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Abstract

Purpose of Review: Opioid use disorder (OUD) is a chronic, relapsing condition that is
epidemic in the USA. OUD is associated with serious adverse consequences, including higher
incarceration rates, impaired medical and mental health, and overdose-related fatalities. Several
medications with demonstrated clinical efficacy in reducing opioid use are approved to treat
OUD. However, there is evidence that medications for OUD cause metabolic impairments, which
raises concerns over the long-term metabolic health of individuals recovering from OUD. Here,
we summarize the scientific literature on the metabolic effects of the use of opioids, including
medications for treating OUD.

Recent Findings: Our findings showed lower body weight and adiposity, and better lipid
profiles in individuals with OUD. In individuals with diabetes mellitus, opioid use was associated
with lower blood glucose levels. In contrast, among individuals without underlying metabolic
conditions, opioids promoted insulin resistance. Treatment of OUD patients with the agonists
methadone or buprenorphine caused weight gain, increased liking and intake of sugar, and
impaired lipid profile and glucose metabolism, whereas treatment with the antagonist naltrexone
demonstrated evidence for reduced sweet preferences.

Summary: Our findings highlighted a gap in knowledge regarding the safety of medications for
OUD. Further research is needed to determine how best to reduce the risk of metabolic disorder in
the treatment of OUD with opioid agonists versus antagonists.
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INTRODUCTION

The current opioid epidemic is a major public health problem that stemmed from the
over-prescription of opioids in the late 1990s before their addictive properties were fully
characterized [1]. Between 1999 and 2010, prescriptions for opioid pain relievers, such

as hydrocodone, codeine, and oxycodone, quadrupled and substantially increased opioid-
related overdose deaths [1]. The opioid epidemic has since been exacerbated by the
advent of highly potent synthetic opioids, such as fentanyl [2]. Opioid use disorder (OUD)
is defined in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), as a problematic pattern of opioid use leading to clinically significant impairment
or distress, which may include the development of opioid tolerance, opioid withdrawal
symptoms, opioid craving, and/or a persistent desire or unsuccessful efforts to cut down
or control opioid use [3]. Therefore, OUD is associated with adverse socioeconomic,
psychiatric, and health consequences that reduce the quality of life in affected individuals

[4].

While the detrimental effects of opioid use have been well studied, much research

has focused on the neuropathophysiology of addiction, and no extensive review of
metabolic dysfunctions in individuals with OUD has been published. Furthermore, although
medications for OUD with opioid agonists (e.g., methadone and buprenorphine) and
antagonist (e.g., naltrexone) have proven clinical utility in curbing opioid misuse [5] and
preventing overdose-related fatalities [6], there is emerging evidence that these medications
may cause metabolic dysfunction [7]. Here, we summarize the scientific literature to
identify the metabolic consequences of medications for OUD and the potential need for
modifications in OUD treatment strategies.

Metabolic syndrome (MetS) is a cluster of signs associated with an increased risk of
cardiovascular disease and diabetes. Diagnosis of MetS typically involves meeting at least
three of the following five criteria or taking a prescription medication to manage the
associated symptoms: (1) waist circumference >88/102 cm [females (F)/males (M)], (2)
triglyceride =150 mg/dl, (3) high-density lipoprotein (HDL) level <50/40 mg/dl (F/M), (4)
blood pressure >130/85 mmHg, and (5) fasting glucose =100 mg/dl. Diagnostic criteria vary
slightly across advisory organizations. The National Cholesterol Education Program Adult
Treatment Panel 111 requires a minimum of three criteria without further specification, while
the International Diabetes Federation diagnostic criteria require individuals to present with
central adiposity (i.e., high waist circumference) and two of the other four MetS symptoms.
Recommendations from International Diabetes Federation additionally stipulate a lower
central adiposity threshold of waist circumstance of =80/94 cm (F/M) [8,9,10].

Individuals with MetS often experience chronic pain that necessitates the use of prescription
opioids and thus are at a higher risk of developing OUD than non-MetS individuals. For
example, neuropathic pain is a common complication of diabetes [11], while opioid use
may produce physiological adaptations that contribute to the development of MetS [7]. In
this review, we will examine the effects of OUD and medications for OUD on each of the
five MetS signs and discuss possible mechanistic pathways that underlie OUD-associated
metabolic dysfunction. We identified articles on OUD, opioid use, and metabolic syndrome
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between August 2021 and April 2024 using PUBMED and Google Scholar and included
additional studies listed in the reference sections of relevant articles. We only considered
articles written in English. Articles presented in this review comprised studies of synthetic/
semisynthetic opioids (i.e., heroin) and naturally derived opioid (e.g., morphine, crude
opium [Teriak], and opium sap [Shireh]). Given the variations in study populations and
diagnoses, we used the terms “individuals with OUD” or “individuals who use opioids”
based on whether a diagnosis of OUD is defined in the article being considered.

Being overweight or obese has been associated with an increased risk for metabolic and
cardiovascular diseases and various cancers [12]. However, there is growing evidence to
support the notion of the “obesity paradox,” in which higher body mass index (BMI) was
associated with reduced mortality, suggesting that individuals with obesity/elevated BMI do
not necessarily have obesity-related health consequences [13]. Furthermore, weight stigma
has been found to have profound negative psychological and physiological consequences
[14, 15]. While acknowledging the importance of discussing the health implications of
BMI status, this review will solely focus on the role of opioid use in the development and
perpetuation of MetS.

METABOLIC SYNDROME

The prevalence of MetS among individuals who use opioids varies widely across studies
from 5.1 [9] to 56% [16], likely due to between-study differences in MetS diagnostic
criteria, types of opioids used (crude opium [Teriak] vs. synthetic opioid [heroin]),
administration of medications for OUD (whether administered and, if so, its type, dosage,
and duration), study location, and participant characteristics (Table 1). In studies of
inpatients with OUD that did not specify whether medications for OUD were used, MetS
prevalence ranged from 5.1 [9] to 29.3% [7]. A study that included both individuals who
occasionally used opioids and individuals with OUD showed a modestly higher MetS
prevalence in both opioid-using cohorts (39.0-39.6%) than those who never used opioids
(36.4-37.2%) [17]. Using the International Diabetes Federation diagnostic criteria for MetS,
current opioid users had significantly higher odds of MetS than non-users after adjusting
for gender, age, BMI, and cigarette smoking. However, no significant difference was
observed when the diagnostic criteria from the National Cholesterol Education Program
Adult Treatment Panel 111 for MetS were applied, likely attributable to the overdiagnosis of
MetS in the non-user group [17].

In individuals undergoing buprenorphine treatment for OUD, 19.2% met the study-specified
criteria for a MetS diagnosis compared to 29.5-56.3% of individuals receiving methadone
[16, 18]. Binary logistic regression for MetS diagnosis demonstrated that longer exposure
to methadone, but not buprenorphine, was associated with greater odds of developing MetS.
Furthermore, the length of methadone use was positively correlated with blood serum levels
of triglyceride, HDL, and glucose [16, 18]. Given the increasing prevalence of MetS in

the current obesogenic environment and its associated comorbidities, cognizance of the
metabolic effects of OUD medications can help in selecting the best treatment options.
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Metabolic Signs: Anthropometric Measurements

Diagnostic criteria for MetS stipulate waist circumference. However, due to the paucity
of opioid studies that referenced waist circumference, we utilized anthropometric
measurements (i.e., BMI) as proxies. Although BMI highly correlates with waist
circumference (R = 0.78, p <0.01) [19] and is widely used due to ease of measurement,
it is important to note that it does not provide information on the distribution of adipose
tissue or muscle mass [20].

Several lines of evidence showed that individuals with substance use disorders, including
alcohol, methamphetamine, and opioids, have lower body weight than the general
population [21,22,23,24]. One study examined individuals with substance use disorder from
a clinical trial network and compared them to an age-, sex-, and race-matched general
population sample from National Health and Nutrition Examination Survey. Individuals
with OUD had a lower BMI (24.9 kg/m?, respectively) than those with stimulant use
disorder (28.1 kg/m?) and the general population sample (29.0 kg/m?, respectively) [21]. An
anthropometric study revealed that individuals who smoke or inject heroin had 3.8% and
5.0% less body fat, respectively, than those who do not [24].

Opioid agonist therapies methadone and buprenorphine are highly effective treatments for
OUD and are often associated with weight gain. In a prospective study, the BMI of patients
undergoing methadone maintenance treatment increased from 22.5 to 24.3 kg/m? at the first
follow-up (~ 270 days from baseline) and 25.9 kg/m? at ~ 840 days from baseline [25].
Other studies of methadone treatment showed that females gained more weight than males
[26] (recently meta-analyzed in [27]) and changes in BMI occurred concomitantly with
changes in body composition. Specifically, body fat increased from 25.3+10.0 to 30.6+9.3%
and muscle mass decreased from 71.0+9.6 to 65.8+8.9% within 1 year of initiating
methadone treatment [28]. Buprenorphine demonstrated similar weight-inducing effects as
methadone. In one study, 4 months of buprenorphine/naloxone treatment was associated
with significant weight gain, from 63.86+8.78 to 68.49+8.65 kg [29]. In a comparison of
methadone and buprenorphine treatments, both groups exhibited similar anthropometric
characteristics, supporting the idea that methadone and buprenorphine produce similar
weight-inducing effects [16].

Antagonism of opioid receptors with naltrexone is another effective approach of OUD
treatment [30]. The oral formulation of naltrexone in combination with bupropion has been
shown to reduce body weight and is approved by the Food and Drug Administration for
obesity management under the trade name Contrave® [31]. However, studies examining the
weight-reducing effects of naltrexone monotherapy have yielded mostly null results [32,

33]. Although first approved as an oral formulation for OUD treatment, naltrexone is also
available as a monthly extended-release intramuscular injection (XR-naltrexone). To the best
of our knowledge, only one study examined weight changes in naltrexone-treated OUD
patients. The study compared body weights between naltrexone- and methadone-treated
individuals and found no significant differences. Methadone- and XR-naltrexone-treated
participants exhibited 3.67% and 6.69% weight gain, respectively, from baseline to 6 months
of treatment, but the change was non-significant. The study included a small sample size and
may have been statistically underpowered [34].
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Metabolic Signs: Lipid Profiles

According to folklore in some southern and central Asian countries, opioids are
cardioprotective and prevent dyslipidemia [35]. The validity of such a belief was examined
in several studies and covered in two reviews [35, 36]. A summary of currently available
clinical findings on this question is presented in Table 2. In the largest cross-sectional

study to date comprising 2239 individuals who use opioids, opioid use was significantly
associated with lower levels of total (TC), low-density lipoprotein (LDL), and high-density
lipoprotein (HDL) cholesterol [37, 38]. The findings are consistent with some earlier studies,
but others have yielded null results. Findings of antilipidemic effects of opioids should be
interpreted with caution as a plethora of factors, such as dietary habits, physical activity, and
concomitant drug use, may confound the effects of opioid use on lipid levels. It should be
noted that in addition to the beneficial cholesterol-lowering effects of opioids shown in some
studies, opioid use has also been associated with a reduction in “good” HDL cholesterol
levels. One study showed that total cholesterol and LDL levels were negatively correlated
with opioid craving, although a causal relationship could not be inferred [39].

In a preclinical study, 10 days of methadone administration significantly decreased HDL and
increased LDL cholesterol levels in both male and female rats, and decreased triglyceride
levels in male rats [51]. A clinical study showed lower HDL levels in methadone-treated
than buprenorphine-treated individuals. Additional analysis indicated that the duration of
buprenorphine exposure was positively correlated with HDL levels, whereas the duration
of methadone exposure was negatively correlated with HDL and positively correlated

with triglyceride levels [16]. In contrast, a 6-month study of methadone treatment showed
significantly increased serum triglyceride levels from baseline with no effect on cholesterol
levels [52]. Despite the inconsistencies, these findings suggested dyslipidemia following
methadone treatment. Further investigation of the relationships between medications for
OUD and lipid profiles is warranted.

Metabolic Signs: Blood Pressure and Hypertension

Studies in healthy controls have shown vasodilation following a single intravenous injection
of morphine [53, 54]. However, the long-term impact of chronic opioid use on blood
pressure is unclear. One study found that OUD patients had significantly higher systolic
blood pressure than non-OUD controls but no differences in diastolic blood pressure [47].
Another study demonstrated an increased prevalence of hypertension among individuals who
use opioids than those who do not [17]. Despite significant findings, both studies were
limited by not controlling for potential baseline differences in known factors associated with
blood pressure, such as sex, age, body weight, and cigarette smoking [55]. A study that
matched individuals who use versus never used opioids on age, sex, and smoking status
showed no significant difference in blood pressure but found greater severity of coronary
atherosclerosis in individuals who use opioids as assessed with Gensini score and extent
score [48]. Other studies showed no differences in blood pressure between individuals
based on an OUD diagnosis [56, 57], and one showed that opioid use reduced the severity
of myocardial infarction [46, 58]. Much of the extant studies associating opioid use with
cardiac outcomes were conducted in India or Iran and, in some studies, the opioid used
included non-pharmaceutical opioid formulations (e.g., crude opium [Teriak] and opium sap
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[Shireh]). Differences in the type, route of administration (i.e., oral, smoking, or intravenous
injection), dosage, and duration of opioid use likely contributed to the inconsistent study
findings [50]. Furthermore, there is a paucity of literature on the effects of medications for
OUD. Therefore, studies are needed to establish the effects of opioids on blood pressure and
hypertension [59].

Metabolic Signs: Glucose Metabolism

Both endogenous and exogenous opioids alter glucose metabolism in clinical and preclinical
models [60, 61]. The glucose-altering effects of opioids are dependent upon baseline glucose
levels. Seminal papers dating back to the 1980s reported hyperglycemia in individuals

with OUD [62, 63], similar to individuals with non-insulin-dependent diabetes mellitus

[64]. However, opioids appear to have hypoglycemic effects in individuals with baseline
hyperglycemia, such as diabetes mellitus [65] (Table 3).

Altered secretion of glucoregulatory hormones may mediate the glycemic effects of opioids.
The pancreas, the major endocrine organ that regulates glucose levels through secretion

of insulin and glucagon, expresses opioid receptors [69]. Individuals with OUD show
impaired insulin sensitivity. Individuals with OUD exhibited higher fasting levels of insulin
and glucagon than age-, sex-, and weight-matched control participants. Furthermore, OUD
individuals exhibited a blunted and delayed insulin response to an intravenous glucose

load [62, 63] but normal insulin responses to arginine, similar to the dysfunctional pattern
of pancreatic beta cell activity in non-insulin-dependent diabetes mellitus [70]. There are
variable findings in comparisons between glucose levels in individuals with OUD and
controls, with some studies showing no difference in blood glucose levels [40, 42, 67]

and others showing elevated glucose at fasting or in response to oral/intravenous glucose
stimulation [41, 63]. In one study, the rate of glucose utilization in the OUD group fell to the
diabetic range (OUD vs. control: Kg = 0.96+0.09%/min vs 1.65+0.10%/min) [62].

A rodent study showed that daily methadone administration over a 35-day period increased
resting serum glucose [51, 71] and impaired oral glucose tolerance (i.e., higher levels of
serum glucose after administration of an oral glucose load) [58]. The rats also demonstrated
impairments in key enzymes related to glucose metabolism (i.e., diminished glycolytic
activity of hexokinase and phosphofructokinase-1), resulting in a higher plasma glucose
concentration [71]. This was accompanied by greater gluconeogenic activity of glucose-6-
phosphatase and fructose-1,6-biphosphatase, augmenting the production of plasma glucose
[71]. These findings led the authors to conclude that methadone maintenance produces a
metabolic state similar to non-insulin-dependent diabetes.

Disturbances in glucose metabolism have clinical implications for individuals with OUD
who receive methadone treatment. In a prospective chart review study, 18% of methadone-
maintained OUD individuals were diagnosed with diabetes mellitus, nearly double the 9.6%
prevalence in the general population [72]. The association between buprenorphine and
glucose metabolism is less clear than that for methadone. In individuals undergoing hip
replacement surgery, 0.3 mg buprenorphine was injected intravenously during the induction
of anesthesia. Then, 0.4 mg was administered sublingually during the postoperative period,
approximately 3 h after the first dose. Blood glucose increased following the intravenous
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dose but decreased at 3 h following the second dose of buprenorphine [73]. Thus,
buprenorphine may increase glucose concentration at low initial doses but depress them
at higher or subsequent doses [64].

MECHANISMS OF ACTION

Elucidating the mechanistic pathways underlying opioid- and medications for OUD-
associated metabolic differences is key for developing interventions to address these effects
clinically.

(1) Alterations in Brain Reward Circuitry, Eating Behavior, and Taste Perception

Brain reward circuitry promotes the continued performance of a behavior following the
pairing of the behavior with a pleasurable outcome [74]. Neutral audiovisual stimuli that
repeatedly signal the arrival of reward can become conditioned stimuli (i.e., cues) and trigger
conditioned responses that include reward seeking. As such, exposure to food cues increases
craving for food, activates the reward circuitry in the brain that includes the basal ganglia
and prefrontal cortex [75, 76], and contributes to eating and weight gain [77]. Chronic opioid
exposure attenuates reward sensitivity [78]. Given the higher reward potency of drugs of
abuse, patients with OUD showed heightened incentive motivation towards opioids [79] and
reduced interest in naturally rewarding activities [80]. Rats with a history of heroin use
showed reduced conditioned responses to food cues [81]. Compared to healthy controls,
patients with OUD demonstrated lower prefrontal neural activity in response to food cues
[82, 83]. Preference for opioids in lieu of food constitutes one possible mechanistic pathway
underlying weight loss in OUD individuals [78].

Seemingly in contrast with a preference for opioids in lieu of foods, individuals with OUD
maintained on opioid agonists or when abstinent demonstrated increased preference and
consumption of foods with high-sugar contents [84,85,86], with added sugar contributing

~ 30% of total caloric intake [87]. Cerebral mu-opioid receptors (MORs) are targets

of medications for OUD, and they modulate eating behavior and taste perception [88].

In rodents, genetic knockout of MOR decreased sucrose licking and the effects were
enhanced in response to the noncaloric sweetener sucralose, implicating MORs in the
hedonic or pleasurable aspect of feeding, as opposed to having a homeostatic effect

[89]. Individuals with OUD maintained on MOR agonists methadone or buprenorphine
displayed higher sweet taste thresholds than healthy controls, whereas MOR antagonism by
naltrexone reversed the sweet taste threshold to control levels [90]. In drug-naive rodents,
methadone administration significantly increased caloric intake from high fructose corn
syrup consumption at the expense of chow consumption, ultimately leading to weight

loss [91]. Several clinical studies have reported similar aberrations in the dietary habits

of methadone or buprenorphine patients, including greater consumption of unhealthy junk
foods, especially those high in sugar, with associated weight gain [64, 86, 92]. Based on
self-report, individuals on methadone add significantly more sugar to caffeinated beverages
than healthy control subjects [93]. However, in contrast to these findings, other studies have
shown no significant differences in sweetness preference, liking, or desire between patients
on buprenorphine and methadone, OUD individual in recovery, and healthy controls [93,
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94]. Opioid antagonists including the MOR antagonist GSK1521498 reduced hedonic rating
for sweetened dairy products [95]. Likewise, one injection of long-acting extended-release
MOR antagonist naltrexone in individuals with OUD significantly reduced sweet “liking”
and “wanting” ratings [96]. MORs are also involved in taste perception and naltrexone
reduced sweet taste perception in OUD individuals [90, 96]. Thus, the dual role of the MOR
in hedonic feeding and taste perception may have implications for nutritional choices and
metabolic health in individuals with OUD.

Decreased frequency of eating and poor nutrient absorption contribute to weight loss in
individuals with OUD [23, 87, 97]. Opioid receptors (mu-, delta-, and kappa-) are expressed
throughout the gastrointestinal tract, and opioid use is linked to a plethora of gastrointestinal
effects such as constipation, nausea, abdominal pain, and gas, collectively known as opioid-
induced bowel dysfunction (OIBD) [98]. Morphine slowed gastrointestinal transit time in
rats, as evidenced by an increased latency for Evans blue dye to appear in fecal matter and
reduced colonic migrating motor contractions [99]. Gastrointestinal discomfort experienced
by individuals using opioids may deter eating and contribute to weight loss. Socioeconomic
status may also contribute to altered feeding behavior. Due to the high costs of maintaining
drug use and difficulty in maintaining stable employment, individuals with OUD are

more likely than healthy individuals to experience homelessness/housing instability and

be financially limited [100]. In a cross-sectional questionnaire study conducted at a needle
exchange program, only 5.6% of the participants were employed and 51% reported having
slept outdoors in the last 6 months. A majority (54.4%) of the participants also reported
having not eaten enough due to a lack of money [101].

(2) Hormonal Changes

Hormonal changes are another possible mechanistic pathway through which opioids
dysregulate metabolism.

Adiponectin.—Adiponectin is a hormone secreted from adipocytes that prevents cardiac
dysfunction and impairments in glucose and lipid metabolism [102]. Several studies

have linked serum adiponectin levels to reduced risk of metabolic syndrome [103, 104].
Individuals using opioids had lower serum adiponectin levels than those who did not [52,
105, 106], which persisted even after adjusting for BMI, lipid levels, and the presence of
type 2 diabetes and hypertension [105]. Adiponectin levels were not significantly altered

by methadone administration and remained low in individuals following 6 months or 1

year of treatment [52, 106]. Therefore, decreased levels of cardioprotective adiponectin may
contribute to dysregulated metabolic functioning.

Homocysteine.—Homocysteine is a sulfur-containing amino acid formed from the
breakdown of protein. Enzymes implicated in homocysteine metabolism require vitamins
B4, and folate as cofactors. Elevated homocysteine metabolism was seen in OUD
individuals, likely attributable to poorer nutritional status [42, 107]. Several large-scale
epidemiological studies associated elevated homocysteine levels with elevated blood
pressure and risk of hypertension [108, 109]. Proposed mechanisms for these effects include
lower availability of the vasodilator nitric oxide, greater oxidative stress, and damage to the
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endothelial lining of vascular tissues [110]. Studies also demonstrate strong evidence of an
association of high homocysteine levels with insulin resistance and poor glucose metabolism
[111, 112]

Hypothalamic—Pituitary—Adrenal Axis Hormones.—The hypothalamic—pituitary—
adrenal axis (HPA) is an important stress response system that consists of the

sequential secretion of corticotropin-releasing hormone (CRH) from the hypothalamus,
adrenocorticotropic hormone (ACTH) from the anterior pituitary, and cortisol from the
adrenal cortex [113]. The role of cortisol in regulating body weight and metabolism is
supported by reduced and elevated body weights in individuals with pathological states of
hypocortisolism (Addison disease) and hypercortisolism (Cushing’s syndrome), respectively
[114]. In healthy individuals, morning salivary cortisol levels were positively correlated with
BMI, waist/hip circumference ratio, and abdominal sagittal diameter [115]. Cortisol may
stimulate feeding, especially “stress eating.” One study differentiated women as high or

low cortisol reactors and found greater caloric consumption following laboratory-induced
stress in high cortisol reactors. Further examination of food choices demonstrated greater
preferences for high-fat sweet foods in high cortisol reactors [116].

In patients receiving opioid analgesic therapy, approximately 9% experienced opioid-
induced adrenal insufficiency (OIAl), in which the adrenal glands produce an insufficient
amount of cortisol [117]. While OIAI is an extreme aberration in adrenal function associated
with opioid use, reduced urinary and blood cortisol levels of a less extreme nature have
been observed with opioid administration [118,119,120]. In contrast, OUD individuals
undergoing treatment with methadone had elevated hair cortisol levels [121] and increased
blood cortisol in response to yohimbine challenge compared to healthy controls [122].
Elevated cortisol levels may constitute one mechanism through which opioid use and
medications for OUD alter body weights. However, findings of altered cortisol responses
to opioids and methadone may be confounded by withdrawal-related stress [123] and the
stress/anxiety state of participants [121], so they should be interpreted with caution.

(3) Inflammation and Oxidative Stress

Oxidative stress is characterized by an imbalanced state of reactive oxygen species
accumulation accompanied by insufficient antioxidant defense [124]. Various biomarkers
of oxidative stress have been linked to metabolic signs [125]. Individuals with more
metabolic signs had higher plasma levels of H,O, and lipid peroxidation [125], markers of
oxidative stress. Adiposity is a well-established risk factor for metabolic syndrome, and the
pharmacological reduction of reactive oxygen species reversed impairments in glucose and
lipid metabolism in rodents [126], further bolstering the role of oxidative stress in metabolic
dysfunction.

The elicitation of oxidative stress following opioid exposure may contribute to metabolic
dysfunction in individuals with OUD, particularly those with co-occurring HIV. In HIV-
infected rhesus macaques, the induction of morphine dependence increased plasma levels
of malondialdehyde and 8-isoprostanes, markers of lipid peroxidation, compared to non-
morphine-dependent HIV monkeys [127]. Similar findings were obtained in mice, such that
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morphine increased mitochondrial reactive oxygen species in the spinal dorsal horn, an
effect exacerbated by the injection of HIV glycoprotein gp120 [128]. One possible pathway
implicated in morphine-associated oxidative stress is the reduction of antioxidant capacity,
as demonstrated by lower activity of superoxide dismutase, catalase, and glutathione
peroxidase in morphine-treated mice than in controls [129].

CONCLUSION

FUNDING

Although OUD is well studied, much of the research has focused on the
neuropathophysiology of addiction and there is a paucity of literature on the metabolic
effects of opioid use and recovery. Our understanding of metabolism in OUD individuals is
further limited by wide inconsistencies in the literature, which may be attributable to a lack
of differentiation between synthetic (e.g., fentanyl) and naturally derived (e.g., morphine)
opioids. Moreover, individuals with OUD are more likely to experience socioeconomic
hardship and poor health which may affect metabolic health and confound study results.
Despite the existing limitations, in this review, we reported the effects of opioid use and
MAT on each element of the metabolic syndrome and the risk of developing metabolic
syndrome.

Opioid use was associated with lower body weight and adiposity and a better lipid profile
than was seen in non-opioid-using controls. Interestingly, OUD impaired insulin sensitivity
in individuals without underlying metabolic conditions but reduced blood glucose levels

in those with diabetes mellitus. Data on the metabolic effects of agonists methadone and
buprenorphine in recovering OUD patients are limited, but suggest the occurrence of weight
gain, dyslipidemia, and hyperglycemia. Naltrexone decreases the liking and wanting of
sweet food, which may have implications for protecting against metabolic impairing, but
this remains to be further studied. Mechanisms underlying opioid-associated metabolic
alterations require further elucidation. Eating behavior and nutritional status can be further
modulated by the complex involvement of opioids in the gastrointestinal system. Although
medications for OUD provide protection against a variety of psychosocial and health
consequences, our review underscores the need to consider patients’ long-term metabolic
health and further research is needed to determine how best to reduce the risk of metabolic
disorder in OUD patients using opioid agonist medications. Studies are also needed to
elucidate the relationship between opioids and metabolism and identify factors (e.g., OUD
severity and genetic disposition) that predispose individuals to greater metabolic alterations.
A better understanding of these effects could improve treatment strategies and thereby
enhance the long-term health of individuals with OUD.
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Table 1:

Country of Study N MOUD MetS Diagnostic Criteria  MetS Prevalence (%)
India [9] 59 NS IDF 5.1

India [9] 59 NS NCEP ATP 111 20.3

India [7] 41 NS IDF 29.3

Iran [17] 811 NS IDF 39.0

Iran [17] 811 NS NCEP ATP 111 39.6

Spain [18] 122 Methadone NCEP ATP 11l 29.5

United States [16] 26 Buprenorphine  AHA 19.2

United States [16] 32 Methadone AHA 56.3

AHA: American Heart Association

IDF: International Diabetes Federation

MOUD: Medication for opioid use disorder

MetS: Metabolic Syndrome

NS: not specified

NCEP ATPIII: National Cholesterol Education Program Adult Treatment Panel I11
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Lipid profiles in individuals who use opioids

Table 2:

Page 19

Authors (year) Study population Underlying conditions Comparison to individuals not using opioids
TG TC LDL HDL

Kazemi et al (2021) 2239 use opioids None s 1l 1l l
7061 controls [37]

Sanli et al (2015) 46 OUD None s s s &
69 controls [40]

Gozashti et al (2015) 53 OUD None & 1l NR A
55 controls [41]

Masoomi et al (2015) 103 OUD None s & NR NR
114 controls [42]

Kouros et al (2010) 77 OUD (35 heroin and 42 opium)  None s A NR NR
35 controls [43]

Asgary et al (2008) 360 OUD None e & & l
360 controls [44]

Javadi et al (2014) 152 OUD Admitted for acute myocardial < g & s
152 controls [45] infarction

Dehgani et al (2013) 239 OUD Admitted for acute myocardial | B o s
221 controls [46] infarction

Hoseini etal. (2019) 45 use opioids Diabetes T s s &
135 controls

Rahimi et al (2014) 179 OUD Diabetes e & & l
195 controls [47]

Hosseini et al (2011) 228 OUD Diabetes l & & s
228 controls [48]

Azod et al (2008) 23 0UD Diabetes s s s &
46 controls [49]

Karam et al (2004) 49 OUD Diabetes s s NR U (males)

49 controls [50]

LDL: low-density lipoprotein cholesterol
HDL.: high-density lipoprotein cholesterol
TG: triglycerides

TC: total cholesterol

NR: not reported

Curr Addict Rep. Author manuscript; available in PMC 2024 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Byanyima et al.

Table 3:

Glucose metabolism in individuals who use opioids

Page 20

Authors (year) Study population Underlying conditions Comparison to individuals not using opioids
FBG HbA1lc Insulin

Hoseini et al. (2019) 45 use opioids Type 2 diabetes s & NR
135 controls [66]

Rahimi et al (2014) 179 OUD Type 2 diabetes s e NR
195 controls [47]

Hosseini et al (2011) 228 OUD Type 2 diabetes e NR NR
228 controls [48]

Azod et al. (2008) 23 0UD Type 2 diabetes 1l & NR
46 controls [49]

Karam et al. (2004) 49 OUD Type 2 diabetes e | (males) NR
49 controls [50]

Gozashti et al. (2015) 53 OUD None T & 1l
55 controls [41]

Sanli et al. (2015) 46 OUD None s NR NR
69 controls [40]

Masoomi et al (2015) 103 OUD None s NR NR
114 controls [42]

Pereska et al. (2012) 78 OUD None s NR 1A
32 controls [67]

Kouros et al. (2010) 42 OUD l NR NR
35 controls [43]

Ceriello et al. (1987) 30 OUD (15 heroinand  None 18 NR 1€
15 methadone)
15 controls [63]

Passarielle et al. (1983) 15 OUD None s NR T
15 controls [62]

Vescovi et al. (1982) 10 OUD on methadone  None s NR 1€

10 controls [68]

B_ .
During oral glucose tolerance test

Higher fasting insulin but lower insulin following glucose stimulation

FBG: fasting blood glucose

HbAlc: Hemoglobin Alc

NR: not reported
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