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Abstract

Objective—Clozapine is the most effective antipsychotic for treatment refractory people with 

schizophrenia, yet many patients only partially respond. Accumulating preclinical and clinical data 

suggest benefits with minocycline. We tested adjunct minocycline to clozapine in a 10 week, 

double blind placebo-controlled trial. Primary outcomes tested were positive and cognitive 

symptoms, while avolition, anxiety/depression and negative symptoms were secondary outcomes.

Methods—Schizophrenia and schizoaffective participants (N=52) with persistent positive 

symptoms were randomized to receive adjunct minocycline (100 mg oral capsule twice daily) 

(N=29) or placebo (N=23).

Results—Brief Psychiatric Rating Scale (BPRS) psychosis factor (p=0.098, effect size ES=0.39) 

and BPRS total score (p=0.075, effect size 0.55) were not significant. A ≥30% change in total 
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BPRS symptoms was observed in 7/28 (25%) among minocycline and 1/23 (4%) among placebo 

participants, respectively (p=0.044). Global cognitive function (MATRICS Consensus Cognitive 

Battery, MCCB) did not differ, although there was a significant variation in size of treatment 

effects among cognitive domains (p=0.03), with significant improvement in working memory 

favoring minocycline (p=0.023, ES 0.41). The SANS total score did not differ, but significant 

improvement in avolition with minocycline was noted (p=0.012, ES=0.34). Significant 

improvement in the BPRS anxiety/depression factor was observed with minocycline (p=0.028, 

ES=0.49). Minocycline was well tolerated with significantly fewer headaches and constipation 

compared to placebo.

Conclusion—Minocycline’s effect on the MCCB composite score and positive symptoms were 

not statistically significant. Significant improvements with minocycline were seen in working 

memory, avolition and anxiety/depressive symptoms in a chronic population with persistent 

symptoms. Larger studies are needed to validate these findings.

Introduction

Schizophrenia is a challenging and complex psychiatric disorder that affects approximately 

1% of the population worldwide, with estimated direct and indirect costs (2002 figures) 

exceeding $60 billion annually [1]. There is no cure for the disorder and lifelong treatment 

with antipsychotics is recommended. Clozapine (CLZ) is the most effective antipsychotic 

for people with treatment resistant schizophrenia and is the only FDA-approved 

antipsychotic for treatment-resistant schizophrenia and provides effective treatment even 

when other second-generation antipsychotics fail to respond. Current evidence-based 

pharmacological guidelines recommend prescribing CLZ for individuals who are 

unresponsive or partially responsive to first line medications, which is estimated to be up to 

40% of people with schizophrenia [2].

There are no evidence-based treatments available for people who are partially or completely 

nonresponsive to CLZ and continue to have persistent symptoms [3]. Lamotrigine is one 

medication that has some positive data adjunctive to clozapine on psychotic symptoms [4, 

5]. However, it’s efficacy has been demonstrated in only one study [6] and recently not been 

replicated; thus it remains questionable if it is an effective strategy [7]. It is notable that 

lamotrigine added to other antipsychotics have not been effective, thus, if it has efficacy as 

an adjunct may possibly work synergistically through glutamatergic pathways [4]. It is 

believed that lamotrigine functions as an ionotropic α-amino-3-hydroxy-5-methyl-4-

isoxazol-propionate (AMPA) glutamate receptor modulator [8].

Minocycline is a synthetic, FDA approved derivative of tetracycline with a more tolerable 

side effect profile than other agents in this class. Minocycline crosses the blood brain barrier 

and has recently been found to have an effect also on the GluR1 AMPA receptor subtype 

[9]. With minocycline, glutamatergic activity and modulators of neuroplasticity increase in 

response to increased membrane localization of a GluR1 AMPA receptor subtype, typically 

achieved by increasing phosphorylation of GluR1 protein at Ser831 and/or Ser845 [10]. In 

vitro and in vivo mice experiments show minocycline increases GluR1 phosphorylation and 

membrane insertion [11]. These receptors may be crucially involved in the pathobiology of 

Kelly et al. Page 2

J Clin Psychopharmacol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



schizophrenia [12, 13]. Wiedholz et al [14] recently reported that mice lacking GluR1 

AMPA receptors exhibit “schizophrenia-related” behaviors and other modulators of this 

receptor tested in rat models showed procognitive effects [11]. Minocycline is also known to 

have anti-inflammatory actions and inhibits inflammatory enzymes [15]. Recent evidence 

suggests a strong relationship between immunological effects and the pathophysiology of 

schizophrenia [16, 17]. In addition some preclinical and human evidence supports 

minocycline’s efficacy for neurodegenerative diseases with its potential neuroprotective and 

anti-apoptotic effects [18–22]. Minocycline directly inhibits the proliferation of and 

attenuate microglia activation [23–29].

Preliminary human studies in schizophrenia suggest potential benefits from minocycline. 

Initial case reports [30] of minocycline-associated improvements in persistent psychotic 

symptoms led to an open label 4-week study which linked minocycline to mean reductions 

of over 50% in the Positive and Negative Syndrome Scale (PANSS) general 

psychopathology scale scores [31]. A handful of recent clinical trial publications and a meta-

analysis have report benefits (mostly negative symptoms) of minocycline, mostly in early 

episode and with medications other than CLZ [32–35].

Three small case reports, including one from our own group, have specifically reported 

symptom benefits from minocycline added to CLZ [36–38]. The current study is the first 

double-blind, randomized controlled trial of adjunctive minocycline to CLZ in schizophrenia 

with persistent symptoms. We hypothesized that we would observe a significant 

improvement in positive and cognitive symptoms as well as that minocycline might have 

effects on negative symptoms (particularly avolition) and anxiety/depressive symptoms.

Methods

Overview and participants

This study was a randomized double-blind placebo controlled comparison of adjunctive 

minocycline or placebo added to CLZ. The study consisted of a 3-week screening and 

stabilization phase followed by a double blind 10 week treatment phase (N=50). The 

inclusion and exclusion criteria included clinically stable inpatients and outpatients with 

DSM-IV-TR (APA, Arlington, VA 2000) schizophrenia or schizoaffective disorder who 

were between the ages of ages 18 and 65 years. Participants had been taking CLZ for at least 

6 months prior to study screening with past dose of at least 200 mg/day and had achieved a 

serum CLZ level of > 350 ng/ml. Patients had persistent positive symptoms, defined by 1) 

Brief Psychiatric Rating Score (BPRS) total score 45 or Clinical Global Impression (CGI) 

severity score 4; and 2) BPRS positive symptom item total score of 8 with a score 4 on at 

least one individual item. Recent substance abuse or dependence, pregnancy, renal and liver 

impairments, positive Lyme titer, and medications contraindicated with minocycline 

treatment were exclusionary.

Recruitment

This two site study had 64 participants screened from the Maryland Psychiatric Research 

Center (MPRC) and nine screened at Central Regional Hospital at Duke University. After 
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screening, 52 participants began double blind treatment (see participant flow chart, Figure 

1). Participants were recruited from the MPRC Treatment Research Program, the Outpatient 

Research Program, and local community mental health centers. Duke participants were 

recruited from the inpatient units at Central Regional Hospital. All participants were 

evaluated for capacity to give informed consent using the Evaluation to Sign Consent [39] 

before signing informed consent.

This study was approved by the University of Maryland, Duke University and the State of 

Maryland Department of Health and Human Hygiene Institutional Review Boards. The 

study was registered in Clinical Trials.gov (NCT#01433055) and was monitored by a Data 

Safety Monitoring Board.

Assessments

Assessments were scheduled biweekly for psychiatric symptoms and weekly for side effects 

throughout the study. Cognitive testing, other secondary efficacy measures, blood 

chemistries and EKG were performed at baseline, midpoint and end of study. All 

participants received medical workup including a complete medical history and physical 

examination at baseline. Positive symptoms were measured by the sum of four items 

(conceptual disorganization, suspiciousness, hallucinations, and unusual thought content, 

each rated 1 to 7) from the 18-item BPRS. Negative symptoms were measured with the 

Scale for the Assessment of Negative Symptoms (SANS): the SANS total score, minus the 

global items, inappropriate affect, poverty of content of speech, and attention items, were 

used to measure negative symptoms. Inappropriate affect and poverty of content of speech 

were excluded as they lack construct validity, and factor analyses suggest that the attention 

items are not closely related to negative symptoms. Avolition was an a priori domain for 

separate evaluation (4 items).

Neurocognitive function was measured using the MATRICS Consensus Cognitive Battery 

(MCCB) which measures seven domains of cognitive functioning with 10 tests. Five of the 

domains are assessed with one test each. Working memory is assessed with two tests 

(Letter-number span and WMS Spatial span) and processing speed is assessed with three 

tests (BACS symbol coding, verbal fluency, and Trailmaking A). The tests were 

administered in a fixed order, according to standardized testing procedures, to ensure similar 

testing environments for each subject at each site. Alternate test forms were balanced across 

testing occasions.

Other ratings included the BPRS total score and the anxiety/depression, hostility, and 

agitation factors; the Calgary Depression Rating Scale (CDS), and the Clinical Global 

Impression Scale (CGI). Safety ratings included the Simpson Angus Extrapyramidal 

Symptom Rating Scale (SAS), the Abnormal Involuntary Movement Scale (AIMS) [40], the 

Barnes Akathisia Scale (BAS)and the 25 item Side Effect Checklist (SEC). Skin 

discoloration or pigmentation changes, known but rare side effects of minocycline were also 

evaluated. Each week, nurses assessed skin pigmentation and inquired about each of the the 

items on the SEC.
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Laboratory measures included CBC, Chem-14 including fasting glucose, total cholesterol, 

HDL, and LDL. CLZ plasma levels and pregnancy tests (females) were completed every 

other week.

Rating Training and Reliability

Raters underwent extensive training and reliability exercises prior to conducting any 

research ratings. Raters from each site achieved a minimum interrater reliability (ICC0.80) 

for BPRS positive symptom items and SANS total score. Neurocognitive testing was 

overseen by a senior level investigator at each site (JG, RK).

Medication Dosing and Randomization

Minocycline and matching placebo capsules were dosed as 50 mg twice daily for the first 

week, and 100 mg twice daily for weeks 2–10. Participants were taking a minimum CLZ 

dose of 200 mg/day for at least six months AND had one documented CLZ blood level of at 

least 350 ng/ml to ensure the potential for an adequate CLZ trial [41]. The CLZ dose 

remained fixed throughout the study except in two participants. One participant’s dose was 

decreased by 50mg daily for restlessness and racing thoughts, while the other participant’s 

dose was decreased by the same amount for nausea, vomiting and dizziness. CLZ levels 

were drawn to ensure adherence and remain at plasma concentrations >350 ng/ml. If the 

plasma level is found to be < 350 ng/ml during the study, a repeat level was to be drawn one 

week later. CLZ levels were measured by Lab Corp ® (Supplemental Text 1). Cigarette 

smoking frequency was to remain consistent in the study to avoid any smoking induced 

plasma level changes. No medications that alter the CYP 450 1A2 isoenzyme were permitted 

to be added during the study. CLZ levels were drawn every two weeks at the time of the 

WBC. We had very strict standards for adherence with the minocycline/placebo. All 

medications were dispensed in unit dose bubble packaging with each dose marked clearly in 

a separate marked slot. These were dispensed on a weekly basis. All participants returned 

their unused packaging each visit to the research team and the dispensing pharmacist for the 

study. If any participants were more than 25% no adherent to the doses they were to be 

discontinued from the study. All participants maintained adherence and were very closely 

monitored in the study. Furthermore the inpatients had all doses observed.

Subjects were randomly assigned to minocycline or placebo using a permuted block 

randomization system with separate randomization sequences at each site and for inpatients 

and outpatients. All raters, investigators and other staff were blind to treatment assignment 

except for the dispensing pharmacist and statistician at the primary site. Participants were 

allowed to remain on most medications with the exception of lamotrigine, cholestyramine, 

colestipol, urinary alkalizers, warfarin and tetracyline. Participants were instructed to avoid 

OTC medications, such as antacids or Pepto-Bismol ® that could reduce minocycline 

absorption and remained on treatment as usual to increase the generalizability of study 

results to usual clinical practice. In order to decrease the likelihood that any observed change 

in positive symptoms or cognitive function during the study was related to one of these 

adjunctive psychotropic treatments, a participant must have been on the adjunctive 

medication(s) for at least two months and on the current dose(s) of adjunctive medication(s) 

for at least one month prior to study participation. The dose of adjunctive medication was to 
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remain fixed throughout the conduct of the study if at all possible. Participants were 

stratified to CLZ by inpatient/outpatient status and site of enrollment. In addition, 

participants enrolled at the MPRC were stratified by smoking status to facilitate a local 

ancillary study.

Lead-In Phase

In addition to the inclusion criteria, participants were required to be clinically stable for the 

three weeks of the lead in phase. Clinical stability was defined as three consecutive ratings 

of the Clinical Global Impressions (CGI) rating scale with no change in score. Also, 

participants met the BPRS entry criteria at the end of three weeks, with no more than a 20% 

change in positive symptom item total score.

Data Analysis

All data analysis was conducted on an intention to treat basis including all available data 

from participants with at least one post baseline measure, using methods that permitted 

analysis of data for participants with missing visits (e.g. mixed models for incomplete 

repeated measures). Treatment effects on the symptom rating scales were tested looking at 

average minocycline-placebo differences over the course of follow-up. An a priori power 

analysis was completed, concluding that we could detect an effect size of at least ES = 0.52, 

corresponding respectively to reductions in BPRS positive symptom item total scores of 

about 2.4 points. See Supplemental Text 2 for additional information on sample size 

calculation. A >30% change in total BPRS was included a priori to examine responder 

status, as previously work demonstrated that some patients may have a robust response.

The MCCB was collected at baseline, week five and week 10. A summary composite score 

was calculated from a normed average of the domain scores. Raw scores for this battery 

were converted to T scores, with mean 50 and s.d. 10 in a normal reference sample [42]. The 

MCCB composite score was analyzed using a mixed model for repeated measures 

ANCOVA similar to that outlined above for positive symptoms, with the average effect of 

treatment across weeks five and 10 being the primary outcome test. We estimated a priori 

power=0.80 to detect moderate effect sizes of ES=0.52 for N=20 per corresponding to a 

change of 5.2 points on the MCCB composite score. Secondary analyses of MCCB domains 

were performed using the mixed model: follow-up domain T score = baseline domain T 

score + domain + week + treatment + domain×treatment, where the follow-up test scores at 

weeks five and 10 were adjusted for the baseline score on the same domain, and the 

domain×treatment interaction provides a test of the null hypothesis that the magnitude of the 

T-score difference between treatments is the same on all neurocognitive domains. If this 

interaction test was statistically significant (p<0.05), then post-hoc tests from this model 

were performed testing treatment differences for each of the neurocognitive domains.

Measures of extrapyramidal side effects and tardive dyskinesia were analyzed by procedures 

described by McMahon et al [43], using the rank correlation between severity score and visit 

as a measure of each participant’s tendency to increase or decrease in symptom severity, and 

comparing treatments on the distribution of these trend scores with the Conover-Salsburg 

[44] rank test. The frequency of occurrence of new or worsened side effects was reported by 
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treatment, as well as the occurrence of any serious adverse events. Treatment groups were 

compared on laboratory measures using the mixed model ANCOVA for repeated measures, 

adjusting for baseline level. For the SEC, the cumulative incidence of new or worsened 

(compared to baseline visit) side effects was compared between treatments using Fisher’s 

exact test. For effects showing significant differences between treatments in incidence of 

new/worsened side effects, descriptive analyses were performed to examine the frequency 

between treatment groups.

Results

Participants

Seventy-three participants were screened for this study and 52 were randomized to 

minocycline (N=29) or placebo (N=23). Fifty participants completed the 10 week study; two 

participants randomized to minocycline terminated the study prior to completion. One was 

diagnosed at week three with cancer unrelated to the study and one was realized after study 

entry to have had severely elevated triglycerides at baseline. Supplemental Figure 1 shows 

the participant flow chart. The demographic information for all participants is listed in Table 

1. There were no differences between groups in baseline demographics, CLZ dose or CLZ 

blood level. All efficacy endpoints are based on N=27 minocycline (not including the 

participants dropping out at week one and week three) and N=23 placebo. All safety 

measures are based on N=28 minocycline and N=23 placebo participants. There was one 

participant in the minocycline group that had high outlier ratings on the BPRS at endpoint 

ratings due to external stresses associated with the participant’s place of employment. All 

endpoints are shown with and without the outlier for the BPRS ratings.

Brief Psychiatric Rating Scale (BPRS)

BPRS positive symptoms, a primary outcome, did not show a significant treatment effect 

(minocycline - placebo difference ± s.e. = −0.87 ± 0.53, ES d= 0.34, p=0.104). For the 

BPRS total score, the minocycline – placebo difference was −1.03 ± SE 1.15, ES d= 0.48, 

p=0.099. There was, however, a significant effect in favor of minocycline for the BPRS 

anxiety/depression factor (minocycline-placebo difference ± s.e. −0.80 ± 0.38, ES d= 0.42, 

p=0.040). No significant differences were noted for the BPRS hostility or agitation factors. 

With regards to ≥ 30 reduction in total BPRS scores there were 7/28 (25%) in the 

minocycline group and 1/23 (4%) in the placebo group (Chi-Square=4.07, df=1, p=0.0436). 

(See Table 2)

MATRICS Consensus Cognitive Battery (MCCB)

The treatment difference on the MCCB Composite score was not statistically significant 

(d=0.1, t=0.58, df=46, p=0.56); however a domain×treatment assignment interaction was 

noted (F= 2.78, df=6,41.6, p=0.023). Post hoc tests found a significant improvement of 

working memory in the minocycline group (minocycline-placebo difference ± s.e. = 4.8 ± 

1.8, p=0.023, effect size d=0.41). ES and corresponding statistics for other MCCB domains 

are listed in Table 3.
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Scale for the Assessment of Negative Symptoms (SANS)

For the SANS total score, there was no significant group difference (F=0.20, df=1,47.9, 

p=0.65, ES d=0.23). On the SANS avolition factor there was a significant minocycline-

placebo difference ± s.e. of −0.22 ± 0.09, p=0.012, ES= 0.34. Treatment differences on other 

SANS subscales (anhedonia, blunted affect, and alogia) were not significant. (See Table 2)

Side Effects and Safety

Overall minocycline was well tolerated with most side effects similar to placebo (see 

Supplementary Table 1). Headaches and constipation were less frequent in the minocycline 

group. Measures of Body Mass Index (BMI) did not differentiate the groups. Baseline and 

endpoint BMI were 30.3 ± 5.3 kg/m2 and 31.3 ± 5.3 kg/m2, respectively, in the minocycline 

group and 31.0 ± 7.8 and 30.7 ± 7.4 respectively for placebo (p=0.30). Four (14%) 

participants assigned minocycline and 2 (9%) assigned placebo were noted to have skin 

pigmentation or skin discoloration during the study (p=0.54). There were no significant 

differences between groups on the BAS (F=1.54, df=1,48, p=0.22), AIMS (F=0.83, df=1,48, 

p=0.37) and SAS (F=0.82. df=1,48, p=0.37). Laboratory measures of fasting blood glucose, 

CBC, liver enzymes and electrolytes did not differ between medication groups. There was 

an increase in high density lipoprotein (HDL) cholesterol with minocycline compared to 

placebo (minocycline-placebo difference=5.2±1.7, p=0.004), but no significant treatment 

differences in LDL cholesterol or triglycerides. Statistically significant reductions in 

albumin, protein and platelets and an increase in hematocrit were noted; however, these 

were not clinically significant and partially driven by placebo group changes. 

Supplementary Table 2 lists the full values for lab findings in the study.

Discussion

To date, there have been four published randomized double blind trials with minocycline all 

finding some positive effects in cognitive function, negative symptoms or positive 

symptoms but with differing inclusion and exclusion criteria and primary outcomes [32–35]. 

The first study published, Levkovitz et al [32] studied minocycline as an adjunct treatment 

to treatment as usual for negative and cognitive symptoms in patients within the first five 

years of illness. Chaudhry et al [35] was a two-site study with adjunct treatment of 

minocycline to treatment as usual in patients in the first five years of their illness but with 

both positive and negative symptoms as the primary outcomes. Liu et al [33] studied adjunct 

minocycline to risperidone in patients in the first five years of illness but with negative 

symptoms as the primary outcome. Lastly, Khodaie-Ardakanie et al [34] also added 

minocycline to risperidone and with negative symptoms as the primary outcome, but in a 

chronic population. This study we present is different in that it is the first study with 

minocycline treatment as adjunct to clozapine, the first to have positive and cognitive 

symptoms as the primary outcomes and only the second to test in a chronic population. Our 

study failed to find significant results in positive and global cognitive symptoms and may 

not have been powered to find a difference in global negative symptoms. In secondary 

analyses, we did find significant improvements in the areas of avolition, working memory, 

and anxiety/depression.
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Our prior case series of CLZ patients treated openly with adjunct minocycline [45] reported 

improved positive symptoms but also improvements in motivation for social and school 

interactions and activities. Avolition is a core symptom of schizophrenia, which leads to a 

decrease in spontaneous, self-initiated and purposeful behaviors observed in daily life 

activities [46]. A unique domain within the negative symptom syndrome, avolition is often 

associated with poorer functional outcome [47, 48]. The domain of amotivation or avolition 

has been found to be a strong predictor of interpersonal relations and personal and social 

function (46). Avolition is thought to be due to aberrant cortical-striatal interactions that 

facilitate reward processing. [47]. Negative symptoms more generally have been found to be 

associated with higher levels of inflammation [49, 50]. Similarly, evidence of inflammation 

is more common in deficit versus non-deficit schizophrenia [51]. Glutamate dysfunction 

may also underlie negative symptoms [52, 53]. The anti-inflammatory effects of 

minocycline and/or its modulation of glutamatergic pathways could underlie the avolition 

benefits we have observed. While we observed a positive finding for avolition, the study 

may not have been powered to detect improvements in global negative symptoms.

Working memory is also regarded as a core deficit in schizophrenia [54] The improvements 

in working memory seen here are consistent with Levkovitz et al [32] who also found 

improvements in working memory in early phase schizophrenia patients, some of whom 

were taking CLZ. Working deficits have been found to be connected to inflammation. 

Liaury et al [27] found that microglial activation was attenuated with related improvements 

in memory related to inflammation during minocycline treatment. Microglial cells are 

known to contribute to synaptic modulation, learning and memory processes [55, 56]. Many 

other animal studies have found minocycline to reduce memory and working memory 

deficits in animal models [57–61]. The relevance of this literature to the current results 

should be viewed with tempered enthusiasm given that the clinical importance of the modest 

but statistically significant improvement in working memory we observed is questionable.

Minocycline was well tolerated in this 10 week study. As noted, beneficial effects were 

noted in headache, constipation and HDL levels. Changes in skin pigmentation were seen in 

a few participants; however, no one discontinued the study due to skin pigmentation. We 

also did not see GI side effects or differences in weight gain, suggesting minocycline could 

be tolerable as an adjunctive medication in a schizophrenia population. Other minocycline 

studies in schizophrenia also have had very good tolerability [32–35]; however, in a few 

clinical trials, there have gastrointestinal complaints such as nausea, diarrhea, and 

constipation that occurred more frequently with minocycline than in the placebo group; 

however, most of these studies have used doses of up to 400 mg/day [62, 63]. Also, 

important to point out that minocycline has been identified as a causative agent of drug 

induced lupus (DIL) which has a similar presentation to systemic lupus erythematosus 

(SLE). There is an estimated 8.5 increased risk of DIL for individuals currently being treated 

with minocycline compared to nonusers [64] and DIL from minocycline treatment may take 

three months to six years to develop with a female to male ratio of 5:1 [65]. The typical 

symptoms are polyarthralgia, arthritis, fever, and myalgia. There may also be liver 

involvement with fatty liver changes or autoimmune hepatitis [66]. With discontinuation of 

minocycline treatment the prognosis of DIL is good with complete resolution of symptoms. 

In the five clinical trials (including this study) in schizophrenia and numerous other studies 
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in other populations DIL has not been reported. Also while many studies show improvement 

in a variety of domains with minocycline, it is important to point out in one of the phase III 

amyotrophic lateral sclerosis (ALS) trials (up to 400 mg/day), deterioration in functional 

capacity was faster in minocycline than placebo [62].

Our study is limited by small sample size, lack of power for negative symptoms and the fact 

that change in functional outcomes from negative symptoms and cognitive improvements 

generally take longer than 10 weeks, as seen in longer term studies and case reports with 

minocycline, which have reported functional improvements. Nonetheless, our moderate 

effects in some treatment domains in a chronically ill and treatment resistant population are 

worth noting. Our sample of CLZ treated participants had undergone at least six months and 

commonly years of CLZ treatment, with partial improvement, but continued moderate to 

severe symptoms. This is a difficult to treat population with little evidence for efficacious 

adjunctive treatments. The current data and other published data continue to suggest 

minocycline is a possible adjunctive medication. Future analyses of these data will examine 

inflammatory markers and imaging data to better evaluate biomarkers for treatment 

response. These data add to growing evidence suggesting that minocycline is a worthwhile 

adjunct treatment to consider when first line agents are not enough [67].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Participant Flow Chart

Kelly et al. Page 14

J Clin Psychopharmacol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kelly et al. Page 15

Table 1

Demographic Information

Minocycline (N=28) Placebo (N=23)

Age (years) 42.9 ± 14.2 42.3 ± 11.0

Race 18 White (64%)
8 Black (29%)

13 White (57%)
8 Black (35%)

Sex (male) 20 (71%) 18 (78%)

Age of Illness Onset 18.5 ± 6.2 19.3 ± 5.7

Level of Education 12.1 ± 1.6 12.2 ± 2.6

Inpatients 11 (39%) 7 (30%)

Clozapine dose (mg/day) 423.1 ± 189.5 433.7 ± 140.1

Total Clozapine level (ng/mL) 777.4 ± 392.8 816.6 ± 339.5

  Clozapine (ng/mL) 489.5 ± 257.1 517.7 ± 211.2

  Norclozapine (ng/mL) 287.9 ± 165.0 298.9 ± 172.6

Other Antipsychotic 13 (46%) 8 (35%)

  First Generation 4 (14%) 1 (4%)

  Second Generation 9 (32%) 7 (30%)

Antidepressant 14 (50%) 8 (35%)

Mood Stabilizer 10 (36%) 6 (26%)

Anticholinergic 4 (14%) 3 (13%)

Benzodiazepine 15 (54%) 9 (39%)
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