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GLP-1 Analogs Are Superior in'Mediating Weight Loss
But Not Glycemic Control in Diabetic Patients

on Antidepressant Medications:
A Retrospective Cohort Study

Carolyn L. Gonzalez, MD?; Salman Azim, MD®; and Susanne U. Miedlich, MD<*

ABSTRACT

Objective: Both antipsychotic and antidepressant medications have been
associated with weight gain and hyperglycemia. Our previously published
retrospective cohort study suggests that GLP-1 (glucagon-like peptide-1)
analogs may be superior to alternative regimens for both glycemic and
weight control in patients on antipsychotic plus/minus antidepressant
medications. The objective of the current study was to determine whether
GLP-1 analogs or SGLT-2 (sodium-glucose-transporter-2) inhibitors would
be similarly beneficial in patients on antidepressant medications alone.

Methodes: In this retrospective cohort study, we included all patients with
type 2 diabetes on antidepressant medications, referred to our endocrine
clinics between January 1, 2016, and January 1, 2017. Overall, 61 patients
were started on a GLP-1 analog, 9 patients were started on an SGLT-2
inhibitor, and 134 were on alternative regimens (controls).

Results: The groups did not differ in age, sex, ethnicity, and glycosylated
hemoglobin (HbA, ) levels, although body mass index levels were higher
in patients started on a GLP-1 analog (P <.0001). After 12 months, patients
on GLP-1 analogs lost 4 kg, patients on SGLT-2 inhibitors lost 2.4 kg, and
controls gained 0.8 kg (P<.001 for controls versus GLP-1 analog group).
Subanalyses revealed that GLP-1 analog-related weight loss was most
notable in women and patients on selective serotonin reuptake inhibitors.
On the other hand, all serotonin-norepinephrine reuptake inhibitor users
lost weight over time, independent of the antidiabetic regimen applied.
In contrast to the above noted differences in weight control, HbA
reductions were comparable and somewhat diminished in all patients on
antidepressant medications (—0.3% to 0.6%).

Conclusions: In this retrospective cohort study, we confirm superiority of
GLP-1 analogs in mediating weight loss in patients on psychotropic and,
more specifically, antidepressant medications. We also note overall blunted
glycemic improvements in patients on antidepressant medications, a
finding that was independent of the treatment strategy used. It could be a
result of mental distress or suboptimal self-care and clearly requires further
attention by future, prospective studies.
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B etween 1999 and 2016, the adult US
population has seen an increase in diabetes
prevalence from 9.5% to 13.0%.! Specifically,
34.1 million people aged 18 years or older have
a known diagnosis of diabetes; an additional 7.3
million people are estimated to be undiagnosed.!
The increase is, at least in part, linked to the obesity
epidemic; 85.2% of Americans with a diagnosis of
type 2 diabetes (T2D) are overweight or obese.?
Notably, the rates of both obesity and T2D are
especially high in patients with serious and/or
persistent mental illness including major depressive
disorder and/or schizophrenia compared to the
general population.®*

Psychotropic medications are at least in part to
blame. Multiple studies, both in rodents as well as
humans, have demonstrated that weight gain and
hyperglycemia ensue from second-generation
antipsychotic medication (APM) use. Olanzapine
and clozapine in particular cause hyperphagia,
weight gain, increased adiposity, hyperglycemia, and
insulin resistance.”® Antidepressant medications
(ADMs) can also lead to weight gain and potentially
T2D, though the evidence is not as consistent across
different ADMs as compared to second-generation
APMs. Specifically, amitriptyline, paroxetine, and
mirtazapine have been associated with weight
gain.!” As a class, ADMs are associated with a 20%
increased risk of T2D (corrected for depression
and body mass index [BMI]'!). The metabolic side
effects of ADMs require attention, considering
that up to 13% of Americans are using ADMs,
with one-quarter of them having done so for >10
years.!? Mental illness, obesity, metabolic syndrome,
and diabetes are all associated with an increased
risk of cardiovascular disease and mortality. For
example, cardiovascular events account for 68% of
all deaths in diabetic patients.?

Currently available diabetes medications differ
in their impact on weight and cardiovascular
outcomes. For example, both sulfonylureas and
insulin promote weight gain,'*!* and even though
they are touted for reducing the risk of myocardial
infarctions, it may take 20 years to experience those
benefits.!> Newer diabetes medications on the other
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Clinical Points

B Weight gain and increased risk of hyperglycemia have been
associated with the use of antidepressant medications.

B Compared to alternative antidiabetic regimens, GLP-1
analogs are particularly helpful in mediating weight loss in
obese, diabetic patients on antidepressants, particularly in
patients on selective serotonin reuptake inhibitors.

B |mprovements in glycemic control are blunted overall in
our diabetic patients on antidepressants; this should alert
clinicians to address the patient’s mental health.

hand, for example GLP-1 (glucagon-like peptide-1) analogs
or SGLT-2 (sodium-glucose-transporter-2) inhibitors,
promote not only diabetes and weight control but also
reduce adverse cardiovascular and renal outcomes within
the span of only a few years.!61°

Studies addressing the efficacy of the above medications
in vulnerable populations such as people with mental illness
and diabetes are basically nonexistent. There are a few
studies suggesting some degree of antidepressant action of
liraglutide specifically, but those studies are small and do
not address antihyperglycemic or weight loss effects.?’ To
our knowledge, there are no studies detailing glycemic and
weight control related to GLP-1 analogs or SGLT-2 inhibitors
in patients on ADM alone. However, GLP-1 analogs have
been shown to mediate weight loss and improve glycemia
overall in small prospective studies of mostly prediabetic
patients on APM.?! In an earlier retrospective cohort
study,?? we showed that obese, diabetic patients on APM
may particularly benefit from GLP-1 analogs in terms of
weight control. Furthermore, we noted that patients on
both APM and ADM had blunted glycosylated hemoglobin
(HbA,,) reductions compared to patients on APM alone,
but not if they were treated with GLP-1 analogs. In other
words, GLP-1 analogs may be superior for both weight and
glycemic control in patients on psychotropic medications
and perhaps specifically in patients on ADMs. In the current
study, we therefore asked if patients on ADM alone would
similarly benefit from GLP-1 analogs, and perhaps also from
SGLT-2 inhibitors, in terms of weight and diabetes control.
Thus, we performed a retrospective data analysis of diabetic
patients on ADM only seen in outpatient endocrine clinics
of the University of Rochester Medical Center (URMC).

METHODS

Design and Participants

A retrospective chart review was conducted of electronic
medical records between January 1, 2016, and January 1,
2017. Patients included were at least 18 years old, had a
diagnosis of T2D, were on an ADM, 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 #RSRB00003306).

Table 1. Baseline Characteristics of Patients Started on GLP-
1 Analogs, SGLT-2 Inhibitors, or Alternative Antidiabetic

Regimens (controls)?

GLP-1 SGLT-2
Characteristic Controls Analogs Inhibitors
Patients, n (%) 134 (65.7) 61(29.9) 9(4.4)
Male sex, n (%) 61 (45.5) 19(31.1) 6 (66.7)
Weight (kg)** 91.4(33.1) 104(30.5) 76.6(30.7)
BMI (kg/m?)** 31.6(11.3) 39.4(9.5) 290( 1)
HbA, (%) 8.5(23) 83(22) 6(2.3)
Age,y 56.0(16.0) 59.5(13.3) 590 (12.5)
Antihypertensive use, n (%) 94 (70.1) 45(73.8) 6(66.7)
Nicotine use, n (%)* 29(21.6) 8(13.1) 5(55.6)
Insulin use, n (%)** 104 (77.6) 61 (100) 5(55.6)
Additional antidepressant use, 81(60.4) 54 (88.5) 9(100)

n (%)**

Systolic blood pressure (mm Hg) 135 (26) 133 (24) 130 (38)
Diastolic blood pressure (mm Hg) 73(13) 76 (12) 77 (12)

2Continuous variables are presented as median (interquartile range).

*P<.05. ¥*P<.0001.

Abbreviations: BMI =body mass index, GLP-1=glucagon-like peptide-1,
HbA, .= glycosylated hemoglobin, SGLT-2= sodium-glucose-
transporter-2.

Exposures

Potential patients were identified through the URMC
Clinical Analytics (eRecord Reporting) team using the
search parameters age: >18 years, ICD-10 codes: E11, and
medication: any ADM. Patients fulfilling the above criteria
who were continuously treated with an ADM for at least
1 year and had at least 1 follow-up visit at 1 of the URMC
endocrine clinics were included in the final data set.

Data were obtained through review of electronic medical
records and included age, sex, ethnicity/race, height, weight,
BMI, smoking status, HbA,, systolic and diastolic blood
pressure, and medications. Specific medications recorded
included antidepressant, antidiabetic (see below), and
antihypertensive medications. Subjects were then divided
into 3 groups based on antidiabetic medication use: control
patients (no use of GLP-1 analogs or SGLT-2 inhibitors),
patients on GLP-1 analogs, and patients on SGLT-2
inhibitors. Data for weight and HbA,_ were recorded at 0, 3,
6, and 12 months following initial medication changes after
referral to our endocrine clinics (controls) or after start of
either GLP-1 analog or SGLT-2 inhibitor. 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
point.

Outcomes and Measures

Differences in HbA, . and weight were the main recorded
outcomes in all 3 groups. Weight and HbA. changes were
calculated for each patient by subtracting the weight (kg)
or HbA,. (%) at time 0 from each of the following time
points: 3 months, 6 months, and 12 months after the initial
visit (controls) or start of either GLP-1 analog or SGLT-2
inhibitor. Systolic and diastolic blood pressure values at
0 and 12 months for each group were also compared by
similarly calculating changes of systolic and diastolic blood
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Figure 1. Changes in HbA, for Patients on GLP-1 Analogs, SGLT-2 Baseéd on Kolmogorov-Smirnov' testing, it
Inhibitors, or Alternative Antidiabetic Regimens was determined that the majority of the
data were not normally distributed. Thus,
6 o 0 =Controls nonparametric tests (Kruskal-Wallis, Mann-
;:EGLi:I'1—2air:1aP:?t§]itor Whitney U, Wilcoxon signed rank tests)
4 were used to compare continuous variables.
- Accordingly, medians and interquartile ranges
i:’ 2 (IQRs) are reported for descriptive analyses.
£ 27 For comparisons of categorical variables,
g X* tests were applied. A P value <.05 was
37; od T 1 . considered statistically significant.
g
5
S 5 RESULTS
3 1 The retrospective analysis included 204
4 patients based on continuous use of an
° ADM over the course of 1 year after referral
° to a URMC endocrine clinic with at least 1
=6 9 ° follow-up visit. Sixty-one patients were started
;A . ! on a GLP-1 analog (liraglutide for all cases),

and 9 cases had an SGLT-2 inhibitor added to
their regimen: 6 were started on canagliflozin,
2 on empagliflozin, and 1 on dapagliflozin.
Of the 134 patients on alternative diabetes

. . . : medications (control group), 104 were
Figure 2. Changes in Weight for Patients on GLP-1 Analogs, SGLT-2 prescribed insulin (77.6%) and 80 (59.5%)

Abbreviations: GLP-1=glucagon-like peptide-1, HbA,.= glycosylated hemoglobin, SGLT-2=
sodium-glucose-transporter-2.

Inhibitors, or Alternative Antidiabetic Regimens

had insulin added or doses adjusted over the

o course of 1 year. Thirty-five patients (26%)

20 p<.001 0= Controls had metformin added or dose increased, and
i 1=GLP-1 analog . . .

( \ 2 = SGLT-2 inhibitor 21 (16%) had a DPP-4 (dipeptidylpeptidase)

5 o inhibitor added to their regimen. Of note,

- all patients started on a GLP-1 analog and 5
_ patients started on an SGLT-2 inhibitor were
also on insulin.

Patients in the GLP-1 analog group had a
significantly higher weight and BMI at baseline
(P<.0001) compared to the control group and
the SGLT-2 inhibitor group (Table 1). There
were also differences between the number of
active smokers in each group: there were more
active smokers among SGLT-2 inhibitor users
— compared to the control and GLP-1 analog
groups (see Table 1). Additionally, there were
significant differences in the use of insulin
and additional ADMs between the 3 groups
T T (see Table 1). There were no differences in sex,
ethnicity/race distribution, age, systolic blood
Abbreviations: GLP-1=glucagon-like peptide-1, SGLT-2 =sodium-glucose-transporter-2. pressure, diastolic blood pressure, or HbA,,

between the different treatment groups of
patients at the beginning of the observation
pressure values: systolic/diastolic blood pressure at baseline was subtracted ~ period (see Table 1).

Weight change after 12 months (kg)
o
|

—10 -

—15 -

—20

o— 0 ©

from systolic/diastolic blood pressure after 12 months. In regard to the ADM used, the majority
of all patients were on selective serotonin
Statistical Analysis reuptake inhibitors (SSRIs, 49.5%). In the

SPSS version 24 was used for descriptive analyses and statistical  control group, 64 patients (47.8%) were on
comparisons between groups. Kolmogorov-Smirnov tests were used  SSRIs, while 21 patients were on serotonin-
to determine if the continuous data were normally distributed (P>.1).  norepinephrine reuptake inhibitors (SNRIs,
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Figure 3. Changes in Weight for Patients on (A) SSRI Versus (B) SNRI When
Treated With GLP-1 Analogs, SGLT-2 Inhibitors, or Alternative Antidiabetic

Regimens

A. Patients on SSRI
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Abbreviations: GLP-1=glucagon-like peptide-1, SGLT-2 = sodium-glucose-transporter-2,
SNRI=serotonin-norepinephrine reuptake inhibitor, SSRI=selective serotonin reuptake
inhibitor.

34.4%). In the GLP-1 analog group, 34 patients (55.7%) were on SSRIs,
while 15 (25%) were on SNRIs. Four patients in the SGLT-2 inhibitor group
were on SSRIs, and 4 patients were on SNRIs. Other ADMs, used much
less frequently in all patients, included tricyclics (7.9%), bupropion (9.3%),
trazodone (7.5%), mirtazapine (3.7%), and doxepin (0.9%).

Over the course of 12 months, median (IQR) HbA, levels improved
similarly in all 3 treatment groups (Figure 1). In the control group, HbA,,
levels at 3, 6, and 12 months decreased by 0.45% (1.9), 0.6% (2.3), and 0.5%
(2.2), respectively. In the GLP-1 analog group, HbA, . reductions were 0.95%
(1.98), 0.55% (1.65), and 0.6% (1.8) after 3, 6, and 12 months, respectively.
The SGLT-2 inhibitor group had an HbA,_ increase of 0.1% (1.4) after 3
months; reductions of 0.29% (2) and 0.3% (1.6) were observed after 6 and
12 months, respectively.

There™ were™ significant” differences
between the 3 treatment groups when
comparing the median (IQR) weight
changes over time: patients on a GLP-1
analog lost significantly more weight at all
time points (P<.001) compared to patients
in the control group (shown for 12-month
time points in Figure 2). After 3, 6, and 12
months, the patients on GLP-1 analogs lost
2kg (5), 2 kg (5), and 4 kg (7), respectively.
In contrast, the weight of the control group
patients was basically unchanged after 3 and
6 months, but then increased at 12 months:
—0.08 kg (3.34), —0.01 kg (4.59), and +0.78
kg (6.55), respectively. Patients on SGLT-2
inhibitors also lost more weight than the
control group, though the difference was not
statistically significant for this comparison,
which is likely owed to the small number
of patients in this group (n=9; P= 4, .06,
and .17 at 3, 6, and 12 months, respectively;
median [IQR]: —-0.69 kg [4.96], —2.16 kg
[4.93], and —2.4 kg [7.1] after 3, 6, and 12
months, respectively).

Comparing male and female patients
separately revealed no significant sex-
specific differences in glycemic or weight
changes in all or between the 3 treatment
groups. Notably though, women on the
GLP-1 analog lost more weight (median
[IQR]) than men at all time points (women:
-2 kg [6], -2 kg [7], and —4.5 kg [7.5] and
men: —1.5 kg [3.75], -1 kg [5.5], and -3 kg
[8.5] at 3, 6, and 12 months, respectively),
and the weight change was significantly
different from control patients at all time
points in women, while only reaching
significance at 12 months for men (P<.01
at all time points in women, P=.01 at 12
months only in men).

We then turned our attention to glycemic
and weight changes for patients on SSRIs
versus SNRIs. Glycemic improvements
were again similar for all treatment groups,
independent of whether the patients were on
SSRIs or SNRIs (data not shown). Differences
were noted for weight changes over time
(P=.005,.02,and .11 at 3, 6 and 12 months,
respectively). Specifically, all patients on
SNRIs lost weight over time, particularly
during the first 6 months of the observation
period. Of note, the baseline weights of
SNRI users were not different from SSRI
users and thus are unlikely to account for
the difference. The above changes (median
[IQR]) were particularly evident in the
control group: patients on SSRIs gained
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weight(+0.2 Kg{3.29],+0.03 kg [4.3], and + 0.9 kg 6.6]"at
3, 6, and 12 months, respectively), while patients on SNRIs
lost weight (-0.6 kg [3.92], —2.58 kg [6.85], and —1.87 kg
[9.04] at 3, 6 and 12 months, respectively, P=.013-.069),
reaching significance at 3 and 6 months. With that said,
SSRI users lost weight when a GLP-1 analog was added,
whereas patients on SSRIs in the control group gained
weight, as stated previously. On the other hand, for SNRI
users, the weight trends were not different between the 3
treatment groups, meaning patients in all groups lost weight
over time (Figure 3).

We also explored whether treatment outcomes differed
between users of only 1 as compared to more than 1 ADM.
As a whole, patients on more than 1 ADM had better
weight and HbA . control during the 12-month observation
compared to patients on only 1 ADM (P<.05). This trend
was most apparent in the control group.

There were not enough smokers in each treatment group
to compare HbA,. and weight changes between smokers
and nonsmokers. Lastly, no statistically significant changes
in systolic and diastolic blood pressure changes were seen
between the 3 treatment groups over time. There were also
no differences in blood pressure changes over time in male
versus female patients or SSRI versus SNRI users.

DISCUSSION

Antidepressant medications have become 1 of the top
3 most commonly prescribed therapeutic drug classes in
the United States over the last 40 years.'? SSRIs and SNRIs
are not just prescribed for depression but also for anxiety,
posttraumatic stress, obsessive-compulsive, eating, and
somatoform disorders as well as chronic neuropathic pain
(SNRIs for the latter indication). Unfortunately, many
ADMs are associated with a number of adverse side effects,
ranging from sexual dysfunction and nausea to constipation
and drowsiness, but also weight changes and possibly
hyperglycemia.!"?*?4 SSRIs in particular are often associated
with weight gain.?® In contrast, SNRIs are more likely to result
in weight loss.”> While high affinity antagonism of central
histamine receptors may contribute to weight gain seen
with SSRIs,??” noradrenergic stimulation (SNRIs) could be
mediating weight loss, but may also lead to hyperglycemia.?®
In a retrospective cohort study,?? we previously showed that
GLP-1 analogs can mediate impressive weight reductions (7
kg) in diabetic patients on APMs. Furthermore, in patients
on both APMs and ADMs, GLP-1 analogs were superior to
alternative regimens in terms of both weight and glycemic
control. Thus, we had asked ourselves whether patients on
ADM alone would similarly benefit from GLP-1 analogs
and perhaps also from SGLT-2 inhibitors. Note that both
agents have been ascribed to reducing not only weight and
HbA, levels, but also adverse cardiovascular events.!6-1%29
Specifically, in several randomized controlled trials, therapy
with the GLP-1 analog liraglutide (prescribed in all patients
in this study) resulted in 1.3-3 kg weight loss and HbA,
reductions from 1% to 1.4%.'7*° Similarly, the SGLT-2

GLP-1 Analogs in Diabetic Patients on Antidepressants

inhibitor canagliflozin (most often used in this'analysis) led
to weight loss between 1.7 kg and 3 kg and HbA . reductions
from 0.6% to 1%.!%3%3! Here, we confirm that both GLP-1
analogs and SGLT-2 inhibitors mediate weight loss, while
alternative regimens result in weight gain in patients
on ADM. However, the difference was only significant
for patients on the GLP-1 analog and not for patients on
SGLT-2 inhibitors. The latter finding is likely owed to
the small number (n=9) or the lower baseline weight of
patients started on an SGLT-2 inhibitor. Overall, the weight
loss observed here in patients on a GLP-1 analog was larger
than in the aforementioned studies'”** (4 kg versus 1.3-3
kg). Furthermore, women and patients on SSRIs had larger
weight reductions following 1-year therapy with liraglutide,
4.5 kg (women) and 6 kg (patients on SSRI), which may
point to sex-specific effects of GLP-1 analogs in the setting
of ADM use. Of note, sex-specific effects were not noted in
previous studies with liraglutide.'® The above result may
also point to a specific advantage of GLP-1 analog therapy
in patients on SSRIs, at least for weight control. In contrast,
choosing a GLP-1 analog in an overweight or obese patient
on an SNRI may not be superior to alternative antidiabetic
regimens, as all patients on SNRIs lost weight over time.

Interestingly, the glycemic improvements observed
in this study with either treatment strategy were notably
blunted. We described similarly blunted HbA_ reductions
(0.8% after 12 months) in patients on APM and ADM in
our previous work.?> However, in the previous study,?
mean HbA  reductions were significantly larger when
GLP-1 analogs were used in patients on APM and ADM:
1.4% (GLP-1 analogs) versus 0.5% (controls) after 12
months. Somewhat surprisingly, a superior glycemic effect
of GLP-1 analogs over alternative regimens was not noted in
this analysis: HbA,  reductions were similar in all treatment
groups, ranging from 0.3%-0.6% after 12 months. However,
we should note that higher baseline HbA,. (>9.5%) levels
in our previous study could have amplified differences
between treatment groups. It is also possible that adherence
to diet, lifestyle, or medication administration may have
been suboptimal in our patients on ADM alone. That
said, if medication nonadherence was a major factor for
the blunted glycemic outcomes, the question remains why
GLP-1 analog therapy did mediate significant weight loss,
especially in women and SSRI users.

One could also speculate that increased stress hormone
activity (ie, catecholamines, cortisol) in the setting of
anxiety or depression could have contributed to persistent
hyperglycemia. As an example, the net effect of either
catecholamines or cortisol is hyperglycemia.’>** Both
cortisol and catecholamine levels have been shown to be
elevated under conditions of mental distress.** Thus, one
might argue that a blunted glycemic response could be a
reflection of continued mental distress. Unfortunately,
medication, diet and lifestyle adherence, and depression
scores are not consistently documented in our clinic
settings. Thus, none of the above hypotheses could be
tested in this retrospective study, which is a major limitation
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of this study. Independent of the Cause, we believe that
failure to control hyperglycemia, despite best efforts in
medication management, diabetes control, and diet and
lifestyle education, should alert physicians to inquire about
the patient’s mental health and trigger notification of the
existing or referral to a mental health team as indicated.
In summary, in this retrospective cohort study we extend
the findings of our previous work, confirming that in a real-
world setting of an outpatient academic endocrine practice,
GLP-1 analogs may be particularly well suited in mediating
weight loss in obese, diabetic patients on psychotropic
medications and specifically in patients on second-
generation APMs and/or ADMs, particularly patients on
SSRIs. With that in mind, are there risks to GLP-1 analog
therapy? During the main prospective, placebo-controlled
trial of liraglutide,!” gastrointestinal side effects, gallbladder
disease, and injection site reactions were reported, though
these rarely resulted in permanent discontinuation of
the drug (less than 4%). Unfortunately, based on the

retrospective nature of our study anddack of consistent data
relating to medication adherence or adverse effects, we are
not able to report whether the above reported adverse effects
played a role in shaping any of the outcomes reported here.
A different picture emerges from the glycemic trends
in patients on psychotropic medications from our cohort
studies: all patients on ADM in this and our previous study?
had somewhat blunted HbA . reductions over a 12-month
period. However, while our previous study suggested that
patients on both APM and ADM may specifically benefit
from GLP-1 analogs in terms of both weight and glycemic
control, the latter finding cannot be confirmed in this study
of patients on ADM alone. In fact, all patients, independent
of the treatment strategy, had less than expected HbA,,
reductions. Based on the nature of both of our studies
(retrospective chart reviews), the reasons for the differences
in glycemic versus weight control in patients on psychotropic
medications remain largely unknown at this time and clearly
need further investigation by controlled, prospective trials.
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