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Review Article

Depression is a mental illness characterized by a 
persistent sad, anxious and loss of pleasure in all 
activities, usually accompanied by a range of symptoms 
such as altered appetite, sleep disturbance, fatigue and 
suicidal tendencies. A combination of psychological 
and pharmacological therapies is the predominant 
option for depression; antidepressants are the mainstay 
of pharmacological intervention for moderate to severe 
depression. There are many antidepressants available 
now, including tricyclic’s (TCAs), monoamine oxidase 
inhibitors (MAOIs), selective serotonin reuptake 
inhibitors (SSRIs), serotonin-noradrenaline reuptake 
inhibitors (SNRIs) and other agents. These drugs 
produce therapeutic effects by pharmacologically 
blocking monoamine reuptake, down or up-regulating 
receptors, or affecting glutamatergic transmission, 
respectively[1]. Antidepressants also subsequently 
cause a variety of unwanted effects such as postural 
hypotension, dry mouth, constipation, memory or 
cognitive impairment and sexual dysfunction, which 
are mediated by affecting a number of neurotransmitter 
receptors. 

It seems that antidepressants do not affect any targets 
involved in glucose metabolism and the only common 
risk factor for diabetes mediated by antidepressants 
is weight gain. There is a controversy regarding 

whether antidepressants and abnormal glucose 
metabolism are causally linked. Some studies reported 
that antidepressant treatments are associated with 
incidence of diabetes. For example, a nested case-
control study showed that long-term use of TCAs 
or SSRIs was associated with an increased risk of 
diabetes in patients with depression[2]. Further studies 
confirmed that continuing use of antidepressants was 
associated with an increased relative risk of type 2 
diabetes, although the elevation in absolute risk was 
modest[3]. However, other studies showed that the link 
between antidepressant use and diabetes risk may not 
be causal. In a prospective cohort study, during an 18-y 
period, antidepressant use was not associated with 
undiagnosed diabetes[4]. This finding is consistent with 
trials that antidepressants did not increase the risk of 
diabetes[5].

However, an association between depression 
and diabetes is also illustrated[6]. According to 
epidemiological data, prevalence of depression in 

Metabolic Influences of Commonly used Antidepressants 
on Blood Glucose Homeostasis
H. MENG, J. LU AND X. ZHANG*

Department of Pharmacy, the First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Meng, et al.: Antidepressants and Blood Glucose Levels 

Growing evidence has revealed a significant link between depression and diabetes, making it necessary 
to assess the glucose dysregulation that might have resulted due to individual antidepressant therapy in 
depressive patients, especially in patients with co-exiting diabetes. Although randomized, controlled trials 
are lacking and the underlying mechanism is poorly understood, the results from case reports and clinical 
observations have provided some clues as to how antidepressants possibly interfere in glucose metabolism. 
Escitalopram, fluoxetine and milnacipran may improve metabolic parameters while duloxetine, sertraline, 
mirtazapine, fluvoxamine and paroxetine may induce hyperglycaemia in some cases and worsen glucose 
control in depressed patients with diabetes; much less is known about the effects of some newer antidepressants 
such as, nefazodone, agomelatine and reboxetine on blood glucose levels. This review aimed to describe 
existing evidence of metabolic profiles involving glucose homeostasis following antidepressant therapy.

Key words: Antidepressants, depression, diabetes, metabolic parameters, glucose homeostasis

*Address for correspondence
E-mail: firstph@163.com

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which 
allows others to remix, tweak, and build upon the work non-commercially, 
as long as the author is credited and the new creations are licensed under 
the identical terms

Accepted 02 January 2019
Revised 12 April 2018

Received 14 April 2017
Indian J Pharm Sci 2019;81(2):188-199



www.ijpsonline.com

March-April 2019Indian Journal of Pharmaceutical Sciences189

patients with diabetes increased two-fold compared 
with the general population[7]. Existing evident to 
support co-occurrence of depression and diabetes is 
that inflammation and hypothalamic pituitary adrenal 
(HPA) axis dysfunction has been implicated in the 
pathogenesis of both diseases independently[6,8]. Thus, 
it is difficult to dissect the disease process from the 
secondary effects of antidepressants; the question 
whether antidepressants increase the incidence of 
diabetes remains need a large body of evidence from 
both human and animal studies. 

Although potential dysglycemia risk is currently not 
taken into consideration in clinical guidelines for 
antidepressants, emerging evidence from case reports 
and clinical observation suggests that antidepressants 
have potential effects on blood glucose (Table 1)[9-32]. 
This review is aimed to draw together existing evidence 
to illustrate metabolic changes involving blood glucose 
and body weight during antidepressant treatment.

SELECTIVE SEROTONIN REUPTAKE 
INHIBITORS (SSRIs)

Amongst antidepressants, currently SSRIs (citalopram, 
escitalopram, fluoxetine, f﻿﻿luvoxamine, paroxetine, 
sertraline) are the most commonly prescribed. SSRIs are 
generally better than TCAs in terms of tolerability[33], 
but not superior in terms of efficacy[34]. SSRIs exhibit 
their antidepressant action by selectively inhibiting 
serotonin reuptake. However, individual SSRIs have 
different affinities for other targets such as blockade of 
norepinephrine and dopamine reuptake, serotonin 2C 
agonism and muscarinic cholinergic antagonism. Thus, 
individual SSRIs have different side effect profiles. 
Although SSRIs are generally do not alter glucose 
metabolism, some evidence suggests a role for SSRIs 
in the dysglycemia. 

Citalopram and escitalopram:

Both citalopram and escitalopram are SSRIs, and 
considered as first-line antidepressant treatment for 
moderate to severe major depression. Citalopram is a 
racemic dicyclic phthalane derivative and escitalopram 
is the S-enantiomer of RS-citalopram. The chemical 
structures of citalopram and escitalopram are unrelated 
to that of other SSRIs or of other antidepressants. 
Thus, citalopram and escitalopram are thought to have 
a more specific and selective pharmacological profile 
than other antidepressants. However, citalopram 
and escitalopram have their own characteristics, 
respectively. A systematic review by Cipriani and 

colleagues on citalopram versus other antidepressants 
for efficacy and tolerability concluded that citalopram is 
more efficacious than other antidepressants (paroxetine 
and reboxetine) and more acceptable than other TCA 
antidepressants such as, reboxetine and venlafaxine[35]. 
A meta-analysis by Cipriani and colleagues showed 
that escitalopram was more effective than citalopram 
and fluoxetine and escitalopram was more acceptable 
than duloxetine[36]. In addition, citalopram has minimal 
potential for drug interactions and reasonably safe 
for special populations such as elderly patients and 
patients with renal impairment[37,38]. Although like 
RS-citalopram, escitalopram was expected to have 
a low propensity for drug interactions, escitalopram 
however, required dose adjustment in patients with 
chronic kidney diseases[38]. 

With respect to the metabolic effects of citalopram and 
escitalopram, the results were different. Although in 
animal models citalopram was shown to affect glucose 
and lipid metabolism in adipose tissue and resulted in 
enhanced release of glycerol and free fatty acids into the 
circulation[39], a firm consensus regarding alterations 
in glucose homeostasis/carbohydrate metabolism or 
lipid metabolism in patients associated with citalopram 
has yet to be established. In depressed euglycemic 
women, short-term treatment with citalopram failed 
to significantly change insulin sensitivity, cortisol 
secretion and leptin production[40], whereas triglyceride 
level was significantly increased in patients after 16 w of 
treatment[9]. In depressed patients with type 2 diabetes, 
citalopram improved depression with decrease of 
HbA1c[10]. However, based on those clinical studies, it 
seems difficult to determine whether the good control 
of HbA1c was a result of self-management behaviour 
after considerable improvement in depression or due to 
the direct influence of citalopram.

Metabolic effects of escitalopram were studied only to 
a limited extent, but available evidence indicated that 
escitalopram improved glucose and HbA1c levels in 
patients with comorbid depression and diabetes[11,12]. 
In a study of 36 patients with comorbid depression 
and diabetes who received escitalopram for 6 w,  
47 % patients showed a reduction in glucose levels[12]. 
In an open-label study of 40 patients with comorbid 
depression and diabetes who received escitalopram 
for up to 12 w, patients had a corresponding decline in 
mean fasting and post-prandial plasma glucose level at 
6 and 12 w, respectively and HbA1c at 12 w[11]. Of note, 
in another study with a smaller sample size showed 
that 14 patients who received open-label escitalopram 
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therapy for up to 16 w, had no significant reductions in 
fasting glucose and HbA1c in patients with depression 
and diabetes[41]. Reasons why escitalopram improved 
glucose levels in patients with depression and diabetes 
were not known. Based on studies in animals, 

possible hypotheses included escitalopram down 
regulated the increased HPA axis and reversed insulin 
resistance in both liver and muscle[42]; escitalopram has 
antihyperlipidemic, antioxidant and antiinflammatory 
properties[43]. These studies indicated that escitalopram 

Types Antidepressants Depressed patients without diabetes Patients with comorbid depression and 
diabetes

SSRIs

Citalopram Citalopram might increase triglyceride[9] Citalopram improved depression with 
decrease of HbA1c[10]

Escitalopram Escitalopram improved glucose and HbA1c 
levels[11,12]

Fluoxetine In case reports fluoxetine induced 
hypoglycemia[13,14]

Fluoxetine resulted in weight loss, 
decreased fasting plasma glucose, reduced 

triglyceride[15]

Sertraline

In case reports sertraline cause glucose 
dysregulation[16-17]

In a prospective clinical trial, sertraline 
significantly increased insulin and 

triglyceride levels[18]

In an observational cohort study 
sertraline contributed to higher LDL-C[19]

Sertraline improved HbA1c[20]

Paroxetine In a double-blind, randomized trial, 
paroxetine improved insulin sensitivity[21]

In a double-blind randomized trial, 
paroxetine was beneficial to HbA1c[22]

Fluvoxamine Fluvoxamine lowered total cholesterol in 
obese patients[23]

In a case report, fluvoxamine induced 
hyperglycemia[24]

SNRIs

Duloxetine In three clinical trials, duloxetine resulted in 
modest increases in fasting plasma glucose in 

patients with DPNP[25]

Venlafaxine In three case reports, overdose of 
venlafaxine resulted in hypoglycemia[26-28]

Milnacipran
Milnacipran significantly improved HbA1c, 
fasting blood glucose, total and LDL-C and 

triglyceride levels in patients with type 
2 diabetes and depression who received 

metformin for 6 months[29,30]

Other newer 
antidepressants

Mirtazapine Mirtazapine is associated with weight 
gain[99-105] Mirtazapine is associated with weight gain[101]

Maprotiline In two case studies, maprotiline was 
associated with hypoglycemia[31,32]

Reboxetine
Reboxetine reduced a blood triglyceride 

and weight, but did not change 
cholesterol and glucose levels[116]

Bupropion

Bupropion improved weight changes in 
overweight/obese patients, which was 

accompanied with improvements in glycemic 
control[120]

Nefazodone
In one case report, Nefazodone was 

associated with hypoglycemia and weight 
loss[121]

Agomelatine

Case studies have showed that 
agomelatine reduced food-intake 
in night eating syndrome patients, 

which induced a net loss of weight and 
normalized levels of blood glucose, total 

cholesterol, and triglycerides[123,124]

TABLE 1: INFLUENCE OF ANTIDEPRESSANTS ON GLUCOSE AND LIPID HOMEOSTASIS 

Antidepressants’ influence on glucose and lipid homeostasis in depressed patients with or without diabetes. SSRIs: selective serotonin 
reuptake inhibitors; SNRIs: serotonin-noradrenaline reuptake inhibitors
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has potentially beneficial effects in controlling blood 
glucose in patients with comorbid depression and 
diabetes, at least escitalopram prevented diabetes 
syndrome from getting worse. 

Fluoxetine:

Fluoxetine, one of the first new generation SSRIs, 
is a popular antidepressant. A meta-analysis study 
including 191 RCTs with 24868 people showed that 
fluoxetine was similarly effective but better tolerated 
than TCAs, whereas fluoxetine was less effective 
than sertraline and mirtazapine but better tolerated 
than reboxetine[44]. A study demonstrated that among 
the SSRIs, fluoxetine, citalopram, fluvoxamine, 
paroxetine, and sertraline, only fluoxetine increased 
extracellular concentrations of both norepinephrine 
and serotonin in the rat brains[45]. In addition, fluoxetine 
differs from other SSRIs regarding metabolic benefit 
in patients, which was thought to be independent of its 
antidepressant action.

A meta-analysis has shown that in patients with type 
2 diabetes and depression, fluoxetine resulted in 
weight loss, decreased fasting plasma glucose, reduced 
triglyceride compared with placebo[15]. Although 
fluoxetine produced 0.78 % decrease in HbA1c, this 
effect was not statistically significant[15]. The reports 
confirmed fluoxetine might be beneficial in patients 
with comorbid depression and diabetes.

The fact that fluoxetine led to weight loss might be 
associated with decreased appetite and serotonin 
reuptake inhibition in patients[46]. Fluoxetine decreased 
body weight partly because of thermogenesis[47]. 
Fluoxetine increased basal thermogenesis and produced 
a significant increase in resting energy expenditure[48]. 
It also demonstrated a trend of body weight increase 
after long-term treatment with fluoxetine[49]. Of note, 
fluoxetine failed to attenuate olanzapine-induced 
weight gain[50,51].

In case reports fluoxetine was reported to induce 
hypoglycaemia in patients with diabetes or non-diabetic 
patients[13,14,52]. On the contrary, studies in obese patients 
have implicated that fluoxetine improved glycemic 
regulation and promoted peripheral and hepatic insulin 
action through increasing muscle glycogen synthase 
activity, independent of weight loss[53,54]. Meanwhile, 
there are studies indicating that fluoxetine might affect 
insulin secretion in major depressive patients[55]. In 
addition, fluoxetine amplified a wide spectrum of 
autonomic nervous system and metabolic counter-

regulatory responses during hypoglycaemia[56,57]. 
Fluoxetine defended against a reduced glucose level 
depending on the balance of glucose production and 
glucose utilization, but not amplifying glucagon 
responses during hypoglycaemia[57]. Together these 
data provided evidence that fluoxetine might induce 
beneficial effect on glucose control. Findings of animal 
studies on the metabolic effects of f﻿﻿luoxetine showed 
contradictory results. Studies in rats showed fluoxetine 
induced hyperglycaemia by inhibiting insulin release[58]. 
Fetal and neonatal exposure to fluoxetine resulted in 
increased adiposity, fatty liver and abnormal glycemic 
control in rats[59]. In this context, adverse metabolic 
outcomes in children who have been exposed to 
fluoxetine in utero should be considered. 

Sertraline:

Compared with other SSRIs, sertraline is a potent 
and specific inhibitor of serotonin uptake into the 
presynaptic terminal[60]. For the acute phase treatment 
of major depression, sertraline was favoured, either 
in terms of efficacy (fluoxetine) or acceptability/
tolerability (amitriptyline, imipramine, paroxetine 
and mirtazapine)[60]. Because sertraline did not inhibit 
norepinephrine uptake and monoamine oxidase 
activity, and has no significant anticholinergic activity, 
sertraline is thought to have some activities that are 
different from some of the SSRIs[60]. 

Several reports have indicated that sertraline could affect 
metabolic outcomes in patients with diabetes or non-
diabetic patients. In fact, one case study reported that 
one non-diabetic patient experienced multiple episodes 
of hypoglycaemia that resolved after discontinuation 
of sertraline[16]. Supporting this, sertraline has shown to 
improve HbA1c in depressed patients with diabetes[20] 

and significantly increased insulin levels[18]. In 
contrast, it was also reported that sertraline increased 
glucose levels in patients with type 2 diabetes[17]. In 
addition, sertraline was reported to contribute to higher 
LDL-C and triglyceride levels[18,19]. Sertraline failed to 
improve olanzapine-induced weight gain and elevated 
cholesterol and triglyceride levels[61]. All these results 
together indicted that that effects of sertraline on glucose 
and lipid metabolism were inconclusive. Animal 
studies showed that sertraline improved blood glucose 
levels[62-66]. Sertraline significantly reduced blood 
glucose levels in alloxan-induced hyperglycaemic 
mice, without affecting insulin levels[62]. However, in 
another study, sertraline increased glucose-stimulated 
insulin secretion without any change in peripheral 
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insulin sensitivity in normal rats under oral glucose 
overload[67]. Such contradictory results might be due to 
different animal models studied. As alloxan generates 
reactive oxygen species in pancreatic β cells to induce 
damage[68], which might lead to an absolute lack of 
insulin. In this context, sertraline had no effect on 
insulin levels; it also suggested that sertraline failed to 
protect and preserve β cells. In keeping with this, in 
cellular experiments, sertraline activated an apoptotic 
process and triggered β cell death[69]. Actually, the 
effect of sertraline on blood glucose and the underlying 
mechanisms need to be studied further. 

Paroxetine: 

Paroxetine is the most potent inhibitor of the reuptake 
of serotonin in all SSRIs. A meta-analysis showed 
that paroxetine was less effective than citalopram in 
improving response to treatment, and no clear evidence 
revealed paroxetine was more or less effective 
compared with other antidepressants[70]. During 
premarketing testing, the incidence of hyperglycaemia 
with paroxetine was 0.1 to 1 %; however, no evidence 
indicated paroxetine was its cause[71].

A meta-analysis showed that paroxetine use was 
associated with weight gain[49]; this effect was 
reported in several studies[9,72,73]. However, the effects 
of paroxetine on other metabolic parameters were 
inconsistent. Paroxetine increased body weight, BMI, 
waist circumference, fasting glucose, total cholesterol, 
low density cholesterol and triglycerides after 16 w of 
treatment in female patients aged 20-41 y without any 
metabolic comorbidity[9]. A case report showed that 
severe hyperglycaemia occurred in an obese depressed 
patient, which was correlated closely with the use 
of paroxetine[74]. Paroxetine and pravastatin had a 
synergistic effect on increased blood glucose; of note, 
neither drug administered singly was associated with 
changes in glucose levels[75]. However, in other studies 
paroxetine was reported to have a beneficial effect on 
glucose metabolism[21,22]. Paroxetine improved HbA1c 
after three months of treatment, and this effect is not 
sustained but transient[22]. In another clinical trial, 
paroxetine improved insulin sensitivity in non-diabetic 
patients with depression who remitted from major 
depressive disorder[21]. Together, these data suggested 
that paroxetine might have a side effect on weight 
gain and metabolic outcomes; the beneficial effects of 
paroxetine on blood glucose might be secondary to the 
improvement of depressive disorder. 

Studies in animals and in vitro models provided 
further insight into the effects of paroxetine on 
glucose metabolism. Paroxetine inhibited insulin 
secretion via decreasing intracellular 5-HT and insulin 
biosynthesis[76]. On the contrary, paroxetine was 
thought to decrease blood glucose by increasing insulin 
secretion in diabetic mice[77]. In addition, paroxetine 
was shown to improve hyperglycaemic endothelial cell 
injury by its antioxidant effect[78], which suggested that 
paroxetine might be useful for diabetic cardiovascular 
complications. 

Fluvoxamine:

Fluvoxamine is structurally different from TCAs, 
heterocyclics and other SSRIs. Thus, some differential 
clinical potency may be expected; however, a meta-
analysis of 54 studies showed that fluvoxamine was 
either superior or inferior to any other antidepressants 
in terms of efficacy and tolerability in the acute phase 
treatment of depression[79]. However, fluvoxamine 
exhibited a different side effect profile[79]. An emerging 
body of evidence from both human and animal studies 
demonstrated that fluvoxamine has a potential to induce 
hyperglycaemia.

In a case report, fluvoxamine was found to induce 
hyperglycaemia in a patient with comorbid depression 
and diabetes[24]. When fluvoxamine was withdrawn, 
the glycaemia was normalized after two days[24]. In 
clinical trials, fluvoxamine was reported to lower total 
cholesterol and triglyceride levels[23,80]. In addition, 
fluvoxamine could attenuate clozapine-induced weight 
gain and metabolic disturbances by increasing plasma 
clozapine levels[81]. Although there were no findings 
from larger patient groups showing detrimental effects 
of fluvoxamine on glucose metabolism, results from 
animal studies provided more evidence about how 
fluvoxamine acted on glucose metabolism. One study 
showed that fluvoxamine induced hyperglycaemia 
in mice, which could be abolished by pretreatment 
with serotonin depleter, p-chlorophenylalanine[82]. 
These results suggested that fluvoxamine-induced 
hyperglycaemia was associated with serotonin levels. 

SEROTONIN-NOREPINEPHRINE REUPTAKE 
INHIBITORS (SNRIs) 

SNRIs are a class of antidepressants such as 
venlafaxine, duloxetine, desvenlafaxine, milnacipran, 
and levomilnacipran that inhibited reuptake of both 
serotonin and norepinephrine. These drugs have 
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different chemical structures with distinguished 
pharmacological characteristics. A systematic review 
showed that SNRIs were superior over SSRIs in terms 
of efficacy[83]. However, head-to-head comparisons 
of antidepressants showed that some SSRIs such 
as duloxetine was not as effective as some new 
antidepressant agents[84]. In terms of side effect, 
individual SNRIs also have their own profiles. For 
example, venlafaxine is associated with cardiovascular 
phenomena, which rarely occurred with duloxetine or 
milnacipran[85]. 

Duloxetine: 

Duloxetine is a potent dual reuptake inhibitor of 5-HT 
and norepinephrine, which has high affinity to 5-HT 
and norepinephrine transporters but lacks affinity for 
monoamine receptors[86]. Although duloxetine is a 
more potent serotonin reuptake inhibitor in comparison 
with many other antidepressants, duloxetine appears to 
fail to provide a significant advantage in efficacy over 
other antidepressants[84]. 

Duloxetine is one of the only two drugs to have 
received regulatory approval for the treatment of 
diabetic peripheral neuropathic pain (DPNP)[87,88]. 
Clinical trials in patients with DPNP showed that 
duloxetine treatment produced a modest increase in 
fasting glucose in short- and long-term studies[25]. In 
another pooled analysis no statistically significant 
differences were observed in baseline-to-endpoint 
changes in both fasting plasma glucose and HbA1c 
levels in duloxetine-treated patients compared to those 
treated with placebo[88,89]. Duloxetine was reported 
to change glucose, but the small change was not 
considered clinically relevant in a pooled analysis[90]. 
In addition, there was one case showing that duloxetine 
was associated with hyperglycaemia in patients with 
comorbid depression and Parkinson’s disease[91]. 

It remains unclear how duloxetine affected glucose 
homeostasis. Short-term duloxetine treatment resulted 
in weight loss, whereas slight weight gain was seen after 
long-term treatment[25]. Some lipid parameters were 
also changed[25]. These results suggested that weight 
change and lipid metabolism were not associated with 
glycemic changes during duloxetine treatment. 

Venlafaxine: 

Clinical data showed that venlafaxine did not impact 
weight gain, did not disrupt lipid milieu and glucose 
homeostatic dynamics in patients[5,92]. These results 
were also confirmed in animal studies; venlafaxine did 

not affect blood glucose levels in non-diabetic normal 
mice[93]. However, there were three case reports of 
hypoglycaemia in venlafaxine overdose[26,28]. 

One article reported a case of hypoglycaemia of  
2.7 mmol/l attributed to overdose of venlafaxine and 
the major active metabolite O-desmethylvenlafaxine 
in non-diabetic patients with depression[26]. In this 
case, high levels of insulin and C-peptide were also 
observed[26]. One other article reported a case of 
non-diabetic patients with depression who presented 
hypoglycaemia with high level of venlafaxine in the 
blood[27]. Blood glucose was normalized after injection 
of octreotide, but resistant to the administration of large 
amounts of glucose[27]. These two cases showed that 
venlafaxine-induced hypoglycaemia was associated 
high levels of insulin secretion. However, in a recent 
case report, a non-diabetic patient with depression 
presented prolonged hypoglycaemia with normal 
insulin levels in venlafaxine overdose[28]. It seemed that 
high dose of venlafaxine increased glucose uptake and 
glucose usage in the peripheral tissues[28]. Although 
the mechanism underlying the venlafaxine-associated 
hypoglycaemia remains unknown, the cases described 
above indicated that potential glucose changes should 
be considered in patients with diabetes and depression 
when high dose of venlafaxine is used. 

Milnacipran: 

Milnacipran exhibited nearly equipotent reuptake 
inhibition of serotonin and norepinephrine, but has no 
significant effect on any neurotransmitter receptor[94,95]. 
Although some evidence revealed that milnacipran 
is better than TCAs in terms of acceptability and 
tolerability, there is inadequate evidence to conclude 
milnacipran is better than other antidepressants in 
terms of efficacy, acceptability and tolerability in 
the acute phase treatment of major depression[96]. 
Data about metabolic effects of milnacipran is 
lacking. Only two studies showed that treatment with 
milnacipran significantly improved HbA1c, fasting 
blood glucose, body mass index, total and low density 
lipoprotein-cholesterol and serum triglyceride levels 
in patients with type 2 diabetes and depression, who 
received metformin for 6 mo[29,30]. These two studies 
have provided conflicting data concerning effects of 
milnacipran on fasting blood glucose and HbA1c. In 
the earlier pilot study, fasting blood glucose and HbA1c 
were not improved in antidepressant-non-responders, 
which is in contrast to the later replicated study with 
a larger cohort[29,30]. The mechanism responsible for 
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milnacipran on improving blood glucose was not 
evident from these two studies, further study is need to 
answer this question. 

OTHER NEWER ANTIDEPRESSANTS 

Mirtazapine:

Unlike SSRIs, SNRIs and TCAs, mirtazapine has a 
unique mechanism of antidepressant action, which is 
classified as a noradrenergic and specific serotonergic 
antidepressant. Mirtazapine is a potent antagonist 
of central alpha 2-adrenergic auto receptors and 
heteroreceptors, and both serotonin 5-HT2 and 5-HT3 
receptors[97]. Thus, mirtazapine has some unique 
therapeutic effects; mirtazapine is likely to have a 
faster onset of action than SSRIs during the acute-phase 
treatment[98]. Mirtazapine also has unique adverse 
profiles; especially, mirtazapine is more likely to cause 
weight gain[98]. 

The studies showed that mirtazapine might cause 
weight gain even for a short period of time (less than 
six weeks)[99-104]. After treating for 2-6 w, mirtazapine 
induced weight gain of about 3 kg[99,105]. In one case, 
mirtazapine induced weight gain of 15.9 kg over  
5 mo of treatment[103]. Although weight gain is 
expected to increase glucose levels in depressive 
patients, mirtazapine has some opposite effects. After 
a 6-w treatment period, mirtazapine did not influence 
the glucose homeostasis[105], even improved glucose 
tolerance in depressive patients[99,106]. The underlying 
mechanisms might be associated with a reduction of 
cortisol secretion and favourable changes self-care 
behaviours[107,108]. In addition, mirtazapine was reported 
to enhance the basal β cells replication rate and rescue 
the norepinephrine-dependent suppression of β cells 
replication[109]. 

Maprotiline: 

Maprotiline is a tetracyclic antidepressant agent, which 
acted primarily by blocking reuptake of norepinephrine 
at nerve endings. Adverse actions of maprotiline 
are generally similar to those observed in TCAs. 
Maprotiline has been described to significantly induce 
weight gain and elevate BMI[110,111]. Treatment of lean 
patients with maprotiline resulted in an increase of 
ghrelin and reduction of adiponectin, so maprotiline-
induced weight gain might associate with its negative 
effects on the metabolic variables. Dysglycemia is 
not usual complication of maprotiline. There were 
only two case studies showing that maprotiline was 

associated with hypoglycaemia in patients with 
comorbid depression and diabetes[31,32]. In one case, 
maprotiline resulted in hypoglycemia in a patient 
receiving glyburide and phenformin[31]. A later case 
report showed that maprotiline caused hypoglycaemia 
in a patient who treated with insulin[32]. However, no 
studies indicated that administration of maprotiline 
caused hypoglycaemia in non-diabetic patients with 
depression. These results suggest that maprotiline-
induced hypoglycaemia is accompanied with use of 
antidiabetic agents. 

Reboxetine:

Reboxetine was the first commercially available 
selective norepinephrine reuptake inhibitor, which 
acts by binding to the norepinephrine transporter 
and blocking reuptake of synaptic norepinephrine 
in to terminals[112]. Reboxetine appears to have little 
or no affinity for muscarinic, H1-histaminergic, or 
adrenergic receptors and for uptake of serotonin and 
dopamine[113]. Thus, reboxetine exerted less sexual and 
gastrointestinal side effects compared to other SSRIs. 
Reboxetine attenuated olanzapine-induced weight gain 
via suppression of appetite[114,115]. Reboxetine reduced 
blood triglyceride and leptin levels, and elevated cortisol 
and dehydroepiandrosterone levels[116]. However, 
reboxetine did not change cholesterol, glucose, insulin, 
thyroid-stimulating hormone and prolactin levels[116]. 
Much less is known about the regulation of blood 
glucose of reboxetine. 

Bupropion: 

Bupropion is a norepinephrine-dopamine reuptake 
inhibitor with minimal direct effects on serotonin, 
which is a good strategy for patients not responding 
to SSRIs[117]. Several studies reported weight-loss after 
bupropion when used as monotherapy or combination 
therapy[118-120]. Bupropion as monotherapy improved 
weight changes in obese patients or olanzapine-induced 
weight gain[118]. A study described that bupropion 
combination with naltrexone induced weight loss in 
overweight and obese adults; this effect was associated 
with controlling eating food cravings[119]. Bupropion 
plus naltrexone also improved weight changes and 
glycemic control in overweight/obese patients with 
type 2 diabetes[120]. The effect of weight-loss is strongly 
supported by clinical trials, but potential blood glucose 
effect is poorly understood.

Nefazodone and agomelatine:

Nefazodone is a weaker 5-HT and norepinephrine 
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reuptake inhibitor, but potently antagonises the 
action of the 5-HT2 receptor, resulting in greater 
5-HT1A binding. Nefazodone has not been described 
to significantly affect body weight. Only one case 
report described hypoglycaemia and weight loss in 
a patients who treated with nefazodone for 8 w[121]. 
Agomelatine is a novel antidepressant that acts as an 
agonist on melatonin MT1 and MT2 receptors, and 
an antagonist on 5-HT2B and 5-HT2C receptors[122]. 
Although there are no significant differences in efficacy 
between agomelatine and other second-generation 
antidepressants, agomelatine is better tolerated than 
paroxetine and venlafaxine in terms of overall side 
effect[122]. Case studies have showed that agomelatine 
reduced food-intake in night eating syndrome patients, 
which induced a net loss of weight and normalized 
levels of blood glucose, total cholesterol and 
triglycerides[123,124]. Available data about agomelatine 
on blood glucose are lacking, but agomelatine seems 
provide an advantage in controlling food craving that 
might be secondary to control blood glucose.

In this review each individual antidepressant was 
reviewed according to their effects on glycaemia 
regulation. However, with respect to dysglycemia, 
the clinical meaning of this effect is uncertain, and no 
definitive conclusion could be drawn. Several reasons 
could be postulated, (1) some studies were short in 
duration and sample sizes were generally small; (2) 
most evidence was from case reports, randomized-
controlled trials were lacking; (3) especially, some 
antidepressants exhibited conflicting effects on glucose 
metabolism; (4) it is difficult to distinguish that glucose 
regulation following antidepressant therapy is due to 
a direct effect or secondary effect of well self-care 
behaviours and (5) the underlying mechanism between 
antidepressants and glucose regulation remains poorly 
understood. Therefore, only further research could 
explore whether and how antidepressants are linked to 
changes in glucose levels, which might be beneficial to 
patients with comorbid diabetes and depression. 

However, according to published studies, some points 
could be of concern. Among SSRIs, escitalopram and 
fluoxetine may have a beneficial effect on glucose 
control; fluvoxamine and paroxetine may induce 
hyperglycaemia in some cases; sertraline on metabolic 
outcomes remain inconclusive, both hyperglycaemia 
and hypoglycaemia can occur. Among SNRIs, 
duloxetine may worsen glucose control in patients 
with comorbid diabetes and depression, but not in non-
diabetic patients with depression; taking an overdose of 

venlafaxine may induce hypoglycaemia; milnacipran 
may improve metabolic parameters in patients with 
type 2 diabetes and depression. Mirtazapine may 
influence glucose homeostasis in mirtazapine-induced 
weigh gain. Generally, studies have revealed that 
antidepressants might affect glucose homeostasis in 
some patients, which should be kept in mind when 
antidepressants are used in clinical practice, especially 
in patients with comorbid depression and diabetes.

Conflict of interest

The authors declare that they have no conflict of 
interest.

REFERENCES
1.	 Pacher P, Kecskemeti V. Trends in the development of new 

antidepressants. Is there a light at the end of the tunnel? Curr 
Med Chem 2004;11(7):925-43.

2.	 Andersohn F, Schade R, Suissa S, Garbe E. Long-Term Use 
of Antidepressants for Depressive Disorders and the Risk of 
Diabetes Mellitus. Am J Psychiat 2009;166(5):591-8.

3.	 Kivimaki M, Hamer M, Batty GD, Geddes Jr, Tabak AG, 
Pentti J, et al. Antidepressant Medication Use, Weight Gain, 
and Risk of Type 2 Diabetes A population-based study. 
Diabetes Care 2010;33(12):2611-6.

4.	 Kivimaki M, Batty GD, Jokela M, Ebmeier KP, Vahtera J, 
Virtanen M, et al. Antidepressant medication use and risk of 
hyperglycemia and diabetes mellitus: a noncausal association? 
Biol Psychiatry 2011;70(10):978-84.

5.	 Mcintyre RS, Soczynska JK, Konarski JZ, Kennedy SH. The 
effect of antidepressants on glucose homeostasis and insulin 
sensitivity: synthesis and mechanisms. Expert Opin Drug Saf 
2006;5(1):157-68.

6.	 Moulton CD, Pickup JC, Ismail K. Depression and diabetes 2: 
The link between depression and diabetes: the search for shared 
mechanisms. Lancet Diabetes Endocrinol 2015;3(6):461-71.

7.	 Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The 
prevalence of comorbid depression in adults with diabetes - A 
meta-analysis. Diabetes Care 2001;24(6):1069-78.

8.	 Stuart MJ, Baune BT. Depression and type 2 diabetes: 
Inflammatory mechanisms of a psychoneuroendocrine co-
morbidity. Neurosci Biobehav R 2012;36(1):658-76.

9.	 Beyazyuz M, Albayrak Y, Egilmez OB, Albayrak N, Beyazyuz 
E. Relationship between SSRIs and Metabolic Syndrome 
Abnormalities in Patients with Generalized Anxiety Disorder: 
A Prospective Study. Psychiatry Investig 2013;10(2):148-54.

10.	 Khazaie H, Rahimi M, Tatari F, Rezaei M, Najafi F, Tahmasian 
M. Treatment of depression in type 2 diabetes with Fluoxetine 
or Citalopram? Neurosciences 2011;16(1):42-5.

11.	 Gehlawat P, Gupta R, Rajput R, Gahlan D, Gehlawat VK. 
Diabetes with comorbid depression: role of SSRI in better 
glycemic control. Asian J Psychiatr 2013;6(5):364-8.

12.	 Dhavale HS, Panikkar V, Jadhav BS, Ghulghule M, Agari 
AD. Depression and diabetes: impact of antidepressant 
medications on glycaemic control. J Assoc Physicians India 
2013;61(12):896-9.

13.	 Deeg MA, Lipkin EW. Hypoglycemia associated with the use 
of fluoxetine. West J Med 1996;164(3):262-3.



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 196March-April 2019

14.	 Sawka AM, Burgart V, Zimmerman D. Loss of awareness of 
hypoglycemia temporally associated with selective serotonin 
reuptake inhibitors. Diabetes Care 2001;24(10):1845-6.

15.	 Ye Z, Chen L, Yang Z, Li Q, Huang Y, He M, et al. Metabolic 
effects of fluoxetine in adults with type 2 diabetes mellitus: a 
meta-analysis of randomized placebo-controlled trials. PLoS 
One 2011;6(7):e21551.

16.	 Pollak PT, Mukherjee SD, Fraser AD. Sertraline-induced 
hypoglycemia. Ann Pharmacother 2001;35(11):1371-4.

17.	 Sansone RA, Sansone LA. Sertraline-induced hyperglycemia: 
case report. Int J Psychiatry Med 2003;33(1):103-5.

18.	 Kesim M, Tiryaki A, Kadioglu M, Muci E, Kalyoncu Ni, Yaris 
E. The effects of sertraline on blood lipids, glucose, insulin 
and HBA1C levels: A prospective clinical trial on depressive 
patients. J Res Med Sci 2011;16(12):1525-31.

19.	 Wei F, Crain AL, Whitebird RR, Godlevsky OV, O'connor PJ. 
Effects of paroxetine and sertraline on low-density lipoprotein 
cholesterol: an observational cohort study. CNS Drugs 
2009;23(10):857-65.

20.	 Echeverry D, Duran P, Bonds C, Lee M, Davidson MB. Effect 
of pharmacological treatment of depression on A1C and 
quality of life in low-income Hispanics and African Americans 
with diabetes: a randomized, double-blind, placebo-controlled 
trial. Diabetes Care 2009;32(12):2156-60.

21.	 Weber-Hamann B, Gilles M, Lederbogen F, Heuser I, 
Deuschle M. Improved insulin sensitivity in 80 nondiabetic 
patients with MDD after clinical remission in a double-blind, 
randomized trial of amitriptyline and paroxetine. J Clin 
Psychiatry 2006;12:1856-61.

22.	 Paile-Hyvarinen M, Wahlbeck K, Eriksson JG. Quality of life 
and metabolic status in mildly depressed patients with type 2 
diabetes treated with paroxetine: a double-blind randomised 
placebo controlled 6-month trial. BMC Fam Pract 2007;8:34.

23.	 De Zwaan M, Nutzinger DO. Effect of fluvoxamine on total 
serum cholesterol levels during weight reduction. J Clin 
Psychiatry 1996;57(8):346-8.

24.	 Oswald P, Souery D, Mendlewicz J. Fluvoxamine-induced 
hyperglycaemia in a diabetic patient with comorbid depression. 
Int J Neuropsychopharmacol 2003;6(1):85-7.

25.	 Hardy T, Sachson R, Shen S, Armbruster M, Boulton AJ. 
Does treatment with duloxetine for neuropathic pain impact 
glycemic control? Diabetes Care 2007;1:21-6.

26.	 Meertens JH, Monteban-Kooistra WE, Ligtenberg JJ, Tulleken 
JE, Zijlstra JG. Severe hypoglycemia following venlafaxine 
intoxication: a case report. J Clin Psychopharmacol 
2007;27(4):414-5.

27.	 Francino MC, Bretaudeau Deguigne M, Badin J, Turcant 
A, Perrotin D. Hypoglycaemia: a little known effect of 
Venlafaxine overdose. Clin Toxicol 2012;50(3):215-7.

28.	 Brvar M, Kozelj G, Masic LP. Hypoglycemia in venlafaxine 
overdose: a hypothesis of increased glucose uptake. Eur J Clin 
Pharmacol 2015; 71(2):261-2.

29.	 Abrahamian H, Hofmann P, Kinzl J, Toplak H. Diabetes 
mellitus and comorbid depression: improvement of both 
diseases with milnacipran. A replication study (results of the 
Austrian Major Depression Diabetes Mellitus study group). 
Neuropsychiatr Dis Treat 2012;8:355-60.

30.	 Abrahamian H, Hofmann P, Prager R, Toplak H. Diabetes 
mellitus and co-morbid depression: treatment with milnacipran 
results in significant improvement of both diseases (results 
from the Austrian MDDM study group). Neuropsychiatr Dis 
Treat 2009;5:261-6.

31.	 Zogno MG, Tolfo L, Draghi E. Hypoglycemia caused 
by maprotiline in a patient taking oral antidiabetics. Ann 
Pharmacother 1994;28(3):406.

32.	 Isotani H, Kameoka K. Hypoglycemia associated with 
maprotiline in a patient with type 1 diabetes. Diabetes Care 
1999;22(5):862-3.

33.	 Barbui C, Hotopf M, Freemantle N, Boynton J, Churchill R, 
Eccles MP, et al. Selective serotonin reuptake inhibitors versus 
tricyclic and heterocyclic antidepressants: comparison of drug 
adherence. Cochrane Database Syst Rev 2000;4:CD002791.

34.	 Geddes JR, Freemantle N, Mason J, Eccles MP, Boynton J. 
SSRIs versus other antidepressants for depressive disorder. 
Cochrane Database Syst Rev 2000;2:CD001851.

35.	 Cipriani A, Purgato M, Furukawa TA, Trespidi C, Imperadore 
G, Signoretti A, et al. Citalopram versus other anti-depressive 
agents for depression. Cochrane Database Syst Rev 
2012;7:CD006534.

36.	 Cipriani A, Santilli C, Furukawa TA, Signoretti A, Nakagawa 
A, McGuire H, et al. Escitalopram versus other antidepressive 
agents for depression. Cochrane Database Syst Rev 
2009;2:CD006532.

37.	 Bezchlibnyk-Butler K, Aleksic I, Kennedy SH. Citalopram-a 
review of pharmacological and clinical effects. J Psychiatry 
Neurosci 2000;25(3):241-54.

38.	 Nagler EV, Webster AC, Vanholder R, Zoccali C. 
Antidepressants for depression in stage 3-5 chronic kidney 
disease: a systematic review of pharmacokinetics, efficacy 
and safety with recommendations by European Renal Best 
Practice (ERBP). Nephrol Dial Transplant 2012;27(10):3736-
45.

39.	 Flechtner-Mors M, Jenkinson CP, Alt A, Adler G, Ditschuneit 
HH. Metabolism in adipose tissue in response to citalopram 
and trimipramine treatment--an in situ microdialysis study. J 
Psychiatr Res 2008;42(7):578-86.

40.	 Kauffman RP, Castracane VD, White DL, Baldock SD, 
Owens R. Impact of the selective serotonin reuptake inhibitor 
citalopram on insulin sensitivity, leptin and basal cortisol 
secretion in depressed and non-depressed euglycemic women 
of reproductive age. Gynecol Endocrinol 2005;21(3):129-37.

41.	 Amsterdam JD, Shults J, Rutherford N, Schwartz S. Safety 
and efficacy of s-citalopram in patients with co-morbid 
major depression and diabetes mellitus. Neuropsychobiology 
2006;54(4):208-14.

42.	 Buhl ES, Jensen TK, Jessen N, Elfving B, Buhl CS, 
Kristiansen SB, et al. Treatment with an SSRI antidepressant 
restores hippocampo-hypothalamic corticosteroid feedback 
and reverses insulin resistance in low-birth-weight rats. Am J 
Physiol Endocrinol Metab 2010;298(5):E920-9.

43.	 Unis A, Abdelbary A, Hamza M. Comparison of the effects of 
escitalopram and atorvastatin on diet-induced atherosclerosis 
in rats. Can J Physiol Pharmacol 2014;92(3):226-33.

44.	 Magni LR, Purgato M, Gastaldon C, Papola D, Furukawa 
TA, Cipriani A, et al. Fluoxetine versus other types of 
pharmacotherapy for depression. Cochrane Database Syst Rev 
2013;7:CD004185.

45.	 Bymaster FP, Zhang W, Carter PA, Shaw J, Chernet E, 
Phebus L, et al. Fluoxetine, but not other selective serotonin 
uptake inhibitors, increases norepinephrine and dopamine 
extracellular levels in prefrontal cortex. Psychopharmacology 
2002;160(4):353-61.

46.	 Pijl H, Koppeschaar HP, Willekens FL, OP de Kamp I, 
Veldhuis HD, Meinders AE. Effect of serotonin re-uptake 



www.ijpsonline.com

March-April 2019Indian Journal of Pharmaceutical Sciences197

inhibition by fluoxetine on body weight and spontaneous food 
choice in obesity. Int J Obes 1991;15(3):237-42.

47.	 Bross R, Hoffer LJ. Fluoxetine increases resting energy 
expenditure and basal body temperature in humans. Am J Clin 
Nutr 1995;61(5):1020-5.

48.	 Bondi M, Menozzi R, Bertolini M, Venneri MG, Del Rio G. 
Metabolic effects of fluoxetine in obese menopausal women. J 
Endocrinol Invest 2000;23(5):280-6.

49.	 Serretti A, Mandelli L. Antidepressants and body weight: a 
comprehensive review and meta-analysis. J Clin Psychiatry 
2010;71(10):1259-72.

50.	 Bustillo JR, Lauriello J, Parker K, Hammond R, Rowland 
L, Bogenschutz M, et al. Treatment of weight gain with 
fluoxetine in olanzapine-treated schizophrenic outpatients. 
Neuropsychopharmacology 2003;28(3):527-529.

51.	 Poyurovsky M, Pashinian A, Gil-Ad I, Maayan R, Schneidman 
M, Fuchs C, et al. Olanzapine-induced weight gain in patients 
with first-episode schizophrenia: a double-blind, placebo-
controlled study of fluoxetine addition. Am J Psychiatry 
2002;159(6):1058-60.

52.	 Sawka AM, Burgart V, Zimmerman D. Loss of hypoglycemia 
awareness in an adolescent with type 1 diabetes mellitus 
during treatment with fluoxetine hydrochloride. J Pediatr 
2000;136(3):394-6.

53.	 Breum L, Bjerre U, Bak JF, Jacobsen S, Astrup A. Long-term 
effects of fluoxetine on glycemic control in obese patients 
with non-insulin-dependent diabetes mellitus or glucose 
intolerance: influence on muscle glycogen synthase and insulin 
receptor kinase activity. Metabolism 1995;44(12):1570-6.

54.	 Potter Van Loon BJ, Radder JK, Frolich M, Krans HM, 
Zwinderman AH, Meinders AE. Fluoxetine increases insulin 
action in obese nondiabetic and in obese non-insulin-
dependent diabetic individuals. Int J Obes Relat Metab Disord 
1992;16(2):79-85.

55.	 Chang HH, Chi MH, Lee IH, Tsai HC, Gean PW, Yang YK,  
et al. The change of insulin levels after six weeks antidepressant 
use in drug-naive major depressive patients. J Affect Disord 
2013;150(2):295-9.

56.	 Briscoe VJ, Ertl AC, Tate DB, Davis SN. Effects of the selective 
serotonin reuptake inhibitor fluoxetine on counterregulatory 
responses to hypoglycemia in individuals with type 1 diabetes. 
Diabetes 2008;57(12):3315-22.

57.	 Briscoe VJ, Ertl AC, Tate DB, Dawling S, Davis SN. Effects 
of a selective serotonin reuptake inhibitor, fluoxetine, on 
counterregulatory responses to hypoglycemia in healthy 
individuals. Diabetes 2008;57(12):2453-60.

58.	 Park S, Choi SB. Does fluoxetine administration influence 
insulin resistance in 90% pancreatectomized rats? Metabolism 
2002;51(1):38-43.

59.	 De Long NE, Barry EJ, Pinelli C, Wood GA, Hardy DB, 
Morrison KM, et al. Antenatal exposure to the selective 
serotonin reuptake inhibitor fluoxetine leads to postnatal 
metabolic and endocrine changes associated with type 
2 diabetes in Wistar rats. Toxicol Appl Pharmacol 
2015;285(1):32-40.

60.	 Cipriani A, La Ferla T, Furukawa TA, Signoretti A, Nakagawa 
A, Churchill R, et al. Sertraline versus other antidepressive 
agents for depression. Cochrane Database Syst Rev 
2009;2:CD006117.

61.	 Meyers BS, Flint AJ, Rothschild AJ, Mulsant BH, Whyte EM, 

Peasley-Miklus C, et al. A double-blind randomized controlled 
trial of olanzapine plus sertraline vs. olanzapine plus placebo 
for psychotic depression: the study of pharmacotherapy 
of psychotic depression (STOP-PD). Arch Gen Psychiatry 
2009;66(8):838-47.

62.	 Erenmemisoglu A, Ozdogan UK, Saraymen R, Tutus A. Effect 
of some antidepressants on glycaemia and insulin levels of 
normoglycaemic and alloxan-induced hyperglycaemic mice. 
J Pharm Pharmacol 1999;51(6):741-3.

63.	 Mahmood D, Akhtar M, Vohora D, Khanam R. Comparison 
of antinociceptive and antidiabetic effects of sertraline and 
amitriptyline on streptozotocin-induced diabetic rats. Hum 
Exp Toxicol 2010;29(10):881-6.

64.	 Gomez R, Huber J, Tombini G, Barros HM. Acute effect of 
different antidepressants on glycemia in diabetic and non-
diabetic rats. Braz J Med Biol Res 2001;34(1):57-64.

65.	 Sanders NM, Wilkinson CW, Taborsky GJ, Al-Noori 
S, Daumen W, Zavosh A, et al. The selective serotonin 
reuptake inhibitor sertraline enhances counterregulatory 
responses to hypoglycemia. Am J Physiol Endocrinol Metab 
2008;294(5):E853-60.

66.	 Khanam R, Pillai KK. Involvement of potassium channels 
in hypoglycemic effect of sertraline. Indian J Exp Biol 
2006;44(2):120-2.

67.	 Gomez R, Huber J, Lhullier F, Barros HM. Plasma insulin 
levels are increased by sertraline in rats under oral glucose 
overload. Braz J Med Biol Res 2001;34(12):1569-72.

68.	 Lenzen S. The mechanisms of alloxan- and streptozotocin-
induced diabetes. Diabetologia 2008;51(2):216-26.

69.	 Isaac R, Boura-Halfon S, Gurevitch D, Shainskaya A, 
Levkovitz Y, Zick Y. Selective serotonin reuptake inhibitors 
(SSRIs) inhibit insulin secretion and action in pancreatic beta 
cells. J Biol Chem 2013;288(8):5682-93.

70.	 Purgato M, Papola D, Gastaldon C, Trespidi C, Magni LR, 
Rizzo C, et al. Paroxetine versus other anti-depressive 
agents for depression. Cochrane Database Syst Rev 
2014;4:CD006531.

71.	 Boyer WF, Blumhardt CL. The safety profile of paroxetine. J 
Clin Psychiatry 1992;53:61-6.

72.	 Raeder MB, Bjelland I, Emil Vollset S, Steen VM. Obesity, 
dyslipidemia, and diabetes with selective serotonin reuptake 
inhibitors: the Hordaland Health Study. J Clin Psychiatry 
2006;67(12):1974-82.

73.	 Fava M, Judge R, Hoog SL, Nilsson ME, Koke SC. Fluoxetine 
versus sertraline and paroxetine in major depressive disorder: 
changes in weight with long-term treatment. J Clin Psychiatry 
2000;61(11):863-7.

74.	 Petty KJ. Hyperglycemia associated with paroxetine. Ann 
Intern Med 1996;125(9):782.

75.	 Tatonetti NP, Denny JC, Murphy SN, Fernald GH, Krishnan 
G, Castro V, et al. Detecting drug interactions from adverse-
event reports: interaction between paroxetine and pravastatin 
increases blood glucose levels. Clin Pharmacol Ther 
2011;90(1):133-42.

76.	 Li F, Zhang M, Xu D, Liu C, Zhong ZY, Jia LL, et al. 
Co-administration of paroxetine and pravastatin causes 
deregulation of glucose homeostasis in diabetic rats 
via enhanced paroxetine exposure. Acta Pharmacol Sin 
2014;35(6):792-805.

77.	 Kadioglu M, Muci E, Kesim M, Ulku C, Duman EN, Kalyoncu 
NI, et al. The Effect of Paroxetine, A Selective Serotonin 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 198March-April 2019

Reuptake Inhibitor, on Blood Glucose Levels in Mice. Int J 
Pharmacol 2011;7:283-90.

78.	 Gero D, Szoleczky P, Suzuki K, Modis K, Olah G, Coletta 
C, et al. Cell-based screening identifies paroxetine as an 
inhibitor of diabetic endothelial dysfunction. Diabetes 
2013;62(3):953-64.

79.	 Omori IM, Watanabe N, Nakagawa A, Cipriani A, Barbui C, 
Mcguire H, et al. Fluvoxamine versus other anti-depressive 
agents for depression. Cochrane Database Syst Rev 
2010;3:CD006114.

80.	 Maayan L, Vakhrusheva J, Correll CU. Effectiveness of 
Medications Used to Attenuate Antipsychotic-Related Weight 
Gain and Metabolic Abnormalities: A Systematic Review and 
Meta-Analysis. Neuropsychopharmacology 2010;35(7):1520-
30.

81.	 Lu ML, Lane HY, Lin SK, Chen KP, Chang WH. Adjunctive 
fluvoxamine inhibits clozapine-related weight gain and 
metabolic disturbances. J Clin Psychiat 2004;65(6):766-71.

82.	 Yamada J, Sugimoto Y, Inoue K. Selective serotonin reuptake 
inhibitors fluoxetine and fluvoxamine induce hyperglycemia 
by different mechanisms. Eur J Pharmacol 1999;382(3):211-5.

83.	 Anderson IM. Meta-analytical studies on new antidepressants. 
Br Med Bull 2001;57:161-78.

84.	 Cipriani A, Koesters M, Furukawa TA, Nose M, Purgato M, 
Omori IM, et al. Duloxetine vs. other antidepressive agents for 
depression. Cochrane Database Syst Rev 2012;10:CD006533.

85.	 Montgomery SA. Tolerability of serotonin norepinephrine 
reuptake inhibitor antidepressants. CNS Spectr 2008;13(7 
Suppl 11):27-33.

86.	 Bymaster FP, Dreshfield-Ahmad LJ, Threlkeld PG, 
Shaw JL, Thompson L, Nelson DL, et al. Comparative 
affinity of duloxetine and venlafaxine for serotonin and 
norepinephrine transporters in vitro and in vivo, human 
serotonin receptor subtypes, and other neuronal receptors. 
Neuropsychopharmacology 2001;25(6):871-80.

87.	 Goldstein DJ, Lu YL, Detke MJ, Lee TC, Iyengar S. Duloxetine 
vs. placebo in patients with painful diabetic neuropathy. Pain 
2005;116(1-2):109-18.

88.	 Raskin J, Smith TR, Wong K, Pritchett YL, D'Souza DN, 
Iyengar S, et al. Duloxetine versus routine care in the long-
term management of diabetic peripheral neuropathic pain. J 
Palliat Med 2006; 9(1):29-40.

89.	 Crucitti A, Zhang Q, Nilsson M, Brecht S, Yang CR, Wernicke 
J. Duloxetine treatment and glycemic controls in patients with 
diagnoses other than diabetic peripheral neuropathic pain: a 
meta-analysis. Curr Med Res Opin 2010;26(11):2579-88.

90.	 Oakes TM, Katona C, Liu P, Robinson M, Raskin J, Greist JH. 
Safety and tolerability of duloxetine in elderly patients with 
major depressive disorder: a pooled analysis of two placebo-
controlled studies. Int Clin Psychopharm 2013;28(1):1-11.

91.	 Bonuccelli U, Meco G, Fabbrini G, Tessitore A, Pierantozzi M, 
Stocchi F, et al. A non-comparative assessment of tolerability 
and efficacy of duloxetine in the treatment of depressed 
patients with Parkinson's disease. Expert Opin Pharmacother 
2012;13(16):2269-80.

92.	 Mcintyre RS, Soczynska JK, Konarski JZ, Kennedy SH. The 
effect of antidepressants on lipid homeostasis: a cardiac safety 
concern? Expert Opin Drug Saf 2006;5(4):523-37.

93.	 Khanam R, Najfi H, Akhtar M, Vohora D. Evaluation of 
venlafaxine on glucose homeostasis and oxidative stress in 
diabetic mice. Hum Exp Toxicol 2012;31(12):1244-50.

94.	 Delini-Stula A. Milnacipran: an antidepressant with dual 

selectivity of action on noradrenaline and serotonin uptake. 
Hum Psychopharmacol 2000;15(4):255-60.

95.	 Briley M, Prost JF, Moret C. Preclinical pharmacology of 
milnacipran. Int Clin Psychopharmacol 1996;11 Suppl 4:9-14.

96.	 Nakagawa A, Watanabe N, Omori IM, Barbui C, Cipriani A, 
McGuire H, et al. Milnacipran versus other antidepressive 
agents for depression. Cochrane Database Syst Rev 
2009;3:CD006529.

97.	 Kent JM. SNaRIs, NaSSAs, and NaRIs: new agents for the 
treatment of depression. Lancet 2000;355(9207):911-8.

98.	 Watanabe N, Omori IM, Nakagawa A, Cipriani A, Barbui C, 
Churchill R, et al. Mirtazapine versus other antidepressive 
agents for depression. Cochrane Database Syst Rev 2011;12 
:CD006528.

99.	 Himmerich H, Fulda S, Schaaf L, Beitinger PA, Schuld A, 
Pollmacher T. Changes in weight and glucose tolerance during 
treatment with mirtazapine. Diabetes Care 2006;29(1):170.

100.	Alderman CP, Condon JT, Gilbert AL. An Open-Label Study 
of Mirtazapine as Treatment for Combat-Related PTSD. Ann 
Pharmacother 2009;43(7):1220-6.

101.	Fawcett J, Barkin RL. Review of the results from clinical 
studies on the efficacy, safety and tolerability of mirtazapine 
for the treatment of patients with major depression. J Affect 
Disord 1998;51(3):267-85.

102.	Chen JL, Spinowitz N, Karwa M. Hypertriglyceridemia, acute 
pancreatitis, and diabetic ketoacidosis possibly associated 
with mirtazapine therapy: a case report. Pharmacotherapy 
2003;23(7):940-4.

103.	Fisfalen ME, Hsiung RC. Glucose dysregulation and 
mirtazapine-induced weight gain. Am J Psychiatry 
2003;160(4):797.

104.	Chen R, Lopes J. Hyperglycaemia secondary to mirtazapine 
therapy in a 37-y-old man. Aust N Z J Psychiatry 
2008;42(11):990-1.

105.	Laimer M, Kramer-Reinstadler K, Rauchenzauner M, 
Lechner-Schoner T, Strauss R, Engl J, et al. Effect of 
mirtazapine treatment on body composition and metabolism. J 
Clin Psychiat 2006;67(3):421-4.

106.	Hennings JM, Ising M, Grautoff S, Himmerich H, Pollmacher 
T, Schaaf L. Glucose Tolerance in Depressed Inpatients, under 
Treatment with Mirtazapine and in Healthy Controls. Exp Clin 
Endocrinol Diabetes 2010;118(2):98-100.

107.	Holsboer F. The corticosteroid receptor hypothesis of 
depression. Neuropsychopharmacology 2000;23(5):477-501.

108.	Laakmann G, Hennig J, Baghai T, Schule C. Mirtazapine 
acutely inhibits salivary cortisol concentrations in depressed 
patients. Ann N Y Acad Sci 2004;1032:279-82.

109.	Zhao Z, Low YS, Armstrong NA, Ryu JH, Sun SA, Arvanites 
AC, et al. Repurposing cAMP-Modulating Medications 
to Promote beta-Cell Replication. Mol Endocrinol 
2014;28(10):1682-97.

110.	Chen YC, Shen YC, Hung YJ, Chou CH, Yeh CB, Perng 
CH. Comparisons of glucose-insulin homeostasis following 
maprotiline and fluoxetine treatment in depressed males. J 
Affect Disord 2007;103(1-3):257-61.

111.	Pinar M, Gulsun M, Tasci I, Erdil A, Bolu E, Acikel C,  
et al. Maprotiline induced weight gain in depressive disorder: 
Changes in circulating ghrelin and adiponectin levels 
and insulin sensitivity. Prog Neuropsychopharmacol Biol 
Psychiatry 2008;32(1):135-9.

112.	Spivak B, Strous Rd, Shaked G, Shabash E, Kotler M, 
Weizman A. Reboxetine versus fluvoxamine in the treatment 



www.ijpsonline.com

March-April 2019Indian Journal of Pharmaceutical Sciences199

of motor vehicle accident-related posttraumatic stress 
disorder: a double-blind, fixed-dosage, controlled trial. J Clin 
Psychopharmacol 2006;26(2):152-6.

113.	Wong EH, Sonders MS, Amara SG, Tinholt PM, Piercey MF, 
Hoffmann WP, et al. Reboxetine: a pharmacologically potent, 
selective, and specific norepinephrine reuptake inhibitor. Biol 
Psychiatry 2000;47(9):818-29.

114.	Poyurovsky M, Isaacs I, Fuchs C, Schneidman M, Faragian 
S, Weizman R, et al. Attenuation of olanzapine-induced 
weight gain with reboxetine in patients with schizophrenia: 
A double-blind, placebo-controlled study. Am J Psychiat 
2003;160(2):297-302.

115.	Poyurovsky M, Fuchs C, Pashinian A, Levi A, Faragian 
S, Maayan R, Gil-Ad I. Attenuating effect of reboxetine on 
appetite and weight gain in olanzapine-treated schizophrenia 
patients: a double-blind placebo-controlled study. 
Psychopharmacology 2007;192(3):441-8.

116.	Amrami-Weizman A, Maayan R, Gil-Ad I, Pashinian A, Fuchs 
C, Kotler M, et al. The effect of reboxetine co-administration with 
olanzapine on metabolic and endocrine profile in schizophrenia 
patients. Psychopharmacology 2013;230(1):23-7.

117.	Pridmore S, Turnier-Shea Y. Medication options in the 
treatment of treatment-resistant depression. Aust N Z J 
Psychiatry 2004;38(4):219-25.

118.	Anderson JW, Greenway FL, Fujioka K, Gadde KM, 
Mckenney J, O'neil PM. Bupropion SR enhances weight loss: 

a 48-week double-blind, placebo- controlled trial. Obes Res 
2002;10(7):633-41.

119.	Greenway FL, Fujioka K, Plodkowski RA, Mudaliar S, 
Guttadauria M, Erickson J, et al. Effect of naltrexone plus 
bupropion on weight loss in overweight and obese adults 
(COR-I): a multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet 2010;376(9741):595-605.

120.	Hollander P, Gupta AK, Plodkowski R, Greenway F, 
Bays H, Burns C, et al. Effects of naltrexone sustained-
release/bupropion sustained-release combination therapy 
on body weight and glycemic parameters in overweight 
and obese patients with type 2 diabetes. Diabetes Care 
2013;36(12):4022-9.

121.	Warnock JK, Biggs F. Nefazodone-induced hypoglycemia 
in a diabetic patient with major depression. Am J Psychiatry 
1997;154(2):288-9.

122.	Guaiana G, Gupta S, Chiodo D, Davies SJ, Haederle K, 
Koesters M. Agomelatine versus other antidepressive 
agents for major depression. Cochrane Database Syst Rev 
2013;12:CD008851.

123.	Milano W, De Rosa M, Milano L, Capasso A. Agomelatine 
efficacy in the night eating syndrome. Case Rep Med 
2013;2013:867650.

124.	Milano W, De Rosa M, Milano L, Riccio A, Sanseverino B, 
Capasso A. Successful Treatment with Agomelatine in NES: 
A Series of Five Cases. Open Neurol J 2013;7:32-37.

 


