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Association of Insulin ResistanceWith Schizophrenia
Polygenic Risk Score and Response
to Antipsychotic Treatment
Patients with schizophrenia show an increased risk of

impaired glucose metabolism,1 yet the mechanism behind

this association remains unknown. Multiple studies have

attempted to identify the determinants of insulin resistance

(IR) in schizophrenia, with evidence suggesting that it can-

not be fully explained by disease duration, symptom sever-

ity, medication effects, obesity, or hormonal stress axis acti-

vation, and other interacting factors are likely involved.1

While family and genome-wide association studies have

suggested a shared genetic vulnerability between schizo-

phrenia and abnormal glucose metabolism,2 to our knowl-

edge, a direct link between schizophrenia genetic risk and

insulin resistance has not been investigated. Here, we

examine the association between IR, schizophrenia poly-

genic risk, and treatment outcomes in first-episode,

antipsychotic-naive patients with schizophrenia and

matched healthy individuals while controlling for demo-

graphic, lifestyle, and clinical factors.

Methods | First-episode, antipsychotic-naive patients with

schizophrenia and matched unaffected control individuals

(58 patients with schizophrenia and 58 control individuals;

Table) were recruited at the University Hospital Marqués de

Valdecilla (Santander, Spain) as described previously.3 The

study procedures were approved by the medical faculty ethi-

cal committee, and written informed consent was obtained

from all study participants. Schizophrenia polygenic risk

scores (PRS) were calculated based on 108 genome-wide

significant schizophrenia loci4 from the Illumina Infinium

PsychArray Bead-Chip genotyping data imputed using

IMPUTE2/SHAPEIT. The updated Homeostasis Model Assess-

ment (HOMA2)5 was used to infer IR, β cell function, and

insulin sensitivity from clinical measurements of fasting

serum glucose and insulin levels. Switching antipsychotic

medication at least once during the initial 12 months of treat-

ment was used as a heuristic long-term treatment outcome

measure. All statistical tests were 2-sided and are described

in figure legends. A P value of less than .05 was considered

significant. Analyses were conducted in R, version 3.5.0

(R Foundation).

Results | Consistent with previous reports,1 patients with

schizophrenia showed increased baseline HOMA2-IR (mean

difference [MD] [SE], 0.68 [0.25]; P = .004), HOMA2 β-cell

function (MD [SE], 32.2 [13.1]; P = .02), and fasting insulin

levels (MD [SE], 5.5 [2.1] μIU/mL [to convert to picomoles

per liter, multiply by 6.945]; P = .004), whereas HOMA2

insulin sensitivity (MD [SE], −19.6 [15.5]; P = .20) and fast-

ing glucose levels (MD [SE], 0.6 [2.0] mg/dL [to convert to

millimoles per liter, multiply by 0.0555]; P = .76) did not dif-

fer significantly from control values (Table). After adjusting

for covariates, HOMA2-IR remained significantly increased

in patients with schizophrenia (MD [SE], 0.82 [0.25];

P < .001, adjusted for body mass index; Figure, A). The

HOMA2-IR was positively associated with schizophrenia

PRS in patients with schizophrenia (β [SE], 3.74 [1.68];

P = .02, adjusted for age; Figure, B) but not in the control

group (adjusted β [SE], 0.29 [0.40]; P = .45), where body

mass index was the most significant risk factor (adjusted β

[SE], 0.071 [0.018]; P < .001). Baseline HOMA2-IR was sig-

nificantly associated with switching antipsychotic medica-

tion during the initial 12 months of treatment, with an

adjusted odds ratio (OR) of 1.77 (95% CI, 1.10-3.52; P = .02,

adjusted for ethnicity; Figure, C). Of the 41 patients for

whom complete follow-up information was available, all 8

patients who at baseline satisfied the fasting insulin criteria

for IR (≥25 μIU/mL)6 required changing medication within

Table. Demographic and Clinical Data of Study Participants

Characteristic

No. (%)

P Valuea

Missing, No. (%)

Control
(n = 58)

Schizophrenia
(n = 58) Control Schizophrenia

Sex

Male 35 (60) 36 (62)
>.99 NA NA

Female 23 (40) 22 (38)

Age, mean (SD), y 31.8 (7.6) 29.5 (8.5) .15 NA NA

BMI, mean (SD) 24.4 (3.7) 23.0 (5.0) .07 NA NA

Race/ethnicity

White 58 (100) 52 (90)

.03b NA NAHispanic 0 (0) 5 (9)

Romani 0 (0) 1 (2)
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the first year of treatment. Schizophrenia PRS was not sig-

nificantly associated with medication switching status

(adjusted OR, 183; 95% CI, 0.48-504931; P = .12).

Discussion | We report that schizophrenia polygenic risk is

significantly associated with insulin resistance in first-

episode, antipsychotic-naive patients with schizophrenia in-

dependent from selected demographic, lifestyle, and clinical

factors. This result suggests that IR is a hallmark of schizo-

phrenia rather than a secondary effect of emerging symp-

toms and supports the hypothesis that multiple susceptibil-

ity genesmight exert pleiotropic effects cooccurring between

the 2 conditions. Furthermore, the results indicate a poten-

tial association of IR with diminished response to antipsy-

chotic treatment.Hence, patientswith schizophreniapresent-

ing with IR might constitute a distinct patient subgroup and

require personalized treatment tailored to this endopheno-

type.

Limitations. Limitations of this study include incomplete

metadata for subsets of clinical variables and the fact that al-

thoughnonresponsewas theprimary factor influencingmedi-

cation switching, other clinical variables, such as adverse ef-

fects and treatment nonadherence, cannot be excluded in a

Table. Demographic and Clinical Data of Study Participants (continued)

Characteristic

No. (%)

P Valuea

Missing, No. (%)

Control
(n = 58)

Schizophrenia
(n = 58) Control Schizophrenia

Smokingc

No 28 (48) 25 (43)
.73 NA NA

Yes 30 (52) 33 (57)

Alcoholc

No 42 (72) 28 (48)
.02b NA NA

Yes 16 (28) 30 (52)

Cannabisc

No 44 (76) 32 (55)
.04b NA NA

Yes 14 (24) 26 (45)

Family history of diabetes

No 3 (5) 26 (45)
.04b 49 (84) 22 (38)

Yes 6 (10) 10 (17)

Family history of psychiatric diseased

No 58 (100) 45 (78)
<.001c NA NA

Yes 0 13 (22)

Previous psychiatric medication

No 58 (100) 45 (78)
<.001b NA NA

Yes 0 (0) 13 (22)e

Age at onset of psychosis, mean (SD), y NA 28.4 (8.4) NA NA 1 (2)

First antipsychoticf

Aripiprazole NA 28 (48)

NA NA NAOlanzapine NA 1 (2)

Risperidone NA 29 (50)

PRS, mean (SD) 0.46 (0.18) 0.49 (0.13) .38 1 (2) 7 (12)

HOMA2, mean (SD)

IR 1.04 (0.59) 1.72 (1.77) .004b 4 (7) 2 (3)

%B 112.3 (44.3) 144.5 (85.5) .02b 4 (7) 2 (3)

%S 131.3 (78.8) 111.7 (83.8) .20 4 (7) 2 (3)

Glucose, mean (SD), mg/dL 84.2 (10.3) 84.8 (10.6) .76 3 (5) 2 (3)

Insulin, mean (SD), μIU/mL 8.1 (4.6) 13.6 (14.8) .004b 3 (5) NA

Insulin resistantg

No 55 (95) 49 (84)
.005b 3 (5) NA

Yes 0 9 (16)

BPRS, mean (SD) NA 68.6 (14.9) NA NA 1 (2)

SAPS, mean (SD) NA 15.2 (4.1) NA NA NA

SANS, mean (SD) NA 6.4 (6.4) NA NA 1 (2)

Abbreviations: %B, beta cell function

(%); BMI, bodymass index

(calculated as weight in kilograms

divided by height in meters squared);

BPRS, Brief Psychiatric Rating Scale;

HOMA2, the updated Homeostasis

Model Assessment; IR, insulin

resistance; NA, not applicable;

PRS, schizophrenia polygenic risk

score; SANS, Scale for the

Assessment of Negative Symptoms;

SAPS, Scale for the Assessment of

Positive Symptoms; %S, insulin

sensitivity (%).

SI conversion factors: To convert

glucose tomillimoles per liter,

multiply by 0.0555; insulin to

picomoles per liter, multiply by 6.945.

a Data were analyzed using t test for

continuous variables and Fisher

exact test or χ2 test for categorical

variables. P values were obtained by

permutation testing (N = 1000

permutations).

bSignificant (<.05) P value.

c Self-reported.

dAssessed using the Comprehensive

Assessment of Symptoms and

History.

e Antidepressant; mean (SD)

duration, 7.8 (8.3) days.

f Antipsychotic treatment was

initiated after baseline data

collection and used for determining

switchingmedication status in

Figure, C.

g Based on the fasting insulin criteria

(�25 μIU/mL).
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minorityofcases.Well-poweredpharmacogenomicstudiesand

morespecificassays, suchas theoralglucose toleranceandcor-

tisol tests,1 are required to further examine the associationbe-

tween IR, schizophrenia, and antipsychotic treatment re-

sponse, in addition todetermining theeffects of other lifestyle

factors such as diet and exercise.
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Figure. Analysis of the Homeostasis Model Assessment of Insulin Resistance (HOMA2-IR) in First-Episode, Antipsychotic-Naive Patients

With Schizophrenia and Healthy Control Individuals
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A, Association of HOMA2-IR with clinical status. B, Association of HOMA2-IR

with the 108 loci schizophrenia polygenic risk score. C, Association of

antipsychotic drug switching during the initial 12 months of treatment with

baseline HOMA2-IR. Plots show adjustedmean with standard error (A) and

marginal effects with 95% confidence intervals (B and C). Statistical tests

included analysis of covariance (A) andmultivariable linear (B) and logistic (C)

regression. Covariates were selected using bidirectional elimination and

Bayesian information criterion from age, sex, bodymass index, race/ethnicity,

smoking, alcohol consumption, cannabis use, and previous psychiatric

medication (A-C); baseline Brief Psychiatric Rating Scale, Scale for the

Assessment of Positive Symptoms, and Scale for the Assessment of Negative

Symptoms scores (B; schizophrenia group); and the initial treatment drug (C).

Only cases with complete data were analyzed. P values were obtained by

permutation testing (1000 permutations). P less than .05 was considered

significant. Numbers: A, 54 control individuals and 56 patients with

schizophrenia; B, 53 control individuals and 49 patients with schizophrenia;

C, 20 patients with schizophrenia with no drug switch and 21 patients with

schizophrenia with drug switch (13 owing to low efficacy, 5 owing to adverse

effects, and 3 owing to noncompliance).

a P < .001.

bP < .05.
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Combining Pharmacological and
Nonpharmacological Interventions
in NetworkMeta-analysis in Psychiatry
Networkmeta-analyses (NMAs) assess the comparative asso-

ciations of 2 ormore interventions even if they have not been

compared in a randomized clinical trial.1Thevalidity ofNMAs

is founded on the assump-

tionof transitivity (ie, that ef-

fectmodifiersdonotsubstan-

tiallydiffer across the included trials).1ThepopularityofNMAs

on pharmacological or nonpharmacological interventions is

increasing in psychiatry.2Recent NMAs have combined phar-

macological andnonpharmacologic interventions in the same

network. Although this may be informative for developing

guidelines, it ismethodologically challenging and could com-

promise thevalidityofNMAs.Weaimed toevaluateNMAs that

combined pharmacological and nonpharmacological inter-

ventions and provide guidance on how to conduct them.

Methods | We searched PubMed, PsycINFO, Embase, OVID

MEDLINE, biological abstracts, BIOSIS, and Web of Science

from inception until August 31, 2018. We appraised NMAs of

randomized clinical trials basedon the approachproposedby

Cope et al,3 focusing on (1) how the control node (or neutral

comparator) was defined in the network geometry, (2) differ-

encesbetweenpharmacologicalandnonpharmacological stud-

ies with respect to patient characteristics, and (3) the distri-

bution of risk of bias (RoB) in the network. According to the

approachof Cope et al,3wechecked if the associationof these

issues with the results was explored in the retained NMAs

(eMethods in the Supplement).

Results |Weretrieved 12NMAs (eMethods in the Supplement).

Eight were published between 2017 and 2018: 6 focused on

adults, 5 on children/adolescents, and 1 on both. TheseNMAs

covered several psychiatric conditions, including major de-

pressive disorder, anxiety disorders, attention-deficit/

hyperactivity disorder, obsessive compulsive disorder, buli-

mia nervosa, at-risk mental state, and poststroke depression

(eMethods in the Supplement).

FiveNMAspooleddifferent typesof control conditions (eg,

aplacebopill,psychologicalplacebo,orshamintervention) into

the same node of the network, assuming that these compara-

tors have similar associations (eMethods in the Supplement).

However, this hypothesis should be empirically tested via a

meta-regression (when feasible)or subgroup/sensitivityanaly-

sis. Only 2 NMAs did so (eMethods in the Supplement).

Theexistingdifferencesbetweenpharmacologicalandnon-

pharmacological studies in patient characteristics for baseline

disease severity or previous exposure to treatment were re-

ported in only 3 NMAs and only 1 assessed its association with

the results (eMethods in theSupplement).Theheterogeneityof

patientcharacteristicswasunclearorhadnotbeenretrievedfrom

primary studies inmost of the NMAs.

We found 3NMAs inwhich the risk of performance or de-

tection bias was not distributed evenly across pharmacologi-

cal andnonpharmacological studies (eMethods in the Supple-

ment). Compared with pharmacological trials, those with

nonpharmacological interventionswere less likely tohavepar-

ticipants, caregivers, and outcome assessors masked, which

is often anunavoidable limitation as somenonpharmacologi-

cal treatments cannot always be masked. Four NMAs per-

formed a sensitivity analysis to assess the association of high

RoB for lack of masking with the treatment effects, but most

of the NMA data were too sparse to draw any conclusion

(eMethods in the Supplement).

Discussion | Network meta-analyses that combine pharmaco-

logical andnonpharmacological interventions for psychiatric

conditionsmay be prone to violating the transitivity assump-
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