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Background: While the use of opioids for chronic non-cancer pain (CNCP) has increased
dramatically in the past 2 decades, concern exists about the safety of opioids, particularly
with the extensive use among individuals with CNCP.

Objective: To assess the risk of type 2 diabetes (T2D) among adults exposed to opioids
for non-cancer pain.

Study Design: Nested case-control study.
Setting: United Kingdom-based General Practice Research Database (GPRD).

Methods: Among 1.7 million opioid users with at least one prescription for an opioid to
treat non-cancer pain in the GPRD (1990 — 2008), we identified all incident T2D cases with
at least 2 years of medical history before their first diagnosis (index date). For each case
we randomly selected up to 2 controls matched on age, gender, index date, and general
practice. The same eligibility requirements were applied to controls as to cases. We defined
"any exposure” as at least 2 prescriptions for an opioid within 2 years before the index date
and defined “nonuse” as no use or only one prescription within 2 years (reference). For
any exposure to opioids we further evaluated timing of use, cumulative use, and individual
opioid type. Conditional logistic regression was used to estimate adjusted odds ratios
(AORs) and 95% confidence intervals (Cls) controlling for confounders.

Results: We identified 50,468 T2D cases to which we matched 100,415 controls. Cases
were more likely than controls to be former smokers, heavier, and to have more co-
morbidities, co-medications, and visits to their general practitioners. After adjusting for
important confounders there was no increased risk for T2D among those exposed to any
opioid compared to nonusers (AOR = 1.03, 95% Cl 1.00 — 1.06). The results did not change
when we evaluated timing of use, cumulative use, or individual opioid type.

Limitations: Misclassification of exposure may have occurred; limited data for some
individual opioid types.

Conclusion: This study found no association between use of opioids and risk of 72D
among non-cancer adults.

Key words: Opioids, type 2 diabetes, non-cancer pain, General Practice Research Database
GPRD, nested case-control, safety, adults
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pioid analgesics have been widely accepted

for treatment of cancer—pain or acute severe

pain (1-5). In the past 20 years the use of
opioids for chronic non—cancer pain (CNCP) has increased
dramatically in part due to improved awareness of the
undertreatment of chronic pain and the introduction of
new agents and/or new delivery formulations (6). Some
adverse effects of opioid use are well known, such as
nausea, constipation, sedation, and addition (7,8), and
recently, the Food and Drug Administration removed
propoxyphene from the US market because this drug
puts patients at risk for potentially serious or even fatal
heart rhythm abnormalities (9). There are also other
safety concerns surrounding this class of drugs such as
hormonal and immune system effects where limited
data exist on chronic or rare adverse effects, particularly
in extensive users with CNCP (8).

Decreased plasma testosterone levels have long
been documented in male narcotic addicts (10-12).
More recently, studies have demonstrated similar hor-
monal effects for patients taking prescribed opioids for
CNCP, which consistently found that the effect was not
limited to testosterone, but also estrogen, luteinizing
hormone, gonadotrophin releasing hormone, and de-
hydroepiandrosterone (13-19). These sex hormones are
associated with adverse lipid profiles and insulin resis-
tance (20). A number of studies have reported an asso-
ciation between low testosterone and type 2 diabetes
(T2D), or suggested that low levels of testosterone are a
precursory factor for the incidence of insulin resistance
and T2D in healthy men (21-26). Post hoc analyses from
2 clinical trials found a significant reduction in the inci-
dence of diabetes among women on hormone replace-
ment therapy (27,28).

Since opioids are known to increase the risk of hy-
pogonadism (8,29,30), we hypothesized that opioid use
for non-cancer pain was associated with an increased
risk of T2D among adults. To test this hypothesis we
conducted a matched, nested case—control study using
the United Kingdom (UK)-based General Practice Re-
search Database (GPRD).

METHODS

Data Source and Study Sample

Data were derived from the GPRD, a large primary
care database that has been previously described in
detail (31-33). Briefly, the GPRD is an ongoing longi-
tudinal database that has collected data from over
350 general practices in the UK since 1987. It currently

contains information about more than 3.5 million ac-
tive patients, approximately 5% of the UK population,
and has a representative distribution in terms of age
and gender. The information recorded includes patient
demographics and characteristics (e.g., height, weight,
and smoking status), clinical diagnoses, drug prescrip-
tions, consultant referrals, and hospitalizations. Valida-
tion studies have shown the high quality of recorded
drug exposure and diagnoses (31-34).

The study sample comprised 1.7 million opioid
users with at least one prescription for an opioid be-
tween January 1, 1990, and December 31, 2008, in the
GPRD, who did not have a diagnosis of cancer (except
non-melanoma skin cancer) any time before the first-
recorded opioid prescription. This study was reviewed
and approved by the Independent Scientific Advisory
Committee for UK Medicines and Healthcare Products
Regulatory Agency database research.

Case Selection

From the study sample we identified all first-ever
diagnosed T2D cases aged 18-80 years during 1990-
2008. We required that each case have at least 2 years
of medical history before their first-time recorded T2D
diagnosis (i.e., index date). We excluded any patients
with a diagnosis of cancer (except non-melanoma
skin cancer), a history of use of hypoglycaemic agents,
chronic pancreatitis, cystic fibrosis, haemochromatosis,
Cushing syndrome, acromegaly, kidney or liver trans-
plantation, human immunodeficiency virus/acquired
immunodeficiency syndrome, or alcohol abuse any
time before the index date, or those with acute pan-
creatitis within one year before the index date. We
also excluded those with codes for other specified
types of diabetes, e.g., type 1 diabetes, malnutrition-
related diabetes, steroid induced diabetes, and ges-
tational diabetes, any time recorded in their medical
history, or those with codes for pregnancy recorded
within one year before, on, or one year after their in-
dex date.

To ensure high specificity for T2D diagnoses we re-
quired that each case be accompanied by follow-up in-
formation consistent with a diagnosis of diabetes (e.g.,
a prescription for an oral hypoglycaemic agent or insu-
lin, treatment with diet, or referral to a diabetic clinic
followed by progress notes from the clinic). In addition,
we reviewed the full computer records of all patients
younger than 35 years at diagnosis of diabetes without
knowledge of exposure status, and excluded those who
received insulin within the first 3 months of their diag-
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nosis since they were most likely to have type 1 diabetes
(35,36).

Control Selection

For each T2D case we randomly selected up to 2
controls with no diagnosis of diabetes, matched on age
(the same year of birth), gender, index date, and gener-
al practice (GP) from the same study sample that gener-
ated the cases. The same inclusion and exclusion criteria
applied to cases were applied to controls.

Opioid Exposure

We identified all opioid prescriptions recorded be-
fore the index date for all cases and controls from the
computer records without knowledge of disease sta-
tus. We determined the length of the closest prescrip-
tion prior to the index date by dividing the prescribed
quantity by its daily usage. If a patient was instructed
to take the opioid “when required,” we assumed that
the patient took the opioid according to the maximum
recommended daily dose to calculate prescription
length.

We defined “any exposure” as at least 2 prescrip-
tions for an opioid within 2 years before the index date.
“Nonuse” was defined as no use of any opioids or only
one prescription for an opioid recorded within 2 years
before the index date (reference). “Any exposure” was
further classified into “current use” if the most recent
opioid prescription’s supply ended within 90 days before
the index date or after the index date. A person was
classified as a “recent user” if their supply ended within
91-365 days prior to the index date, or “past user” if the
prescription ended more than 365 days and less than 2
years prior to the index date. For “any exposure” we as-
sessed and categorized the number of opioid prescrip-
tions before the index date as 2-3, 4-10, 11-30, 31-50,
51-100, and >100 prescriptions. Prescription categories
were defined to examine potential effect due to differ-
ent lengths of cumulative use. Individual opioid type
was categorized according to the last opioid prescribed
before the index date. If different types of opioids were
prescribed simultaneously for the last prescription, or if
the supply of a second opioid overlapped with the last
opioid prescription, they were classified as having use of
opioid polytherapy.

We further grouped current users by the number
of opioid prescriptions recorded before the index date
(2-3, 4-10, 11-30, 31-50, 51-100, >100) and by the last
opioid type prescribed before the index date.

Covariates

We collected many covariates including lifestyle
risk factors, co-morbidities, co-medications and types
of pain, which are listed in Table 1.

Statistical Analysis

We conducted conditional logistic regression to
estimate the unadjusted odds ratios (ORs) of T2D and
95% confidence intervals (Cls) among those with opi-
oid exposure compared to those without while ac-
counting for the matching factors. We evaluated each
covariate for potential confounding by separately
evaluating the associations with T2D and opioid ex-
posure, and then examined the strength of potential
confounding by assessing the effect of each confound-
er on the crude association between opioid exposure
and T2D, one confounder at a time. We estimated the
adjusted ORs of T2D and 95% Cls after controlling for
covariates which affected the crude association of opi-
oid exposure and risk of T2D by 10% or more using
conditional logistic regression, and adjusted ORs and
95% Cls after controlling for all confounders that were
associated with both opioid exposure and T2D. Finally,
we conducted stratified analyses to examine whether
the associations between each category of opioid ex-
posure and T2D were homogeneous across gender, age
(18-50, 51-60, 61-70, and 71-80 years), calendar year
of the index date (1990-1994, 1995-1999, 2000-2004,
and 2005-2008), and risk factors for developing T2D.

To examine whether the primary findings were ro-
bust we conducted 2 sensitivity analyses. First, to check
the impact of potential misclassification of T2D, we re-
peated conditional logistic regression analyses among
only drug-treated T2D cases and their matched con-
trols. Second, given the potential misclassification of
exposure due to as—needed prescribing, we re-defined
opioid exposure based on the actual prescribed date
of the last opioid prescription before the index date,
not accounting for the duration, and checked the asso-
ciation between each category of opioid exposure and
risk of T2D.

REesuLTs

We identified 50,468 eligible incident T2D cases
from the study sample to which we matched 100,415
controls. Table 1 provides the distribution of baseline
characteristics among the cases and controls. The T2D
cases had a mean age of 61.5 years and 51.5% of cases
were men. Age, gender, and calendar year of index
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Table 1. Characteristics of cases and conirols and risk of type 2 diabetes associated with covariates

Cases N = 50,468 (%)

| Controls N =100,415 (%) | Adjusted OR (95% CI) *

Age (years)

Mean + SD | 615+ 115 | 615+ 115 | NAT

Gender

Male 25,972 (51.5) 51,613 (51.4)

Female 24,496 (48.5) 48,802 (48.6) NAT

Calendar year of index date

1990 - 1994 4,320 (8.56) 8,563 (8.53)

1995 — 1999 11,190 (22.2) 22,269 (22.2) At

2000 - 2004 19,672 (39.0) 39,171 (39.0)

2005 - 2008 15,286 (30.3) 30,412 (30.3)

Smoking

Never 23,174 (45.9) 48,263 (48.1) Reference

Current 9,728 (19.3) 21,625 (21.5) 1.13 (1.10 - 1.17)

Former 13,103 (26.0) 20,038 (20.0) 1.23(1.19-1.27)

Unknown 4,463 (8.84) 10,489 (10.4) 1.29 (1.22 - 1.36)

BMI (kg/m?)

<18.5 121 (0.24) 1,219 (1.21) 0.57 (0.47 - 0.70)

18.5-24.9 4,712 (9.34) 29,523 (29.4) Reference

25.0-29.9 14,695 (29.1) 32,893 (32.8) 2.58 (2.48 - 2.68)

30.0 - 39.9 19,932 (39.5) 16,172 (16.1) 6.77 (6.49 - 7.06)

>40.0 4,485 (8.89) 1,340 (1.33) 17.6 (16.3 - 19.0)

Unknown 6,523 (12.9) 19,268 (19.2) 1.85 (1.76 — 1.95)

Drug abuse 420 (0.83) 884 (0.88) 0.83 (0.72 - 0.95)

Number of GP visits, within 2 years before index date

Mean + SD 32.5+23.2 258 £21.5

<10 6,954 (13.8) 25,187 (25.1) Reference

10-19 8,803 (17.4) 20,740 (20.7) 1.20 (1.15 - 1.25)

20 -39 19,191 (38.0) 33,249 (33.1) 1.25(1.20 - 1.30)

40 - 59 10,320 (20.5) 14,551 (14.5) 1.27 (1.21 - 1.34)

> 60 5,200 (10.3) 6,688 (6.66) 1.19 (1.11 - 1.27)

Co-morbidities, any time before index date

Hyperlipidemia 8,878 (17.6) 12,005 (12.0) 1.07 (1.03-1.12)

Hypertension 24,590 (48.7) 28,777 (28.7) 1.40 (1.35-1.45)

Cardiovascular disease 15,289 (30.3) 20,489 (20.4) 1.16 (1.12-1.20)

Asthma/COPD 9,252 (18.3) 15,106 (15.0) 0.99 (0.95-1.02)

Osteoarthritis 15,503 (30.7) 27,741 (27.6) 0.95 (0.92-0.98)

Autoimmune disease 1,258 (2.49) 2,752 (2.74) 0.87 (0.80-0.94)

Fibromyalgia 781 (1.55) 1,423 (1.42) 0.96 (0.87-1.07)

Epilepsy 867 (1.72) 1,897 (1.89) 0.94 (0.85-1.05)

Parkinson disease 167 (0.33) 527 (0.52) 0.66 (0.54-0.80)

Depression 12,175 (24.1) 21,650 (21.6) 0.99 (0.96-1.03)

Schizophrenia 538 (1.07) 685 (0.68) 1.38 (1.20-1.59)

Hyperthyroidism 803 (1.59) 1,391 (1.39) 1.08 (0.98-1.20)

Psoriasis 2,476 (4.91) 4,003 (3.99) 1.11 (1.04-1.17)
80 www.painphysicianjournal.com
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Table 1 (cont.). Characteristics of cases and controls and risk of type 2 diabetes associated with covariates

Cases N = 50,468 (%)

Controls N = 100,415 (%) Adjusted OR (95% CI) *

Chronic liver disease 325 (0.64) 228 (0.23) 2.26 (1.85-2.76)
Chronic renal disease 1,072 (2.12) 1,624 (1.62) 0.86 (0.78-0.95)
PCOS 198 (0.39) 107 (0.11) 2.25 (1.66-3.06)
Surgery# 7,284 (14.4) 7,003 (6.97) 2.16 (2.07-2.26)
Injuryt 781 (1.55) 1,471 (1.46) 1.03 (0.93-1.14)

Co—medications, within 90 days before index date

Lipid modifying therapy 9,962 (19.7)

11,924 (11.9) 1.14 (1.09-1.19)

Antihypertensive drugs 26,961 (53.4)

31,596 (31.5) 1.48 (1.42-1.54)

ASA 12,087 (24.0) 14,673 (14.6) 1.13 (1.08-1.17)
Steroids 7,079 (14.0) 8,561 (8.53) 1.46 (1.39-1.53)
NSAIDs 7,999 (15.9) 13,518 (13.5) 0.95 (0.92-0.99)
Acetaminophen 3,466 (6.87) 5,118 (5.10) 1.06 (1.00-1.12)
Antidepressants 6,136 (12.2) 9,134 (9.10) 1.13 (1.07-1.18)
Antipsychotics 1,960 (3.88) 2,483 (2.47) 1.34 (1.25-1.45)
Antiepileptics 931 (1.84) 2,041 (2.03) 0.77 (0.69-0.85)
Oral contraceptives 419 (0.83) 914 (0.91) 0.93 (0.80-1.08)
HRT 1,293 (2.56) 3,377 (3.36) 0.72 (0.67-0.78)
Types of pain, within 90 days before index date

Neuralgia 112 (0.22) 165 (0.16) 1.50 (1.13-1.98)
Headache 724 (1.43) 1,001 (1.00) 1.27 (1.13-1.42)
Abdominal & pelvic pain 1,824 (3.61) 2,198 (2.19) 1.53 (1.42-1.65)
Musculoskeletal pain 4,957 (9.82) 8,089 (8.06) 1.10 (1.05-1.15)
Chest pain 1,318 (2.61) 1,284 (1.28) 1.72 (1.57-1.88)
Other pain 1,056 (2.09) 1,648 (1.64) 1.09 (0.99-1.19)

ASA- acetylsalicylic acid, BMI- body mass index, CI-confidence interval, COPD-chronic obstructive pulmonary disease, GP-general practice,
HRT-hormone replacement therapy, NSAIDs- nonsteroidal anti-inflammatory drugs, OR-odds ratio, PCOS-polycystic ovary syndrome, SD-

standard deviation

* Estimates were obtained from a conditional logistic regression model including all covariates listed in this table.

+ Matching variable.
+ Assessed within 90 days before the index date.

date were similar among cases and controls because of
matching. Cases and controls had a similar distribution
of length of medical history recorded before the index
date with an average of 9 years. Cases were more likely
than controls to be former smokers (26.0% vs. 20.0%),
though controls were slightly more likely to be current
smokers. Cases were also more likely to have a body
mass index (BMI) > 30 kg/m? (48.4% vs. 17.4%) and more
GP visits within 2 years before the index date than con-
trols (mean 33 vs. 26 visits). Compared to controls T2D
cases generally had more co-morbidities, such as hyper-
lipidemia and cardiovascular disease (CVD), and took
more co—medications, such as lipid-modifying therapy,
antihypertensive drugs, steroids, non-opioid analge-

sics, antidepressants, and antipsychotics. Cases also had
more surgeries and suffered slightly more from various
types of pain within 90 days before the index date com-
pared to controls.

A total of 20,847 T2D cases (41.3%) and 33,830
controls (33.7%) had received at least 2 opioid pre-
scriptions within 2 years before their index date. Of
those, 11,524 (22.8%) cases and 17,518 (17.5%) con-
trols were current users, i.e., used opioids within 90
days before the index date, 11,191 (22.2%) cases and
16,454 (16.4%) controls had more than 10 opioid pre-
scriptions. Codeine, dihydrocodeine, propoxyphene,
and tramadol were the most commonly prescribed
opioids with a slightly higher proportion of each in
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cases compared to controls. The unadjusted OR for
T2D was 1.41 (95% Cl; 1.38-1.45) for users of any
opioid compared with no opioid exposure. However,
adjustment for BMI, number of GP visits, and antihy-
pertensive drug use removed the association of opi-
oid exposure with T2D (adjusted OR = 1.03, 95% C|;
1.00-1.06). Nor was there an effect when we evaluat-
ed timing of opioid exposure, cumulative opioid use,
and individual opioid types after these adjustments.

The results did not change when we simultaneously
adjusted for all covariates (including lifestyle risk fac-
tors, co-morbidities, co-medications, and types of
pain) which were associated with both opioid expo-
sure and T2D (Table 2).

For current opioid users we further examined cumu-
lative use and individual opioid types in relation to the
risk of T2D (Table 3). Although each category of cumu-
lative use was associated with an increased risk of T2D

Table 2. Odds ratios and 95% confidence intervals for opioid exposures in relation to risk of type 2 diabetes

Cases Controls OR* Ml.lltivariate Ml.lltival'iate

N =50,468 (%) | N=100,415 (%) (95% CI) A‘?;;:Z‘lc‘l))m A‘?;‘;ﬁzdc‘l))l‘*
Nonuse 29,621 (58.7) 66,585 (66.3) Reference Reference Reference
Any opioid use 20,847 (41.3) 33,830 (33.7) 1.41 (1.38 - 1.45) 1.03 (1.00 - 1.06) 1.03 (1.00 - 1.06)
Timing of use
Current use 11,524 (22.8) 17,518 (17.5) 1.52 (1.48 - 1.56) 1.02 (0.98 - 1.05) 1.00 (0.96 - 1.04)
Recent use 5,529 (11.0) 9,423 (9.38) 1.34 (1.29 - 1.39) 1.04 (1.00 - 1.09) 1.05(1.01 - 1.10)
Past use 3,794 (7.52) 6,889 (6.86) 1.26 (1.20 — 1.31) 1.06 (1.01 - 1.11) 1.06 (1.01 - 1.12)
Cumulative use, number of prescriptions
2-3 4,126 (8.18) 7,692 (7.66) 1.21 (1.16 - 1.26) 1.05 (1.01 - 1.10) 1.04 (0.99 - 1.09)
4-10 5,530 (11.0) 9,684 (9.64) 1.31 (1.26 — 1.36) 1.02 (0.98 - 1.07) 1.01 (0.97 — 1.05)
11-30 5,087 (10.1) 7,656 (7.62) 1.54 (1.48 - 1.60) 1.07 (1.02 - 1.12) 1.07 (1.02 - 1.12)
31-50 2,124 (4.21) 3,294 (3.28) 1.50 (1.42 - 1.59) 0.97 (0.90 - 1.03) 0.98 (0.91 - 1.05)
51 - 100 2,427 (4.81) 3,410 (3.40) 1.67 (1.58 — 1.77) 0.99 (0.93 - 1.06) 1.01 (0.94 — 1.08)
> 100 1,553 (3.08) 2,094 (2.09) 1.76 (1.64 - 1.88) 1.00 (0.92 - 1.08) 1.03 (0.94 - 1.12)
Opioid type
Morphine 116 (0.23) 162 (0.16) 1.65 (1.29 — 2.09) 1.18 (0.89 — 1.55) 1.10 (0.82 — 1.46)
Oxycodone 27 (0.05) 31(0.03) 1.97 (1.17 - 3.30) 1.29 (0.70 - 2.39) 1.24 (0.66 - 2.33)
Dihydrocodeine 4,822 (9.55) 7,560 (7.53) 1.46 (1.41 - 1.52) 1.08 (1.03 - 1.13) 1.08 (1.03 - 1.13)
Diamorphine 11 (0.02) 8(0.01) 3.08 (1.24 - 7.66) 2.62 (0.88 - 7.83) 1.73 (0.58 - 5.16)
Codeine 8,953 (17.7) 14,728 (14.7) 1.40 (1.36 — 1.44) 1.03 (1.00 — 1.07) 1.02 (0.99 — 1.06)
Meperidine 33 (0.07) 52 (0.05) 1.41 (0.91 - 2.18) 1.25 (0.76 - 2.07) 1.13 (0.68 - 1.88)
Fentanyl 18 (0.04) 37 (0.04) 1.12 (0.64 - 1.98) 0.67 (0.35 - 1.27) 0.64 (0.33 - 1.21)
Propoxyphene 4,678 (9.27) 8,018 (7.98) 132 (1.27 - 1.38) 0.98 (0.94 - 1.03) 0.99 (0.94 - 1.03)
Buprenorphine 68 (0.13) 115 (0.11) 1.36 (1.00 - 1.84) 0.89 (0.63 - 1.26) 0.90 (0.64 - 1.29)
Tramadol 1,240 (2.46) 1,864 (1.86) 1.54 (1.43 - 1.66) 1.01 (0.92 - 1.10) 1.02 (0.93 - 1.11)
Meptazinol 43 (0.09) 57 (0.06) 1.76 (1.18 - 2.61) 1.22(0.78 - 1.91) 1.12 (0.71 - 1.78)
Polytherapy 811 (1.61) 1,129 (1.12) 1.65 (1.50 — 1.81) 1.09 (0.98 — 1.21) 1.05 (0.94 - 1.17)
Others 27 (0.05) 69 (0.07) 0.87 (0.56 - 1.36) 0.79 (0.47 - 1.32) 0.94 (0.56 - 1.58)

CI- confidence interval, OR-odds ratio
* Adjusted for matching variables.

t Adjusted for body mass index, number of general practice visits, and use of antihypertensive drugs which changed the OR by 10% or more in
addition to matching variables.

+ Adjusted for smoking, body mass index, history of drug abuse, number of general practice visits, co-morbidities (including hyperlipidemia, hy-
pertension, cardiovascular disease, osteoarthritis, autoimmune disease, Parkinson disease, schizophrenia, psoriasis, chronic liver disease, chronic
renal disease, and surgery), all co-medications except oral contraceptives, and all types of pain except other pain in addition to matching variables.
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when only controlling for the matching factors, all ORs
decreased to the null after adjustment for confounders.

There was no effect for any individual opioid type.

Stratification by gender did not yield material dif-
ferences in diabetes risk (Table 4). Nor were there any
material differences when we stratified on age, calen-
dar year of index date, or risk factors for T2D including
BMI (<25, > 25 kg/m?), hypertension, dyslipidemia, and

history of CVD (d

ata not shown).

Among the 50,468 T2D cases, 39,557 (78.4%) had
been prescribed at least one prescription for a hypogly-

cemic agent. When we repeated the analyses among

the drug-treated T2D cases and their matched controls
there were few changes in the effect measures between
each category of opioid exposure and risk of T2D com-
pared to those among the whole study subjects (Table
5). When we redefined opioid exposure based on the

actual prescription dates of opioids, we found results

Table 3. Odds ratios and 95% confidence intervals for current opioid exposure combined with duration of use and opioid type in rela-
tion to risk of type 2 diabetes.

Multivariate Adjusted

Multivariate Adjusted

Cases Controls OR*
OR¥} OR}
= o, = ) o,
N =50,468 (%) | N=100,415 (%) (95% CI) (95% CI) (95% CI)
Nonuse 29,621 (58.7) 66,585 (66.3) Reference Reference Reference

Current use, number of prescriptions

2-3 1,055 (2.09) 1,738 (1.73) 1.37 (1.27 - 1.48) 1.19 (1.09 - 1.30) 1.08 (0.98 - 1.18)
4-10 2,076 (4.11) 3,321 (3.31) 1.43 (1.35-1.51) 1.08 (1.01 - 1.16) 1.03 (0.96 - 1.10)
11-30 3,142 (6.23) 4,810 (4.79) 1.50 (1.43 - 1.58) 1.00 (0.95 - 1.06) 0.99 (0.94 - 1.05)
31-50 1,657 (3.28) 2,651 (2.64) 1.45 (1.36 - 1.55) 0.92 (0.85 - 0.99) 0.93 (0.86 - 1.00)
51-100 2,154 (4.27) 3,026 (3.01) 1.66 (1.57 - 1.76) 0.97 (0.91 - 1.04) 0.99 (0.92 - 1.07)
> 100 1,440 (2.85) 1,972 (1.96) 1.72 (1.60 - 1.84) 0.96 (0.88 - 1.04) 0.99 (0.90 - 1.08)
Recent use 5,529 (11.0) 9,423 (9.38) 1.34(1.29 - 1.39) 1.04 (0.99 - 1.08) 1.05 (1.00 - 1.10)
Past use 3,794 (7.52) 6,889 (6.86) 1.26 (1.21 - 1.31) 1.05 (1.00 - 1.11) 1.06 (1.01 - 1.12)
Current use, opioid type

Morphine 91 (0.18) 122 (0.12) 1.73 (1.32 - 2.28) 1.21 (0.88 - 1.65) 1.09 (0.79 - 1.51)
Oxycodone 25 (0.05) 26 (0.03) 2.18 (1.25 - 3.78) 1.32 (0.69 - 2.51) 1.28 (0.66 — 2.48)
Dihydrocodeine 2,626 (5.20) 3,745 (3.73) 1.62 (1.53 - 1.70) 1.09 (1.02 - 1.16) 1.07 (1.01 - 1.14)
Diamorphine 4(0.01) 2 (0.00) 4.51(0.82 -24.7) 2.08 (0.27 - 15.9) 1.01 (0.13 - 7.91)
Codeine 4,841 (9.59) 7,254 (7.22) 1.55(1.49 - 1.62) 1.05 (1.00 - 1.10) 1.03 (0.98 - 1.08)
Meperidine 17 (0.03) 20 (0.02) 1.89 (0.99 - 3.62) 1.57 (0.73 - 3.36) 1.19 (0.55 - 2.56)
Fentanyl 14 (0.03) 29 (0.03) 1.10 (0.58 - 2.08) 0.67 (0.32 - 1.38) 0.66 (0.32 - 1.37)
Propoxyphene 2,546 (5.04) 4,406 (4.39) 1.32(1.25-1.39) 0.90 (0.85 - 0.95) 0.90 (0.85 - 0.96)
Buprenorphine 54 (0.11) 80 (0.08) 1.58 (1.12 - 2.23) 0.99 (0.66 — 1.48) 0.97 (0.65 - 1.46)
Tramadol 726 (1.44) 1,055 (1.05) 1.60 (1.45 - 1.76) 0.98 (0.88 - 1.10) 0.97 (0.86 - 1.09)
Meptazinol 19 (0.04) 24 (0.02) 1.86 (1.02 - 3.40) 1.34 (0.67 - 2.66) 1.26 (0.62 - 2.58)
Polytherapy 543 (1.08) 709 (0.71) 1.77 (1.58 - 1.98) 1.06 (0.93 - 1.21) 0.99 (0.86 - 1.13)
Others 18 (0.04) 46 (0.05) 0.87 (0.50 - 1.49) 0.73(0.38 - 1.37) 0.90 (0.47 - 1.71)
Recent use 5,529 (11.0) 9,423 (9.38) 1.34(1.29 - 1.39) 1.04 (1.00 - 1.09) 1.05(1.01 - 1.10)
Past use 3,794 (7.52) 6,889 (6.86) 1.26 (1.21 - 1.31) 1.06 (1.01 - 1.11) 1.06 (1.01 - 1.12)

CI - confidence interval, OR - odds ratio
* Adjusted for matching variables.

t Adjusted for body mass index, number of general practice visits, and use of antihypertensive drugs which changed the OR by 10% or more in

addition to matching

variables.

+ Adjusted for smoking, body mass index, history of drug abuse, number of general practice visits, co-morbidities (including hyperlipidemia, hy-
pertension, cardiovascular disease, osteoarthritis, autoimmune disease, Parkinson disease, schizophrenia, psoriasis, chronic liver disease, chronic
renal disease, and surgery), all co-medications except oral contraceptives, and all types of pain except other pain in addition to matching variables.
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Table 4. Odds ratios and 95% confidence intervals for opioid exposures in relation to risk of type 2 diabetes stratified on gender.

Male Female
Cases Controls Ml.lltivariate Cases Controls Ml'lltivariate
N = 25,972 (%) | N=51613 (%) Adjusted OR* N = 24,496 N =48,802 | Adjusted OR*
(95% CI) (%) (%) (95% CI)

Nonuse 16,705 (64.3) 36,200 (70.1) Reference 12,916 (52.7) 30,385 (62.3) Reference
Any opioid use 9,267 (35.7) 15,413 (29.9) 0.98 (0.94 - 1.02) 11,580 (47.3) 18,417 (37.7) 1.08 (1.03 - 1.12)
Timing of use
Current use 4,977 (19.2) 7,618 (14.8) 0.98 (0.93 - 1.03) 6,547 (26.7) 9,900 (20.3) | 1.02(0.97 - 1.07)
Recent use 2,493 (9.60) 4,423 (8.57) 0.98 (0.92 - 1.04) 3,036 (12.4) 5,000 (10.3) 1.13 (1.06 - 1.20)
Past use 1,797 (6.92) 3,372 (6.53) 0.99 (0.93 - 1.07) 1,997 (8.15) 3,517 (7.21) 1.15(1.07 - 1.23)
Cumulative use, number of prescriptions
2-3 2,104 (8.10) 3,914 (7.58) 0.99 (0.93 - 1.06) 2,022 (8.25) 3,778 (7.74) 1.10 (1.02 - 1.18)
4-10 2,622 (10.1) 4,524 (8.77) 0.96 (0.90 - 1.02) 2,908 (11.9) 5,160 (10.6) 1.07 (1.01 - 1.14)
11-30 2,162 (8.32) 3,357 (6.50) 1.03 (0.96 - 1.10) 2,925 (11.9) 4299 (8.81) | 1.11(1.04-1.18)
31-50 884 (3.40) 1,385 (2.68) 0.95 (0.86 - 1.05) 1,240 (5.06) 1,909 (3.91) 1.00 (0.91 - 1.10)
51 -100 938 (3.61) 1,423 (2.76) 0.97 (0.87 - 1.07) 1,489 (6.08) 1,987 (4.07) 1.04 (0.95 - 1.14)
> 100 557 (2.14) 810 (1.57) 1.00 (0.87 - 1.14) 996 (4.07) 1,284 (2.63) 1.05(0.94 - 1.17)
Opioid type
Morphine 55 (0.21) 78 (0.15) 1.02 (0.68 - 1.53) 61 (0.25) 84 (0.17) 1.18 (0.79 - 1.77)
Oxycodone 14 (0.05) 13 (0.03) 1.82 (0.73 - 4.57) 13 (0.05) 18 (0.04) 0.82 (0.34 - 1.99)
Dihydrocodeine 2,225 (8.57) 3,625 (7.02) 1.01 (0.94 - 1.08) 2,597 (10.6) 3,935 (8.06) 1.16 (1.08 - 1.24)
Diamorphine 8(0.03) 6(0.01) 0.98 (0.28 - 3.38) 3(0.01) 2 (0.00) NA
Codeine 3,900 (15.0) 6,579 (12.8) 0.98 (0.93 - 1.03) 5,053 (20.6) 8,149 (16.7) 1.07 (1.02 - 1.13)
Meperidine 18 (0.07) 30 (0.06) 0.93 (0.47 - 1.83) 15 (0.06) 22 (0.05) 1.54 (0.71 - 3.34)
Fentanyl 5(0.02) 20 (0.04) 0.30 (0.10 - 0.92) 13 (0.05) 17 (0.03) 1.10 (0.48 - 2.52)
Propoxyphene 2,058 (7.92) 3,474 (6.73) 0.98 (0.91 - 1.05) 2,620 (10.7) 4,544 (9.31) 1.00 (0.94 - 1.07)
Buprenorphine 41 (0.16) 62 (0.12) 1.12 (0.71 - 1.78) 27 (0.11) 53 (0.11) 0.68 (0.40 - 1.18)
Tramadol 570 (2.19) 912 (1.77) 0.95 (0.84 - 1.08) 670 (2.74) 952 (1.95) 1.09 (0.96 - 1.23)
Meptazinol 17 (0.07) 29 (0.06) 0.81 (0.41 - 1.60) 26 (0.11) 28 (0.06) 1.49 (0.78 - 2.85)
Polytherapy 340 (1.31) 541 (1.05) 0.90 (0.76 - 1.06) 471 (1.92) 588 (1.20) 1.19 (1.02 - 1.38)
Others 16 (0.06) 44 (0.09) 0.93 (0.48 - 1.82) 11 (0.04) 25 (0.05) 0.98 (0.41 - 2.30)

ClI-confidence interval, OR- odds ratio

* Adjusted for smoking, body mass index, history of drug abuse, number of general practice visits, co-morbidities (including hyperlipidemia, hyper-
tension, cardiovascular disease, osteoarthritis, autoimmune disease, Parkinson disease, schizophrenia, psoriasis, chronic liver disease, chronic renal
disease, and surgery), all co-medications except oral contraceptives, and all types of pain except other pain in addition to matching variables.

similar to those when we defined exposure taking into
account the duration of last available opioid prescrip-
tion before the index date (data not shown).

Discussion

In the current study in general UK population, al-
though any exposure to opioids was associated with
an increased risk of T2D when only adjusting for the
matching factors, there was no effect of opioids on T2D

after further adjusting for BMI, number of GP visits, and
concomitant antihypertensive drug use. Nor was there
an effect when we evaluated timing of opioid expo-
sure, cumulative opioid use, and individual opioid type
after adjustments. BMI, hypertension, concomitant ste-
roid use, and antipsychotics use were independently as-
sociated with an increased risk of T2D, findings that are
consistent with prior knowledge of diabetes epidemiol-
ogy (37-39).
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Table 5. Odds ratios and 95% confidence intervals for opioid exposures in relation to risk of type 2 diabetes among drug-treated cases

and controls.

Cases Controls OR" Multivariate Adjusted OR*

N = 39,557 (%) N =178,694 (%) (95% CI) (95% CI)
Nonuse 23,449 (59.3) 52,994 (67.3) Reference Reference
Any opioid use 16,108 (40.7) 25,700 (32.7) 1.45 (1.41 — 1.48) 1.06 (1.02 - 1.09)
Timing of use
Current use 8,842 (22.4) 13,139 (16.7) 1.56 (1.51 - 1.61) 1.03 (0.99 - 1.07)
Recent use 4,299 (10.9) 7,284 (9.26) 1.36 (1.30 - 1.42) 1.06 (1.01 - 1.12)
Past use 2,967 (7.50) 5,277 (6.71) 1.29 (1.23 - 1.36) 1.10 (1.04 - 1.17)
Cumulative use, number of prescriptions
2-3 3,240 (8.19) 6,078 (7.72) 1.21(1.16 - 1.27) 1.05(0.99 - 1.10)
4-10 4,285 (10.8) 7,467 (9.49) 1.33 (1.27 - 1.38) 1.03 (0.98 - 1.08)
11-30 3,942 (9.97) 5,833 (7.41) 1.58 (1.51 - 1.65) 1.09 (1.03 - 1.15)
31-50 1,635 (4.13) 2,403 (3.05) 1.60 (1.50 - 1.71) 1.04 (0.96 - 1.13)
51 -100 1,864 (4.71) 2,458 (3.12) 1.81 (1.69 - 1.92) 1.08 (1.00 - 1.17)
> 100 1,142 (2.89) 1,461 (1.86) 1.88 (1.73 - 2.03) 1.09 (0.98 - 1.20)
Opioid type
Morphine 89 (0.22) 117 (0.15) 1.76 (1.33 - 2.33) 1.15(0.83 - 1.61)
Oxycodone 20 (0.05) 21 (0.03) 2.18 (1.18 - 4.04) 1.38 (0.65 - 2.94)
Dihydrocodeine 3,718 (9.40) 5,700 (7.24) 1.51 (1.44 - 1.58) 1.12 (1.06 - 1.19)
Diamorphine 8(0.02) 6(0.01) 3.00 (1.04 - 8.68) 1.99 (0.53 - 7.54)
Codeine 6,751 (17.1) 10,970 (13.9) 1.43 (1.38 - 1.48) 1.04 (1.00 - 1.09)
Meperidine 28 (0.07) 38 (0.05) 1.64 (1.00 - 2.67) 1.20 (0.68 - 2.13)
Fentanyl 12 (0.03) 28 (0.04) 0.99 (0.50 — 1.94) 0.54 (0.24 - 1.18)
Propoxyphene 3,826 (9.67) 6,445 (8.19) 1.36 (1.30 - 1.42) 1.02 (0.96 - 1.07)
Buprenorphine 52(0.13) 86 (0.11) 1.39 (0.98 - 1.96) 0.95 (0.63 - 1.44)
Tramadol 908 (2.30) 1,321 (1.68) 1.60 (1.47 - 1.75) 1.05 (0.94 - 1.17)
Meptazinol 32(0.08) 44 (0.06) 1.72 (1.09 - 2.71) 1.27 (0.75 - 2.16)
Polytherapy 640 (1.62) 865 (1.10) 1.71 (1.54 - 1.90) 1.09 (0.96 - 1.23)
Others 24 (0.06) 59 (0.07) 0.91 (0.57 - 1.47) 0.98 (0.56 - 1.70)

CI-confidence interval, OR-odds ratio
* Adjusted for matching variables.

t Adjusted for smoking, body mass index, history of drug abuse, number of general practice visits, co-morbidities (including hyperlipidemia,
hypertension, cardiovascular disease, osteoarthritis, autoimmune disease, Parkinson disease, schizophrenia, psoriasis, chronic liver disease,
chronic renal disease, and surgery), all co-medications except oral contraceptives, and all types of pain except other pain in addition to matching

variables.

A number of studies have reported an association
between low levels of testosterone and insulin resistance,
impaired glucose tolerance, or T2D in men (21-26,40,41).
In a prospective cohort of the Massachusetts Male Aging
Study, Stellato and colleagues (25) found that low levels
of mean baseline free testosterone were associated with
the risk of developing diabetes. Interestingly, high not
low testosterone levels are associated with higher risk of
T2D in women (22,41), which was supported by the ob-

servation of insulin resistance in women with polycystic
ovary syndrome and in non-diabetic women with ab-
dominal obesity (20,42). In addition, both estrogen defi-
ciency and estrogen excess are believed to be associated
with deterioration in insulin resistance, but the former is
linked with deterioration in glucose homeostasis and the
latter with glucose tolerance (43). However, to date we
found only one study that reported directly on opioid use
in relation to risk of T2D. This paper reported that current
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opioid use was associated with a 1.6—fold increased risk
of diabetes compared to nonuse among women at risk or
infected with human immunodeficiency virus (44). Given
the highly selected study population, direct comparison of
results is not possible. It should also be noted that use of
highly active antiretroviral therapy has itself been associ-
ated with insulin resistance or diabetes (45).

Our study found that T2D cases were more likely to
have the well-established diabetes risk factors, such as
CVD, hypertension, and a high BMI, factors that were
also associated with opioid exposure. Moreover, T2D
cases were more likely to have GP visits than controls,
suggesting the possibility that T2D cases have more op-
portunities to be screened for diabetes than controls.
To control for this possible detection bias we adjusted
for the number of GP visits occurring within 2 years be-
fore the index date, and found the crude OR fell from
1.52 to 1.11 for current opioid use. After we further
controlled for BMI and antihypertensive drug use, all
ORs for each category of opioid exposure decreased to
around one. When we further adjusted for co-morbidi-
ties, co-medications, and types of pain associated with
both opioid exposure and T2D, there were no material
changes in the effect measures. These findings suggest
that the crude positive associations were attributed to a
combination of detection bias, poorer health in opioid
users in contrast with nonusers, and confounding.

T2D does not have an acute clinical onset and it
is likely that some cases had the illness for some time
prior to their diagnosis. This could have resulted in
some misclassification of exposure. The evaluation of
different length of cumulative use should provide in-
sight into the effects of this potential misclassification,
as those with the longest exposure would be most likely
to be truly exposed prior to disease onset and, if there
were a true positive effect, it would be strongest with
the longest use. We did not see evidence of a duration
effect in these data so this is not a likely explanation
for our results. In addition, some opioid prescriptions
had ambiguous instructions for use, which could also
have resulted in some misclassification of exposure
when we defined timing of use based on the calculated
duration. Nevertheless, when we redefined exposure
based on the actual date of receipt of the last opioid
prescription before the index date, not accounting for
the length of the last prescription, we still did not find
any association between opioid use and risk of T2D. Co-
deine in combination with paracetamol or ibuprofen
and dihydrocodeine in combination with paracetamol,
which are used for the treatment of mild to moderate

pain, are available over-the-counter (OTC) in the UK,
so it is possible that we missed some use of these OTC
drugs in this study. However, this is unlikely to have
had much impact on extensive users because people
who receive more than minimal analgesia most often
get prescriptions from their GPs to avoid paying out of
pocket. Moreover, most opioids are prescription drugs
and there are no effects for any individual opioid type
in this study, so our results are unlikely to be explained
by this kind of misclassification.

It is also possible that people who become prescrip-
tion opioid abusers or addicts seek illegal sources for
additional opioids which are not recorded in the GPRD.
In our study we found no more than 1% of study sub-
jects had a recorded history of drug abuse which is a
strong predictor of opioid misuse in chronic pain pa-
tients (46). After we excluded these subjects, although
they likely under represent the total number of pre-
scription opioid abusers, we did not find any changes
in our primary findings. In addition, if misclassification
of exposure due to illegal opioid usage existed in our
study, it would be more likely to occur in young adults
than elderly adults, because young age is another pre-
dictor of opioid misuse in chronic pain patients (46).
However, stratification by age did not yield material
differences in diabetes risk.

In this study, we identified T2D cases based on com-
puter-recorded diagnosis codes, rather than fasting
glucose measurement. Although we required each case
diagnosis to be accompanied by follow-up information
consistent with a diagnosis of diabetes, we cannot rule
out the possibility of case misclassification. However,
when we repeated the analysis restricted to drug-treat-
ed T2D cases, who were unlikely to be false positive
cases (47), and their matched controls, we found results
similar to those among all study subjects indicating that
our results are unlikely to be attributable to misclassifi-
cation of disease.

In order to capture the maximum possible informa-
tion on extensive (long-term) opioid use, we included
both new and prevalent users in our study. To examine
the impact of including people with unknown duration
of use (prevalent use) in the study sample, we repeated
the analysis restricted to new opioid users who had at
least a one year washout period before their first re-
corded opioid prescription. The results were not materi-
ally different than the results in all study subjects.

In this study we did not control for family histo-
ry of diabetes or physical activity level, because these
data are not available in the GPRD. Nevertheless, our
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findings are not likely to be confounded by these risk
factors. Although family history of diabetes is an in-
dependent risk factor for diabetes, it is unlikely to be
associated with opioid use. Low physical activity level
is another risk factor for diabetes. Since opioid users
generally suffer from more co-morbidities and pain
symptoms, they are less likely to have regular exercise
than nonusers. In this scenario, we would predict an in-
creased risk for opioid users because of confounding by
physical activity level, so missing information on these
covariates would not explain our finding.

ConcLusIonN

Our results do not support the hypothesis that opi-
oid treatment is associated with an increased risk of

T2D among non—cancer adults. In light of the increasing
use of opioids in patients with chronic pain, which can
undermine overall physical, psychological, and social
well-being of the affected individuals, these data add
valuable safety information on opioid therapy in the
treatment of CNCP.
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