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A Retrospective Cohort Study
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ABSTRACT

Objective: Glucagon-like peptide (GLP-1) analogs promote diabetes
control and weight loss. Most GLP-1 analogs also lower adverse
cardiovascular outcomes, making them ideal agents for patients

with severe mental illness. The objective of this study was to analyze
diabetic patients taking antipsychotic medications, comparing those
on GLP-1 analogs with those on other diabetes treatments.

Methods: A total of 46 patients referred to outpatient diabetes clinics
between July 2010 and April 2017 who were prescribed antipsychotic
medications during the entire study period were included in this
retrospective analysis. Eleven (24%) patients were started on a GLP-1
analog (cases), and 35 (76%) were treated with alternative antidiabetic
agents (controls).

Results: Cases and controls did not differ in age, sex, height, weight, or
medical therapies at the time of referral. Within 1 year, a reduction in
mean + SE glycosylated hemoglobin (HbA, ) levels was noted for both
groups (cases: —1.26% +0.17%, controls: —1.47% + 0.45%). However,
while patients on GLP-1 analogs lost 7.07 £ 2.62 kg, control patients
gained 1.93+1.14 kg (P<.05). Blunted HbA, reductions were also
noted in patients who took antipsychotic medication in addition to
antidepressant medication (on antidepressant medication [n=22]:
—0.77% % 0.29%, off antidepressant medication [n=9]: —2.97% + 0.6%,
P<.001). This observation did not apply to patients treated with

GLP-1 analogs, as they had larger HbA, reductions than patients on
alternative regimens (controls [n=15]: —0.46% + 0.4%, cases [n=7]:
—1.43%+0.15%, P <.05).

Conclusions: GLP-1 analogs promote both diabetes and weight control
in diabetic patients on antipsychotic medications with or without
antidepressant medications.
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Clinical Points

B Ppatients with severe mental illness on second-generation
antipsychotic medications are at high risk for metabolic
syndrome, diabetes, and, most importantly, adverse
cardiovascular outcomes.

B Glucagon-like peptide analogs are promising antidiabetic
agents for patients on antipsychotic or antidepressant
medications and should be considered early in this
patient population.

mong US adults, obesity and diabetes incidence rates
have dramatically increased during the last few decades.

Both are associated with increased morbidity and mortality
as well as costs of over 200 billion per year."* Notably, the
rates of both obesity and type 2 diabetes are considerably
higher in patients with severe and persistent mental illnesses
such as recurrent major depressive disorder or schizophrenia
compared to the general population.>> While there is
evidence that impaired glucose tolerance is more prevalent
even in drug-naive patients with schizophrenia, treatment
with antipsychotic medications (APMs) clearly furthers the
risk of obesity and diabetes, as demonstrated by a number of
studies in both rodents and humans (reviewed in Ballon et
al®). Interestingly, a similar trend of increased rates of obesity
and diabetes can be observed in patients with depression.”
The use of antidepressant medications (ADMs) has been
proposed to promote metabolic abnormalities, although a
definitive role of ADMs in mediating obesity and diabetes
has not been demonstrated as consistently as for APMs.%?

The 10-year risk for cardiovascular disease is about 1.5-
fold to > 3-fold higher in patients with schizophrenia, which
is most likely a consequence of both obesity and diabetes
in addition to hyperlipidemia, hypertension, and nicotine
abuse.>!® Thus, utilization of antidiabetic agents, which
have the potential to reduce cardiovascular events, must be
a primary goal when caring for diabetic patients on APMs.

Currently available diabetes medications differentially
impact weight and cardiovascular outcomes. For instance,
both sulfonylureas and insulin promote weight gain,'"!? and
although these medications reduce myocardial infarctions,
they do so after a lag time of about 20 years.'* On the other
hand, newer diabetes medications, for example glucagon-like
peptide (GLP-1) analogs, not only promote diabetes control
and weight loss, but also reduce cardiovascular events within
only a few years.!#!°

With regard to APMs, administration of clozapine
in rats caused impaired glucose tolerance and insulin
resistance and led to reduced endogenous GLP-1 levels in
1 study.'® Furthermore, acute administration of the GLP-1
analog exendin-4 reversed the findings of impaired glucose
tolerance and insulin resistance.!® On the basis of these
results, one could expect that GLP-1 analogs may be even
more potent than other antidiabetic drugs in patients on
APMs. Most studies,'®2 in both rats and humans, report
some degree of hyperphagia, weight gain, increased adiposity,

hyperglycemia, and insulin resistance after treatment with
APMs and most markedly after treatment with olanzapine
or clozapine. Notably, olanzapine-induced hyperphagia,
weight gain, increased adiposity, and hyperglycemia in rats
were mostly reversed by coadministration of liraglutide, a
GLP-1 analog.?!

To date, 3 placebo-controlled, prospective studies
have investigated the effects of the GLP-1 analogs exenatide
and liraglutide on weight control and glucose homeostasis
in mostly prediabetic patients on APMs. While 2 studies?**
demonstrated improved glycemic control and weight loss, 1
study? did not. It is worth noting that the studies?*~** were
conducted over a time period of only 12 to 24 weeks.

To our knowledge, there are no studies addressing the
efficacy of GLP-1 analogs in diabetic patients on APMs.
We thus sought to explore how therapy with GLP-1 analogs
compares to alternative regimens in type 2 diabetes patients
who are also treated with APMs. To inform these questions,
we performed a retrospective data analysis of patients seen
in outpatient diabetes clinics of the University of Rochester
Medical Center (URMC), Rochester, New York.

22-24

METHODS

Design and Participants

A retrospective chart review was conducted of electronic
medical records of patients seen between July 2010 and April
2017. Patients included were > 18 years old, had a body mass
index (BMI) >25 kg/m?, had a diagnosis of diabetes mellitus
(diagnostic ICD-10 codes: E10 or E11), were on an APM,
and had been seen in any of the outpatient endocrine clinics
at URMC during the study time frame. The study protocol
was reviewed and approved by the URMC Research Subjects
Review Board (study no. RSRB00067259).

Exposures

Potential patients were identified through the URMC
Clinical Analytics (eRecord Reporting) team using the
inclusion criteria. Patients fulfilling the inclusion criteria
who were treated with an APM for the entire study period
and had at least 1 follow-up visit at 1 of our endocrine clinics
were included in the final data set.

Data were obtained through review of electronic medical
records and included age, sex, height, weight, BMI, smoking
status, glycosylated hemoglobin (HbA,.), systolic and
diastolic blood pressure, and medications (subdivided into
APMs, ADMs, antidiabetic medications, mood stabilizers,
antihypertensives, and hormone preparations). Subjects were
subsequently grouped into cases or controls based on the use
of GLP-1 analogs (cases = on GLP-1 analog, controls =not on
GLP-1 analog). The remaining antidiabetic medications were
recorded as insulin or oral medications. Endocrine clinic
provider progress notes and visit encounter documentation
served as the main data source for vital signs and medication
regimens. Data for weight and HbA,_were collected at the
time points 0, 3, 6, and 12 months following introduction of
the GLP-1 analog (cases) or referral to or follow-up in one of

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2020 Copyright Physicians Postgraduate Press, Inc.

e2 [E PRiIMARYCARECOMPANION.COM

Prim Care Companion CNS Disord 2020;22(1):19m02504

You are prohibited from making this PDF publicly available.



GLP-1 Analogs in Patients on Antipsychotics

Table 1. Baseline Characteristics of Patients Started on GLP-
1 Analogs (cases) and Patients on Alternative Antidiabetic
Regimens at the Time of Referral to Diabetes Clinic (controls)

Cases (n=11) Controls (n=35)
Characteristic Mean SE Mean SE
Age (y) 55.55 439 51.66 2.99
Height (m) 1.61 0.06 1.70 0.02
Weight (kg) 119.69 9.07 103.28 5.00
BMI (kg/mz) 47.17% 3.69 35.57% 1.62
HbA; (%) 9.60 0.42 9.72 0.49
Systolic blood pressure (mm Hg) 134.63 521 13221 4.09

Diastolic blood pressure (mm Hg) 77.09 3.58 74.00 1.68

*P<.01.
Abbreviations: BMI=body mass index, GLP-1=glucagon-like peptide,
HbA, =glycosylated hemoglobin.

our clinics (controls). We only included data from patients
for whom the use of =1 APM was documented for the
time of observation (up to 12 months). On the basis of the
nature of the study (electronic medical record review), no
statements can be made regarding initiation of APMs prior
to the study period or the individual patient’s adherence to
the APM prescription. Data for systolic and diastolic blood
pressure were recorded at time points 0 and 12 months.
When appointments did not fall exactly at 3, 6, or 12 months,
data were applied to the closest time points.

Outcomes and Measures

Differences in HbA . and weight were the main recorded
outcomes in both cases and controls as well as subgroups on
or off ADMs. Weight and HbA, . changes were calculated
for each patient by subtracting weight (in kg) and HbA, (in
%) at time 0 (time of referral for controls or start of GLP-1
analog for cases) from the respective values at 3, 6, or 12
months. BMI and blood pressure values at 0 and 12 months
were also compared between the 2 groups.

Statistical Analysis

SPSS version 24 (IBM Corp, Armonk, New York) was
used for descriptive analyses and statistical comparisons
between groups. Kolmogorov-Smirnov tests were applied
to determine whether the data were normally distributed
(P>.1). The values of all continuous variables subjected to
statistical comparisons were normally distributed. Thus,
parametric tests (independent sample ¢ tests) were carried
out throughout the study to compare cases and controls. For
comparisons of categorical variables, we applied x> tests. A P
value <.05 was considered statistically significant.

RESULTS

A total of 46 patients were included in this retrospective
analysis based on concurrent prescription of an APM and
follow-up in our diabetes clinic with at least 1 follow-up visit.
Of note, 1 of the 11 cases (9.1%) and 5 of the 35 controls
(13.9%) were treated with either olanzapine or clozapine;
the latter APMs are particularly known to mediate adverse
metabolic outcomes compared to other APMs.>?>~%” On the

Figure 1. Changes in (A) HbA,. and (B) Weight in Patients on
GLP-1 Analogs (cases: n=7-11) Compared to Patients on
Alternative Antidiabetic Regimens (controls: n=19-28) at 3,
6, and 12 Months
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other hand, ziprasidone, an APM with a metabolically more
favorable side effect profile, was utilized in 2 cases (18.2%)
and 2 controls (5.7%).

Regarding specific antidiabetic regimens, 11 patients
(24%) were treated with GLP-1 analogs (cases), and 35
patients (76%) were on alternative antidiabetic regimens
(controls). A closer look at the antidiabetic medication
regimens in patients showed that in 89% of the control
patients, insulin was either started or doses were adjusted.
In 7 control patients, a dipeptidyl-peptidase-4 inhibitor or
metformin was added or increased, and 1 patient was started
on a sodium-glucose cotransporter-2 inhibitor. While most
cases (9 of 11) were treated with the GLP-1 analog liraglutide,
1 patient was on exenatide and 1 patient was on dulaglutide.
Of the cases, 90% were also treated with insulin. Baseline
data are shown in Table 1. Overall, there were no significant
differences in age, height, weight, medications, systolic
and diastolic blood pressures, or HbA between cases and
controls at the beginning of the observation period (see
Table 1). However, cases had significantly higher BMIs than
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Figure 2. Changes'in (A) HbA,;. and (B) Weight in Control
Patients on APM Plus ADM (n=11-18) or Minus ADM
(n=7-10) at 3, 6, and 12 Months

Figure 3. Changes in HbA,in Patients on APM Plus
ADM Treated With GLP-1 Analogs (cases: n=5-8) Versus
Alternative Antidiabetic Regimens (controls: n=11-18)
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controls (P<.01, see Table 1). Note that 73% of the cases
but only 40% of the controls were women; however, this
difference was not statistically significant (P=.09).

Over the course of 12 months, HbA,levels improved
similarly for both cases and controls. Specifically, compared
to baseline HbA, levels at 3, 6, and 12 months decreased
a mean+SE of —-1.2%+0.37%, —1.46% *0.39%, and
-1.26% £ 0.17%, respectively, for the cases. In control
patients, mean + SE HbA . reductions were —1.67% + 0.46%,
—-1.72% £ 0.45%, and —1.47% £ 0.45% at 3, 6, and 12 months,
respectively (Figure 1A).

Significant differences were noted in patient weights
(Figure 1B); patients on GLP-1 analogs lost weight over
the course of 1 year, while patients on alternative regimens
gained weight. At 3, 6, and 12 months, cases lost a
mean + SE of 1.99+0.81 kg, 4.33+1.15 kg, and 7.07 £2.62
kg, respectively. There was a slight downward trend in the
weights of control patients at 3 and 6 months: 0.46 £0.81
kg and 0.24 +1.18 kg, respectively. However, after 1 year,
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hemoglobin.

control patients had gained 1.93+1.14 kg. The differences
in weight between controls and cases were significant at 6-
and 12-month time points (P<.05). Overall, the impact of
added GLP-1 analogs on weight control in a relatively small
and diverse cohort of patients treated with a wide array of
APMs, ranging from ziprasidone to clozapine, appears to be
clinically robust. No differences were noted between controls
and cases in regard to systolic or diastolic blood pressures
after 12 months (data not shown).

Next, we explored whether any of the concurrent
medications (ADMs, antihypertensive medications, mood
stabilizers) impacted HbA,. or weight changes over time.
Within the entire cohort, we noted a significant effect of
ADM on HbA . changes after 6 and 12 months of follow-up
(HbA,. changes in patients off ADMs at 3 months:
—2.34%+0.57%, at 6 months: —3.02% £ 0.58%, at 12 months:
-2.97% +0.6%; HbA,  changes in patients on ADMs at 3
months: —1.04% +0.41%, at 6 months: —0.94% *0.36%, at
12 months: —0.77% £ 0.29%. In other words, patients who
were on both APM and ADM had significantly blunted
HbA, reductions compared to patients not on ADM. Taking
a closer look, the discrepancy in HbA,. changes was most
apparent in control patients on or off ADM (Figure 2A).
We reasoned that an increase in weight could be considered
a potential contributing factor for this result, perhaps by
worsening insulin resistance. However, when analyzed, there
were no differences in baseline weight or weight changes in
control patients on or off ADM after 6 and 12 months (Figure
2B). Alternatively, we reasoned that patients on ADM (ie,
depressed patients or patients with negative symptoms) may
be less adherent to their respective antidiabetic regimens.
If that was the case, it should be applicable to patients on
GLP-1 analogs as well. Thus, we compared patients on APM,
ADM, and GLP-1 analogs (cases on ADM) to patients on
APM, ADM, and alternative antidiabetic regimens (controls
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on ADM). Surprisingly, we found that only controls butnot
cases had blunted HbA . reductions when also on ADM, a
difference that reached statistical significance after 6 and
12 months, respectively (HbA,. changes in controls after 6
months: -0.64% +0.43%, after 12 months: —0.46% + 0.40%;
HbA,. changes in cases after 6 months: —1.78% +0.47%,
after 12 months: —1.43% +0.15%), despite the small sample
size (n=5-7, Figure 3). While this finding appears to be
robust, it will need further exploration by larger controlled,
prospective studies.

DISCUSSION

The development of APM has greatly impacted mental
health outcomes in patients with schizophrenia and
schizoaffective disorders. Second-generation APMs have
emerged as a standard of care for patients with schizophrenia
and schizoaffective disorders. Second-generation APMs are
also increasingly being used as adjunctive therapy in patients
with mood disorders and even in children and adolescents
with attention-deficit/hyperactivity and disruptive behavior
disorders.”®%

Compared to first-generation APMs, second-generation
APMs have variable affinities to dopamine D, receptors
and also target serotonergic, histaminergic, and adrenergic
neurotransmission.’® This pharmacologic profile results
in fewer extrapyramidal symptoms compared to first-
generation APMs.*® Also, the second-generation APMs
clozapine and olanzapine have demonstrated superiority
in controlling psychotic symptoms, and patients are more
likely to adhere to those 2 medications.?” Unfortunately,
this advantage needs to be weighed against a much more
unfavorable metabolic side effect profile. Patients on
olanzapine or clozapine are at a very high risk of developing
obesity, metabolic syndrome, and type 2 diabetes,?>?” a
profile that translates to increased cardiovascular morbidity
and mortality.>!° That said, newer diabetes medications,
for example GLP-1 analogs, not only control diabetes and
weight but also reduce cardiovascular events.!*!> Therefore,
they might be particularly promising in diabetic patients on
APMs.

In this retrospective chart review, we explored the
efficacy of GLP-1 analogs compared to alternative regimens
in diabetic patients on APMs. We speculated that GLP-1
analogs may be more advantageous. We found that GLP-1
analogs may indeed be superior, as they target both diabetes
and weight control. The mean weight loss on GLP-1 analogs
in our diabetic patients on APM was quite remarkable:
7.07 £2.62 kg. The mean weight loss observed in larger
studies!*3132 of diabetic patients tends to be somewhat less
(between 2-4 kg). This finding could point to an increased
efficacy of GLP-1 analogs in patients on APM, although it
clearly needs to be explored further due to the small sample
size of this cohort. Previously published trials?*>% in
patients on APM treated with GLP-1 analogs were carried
out in mostly prediabetic, mildly-moderately obese patients.
The weight loss reported in those studies,?>"*#* achieved

GLP-1 Analogs in Patients on Antipsychotics

with the GLP-1 analogs (exenatide, liraglutide), ranged from
2 to 5 kg. Interestingly, weight loss was greater in patients
treated with olanzapine or clozapine, which are the APMs
with the most unfavorable metabolic side effect profile.*

Surprisingly, in our cohort, patients on APM and
ADM achieved superior glycemic control with GLP-1
analogs compared to alternative regimens (see Figure 3).
Unfortunately, based on the nature of this retrospective
cohort study, we cannot rule out medication nonadherence or
worsening mental illness as causative or contributing factors
for this finding. It is tempting though to speculate that GLP-1
analogs may at least in part counteract potentially additive
adverse effects of APM and ADM. For instance, both APM
and ADM can similarly affect serotonergic and histaminergic
neurotransmission. In this context, it is noteworthy that in
patients with schizophrenia, a significantly increased risk
of type 2 diabetes was associated with the administration of
=3 psychotropic medications (APM and ADM) compared
to 1 or 2.%* Simply speaking, more psychotropic drugs may
lead to more adverse metabolic outcomes. Since GLP-1
analogs act at least in part centrally, and more specifically
in hypothalamic areas where serotonin and also histamine,
norepinephrine, and dopamine neurotransmission are at
play (and targeted by second-generation APMs and ADMs),
a modulatory effect of GLP-1 analogs on neurotransmitter
signaling is at least conceivable and could contribute to their
efficacy in patients on psychotropic medications.

Our study has several limitations. First, it was conducted
retrospectively, thus we cannot rule out confounders on
the level of the provider selectively targeting patients with
a higher BMI for therapy with a GLP-1 analogue. Second,
medication adherence was not monitored and may have
been different between controls and cases, especially in the
setting of potentially active depression. Third, we also noted
an imbalance with regard to sex between cases (73% women)
and controls (40% women), which may have impacted the
results. Finally, while we tried to be as comprehensive as
possible in the collection of relevant patient data, due to the
study being done by e-record review, we may have missed
potential covariates.

In summary, our retrospective cohort study suggests that
GLP-1 analogs might be superior to alternative antidiabetic
regimens in patients on APM, especially in patients on both
APM and ADM. However, controlled, prospective trials
in this high-risk patient population are greatly needed to
investigate these promising trends further.
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GLP-1 Analogs in Patients on Antipsychotics

POSTTEST

To obtain credit, go to http://www.cmeinstitute.com/activities/Pages/PCC.aspx
I:I to complete the Posttest and Evaluation. A $10 processing fee is required.

1. A45-year-old, male, obese patient with prediabetes and schizophrenia is admitted for psychosis
after stopping his medication. You plan to restart treatment with an antipsychotic. Which of the
following antipsychotic medications is most likely to cause weight gain, hyperglycemia, and
insulin resistance according to most studies?

a. Ziprasidone
b. Olanzapine
c. Lurasidone
d. Quetiapine

2. You are seeing a 62-year-old female patient with type 2 diabetes and bipolar disorder. For
diabetes, she is taking only metformin. Her fasting glucose ranges between 160 and 180 mg/
dL, her body mass index is 36 kg/m?, and her glycosylated hemoglobin is 8.8%. Which diabetes

medication mediates weight loss and improves cardiovascular outcomes in addition to offering
glycemic control?

a. Sulfonylureas
b. Insulin
c. GLP-1 analog
3. A 36-year-old female patient with obesity and prediabetes as well as moderately severe depression

asks you about the pros and cons of adding an antipsychotic medication to her current regimen of
2 antidepressants. Which of the following statements to her would be true?

a. Administration of 3 or more psychotropic medications has been associated with an increased risk for
diabetes (in patients with schizophrenia) compared with 1 or 2 psychotropics.

b. Addition of an antipsychotic medication would not affect her risk for weight gain
and/or type 2 diabetes.

c. Addition of an antipsychotic medication is not expected to assist with control
of depressive symptoms.
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