive symptoms after intravenous ketamine treatment, but with inconsistent findings (53–56). For instance, a reduction in tumor necrosis factor-alpha (TNF-α) levels from baseline to 40 minutes after the administration of subanesthetic doses of intravenous ketamine (0.5 mg/kg) was positively associated with decreased MADRS scores over time in patients with TRD (53). Similarly, when patients with TRD received six infusions of ketamine, the reduction in interleukin-6 (IL-6) levels was positively associated with a reduction in depressive symptoms (54). Park et al. observed increased IL-6 levels at 230 minutes after ketamine infusion in patients with TRD; however, the change in IL-6 levels at 230 minutes after ketamine infusion was not related to the change in MADRS score at 230 minutes (55). Similarly, Kruse and colleagues found no significant relationships between the antidepressant effects of ketamine and IL-6 and TNF-α levels in patients with depression after receiving an infusion of ketamine (0.5 mg/kg infused intravenously over 40 minutes) (56). However, inflammatory factors (such as TNF-α and IL-6) were not analyzed in this study.

Our study had several limitations. First, this study was conducted with a relatively small sample size (n=135) at a single center, limiting the generalization of our findings to other psychiatric facilities. Second, the absence of a placebo control in this open-label, single-arm trial could lead to biases, such as the placebo effect and observer expectations, which might impact the reliability of the findings. Third, the absence of measurements for biomarkers, such as inflammatory cytokines or adipokines, limits the understanding of the biological mechanisms underlying the observed effects in this study. In psychiatric diagnostics, structured interviews are essential for ensuring reliable and valid assessments. However, the prominent tools in this domain, such as the Mini-International Neuropsychiatric Interview (MINI), were not used in this study. Fourth, we applied a BMI cutoff of 24 kg/m² according to Chinese classification standards. However, it is uncertain whether the ketamine response differs when using this BMI cutoff compared to other cutoffs, such as the internationally common 25 kg/m². Finally, the participants continued taking the psychotropic medications prescribed by their psychiatrists before the beginning of the trial. This ongoing medication regimen could potentially influence the antidepressant effects observed with ketamine treatment.





Conclusion

Our exploratory, post-hoc analysis of an open-label, single-arm study suggests that patients with depression and a higher baseline BMI may experience greater reductions in depressive symptoms compared with those with a lower baseline BMI after receiving six ketamine infusions. However, these findings should be validated through a randomized controlled trial with a more extensive sample size.
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