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Abstract
Purpose of Review  We are currently in the midst of a global opioid epidemic. Opioids affect many physiological processes, 
but one side effect that is not often taken into consideration is the opioid-induced alteration in blood glucose levels.
Recent Findings  This review shows that the vast majority of studies report that opioid stimulation increases blood glucose 
levels. In addition, plasma levels of the endogenous opioid β-endorphin rise in response to low blood glucose. In contrast, 
in hyperglycaemic baseline conditions such as in patients with type 2 diabetes mellitus (T2DM), opioid stimulation low-
ers blood glucose levels. Furthermore, obesity itself alters sensitivity to opioids, changes opioid receptor expression and 
increases plasma β-endorphin levels.
Summary  Thus, opioid stimulation can have various side effects on glycaemia that should be taken into consideration upon 
prescribing opioid-based medication, and more research is needed to unravel the interaction between obesity, glycaemia 
and opioid use.
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Introduction

We are currently in the midst of a global opioid epidemic, 
with numbers of opioid prescriptions continuously rising 
around the world [1]. Just in the USA alone, 153 million 
opioids were prescribed in 2019 [2], and many European 
countries, as well as Canada and Australia, also show yearly 
increasing numbers of opioid prescriptions [3]. Opioid-
based analgesics were originally developed for short-term 
use as pain relief after surgery, or for palliative care and 
pain relief in late-stage cancer patients [4]. However, in the 
1980s the (incorrect) idea that opioids were not as addictive 
as originally thought began to gain traction [4]. This led to 
a large increase in prescription for chronic non-cancer pain 
treatment, which is one of the main contributors to the cur-
rent opioid epidemic [1, 5]. For example, in 2014 approxi-
mately 30 million adults in the USA received opioid-based 
medication for a non-cancer pain-related condition [6]. 
With so many individuals receiving opioid prescriptions, it 
is essential that we improve our understanding on the effect 
of long-term opioid use on overall physiology.

Opioids effects go far beyond pain relief, including 
effects on glucose metabolism. The first reports of morphine 

This article is part of the Topical collection on Other Forms of 
Diabetes and Its Complications

 *	 Susanne E. la Fleur 
	 s.e.lafleur@amsterdamumc.nl

1	 Laboratory of Endocrinology, Department of Clinical 
Chemistry, Amsterdam Neuroscience, Amsterdam 
Gastroenterology, Endocrinology and Metabolism, 
Amsterdam University Medical Center, Location AMC, 
University of Amsterdam, Meibergdreef 9, Amsterdam, 
Netherlands

2	 Department of Endocrinology and Metabolism, Neuroscience 
Amsterdam, Amsterdam Gastroenterology, Endocrinology 
and Metabolism, Amsterdam University Medical Center, 
Location AMC, University of Amsterdam, Meibergdreef 9, 
K2‑283, 1105 AZ Amsterdam, the Netherlands

3	 Metabolism and Reward Group, Netherlands Institute 
for Neuroscience, an Institute of the Royal Netherlands 
Academy of Arts and Sciences, Meibergdreef 47, 
Amsterdam, Netherlands

Current Diabetes Reports (2022) 22:301–310

http://crossmark.crossref.org/dialog/?doi=10.1007/s11892-022-01473-0&domain=pdf


Current Diabetes Reports (2022) 22:301–310	

1 3

affecting glycaemia date back to 1922 [7]. Moreover, opi-
oid abusers show reduced glucose tolerance [8–11], further 
underlining the relationship between opioids and glucose 
metabolism. This relationship is particularly relevant, as 
individuals with obesity, which are at greater risk of devel-
oping insulin resistance and T2DM, suffer more frequently 
from pain conditions and are therefore more likely to receive 
opioid-based medications [12]. Indeed, up to 28% of all opi-
oid prescriptions in the USA is to individuals with over-
weight/obesity [13] and reducing obesity rates could lower 
the number of opioid users in the USA with 1.5 million [14]. 
Thus, it is crucial to increase our knowledge on the effects 
opioids have on glucose metabolism. This review will sum-
marize the studies that have investigated the relationship 
between opioids and blood glucose levels, and will highlight 
the knowledge gaps that need to be addressed in the future.

The Opioid System

The body produces 4 types of endogenous opioids: 
β-endorphin, leu- and met-enkephalin, dynorphin and the 
most recently discovered endomorphin [15–18]. These 
peptides are produced in the central and peripheral nervous 
system, in immune cells, the gastrointestinal system (both 
in the enteric nervous system, as well as in mucosal endo-
crine cells of the gut [19]) and in the vasculature. When 
produced in the anterior pituitary gland [20], or in peripheral 
immune cells [21], endogenous opioids can also be released 
into the circulation. Because of this, they function both as 
neurotransmitters (when released in the central or peripheral 
nervous system) and as hormones (when released into the 
blood stream). Opioid peptides bind with different affinities 
to one of three classical opioid receptors: the δ-opioid recep-
tor, κ-opioid receptor and µ-opioid receptor [22, 23]. Like 
the expression of endogenous opioids themselves, opioid 
receptors can be found throughout the body, including the 
nervous system, in peripheral organs such as the liver or 
adrenal glands and on immune cells [24].

The term opioids encompasses all peptides that mimic the 
actions of endogenous opioids by binding to one of the opi-
oid receptors. Opioids can be divided into naturally derived 
opiates such as morphine, semi-synthetic derivatives such as 
heroin and synthetic opioids such as methadone or fentanyl 
[25]. While morphine was the first opiate used for analgesia, 
being extracted first in 1806 [25], synthetic opioids are the 
main factor driving the current opioid epidemic [26]. In the 
USA, hydrocodone is the most prescribed opioid, followed 
by methadone, oxycodone and fentanyl [3]. The vast major-
ity of these prescribed opioid analgesics bind with highest 
affinity to the µ-opioid receptor [27].

Endogenous opioids are involved in multiple physiologi-
cal processes, but their role in pain processing has been 

studied most extensively. However, opioids in the central 
nervous system are also implicated with the neural control 
of emotion, reward and stress responses [28]. Furthermore, 
endogenous opioids can influence respiration, the gastro-
intestinal tract and the cardiovascular system [29]. In line 
with the widespread actions of endogenous opioids, opioid 
medication causes many side effects including respiratory 
depression, nausea, constipation and bradycardia [25]. 
Lastly, the effects of opioid receptor stimulation on glycae-
mia have been investigated, but the exact mechanisms and 
consequences for patients receiving opioid-based medication 
have not been outlined yet.

Opioids Effects on Glycaemia

Most studies show that intravenous synthetic or endoge-
nous opioids cause an increase in blood glucose [7, 30–47]. 
These hyperglycaemic effects occurred upon administration 
of morphine [30–35, 48], fentanyl [36, 37], the µ-opioid 
receptor-specific ligand [D-Ala2, N-MePhe4, Gly-ol]-
enkephalin (DAMGO) [35, 38, 39] and the endogenous 
opioid β-endorphin [34, 40–46, 49, 50]. Observations were 
made in humans [41, 42, 50, 51], dogs [48, 49], cats [31, 33], 
sheep [35, 38], rabbits [47], rats [37, 40, 43] and mice [30, 
32, 34, 39]. Lastly, most studies explored direct effects of 
opioid infusion on blood glucose, but hyperglycaemic effects 
of opioids were also observed during an insulin tolerance 
test [39] and glucose tolerance test [39, 44].

In order to comprehend the consequences for people 
receiving opioid prescriptions, it is important to assess the 
magnitude of changes in glycaemia. In four studies inves-
tigating the effect of intravenous infusion of β-endorphin 
in humans, responses ranged from an increase of 8.2 mg/
dL (0.5  mmol/L) [51] to an increase of 37.8  mg/dL 
(2.1 mmol/L) [50]. More importantly, these increases were 
rather long lasting: a 30 s intravenous bolus of β-endorphin 
resulted in elevated glycaemia lasting over one hour [41] up 
to two hours [51]. Considering that opioids are frequently 
used multiple times throughout the day [52], these hyper-
glycaemic side effects can have serious consequences for 
maintenance of normal blood glucose levels. The effects 
appear to be dose dependent: the studies with the lowest 
dose also reported the smallest increase in glycaemia [41, 
42, 51], and the highest dose given also resulted in the most 
pronounced increase [50]. However, in a small comparison 
study between 3 different dosages (2 subjects were tested 
for each dose) no statistical differences in hyperglycaemia 
were reported [51]. Furthermore, all these experiments were 
performed using intravenous infusion of β-endorphin; thus, 
there is a need for studies investigating the effects of oral 
opioid prescriptions on blood glucose.
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While the hyperglycaemic effects of intravenous opioids 
are robust and highly reproducible, several other experi-
mental conditions led to other observations. Firstly, the 
site of opioid receptor stimulation can affect the glycaemic 
response. Intravenous or intracerebroventricular infusion of 
opioids increased glycaemia [7, 30–46], but injection into 
the spinal canal lowered blood glucose in three studies in 
rats and mice [32, 53, 54], and intraperitoneal injection in 
mice had no effect on glycaemia [55], indicating that spe-
cific sites of stimulation can cause differential effects on 
glucose levels. Importantly, the dose–response curve might 
differ between routes as a dose of β-endorphin that had no 
effect when administered intravenously increased glycae-
mia when infused intracerebroventricularly in dogs [49]. 
Furthermore, at very low doses (injected intravenously in 
sheep), morphine can have hypoglycaemic effects [35, 38]. 
Lastly, during a somatostatin clamp in dogs where insulin 
and glucagon were artificially clamped at a constant level, 
β-endorphin lowered glucose production in the liver and 
morphine lowered blood glucose levels [48, 56], suggesting 
that the hyperglycaemic effects of opioid stimulation require 
fluctuations in pancreatic hormone release.

In addition, also blood glucose levels at the onset are 
important for the subsequent effects of opioid administra-
tion. For instance, baseline hyperglycaemia, as often found 
in patients with T2DM, drastically alters the effects opioids 
have on blood glucose levels. In obese rats and mice (that 
show glycaemic disturbances), both a single β-endorphin 
infusion [30, 57] and repeated infusions of a peripheral 
µ-opioid receptor agonist over the course of three days [58] 
lowered blood glucose levels (without altering food intake). 
These hypoglycaemic effects of opioids were confirmed 
in patients with T2DM [59, 60]. Two strong findings indi-
cate that it is hyperglycaemia per se, and not obesity per 
se, that alters opioids’ effects on blood glucose concentra-
tions. Firstly, in a Type 1 DM model where mice are not 
obese but do have severe hyperglycaemia, similar glucose-
lowering effects of opioid stimulation were found [61–63]. 
Secondly, in subjects with obesity that were not hypergly-
caemic, β-endorphin infusion increased glycaemia, similar 
to subjects with a normal weight [64]. On the contrary, 
in both subjects with diabetes and a normal bodyweight, 
the hyperglycaemia at baseline caused reductions in blood 
glucose upon β-endorphin infusion [65]. Lastly, in healthy 
subjects that were kept under hyperglycaemic conditions, 
β-endorphin infusion also lowered glycaemia [41]. Thus, 
when blood glucose levels are elevated at the onset of opioid 
stimulation, opioids have glucose-lowering properties.

Obesity itself, in the absence of hyperglycaemia, appears 
to have a twofold effect on opioid-induced changes in glycae-
mia, depending on the dose of opioid administered. At very 
low concentrations, β-endorphin increases blood glucose 
in subjects with obesity while having no effects on blood 

glucose levels in individuals with a healthy bodyweight 
[64]. A similar rise in glucose in subjects with a healthy 
bodyweight and in subjects with obesity was observed with 
moderate concentrations [66], whereas in the highest tested 
concentrations subjects with obesity showed a smaller 
increase in glycaemia than subjects with a healthy body-
weight [65]. These findings show that in normoglycaemic 
individuals with obesity, sensitivity to opioid stimulation is 
altered. Whether only the administered dose of opioids fur-
ther modulates the response to opioids, or also the presence 
of other obesity-related comorbidities such as sleep apnoea, 
which can affect insulin sensitivity [67], is not yet known. 
More detailed research is needed to explain these findings 
and anticipation of these dose-dependent side effects of pre-
scribed opioids on glucose metabolism in this population is 
recommended.

Opioid Stimulation of Glucoregulatory 
Hormones

Opioid stimulation can increase glycaemic levels through 
a number of different pathways, including modulation of 
glucoregulatory hormones such as insulin, glucagon, epi-
nephrine and cortisol (Fig. 1). Below we list what has been 
reported for opioid-induced changes in the release of these 
glucoregulatory hormones.

Pancreatic Hormones

Opioids can modulate the release of pancreatic hormones 
by directly acting on opioid receptors in the pancreas, where 
particularly the µ- and δ-opioid receptor are expressed [68]. 
Furthermore, enkephalin [69] and β-endorphin are found 
within pancreatic islets [70, 71], suggesting that endogenous 
opioids may also be released locally to affect pancreatic hor-
mone release. Lastly, opioids can alter pancreatic hormone 
release through central effects on the brain that cause altera-
tions in sympathetic nervous system activity within the pan-
creas, as was shown for intracerebroventricular infusion of a 
µ-opioid receptor agonist [39].

For insulin, highly conflicting results have been found. A 
number of studies indicated that insulin secretion is reduced 
upon opioid infusion, thereby possibly mediating the hyper-
glycaemic effects that are usually observed [30, 39, 40, 43, 
44, 46]. On the contrary, other studies found an increase in 
insulin release, which is attributed to an increase in blood 
glucose observed after opioid stimulation [37, 41, 42, 45, 48, 
49, 55]. Studies on the direct effect of opioid receptor stimu-
lation onto pancreatic islet isolates reported both an increase 
[72–76] and a decrease in insulin secretion [72, 73, 76, 
77]. Several factors could explain the discrepancies found 
between these studies. Firstly, the extracellular glucose 
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concentration can affect the insulin response [41, 55] and 
may have differed between studies. Secondly, depending on 
the concentration of the opioid given, different effects may 
be observed [42, 72, 73]. For example, low concentrations of 
an enkephalin analogue stimulated insulin release, whereas 
high concentrations inhibited insulin release at similar glu-
cose concentrations [73]. Lastly, the type of opioid appears 
to have differential effects: in vitro application of enkepha-
lin onto pancreatic islet cultures inhibited insulin release, 
whereas morphine administration stimulated it [76]. How-
ever, even when separating the in vivo studies for type of 
opioid given, still both increases and decreases in insulin 
release are reported. Future studies will have to unravel these 
discrepancies to better understand the regulatory effects of 
opioids on insulin secretion.

Glucagon was not measured in all studies, but the vast 
majority of studies that did measure glucagon indicate an 
increased secretion [40, 42–45, 48]. Only two studies found 
that glucagon did not change [37, 46]. Interestingly, in sev-
eral studies, the increase in glucagon was seen in combi-
nation with enhanced insulin secretion [42, 45, 48]. This 
indicates that opioids can directly affect glucagon secre-
tion, thereby overruling the suppressing effects of insulin 
on glucagon secretion. The effect of the opioid system on 
glucagon secretion might be responsible for the increase in 
blood glucose since glucagon stimulates hepatic glucose 
production.

Interestingly, the hypoglycaemic effects of opioids 
found in subjects that are hyperglycaemic at baseline pro-
vide more insights into the effects on pancreatic hormone 
release. Firstly, both in healthy subjects that were kept under 
hyperglycaemic conditions and Type II DM patients that 

suffer from high blood glucose levels, β-endorphin infusion 
stimulated insulin release, thereby lowering glycaemia [41, 
59, 60]. This indicates that at least part of the hypoglycae-
mic effects of opioids can be attributed to opioids’ ability 
to stimulate insulin release. However, there are also insulin-
independent effects on glycaemia that underlie the hypogly-
caemic effects observed in the streptozotocin-induced Type 
I DM animal models [61–63]. For example, it appears that 
activation of the µ-opioid receptor increases glucose uptake 
by muscle cells [78], possibly through induction of protein 
kinase C-ζ activity that triggers glucose transporter 4 trans-
location to the cell membrane, thereby facilitating glucose 
uptake independent of insulin’s action [79, 80]. Interestingly, 
ob/ob mice (which are highly obese and hyperglycaemic) 
showed significantly more β-endorphin binding on muscle 
cells [81, 82]. If opioid receptor activation can stimulate glu-
cose uptake through an insulin-independent pathway, greater 
opioid receptor binding in obese and hyperglycaemic mice 
could be an additional explanation for the hypoglycaemic 
effects in these mice. Whether the increased availability of 
opioid receptors indeed contributes to the glucose lower-
ing effects, and whether this phenomenon is also present in 
human subjects with hyperglycaemia, remains to be deter-
mined. Furthermore, any opioid side-effects on glycaemia 
will likely occur through a combination of insulin-dependent 
and -independent effects.

One clear exception to the concept of both insulin-
dependent and insulin-independent effects on glycaemia is 
the effects observed in Type 1 DM patients. Unfortunately, 
only one study to date has investigated whether opioids also 
have insulin-independent glucose-lowering effects in Type I 
DM patients. This study found that infusion of β-endorphin 

Fig. 1   Physiological effects of 
opioid stimulation, resulting in 
hyperglycaemia. CNS = central 
nervous system
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in insulin-using patients with DM highly stimulated gluca-
gon release thereby increasing blood glucose levels [45]. 
However, while these patients were instructed to stop their 
medications 12 h before the experiment, the authors state 
that they likely still had exogenous insulin present in their 
circulation, as they had fasting glucose levels that were 
highly comparable to healthy individuals [45]. This com-
plicates the comparison to the Type I DM animal models, 
because rats and mice used in these models have severe 
hyperglycaemia, and as previously outlined, glycaemic val-
ues before opioid infusion can dramatically alter opioids’ 
effects on blood glucose levels.

Sympathetic Nervous System

Another pathway through which blood glucose levels can 
be increased is through activation of the sympathetic nerv-
ous system. Activation of the sympathetic nervous system 
causes release of the neurotransmitter norepinephrine from 
postganglionic neurons innervating various organs, and 
it also increases plasma levels of (nor)epinephrine that is 
produced in the medulla of the adrenal gland. Opioids may 
increase sympathetic nervous output through affecting the 
central control of the autonomous nervous system [83], at 
the level of the spine [84], or through direct release of (nor)
epinephrine by the adrenal gland [85]. A highly consistent 
increase in plasma (nor)epinephrine levels upon opioid infu-
sion is reported [36, 47–49, 83, 86–90].

Obesity itself is linked to increased sympathetic nerv-
ous system activation [91], possibly through the pres-
ence of comorbidities such as sleep apnea that can also 
enhance sympathetic tone [92]. Interestingly, obesity 
in the absence of hyperglycaemia affects the combined 
effects that β-endorphin and epinephrine have on glycae-
mia: the increase in glycaemia after combined infusion of 
β-endorphin and epinephrine was greater in individuals with 
obesity than in individuals with a healthy bodyweight, even 
though the glycaemic response to infusion of β-endorphin 
or epinephrine by itself did not differ between individuals 
with or without obesity [66]. Thus, it appears that obesity 
increases the synergistic effects of β-endorphin and epineph-
rine infusion on glycaemia. Whether the increased sympa-
thetic tone during obesity also modulates the stimulating 
effects of opioids on sympathetic nervous system activity 
remains to be explored.

Cortisol

Like the sympathetic nervous system, opioids can influence 
cortisol release through binding to receptors in the hypo-
thalamus, but also through effects on the pituitary or the 
adrenal gland itself [93]. However, unlike the opioid effects 
on the sympathetic nervous system, opioid-induced changes 

in cortisol release are not consistent. Most importantly, it 
appears that there is a species difference in the effect opi-
oids have on the release of glucocorticoids. For dogs and 
rats, a consistent increase in corticosterone release is found 
[36, 48, 49, 94–96], whereas in humans only a suppression 
of cortisol release is reported [97–100]. Therefore, cortisol 
is not likely to play a strong role in the consistently found 
hyperglycaemic effects of opioid stimulation in humans, as 
a decrease in cortisol is not expected to increase glycae-
mia. However, the decreased release of cortisol in response 
to opioid administration could play a role in the hypogly-
caemic response to opioids that is seen when hyperglycae-
mia occurred at baseline. Whether the decrease in cortisol 
release upon opioid stimulation is the same in subjects that 
have hyperglycaemia, and whether reduced cortisol release 
indeed plays a factor in lowering glycaemia, remains to be 
investigated.

Endogenous Opioid Release in Response 
to Changes in Glycaemia

While opioid administration affects glycaemia, changes in 
blood glucose levels also trigger a release of endogenous 
opioids, indicating a reciprocal relationship. For instance, 
hypoglycaemia, triggered by an insulin infusion, increases 
β-endorphin levels [101–106] and during exercise, when 
glucose is needed to fuel muscle activity, β-endorphin 
secretion into the blood is enhanced [107–110]. Interest-
ingly, the rise in plasma β-endorphin levels during exercise 
is intensity and duration dependent, suggesting that meta-
bolic needs influence the β-endorphin response [111]. Fur-
thermore, β-endorphin also stimulates glucose uptake by 
the muscle and the sensitivity to β-endorphin is higher in 
contracted than non-contracted muscles [78]. Unlike hypo-
glycaemia, a rise in blood glucose levels (such as during an 
glucose tolerance test) did not increase plasma β-endorphin 
in most studies [112–116], or only mildly in some studies 
[117–119]. Thus, it appears that endogenous opioids are pri-
marily released when there is an increased need for available 
glucose, such as during insulin-induced hypoglycaemia or 
during exercise, which is in line with the hyperglycaemic 
effects of opioid stimulation.

Interestingly, normoglycaemic subjects with obesity show 
increased baseline plasma β-endorphin levels [112–115, 
118, 120, 121]. Furthermore, unlike in individuals with a 
healthy bodyweight, in subjects with obesity an increase in 
β-endorphin release was observed during a glucose tolerance 
test or after the consumption of a carbohydrate rich meal 
[112, 113, 117, 121, 122], though this effect was not reported 
in all studies [114, 117, 118]. Contradictory results have 
been found for the effects of DM on plasma β-endorphin 
levels. An increase in plasma β-endorphin concentrations 
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specifically in non-insulin dependent patients was reported 
[123], whereas another study found no difference between 
non-insulin-dependent patients and controls [124]. Unfortu-
nately, very little information about the type of DM or body 
weight is available for these two studies, thereby complicat-
ing the interpretation of these data. A third study investigat-
ing insulin-dependent patients with DM and a healthy body 
weight showed that both the normoglycaemic and the hyper-
glycaemic patients with DM had lower baseline β-endorphin 
concentrations and also found no increase in β-endorphin in 
response to exercise [125]. Thus, it is possible that in normal 
weight individuals DM lowers β-endorphin levels, whereas 
obesity in the absence of disruptions in blood glucose levels 
increases plasma β-endorphin concentrations.

As previously mentioned, obese mice had an increased 
number of µ- and δ-opioid receptors on skeletal muscle cells 
[81, 82]. Changes in opioid receptor expression in response 
to obesity in humans have only been reported in the brain, 
where a decrease in µ-opioid receptor availability in multiple 
brain areas was observed in individuals with morbid obesity 
[126, 127]. Whether these changes are the result of altered 
levels of endogenous opioids remains to be determined. Fur-
thermore, a study in mice showed that binding of synthetic 
opioids to receptors on immune cells triggers the release 
of endogenous opioids [128], pointing to an interaction 
between synthetic and endogenous opioids. Thus, it would 
be of great interest to study how obesity-induced disruptions 
in the body’s endogenous opioid system affect the response 
to opioid medications.

Future Directions

While many studies have explored the effects of opioid 
stimulation on glycaemia, a number of questions remain to 
be answered. Firstly, most studies investigated the effects of 
intravenous opioid administration. However, the majority of 
prescribed opioid medication is orally administered [25]. As 
we pointed out, administration route can affect the opioid-
induced changes in glycaemia, and it is therefore crucial to 
further investigate the most common route of administration. 
Furthermore, the duration of analgesia for most prescribed 
opioids is much longer (around 4 h for most [25]) than in 
the studies that investigated the effect on blood glucose. 
Whether the effects on glycaemia also last several hours 
after oral opioid administration remains to be determined.

Secondly, the mechanisms by which opioid-induced 
hyperglycaemia occurs remain to be unraveled. Some studies 
have tried to narrow down how opioid stimulation increases 
blood glucose levels by investigating the direct effects on 
pancreatic hormone release, or by clamping pancreatic hor-
mones to assess any direct effects of opioid stimulation. 
However, while isolating one element of opioids’ effects on 

the control of glycaemia provides detailed information about 
that element, it remains difficult to translate these findings 
back to a physiological setting. For example, during a soma-
tostatin clamp, opioids lower endogenous glucose produc-
tion in the liver [56], but concluding that therefore opioids 
will have glucose lowering effects is incorrect because the 
opioid-induced changes in for example glucagon release 
might outweigh the direct effects on endogenous glucose 
production. To truly unravel the mechanisms by which opi-
oids affect glucose levels, more studies exploring different 
physiological situations (e.g. fasting or after a meal) are 
needed.

Thirdly, reviewing the current literature, we hypothesize 
that hyperglycaemia at the onset of opioid stimulation can 
alter the effects opioids have. This hypothesis will have to 
be further tested, including the mechanisms by which these 
changes occur. Furthermore, it appears that obesity can 
increase the sensitivity for opioid-induced hyperglycaemia, 
and it would be of interest to further pinpoint where in the 
development of insulin resistance during obesity this sen-
sitivity for opioid-induced hyperglycaemia changes so that 
with higher levels of hyperglycaemia, opioids become hypo-
glycaemic. One step in this direction would be to further 
map the changes in central and peripheral opioid receptor 
expression, during obesity and DM.

Conclusions and Implications

In conclusion, we described that opioids cause a significant, 
clinically relevant, long lasting increase in blood glucose. 
These findings were reproduced in many different studies, 
using different agonists, animal models and experimen-
tal settings. One important exception to the hyperglycae-
mic effects of opioids was found: when hyperglycaemia is 
present at baseline, opioids can actually lower glycaemia. 
The mechanisms by which these changes occur still require 
thorough investigation and studies should focus on opioid-
induced alterations in hormone release as well as changes in 
insulin-dependent and insulin-independent glucose uptake. 
Glycaemia itself affects release of endogenous opioids, as 
during hypoglycaemia endogenous opioids are released into 
the circulation, indicating a reciprocal relationship. Lastly, 
obesity alters the sensitivity to opioids, opioid receptor 
expression and baseline endogenous opioid plasma concen-
trations. While many studies have explored how intravenous 
infusion of opioids affects glycaemia, substantial evidence 
on the effects of oral opioid-based medications on blood glu-
cose levels is greatly needed. Nonetheless, based on the large 
number of studies confirming the hyperglycaemic effects of 
opioids, clinicians are encouraged to consider these possi-
ble side effects when prescribing opioid-based medications, 
particularly for patients with obesity and DM.
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