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Abstract

Background: Many diabetic individuals use prescription and non-prescription opioids
and opiates. We aimed to investigate the joint effect of diabetes and opiate use on all-
cause and cause-specific mortality.

Methods: Golestan Cohort study is a prospective population-based study in Iran. A total
of 50 045 people—aged 40-75, 28 811 women, 8487 opiate users, 3548 diabetic
patients—were followed during a median of 11.1 years, with over 99% success follow-up.
Hazard ratio and 95% confidence intervals (HRs, 95% Cls), and preventable death attribut-
able to each risk factor, were calculated.
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Results: After 533 309 person-years, 7060 deaths occurred: 4178 (10.8%) of non-diabetic
non-opiate users, 757 (25.3%) diabetic non-users, 1906 (24.0%) non-diabetic opiate users
and 219 (39.8%) diabetic opiate users. Compared with non-diabetic non-users, HRs (95%
Cls) for all-cause mortality were 2.17 (2.00-2.35) in diabetic non-opiate users, 1.63 (1.53-
1.74) in non-diabetic opiate users and 2.76 (2.40-3.17) in diabetic opiate users. Among
those who both had diabetes and used opiates, 63.8% (95% Cl: 58.3%-68.5%) of all
deaths were attributable to these risk factors, compared with 53.9% (95% Cl: 50%-57.4%)
in people who only had diabetes and 38.7% (95% Cl: 34.6%-42.5%) in non-diabetic opiate
users. Diabetes was more strongly associated with cardiovascular than cancer mortality.
The risk of early mortality in known cases of diabetes did not depend on whether they
started opiate use before or after their diagnosis.

Conclusions: Using opiates is detrimental to the health of diabetic patients. Public aware-
ness about the health effects of opiates, and improvement of diabetes care especially

among individuals with or at risk of opiate use, are necessary.
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Key Messages

betic patients.

* Although many individuals with diabetes use prescription and non-prescription opioids and opiates, the joint effects
of diabetes and long-term opiate use on overall and cause-specific mortality have not been studied.

¢ Patients with diabetes who were chronic opiate users were at increased risk of early mortality, and death due to cardio-
vascular diseases, cancer and other causes, compared with all other groups, including diabetics who did not use opiates.

* Public awareness about the health effects of opiate use and more attention to diabetic complications such as neurop-
athy and psychological disorders are crucial, as they may be the underlying factors leading to opiate misuse in dia-

Introduction
Diabetes mellitus and its complications, such as heart at-
tack, stroke, blindness, kidney failure, neuropathy and
lower limb amputation, impose a great and rising burden
on global health."* In 2017, about 425 million adults (aged
20-79 years) had diabetes mellitus, and this number is esti-
mated to rise to 629 million in 2045.% This increase will be
most noticeable in Africa (156%) and the Middle East
(110%).? Lifestyle modification, social support and medi-
cation adherence are important strategies for prevention
and management of diabetes and have resulted in improved
care in many high-income countries.”* However, for low-
and middle-income countries, where almost 80% of dia-
betic adults live,> such improvements are still not available
to many.” As a result, among diabetic patients, the propor-
tions of death before 60years in high-, middle- and low-
income countries are 36%, 46% and 73%, respectively.’
Opiates (opium and its derivatives) have had medicinal
and recreational uses for millennia® and were among the
commonly used treatments for diabetes in Europe before

the widespread use of modern antidiabetic medications.’*®

In the modern era, prescription opioids (natural or syn-
thetic products with opiate properties) are used mainly for
chronic pain which is unresponsive to other pain-reduction
strategies.’ In addition to their medical use, opiates and
opioids are misused by as many as 53 million people, more
than half using non-synthetic opiates such as opium, mor-
phine and heroin.” Diabetic patients may use or misuse
opioids and opiates for a number of reasons. Diabetic pe-
ripheral neuropathic pain is one of these reasons® and in one
study, prescription opioids were the most common agents
used to alleviate this pain.” On the other hand, in places
where non-prescription opiates are widely available, they
may be used as alternative pain-killers or may still be seen as
a traditional remedy for diabetes by some people.'® Limited
evidence about short-term hypoglycaemic effects of opiates
in type 2 diabetes'' may fuel these traditional beliefs, even
among health care professionals.'®!'? Finally, the mood ele-
vation experienced by recreational opiate users'’ may at-
tract some diabetic patients who are known to be at higher
risk of depression and anxiety.'®'* These psychiatric disor-
ders are more prevalent in diabetic opioid users compared
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with diabetic non-opioid users.'® There is, however, little in-
formation on the overall long-term health effects of opioid
or opiate use among patients with diabetes.'”

South-West Asia (including the Middle East) is among
hot spots of the global diabetes epidemic,”* and more than
90% of the global illicit opium is produced in this region.”
Diabetes and opiate use have been shown to be two impor-
tant risk factors in many chronic diseases in this part of the
world."® In this region, the Golestan Cohort Study (GCS)
in north-east Iran has followed up more than 50 000 adults
since 2004, of whom approximately 8500 are chronic opi-
ate users'” and 3500 have diabetes.?’ Therefore, data from
this cohort provide a unique opportunity to answer an im-
portant question about the joint effects of diabetes and opi-
ate use, using longitudinal data with long-term follow-up.

Methods

Ethics approval and consent to participation

The Golestan Cohort Study protocol was approved by the
ethical review committees of the Digestive Disease
Research Institute of Tehran University of Medical
Sciences, the US National Cancer Institute and the
International Agency for Research on Cancer. All partici-
pants provided written informed consent.

Study design

The GCS recruited a total of 50 045 general population
participants (28 811 women and 21 234 men, aged 40-
75 years) between 2004 and 2008 from among adults in
Golestan Province, Iran. Urban residents (20% of partici-
pants) were randomly selected from Gonbad city, and rural
residents (80%) were selected from 326 villages in the re-
gion. Details of the study have been described previously.*!

Baseline data collection

Trained physicians and nutritionists used a structured
questionnaire to collect demographic, medical history and
lifestyle information. Blood pressure and anthropometrics
were measured using standard protocols. History of
physician-diagnosed ~ diabetes mellitus, hypertension,
ischaemic heart disease, stroke and cancer, age of diagnosis
and any drug consumption were asked and recorded. We
defined diabetes as self-reported diagnosis by a physician
and/or taking antidiabetic drugs. We have previously
shown that self-reported diabetes had 61.5% sensitivity
and 97.6% specificity in a random sample of partici-
pants.”® In less than 1% of patients, diabetes started before
age 35 and needed insulin therapy—likely indicators of

type 1 diabetes.”* Questions about opiate, tobacco and al-
cohol use included type, frequency, time and amount per
consumption. Individuals were considered opiate users or
tobacco users if they ever used non-prescription opiates or
tobacco, respectively, at least once a week for a period of 6
months. We previously tested self-reported opiate use
against urinary metabolites and showed the self-report to
have high sensitivity and specificity (93% and 89%, re-
spectively).”® The self-report also had excellent reliability
(kappa statistic >0.9), using a re-interview after 2
months.?? In order to test dose-response relationships, opiate
users were further categorized based on median daily opiate
consumption. Nutritional data were collected with a vali-
dated food frequency questionnaire.”* Data on intensity,
frequency and duration of physical activities were recorded
and the metabolic equivalents of each task per minute per
week (METs.min/week) were calculated. As a measure of so-
cioeconomic status, wealth score was calculated for each
participant based on assets, using multiple correspondence
analysis.”> Hypertension was defined as having at least one
of these conditions: systolic blood pressure >140 mmHg, di-
astolic blood pressure >90 mmHg, being a known case of
hypertension or taking antihypertensive drugs.

Follow-up and outcomes

All participants were followed annually, by phone call or
home visit. If a death was reported, all clinical or hospital
records were collected and, if needed, a verbal autopsy was
completed.?® Using the collected medical documents, two
independent internists determined the cause of death based
on the 10th version of the International Classification of
Diseases (ICD-10) codes. The two codes were compared
and if they were different, a third more experienced inter-
nist determined the final code. For the current study, the
confirmed causes of death were classified as cardiovascular
(I00-199), cancer (C00-C97) or other causes.

Statistical analysis

We constructed Cox proportional hazard models, with age
as the underlying time variable, to estimate hazard ratios
and 95% confidence intervals (HRs, 95% ClIs) for the as-
sociation between diabetes, opiate use and mortality. The
proportional hazard assumption was verified using ‘log-
log’ plots. To analyse the joint effects of diabetes and opi-
ate use on mortality, the population was categorized into
four subgroups: non-diabetic non-opiate users (as refer-
ence), diabetic non-opiate users, non-diabetic opiate users
and diabetic opiate users. We further analysed the associa-
tions of opiate use with mortality in diabetic and non-
diabetic participants. Diabetic opiate users who reported a
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diagnosis age of diabetes (7=2539), were stratified into
two groups: 268 (50%) started opiate use after (n=178)
or at the same age (7= 90) as their diabetes diagnosis, and
271 started it before their diabetes was diagnosed.
Participants were followed until the date of death, loss
to follow-up or 31 July 2018, whichever came first.
Cox models were adjusted for: age at enrolment (years,
continuous); sex (male, female); ethnicity (Turkmen,
others); marital status (married, non-married); place of
residence (rural, urban); educational level (no formal
schooling, <5years, >5years); wealth score (quintiles);
physical activity (tertiles); intake of fruit/vegetables (ter-
tiles); body mass index (body weight/height-squared, kg/
m?, continuous); cigarette smoking (never, former, or
current); alcohol drinking (ever, never); opiate use (ever,
never); hypertension (yes, no); and history of ischaemic
heart disease (yes, no), stroke (yes, no); and cancer (yes,
no), as applicable. There were no missing values for the
main exposures (diabetes and opiate use), and for other
covariates the number of missing values was relatively
small (physical activity, vegetable and fruit consumption,
body mass index and hypertension were missing in
0.4%, 1.7%, 0.02% and 0.06% of participants, respec-
tively). In these cases, we used separate missing indica-
tors to keep them in the models. To evaluate the
interaction between opiate use and diabetes, we added
the multiplicative interaction term in the models. Tests
for trend were based on medians across categories.
Population-attributable fractions (PAFs) were calcu-
lated based on adjusted models, to show the proportion of
all deaths attributable to the different joint groups of dia-

betes and opiate use, using the following equation:*’

HR; -1

PAF; (%) = % death in group i x |——=—
HR;

We also scaled this proportion to the percentage of
deaths in the group, to report the number of additional
deaths per 100 (i.e. % of preventable deaths) attributable
to diabetes and/or opiates use in each group.”’

We conducted a few sensitivity analyses to limit the
effects of reverse causality: we excluded participants with
history of other chronic diseases (ischaemic heart disease,
stroke or cancer) at baseline; we also excluded the first 2
years of follow-up. We also repeated the analysis after ex-
clusion of participants with any history of tobacco and/or
alcohol use and those in lowest tertile of vegetable/fruit
consumption. To restrict the confounding effects of ciga-
rette smoking, we studied the associations stratified by the
history of tobacco use. All statistical analyses were done
with Stata statistical software, version 12 (StataCorp,
College Station, TX).

Results

Among 50 045 cohort participants, 3444 self-reported
physician-diagnosed diabetes, of whom 2346 (68%) used
anti-diabetic medications. An additional 104 people used
such medications but did not report a diabetes diagnosis;
as a result, a total of 3548 participants (7.1%) met our def-
inition for diabetes. Data on antidiabetic drugs used by
these patients are shown in the Supplementary Appendix,
available as Supplementary data at IJE online. Table 1
compares characteristics of individuals with and without
diabetes at baseline. Those with diabetes were more likely
to be women, urban residents, hypertensive and obese,
with higher wealth scores and lower levels of physical ac-
tivity. Patients with diabetes were also less likely to smoke
cigarettes or use any tobacco product and ate more fruits
and vegetables.

In all the cohort, 8487 (17.0%) had a history of opiate
use, including 15.5% of diabetic and 17.1% of non-
diabetic participants (Table 1). In both diabetic and non-
diabetic opiate users, the most prevalent type of opiate
consumption was raw opium and the most common routes
of consumption were smoking or eating (Supplementary
Appendix). Both diabetic and non-diabetic opiate users
were more likely to be male, rural residents, tobacco and
alcohol users, with lower wealth scores, physical activity
and BMI, compared with non-users. Types and routes of
opiates used by diabetic users were largely similar to non-
diabetic users, although the diabetic users seemed to have
lower daily doses and shorter duration of use and started
opiate use later in life (Supplementary Appendix). Among
all opiate users, histories of heroin use and intravenous in-
jection were reported only in 99 (1.17%) and 15 (0.18%)
individuals, respectively. Nobody reported morphine use.

After a total follow-up of 533 309 person-years (median
follow-up 11.1years), 7060 deaths occurred in the cohort
and only 464 (<1%) participants were lost to follow-up.
Among the 6299 confirmed causes of death, 2853 were
due to cardiovascular diseases, 1396 were due to cancers
and 2050 had other causes of death. Mortality rates during
follow-up were: 13.1% in non-diabetic participants
(10.8% in non-opiate users and 24.0% in opiate users) and
27.5% in diabetic participants (25.3% in non-opiate users
and 39.8% in opiate users) (Tables 2 and 3).

Table 2 shows the adjusted HRs, PAFs and numbers of
attributable deaths in four categories of participants, based
on baseline diabetes diagnosis and opiate use, and Figure 1
shows survival curves for these four categories. Compared
with individuals who did not have diabetes and did not use
opiates, people with a diabetes diagnosis but no opiate use
had more than double the adjusted risk of premature mor-
tality (HR=2.17; 95% CI: 2.00-2.35). In opiate users
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Table 2 The joint association of diabetes and opiate use with mortality in the Golestan Cohort Study

DM-, Opiate- DM+, Opiate- DM-, Opiate+ DM+, Opiate+
(n =38 561) (n = 2997) (n = 7936) (n = 551)
All-cause deaths (7 = 7060)
No. of deaths (%) 4178 (10.8) 757 (25.3) 1906 (24.0) 219 (39.8)
Crude rate of death/10° person-years 997 2536 2395 4524
Adjusted HR 1 2.17 (2.00-2.35) 1.63 (1.53-1.74) 2.76 (2.40-3.17)
PAF (%) 5.78 (5.36-6.16) 10.43 (9.35-11.48) 1.98 (1.81-2.12)
Attributable death/100 deaths 0 53.9 (50.0-57.4) 38.7 (34.6-42.5) 63.8 (58.3-68.5)
Cardiovascular deaths (7 = 2853)
No. of deaths (%) 1653 (4.3) 382 (12.8) 707 (8.9) 111 (20.2)
Crude rate of death/10° person-years 394 1280 889 2293
Adjusted HR 1 2.24 (2.00-2.52) 1.62 (1.46-1.79) 2.80 (2.30-3.41)
PAF (%) 7.41 (6.69-8.08) 9.48 (7.81-10.94) 2.50 (2.20-2.75)
Attributable death/100 deaths 0 55.4 (50.0-60.3) 38.3 (31.5-44.1) 64.3 (56.5-70.7)
Cancer deaths (7 = 1396)
No. of deaths (%) 918 (2.4) 89 (3.0) 363 (4.6) 26 (4.7)
Crude rate of death/10° person-years 219 298 456 537
Adjusted HR 1.36 (1.09-1.70) 1.34 (1.17-1.54) 1.83 (1.23-2.72)
PAF (%) 0 1.69 (0.53-2.63) 6.60 (3.78-9.12) 0.84 (0.35-1.18)
Attributable death/100 deaths 0 26.5 (8.3-41.2) 25.4 (14.5-35.1) 45.4 (18.7-63.2)
Other causes (7 = 2050)
No. of deaths (%) 1145 (3.0) 203 (6.8) 635 (8.0) 67 (12.2)
Crude rate of death/10° person-years 273 680 798 1384
Adjusted HR 1 2.45 (2.10-2.86) 1.85 (1.66-2.07) 3.48 (2.71-4.48)
PAF (%) 0 5.86 (5.19-6.44) 14.23 (12.32-16.01) 2.33 (2.06-2.54)
Attributable death/100 deaths 0 59.2 (52.4-65.0) 45.9 (39.8-51.7) 71.3 (63.1-77.7)

DM, diabetes mellitus.

DM-, Opiate-, non-diabetic non-opiate users; DM+, Opiate-, diabetic non-opiate users; DM-, Opiate+, non-diabetic opiate users; DM+, Opiate+, diabetic

opiate users; HR, hazard ratio; PAF, population-attributable fraction. HR (95% confidence interval) calculated using Cox regression models with age as the time

scale, adjusted for age at enrolment, sex, ethnicity, marital status, education, residence, wealth score, cigarette smoking, alcohol drinking, body mass index, hyper-

tension, history of ischaemic heart diseases, history of stroke, history of cancers, physical activity, vegetable/fruit consumption. PAF (%) calculated as (number of
subgroup deaths x 100/total deaths) x (HR-1)/HR. Attributable (preventable) deaths/100 deaths, in each group, calculated as PAF x total deaths x 100/ number

of subgroup deaths.

without diabetes, the HR was 1.63 (95% CI: 1.53-1.74)
and in opiate users with diabetes, this rate increased fur-
ther to 2.76 (95% CI: 2.40-3.17). Table 2 also shows
death rates (per 100 000) in each group, which increased
from 997 in non-diabetic non-opiate users, to 2536 in dia-
betic participants, 2395 in opiate users, and 4524 in dia-
betic participants who used opiates. As a result, among
those who both had diabetes and used opiates, 63.8%
(95% CI: 58.3%—68.5%) of all deaths were attributable to
these risk factors, compared with 53.9% (95% CI: 50%-
57.4%) of deaths in people who only had diabetes, and
38.7% (95% CL: 34.6%—42.5%) in non-diabetic partici-
pants who used opiates. A large proportion of cardiovascu-
lar deaths was attributable to diabetes (with or without
opiate use), whereas for cancer deaths, diabetes and opi-
ates seemed to have similar attributable proportions.

Table 3 further explores the association of opiate use
with mortality among diabetic and non-diabetic groups.
Opiate use was positively associated with all-cause

mortality among both diabetic and non-diabetic partici-
pants, with adjusted HRs (95% CI) of 1.34 (1.13-1.58)
and 1.63 (1.53-1.73), respectively. These associations
changed little after stepwise exclusion of: participants with
chronic diseases; the first 2 years of follow-up; those with
tobacco and alcohol use; and those with low intake of
fruits and vegetables. The associations were stronger in
both diabetic and non-diabetic participants who never
used tobacco products. There was an increase in mortality
risk by the average dose of opiate used (P for trend <0.01
in both diabetic and non-diabetic participants). Subgroup
analyses revealed that the associations between opiate con-
sumption with mortality were consistent in both sexes and
across age groups. Compared with cancer death, cardio-
vascular mortality was more strongly associated with opi-
ate use.

Finally, we stratified the patients with diabetes into
those who started opiate use after or in the same year of di-
abetes diagnosis (7=268) and those who used opiates
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Table 3 Associations of opiate use with mortality in diabetic and non-diabetic participants; sensitivity and subgroup analyses

Diabetic participants

Non-diabetic participants

HR1 HR2 HR1 HR2

All-cause mortality

All? 1.80 (1.55-2.09) 1.34(1.13-1.58) 2.21(2.10-2.34) 1.63(1.53-1.73)

Exclusion of chronic diseases” 1.92 (1.60-2.29) 1.41(1.15-1.72) 2.27(2.14-2.41) 1.68(1.57-1.79)

Further exclusion of the first 2 years of follow-up 1.75(1.44-2.13) 1.36 (1.09-1.69) 2.21(2.08-2.35) 1.68 (1.57-1.81)

Exclusion of ever tobacco users and ever alcohol drinkers 1.81(1.48-2.23) 1.43(1.16-1.77) 1.95(1.78-2.14) 1.71(1.55-1.88)

Further exclusion of the lowest tertile of fruit/vegetable use  1.89 (1.48-2.42)  1.44 (1.11-1.86)  2.09 (1.85-2.35)  1.80 (1.59-2.03)
Opiate use status

Ex-users 1.33(0.92-1.91)  1.06 (0.72-1.55)  1.71 (1.49-1.96)  1.33 (1.15-1.52)

Current users 1.91(1.63-2.24)  1.39 (1.17-1.66)  2.30 (2.18-2.44)  1.68 (1.57-1.79)

Daily dose
<0.6g
>=0.6g
Route of current use
Only smoke
Only oral
Sex
Women
Men
Age at enrolment
<50 years
>=50 years
Tobacco use
Ever tobacco users
Never tobacco users
Causes of death
Cardiovascular®
Cancer®
Others®

1.73 (1.46-2.05)
2.01 (1.55-2.62)°

1.84 (1.53-2.22)
2.10 (1.59-2.76)

1.94 (1.54-2.44)
1.40 (1.14-1.73)

2.51(1.79-3.50)
1.67 (1.41-1.97)

1.37(1.05-1.80)
1.78 (1.45-2.18)

1.81 (1.47-2.24)
1.80 (1.16-2.79)
2.05 (1.55-2.70)

1.31(1.08-1.57)
1.44 (1.08-1.91)°

1.41(1.15-1.73)
1.37 (1.02-1.82)

1.39 (1.08-1.78)
1.26 (1.00-1.60)

1.50 (1.01-2.22)
1.28 (1.06-1.55)

1.10 (0.81-1.50)
1.43 (1.16-1.76)

1.38 (1.09-1.74)
0.96 (0.58-1.58)
1.61 (1.18-2.19)

2.11(1.98-2.25)
2.45(2.25-2.66)°

2.01(1.87-2.16)
2.76 (2.55-2.98)

2.40 (2.17-2.65)
1.84 (1.72-1.96)

2.75 (2.44-3.10)
2.10 (1.97-2.23)

1.63 (1.50-1.77)
1.96 (1.79-2.15)

2.07 (1.89-2.26)
1.93 (1.71-2.18)
2.70 (2.45-2.97)

1.60 (1.49-1.71)
1.69 (1.54-1.85)°

1.51 (1.40-1.64)
1.95 (1.79-2.12)

1.87 (1.68-2.08)
1.50 (1.39-1.62)

1.70 (1.47-1.97)
1.60 (1.49-1.72)

1.44(1.31-1.57)
1.71 (1.55-1.88)

1.61 (1.45-1.78)
1.38 (1.19-1.58)
1.83 (1.63-2.05)

Data are hazard ratios (95% confidence intervals) with age as the time scale, and non-opiate users as the reference category. HR1, crude hazard ratio; HR2,

hazard ratio adjusted for age at enrolment, sex, ethnicity, marital status, education, residence, wealth score, cigarette smoking, alcohol drinking, body mass index,

hypertension, history of ischaemic heart diseases, history of stroke, history of cancers, physical activity, vegetable/fruit consumption, if applicable.
2P for interaction for HR1 and HR2 were 0.008 and 0.002 for all-cause mortality; 0.226 and 0.028 for cardiovascular mortality; 0.782 and 0.990 for cancer

mortality; and 0.056 and 0.076 for other causes of death, respectively.
PHistory of ischaemic heart disease, stroke, cancers at baseline.

P for trend <0.01, based on median of categories.

before the diagnosis of diabetes (2=271), and compared
each stratum with diabetic participants without a history
of opiate use (7 =2997). Opiate use after diabetes diagno-
sis was associated with an increased risk of mortality
[crude and adjusted HRs (95% ClIs) of 1.79 (1.46-2.20)
and 1.36 (1.09-1.69), respectively]. The proportion of
deaths attributed to opiate use after diabetes diagnosis was
26.5% (95% CI: 0-40.9), in the adjusted model. HRs
(95% Cls) of association between opiate use and mortality
in diabetic participants who already used opiates before di-
agnosis with diabetes, compared with diabetic non-opiate
users, were similar [HR=1.78 (95% CI: 1.46-2.17) and
HR = 1.28 (95% CI: 1.03-1.60), in crude and adjusted
models, respectively], with an attributable death propor-
tion of 21.9% (95% CI: 2.9-37.5) in the adjusted model.

Discussion

Patients with diabetes who took opiates were at increased
risk of early mortality compared with all other groups, in-
cluding diabetic participants who did not use opiates. The
risk of early mortality in known cases of diabetes did not
depend on whether they started opiate use before or after
their diabetes diagnosis. Opiate use also showed a dose-
dependent association with increased mortality rate in
both diabetic and non-diabetic participants. These associa-
tions were present in both sexes, younger and older ages,
after exclusion of participants with chronic diseases and
the first 2 years of follow-up and after exclusion of those
with tobacco and alcohol use and those with low intake of
fruits and vegetables.
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Figure 1 Survival of the participants in the Golestan Cohort Study. The
curves are based on Cox regression models adjusted for age at enrol-
ment, sex, ethnicity, marital status, education, residence, wealth score,
cigarette smoking, alcohol drinking, body mass index, hypertension,
history of ischaemic heart disease, history of stroke, history of cancers,
physical activity and vegetable/fruit consumption. DM, diabetes melli-
tus; DM- Opiate-, non-diabetic individuals who did not use opiates;
DM+ Opiate-, diabetic patients who did not use opiates; DM- Opiate+,
non-diabetic individuals who used opiates; and DM+ opiate-+, diabetic
patients who used opiates

Diabetes increases the risk of mortality from cardiovas-

228 and this excess

22,29

cular diseases, cancers and other causes
risk largely depends on the quality of diabetes care.
For example, in high-income countries, diabetes less than
doubles the rate of all-cause mortality,”® whereas in
Mexico, a middle-income country, this excess risk is al-
most 4-fold.?” In our study, diabetes increased the risk of
early death more than twice, and we showed that this risk
was further aggravated by opiate use. The fact that diabetic
patients who take opiates are at even higher risk of mortal-
ity has an important public health message, especially for
places where opiates are widely available and sometimes
may even be recommended to diabetic patients. A study
from Isfahan, Iran, indicated that 32% (911 out of 2854)
of urban adults believed that opium decreases blood
sugar.>® In another study, 78.3% of addicted participants
believed that opiates have beneficial effects on glycaemic
control.’" Although we did not evaluate the attitudes of
participants towards opiate effects on diabetes, almost
50% of diabetic patients who used opiates had started opi-
ate misuse after or at the same time as their diabetes diag-
nosis. This may indicate that many at least did not
consider opiates to be harmful to their disease.

Although opioid drugs are not the first- or second-line
agents recommended in painful diabetic neuropathy, they
are still among the drugs used for this condition.® In places
where non-prescription opiates are widely available,
patients may use them as convenient alternative pain medi-
cations. The prevalence of painful diabetic neuropathy is
estimated to be 10-25%,%>%3 but there are studies which
estimate that as many as 65% of diabetic adults may suffer

from this complication.** We had no data about painful di-
abetic neuropathy; however, studies from high-income

35,36

countries showed high levels of unawareness and mis-

management,%’38

even in diabetes clinics.>” This is proba-
bly also true in low- and middle-income countries such as
Iran. The analgesic property of opiates might mask the
symptoms of painful complications such as diabetic neu-
ropathy, diabetic foot or even angina pectoris, so these
patients may delay seeking health care.'”

Potential mechanisms that may link opiates with
chronic diseases and death have been reported previ-
ously.'>!?#%*1 Opjate users (even exclusive users who do
not use tobacco) are exposed to high levels of toxicant and
carcinogenic compounds. In a previous study using urinary
biomarkers, opiate use was the main source of many
metabolites of polycyclic aromatic hydrocarbons and vola-
tile organic compounds. For example, the concentrations
of phenanthrene and acrylamide metabolites were 2 to 5
times higher in the urine samples from exclusive opiate
users compared with exclusive cigarette smokers, and 5-8
times higher compared with tobacco non-users. Many of
the parent compounds for these metabolites are included in
the Food and Drug Administration’s (FDA’s) list of
Harmful and Potentially Harmful Constituents in Tobacco
Products and Tobacco Smoke for their carcinogenicity or
respiratory or cardiac toxicity.** In addition to these mech-
anisms, long-term opiate use may have specific effects on
glycaemic control, and diabetic complications. Morphine
and insulin can activate similar signalling cascades, be-
cause of a direct cross-talk between downstream signalling
pathways of the mu-opioid receptors and insulin recep-
tors.** Thus, morphine can induce desensitization of insu-
lin receptor signalling.** Long-term opioid administration
may also induce insulin resistance via the induction of
hypogonadism in both sexes, mediated mainly by inhibit-
ing hypothalamic gonadotropin-releasing hormone secre-
tion.** For example in men, long-term opioid use,
regardless of the administration route, can lead to a very
high prevalence (85-90%) of hypogonadism** and subse-
quently a higher risk of insulin resistance and metabolic
syndrome.*** The chronic use of opiates in diabetic
patients can also lead to the development of substance use
disorders,'* a dangerous and understudied combination,'”
which can adversely influence self-management and diabe-
tes care.'>'®!” For example, a retrospective cohort study
of more than 900 000 diabetic patients receiving care in
the US Department of Veterans Affairs showed that
chronic opioid therapy (at least six prescriptions for
opioids in a year) was associated with poorer diabetic care
(i.e. lower frequency of testing haemoglobin A;¢ and cho-
lesterol levels and fewer eye examinations), in a dose-
dependent manner.'® In another retrospective cohort study
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among Massachusetts beneficiaries of Medicare and/or
Medicaid, diabetic patients with drug use disorders had a
higher risk of diabetes-related hospitalization and lower
limb amputation.*®

To our knowledge, this is the first prospective
population-based study to investigate the joint effects of
opiate use and diabetes on overall and cause-specific mor-
tality. We adjusted our models for many covariates and
confounders such as socioeconomic factors, physical activ-
ity and tobacco use. We also stratified the models in both
diabetic and non-diabetic participants by important covari-
ates to reduce the effect of residual confounding, particu-
larly due to cigarette smoking, which highly correlates
with opiate use. Based on our previous validation study,*’
about 38% of diabetic participants were unaware of their
condition, and were classified as non-diabetic participants,
so the risks of diabetes-associated mortality in our study
might be underestimated. Also, our estimates of the associ-
ation between opiate use and mortality in patients with di-
abetes might be underestimated because the duration and
amount of opiates used by this group were lower than
those used by non-diabetic participants. In this study, opi-
ate users had lower socioeconomic levels and higher preva-
lence of risk factors such as tobacco and alcohol use
compared with non-users. Despite extensive adjustments
for these potential confounders, residual confounding from
these or other unmeasured confounders cannot be
completely ruled out. However, these conditions are un-
likely to completely explain high mortality rates among
opiate users, because the results remained unchanged after
several steps of sensitivity analysis excluding individuals
with chronic diseases, tobacco use, alcohol use and poor
diet. Finally, our population used special types of non-
prescription, mainly natural, opiates. Further studies
should be directed towards other types of opiates, and to-
wards prescription opioids in type 2 diabetes.

Conclusions

Co-existence of opiate use and diabetes aggravated, over-
all, cardiovascular, cancer and other causes of mortality
compared with each of these risk factors alone. Also opi-
ates increased mortality equally in those who started tak-
ing them before or after the diagnosis of diabetes.
Improving guideline adherence for detecting and treating
neuropathy and psychological disorders in diabetic
patients is recommended.

Implications

We showed that the increased mortality among diabetic
patients is further increased by chronic use of opiates.

Public awareness and better education of both medical
staff members and diabetic patients about the health effects
of opiate use is necessary. In clinics, more attention to dia-
betic complications such as neuropathy and psychological
disorders is crucial, as they may be the underlying factors

leading to opiate misuse in these patients.
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