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Inches, Centimeters, and Yards
Overlooked Definition Choices Inhibit Interpretation

of Morphine Equivalence
Nabarun Dasgupta, PhD,* Yanning Wang, MS,† Jungjun Bae, BS,‡§

Alan C. Kinlaw, PhD,∥¶ Brooke A. Chidgey, MD,#**
Toska Cooper, MPH,* and Chris Delcher, PhD‡§

Objective: Morphine-standardized doses are used in clinical practice
and research to account for molecular potency. Ninety milligrams of
morphine equivalents (MME) per day are considered a “high dose” risk
threshold in guidelines, laws, and by payers. Although ubiquitously
cited, the “CDC definition” of daily MME lacks a clearly defined

denominator. Our objective was to assess denominator-dependency on
“high dose” classification across competing definitions.

Methods: To identify definitional variants, we reviewed literature
and electronic prescribing tools, yielding 4 unique definitions. Using
Prescription Drug Monitoring Programs data (July to September
2018), we conducted a population-based cohort study of 3,916,461
patients receiving outpatient opioid analgesics in California (CA)
and Florida (FL). The binary outcome was whether patients were
deemed “high dose” (> 90MME/d) compared across 4 definitions.
We calculated I2 for heterogeneity attributable to the definition.

Results: Among 9,436,640 prescriptions, 42% overlapped, which led
denominator definitions to impact daily MME values. Across defi-
nitions, average daily MME varied 3-fold (range: 17 to 52 [CA] and 23
to 65mg [FL]). Across definitions, prevalence of “high dose” individ-
uals ranged 5.9% to 14.2% (FL) and 3.5% to 10.3% (CA). Definitional
variation alone would impact a hypothetical surveillance study trying to
establish how much more “high dose” prescribing was present in FL
than CA: from 39% to 84% more. Meta-analyses revealed strong het-
erogeneity (I2 range: 86% to 99%). In sensitivity analysis, including unit
interval 90.0 to 90.9 increased “high dose” population fraction by 15%.

Discussion: While 90 MME may have cautionary mnemonic bene-
fits, without harmonization of calculation, its utility is limited.
Comparison between studies using daily MME requires explicit
attention to definitional variation.

Key Words: opioids, milligrams of morphine equivalents (MME), defi-
nitions, epidemiology, Prescription Drug Monitoring Programs (PDMP)

(Clin J Pain 2021;37:565–574)

M orphine-standardized analgesic doses are calculated in
clinical practice and research routinely. And, in sup-

port of safer opioid prescribing, clinical guidelines suggest
limits or cautions above 90mg of morphine equivalents
(MME) to prevent respiratory depression. Yet, subtle var-
iations in MME per day calculations have been overlooked.1

Therefore, we sought to quantify the practical impact of
definitional variants to provide clarity.

Equianalgesic conversion factors between opioids were
intended to guide dosing when switching patients by
accounting for potency.2,3 Conceptually, an equianalgesic dose
is that at which 2 opioids provide the same pain relief. Con-
trary to conventional wisdom, conversion values are not based
on pharmacologic properties. Instead, they arose 60 years ago
from small single-dose clinical studies in postoperative or
cancer populations with pain score outcomes; toxicologic
effects (eg, respiratory depression) were not evaluated.4

Amid concerns about opioid overdose, the concept of
equianalgesic potency resurfaced.5 In 2016, the US Centers
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for Disease Control and Prevention (CDC) issued a guide-
line for chronic noncancer pain management including
strong cautions above 90 daily MME based on population-
level mortality studies.6 The CDC Guideline formalized a
shift in the MME concept from antinociception to toxicol-
ogy. The 90 daily MME recommendation was not absolute;
however, some state laws, policies, and insurance require-
ments now invoke the threshold explicitly. For example, the
State of Maine prohibits “any combination of opioid med-
ication in an aggregate amount in excess of 100 MME of
opioid medication per day.”7 CDC recognized this mis-
application with a statement softening the “hard limits”
inferred.8 The American Medical Association has expressed
similar concerns.9

Definitional issues in opioid management10,11 and
MME criticism are longstanding.1,12–19 Studies used by
CDC to establish the 90mg threshold employed approaches
to calculating daily MME that differed silently. Total MME
can be divided by days supply to calculate the average daily
MME per prescription. However, the CDC Guideline does
not address measurement per patient. Therefore, we quan-
tified how daily MME definitions impact clinical practice, as
well as interpretation of the evidence base.

METHODS

Sources of Definitions
Because of their considerable impact on opioid prescribing

and frequent citation in the literature, we examined the 27
studies cited in the CDC Guideline to identify definitions of
daily MME, based on our previous review.20 Despite doc-
umentation challenges, we identified 4 distinct approaches
among 18 studies1,21–37 and applied them to dispensing data
from California and Florida. Supplemental Digital Content 1
(http://links.lww.com/CJP/A783) contains verbatim extracts
from the original studies. Other approaches were identified,38–40

but described inadequately or infrequently.
In demonstrating how to calculate MME, the online

continuing medical education module associated with the CDC
Guideline41 presents the following clinical scenario, to which we
added an additional prescription for illustrative purposes.

A patient receives 30 mg extended-release oxycodone
twice a day for around-the-clock pain for 30 days (60 tab-
lets), and one 5mg oxycodone twice a day as needed for
breakthrough pain for 7 days (14 tablets). Both prescriptions
are dispensed on the first day of a 30-day month, with no
subsequent dispensing. Assume 1.5 as the conversion factor
for oxycodone-to-morphine.42

Alarmingly, for this simple scenario, 4 definitional
variants return daily MME inconsistently: 75.8 or 93.5 or
31.2 or 105mg/d.

Definitions
Total MME for the first prescription equals (60

tablets) × (30 mg per tablet) × (1.5 conversion factor from
oxycodone-to-morphine),42 resulting in 2700 mg. For the
second prescription (14 tablets) × (5 mg per tablet) × (1.5
conversion factor) results in 105 mg. Total MME across
both prescriptions is 2805 mg, appearing as the numerator in
the first 3 definitions. Formulas are provided in Supple-
mental Digital Content 2 (http://links.lww.com/CJP/A783).

Definition 1—Total Days Supply
This common definition appears in studies1,26,43 cited

in the CDC Guideline and elsewhere.44,45 The numerator is

the sum of MMEs across all prescriptions (2805mg), and
the denominator is the sum of days supply across all pre-
scriptions (37 d), for 75.8 mg/d. The same day may con-
tribute multiple times to the denominator (ie, prescriptions
overlap), allowing the denominator to potentially exceed the
number of unique calendar days.

Definition 2—On-therapy Days
Consistent with standard practice in pharmacoepidemi-

ology, this definition identifies on-therapy days to account for
overlapping prescriptions. This method is used in studies33,37

cited in the CDC Guideline and elsewhere.46 The numerator is
the sum of MMEs across all prescriptions, and the denomi-
nator is the total unique person-days explicitly exposed
according to days supply, counting overlap days once. No gap
allowances are made for early refills. Applying this definition,
2805 is divided by 30 days, resulting in 93.5mg/d.

Definition 3—Fixed Observation Window
This common definition from early studies23,25,30 cited in

the CDC Guideline often reference an even earlier study,47

and is still used.48,49 The US Department of Health and
Human Services Office of the Inspector General recommends
this method, which is one of the only definition sources with
adequate documentation to allow replication.50 The numer-
ator is again the sum of MMEs across all prescriptions, and
the denominator is days elapsed during follow-up, hospital
stay,51 or beneficiary enrollment.52 Although 90-day obser-
vation windows are most common,23,25 180 days43 and
365 days30 were also used in studies supporting the CDC
Guideline. Applying this definition 2805 divided by 90 days
results in 31.2mg/d.

Definition 4—Maximum Daily Dose
Toxicologic framing identifies the highest single-day

MME exposure, irrespective of days supply or opioid tol-
erance. This definition appears to underlie the calculator in
the CDC Opioid Guideline mobile app.53 Prescriptions
dispensed pro re nata are assumed to be consumed imme-
diately, regardless of how long the prescription is written
for. Yet, paradoxically, the “maximum” does not con-
ceptually include consumption for intentional self-harm.
This method was used by studies24,28,32,35 cited in the CDC
Guideline and may be most relevant for prescriptions to
patients who are opioid naive. The first prescription is
30 mg×2 (twice per day)×1.5 (the conversion factor) for 90
MME, plus the second prescription with 5 mg×2×1.5 for 15
MME, resulting in 105mg/d.

Medication Dispensing Data
Our study used deidentified data from Prescription Drug

Monitoring Programs (PDMPs) in California and Florida,
which we had analyzed previously.54,55 Inclusion criteria were
any complete opioid analgesic dispensing record for state resi-
dents aged 18 years and older in California (adult population:
30,571,507) and Florida (adult population: 17,071,450) from
July 1, 2018, to September 30, 2018.56 To minimize left-censor-
ing, we included fractional prescriptions dispensed before the
observation period which continued past July 1. A short time
period was chosen to limit seasonal variation, secular trends, and
to allow stabilization of dispensing after earlier changes in
Florida law to limit days supply and require checking of the
PDMP.57,58 Solid oral and transdermal formulations of opioid
analgesics were included (detailed in Supplemental Digital
Content 2, http://links.lww.com/CJP/A783).
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Primary Analysis
Descriptive statistics were calculated under the stand-

ard assumption of consumption exactly and completely as
directed. We applied the 4 definitions separately to identify
the prevalence of patients who would be considered “high
dose” (> 90 daily MME), such as would be conceptualized
in a hypothetical policy evaluation. We stratified into 3
mutually exclusive subgroups: (1) patients receiving only
immediate-release or short-acting opioids, generally used for
acute pain, initial management, or titration of persistent
pain (hereafter immediate-release); (2) patients receiving
only extended-release or long-acting opioids labeled for
chronic pain (hereafter extended-release); and (3) patients
receiving both immediate-release and extended-release
opioids contemporaneously within the 3-month observation
period (eg, including, but not limited to, patients with
chronic pain receiving opioids for breakthrough pain or
during taper). From continuous models of daily MME, we
report arithmetic means and medians by subgroup. Data
management was conducted in SAS 9.4 (SAS Institute Inc.,
Cary, NC); code available at www.opioiddata.org.

Meta-analyses
Applying a Food and Drug Administration (FDA)

method for opioid measurement dilemmas,59 we used meta-
analytic techniques to quantify how much heterogeneity
would have been observed across hypothetical state-compar-
ison studies, each applying one of the 4 variants on the same
sample (fixed effects). In preliminary analyses, Florida gen-
erally had higher opioid use than California, presumably due
to an older population,56 scope of practice legislation,58,60 and
other factors.61 Conceptualized as a comparative surveillance
study, we evaluated differences between the 2 states: (1) daily
MME as categorical comparing the proportion of “high dose”
patients, and (2) calculating mean differences in milligrams as
a continuous variable, stratified by the 3 opioid categories
from subgroup analyses. To quantify heterogeneity between
definitions, we computed Higgins and Thompson I2 metric62

and χ2 statistics in Stata/MP 16.0 (Stata Corp., College Sta-
tion, TX). Code and annotated output are provided in Sup-
plemental Digital Content 3 (http://links.lww.com/CJP/A783).

Sensitivity Analysis
We explored the impact of inconsistency at the

threshold borderline: Some studies use > 90 daily MME (eg,
91 and higher), while others use ≥ 90 daily MME. Like the
primary analysis, the outcome was the proportion of
patients considered “high dose” with prevalence differences.
The corresponding number needed to harm (NNH) repre-
sents the number of patients seen before one would be
misclassified as “low dose” who should have been consid-
ered “high dose.”

Ethics Statement
The study was approved by the University of Kentucky

Institutional Review Board.

Patient Involvement
The Opioid Data Lab (www.opioiddata.org) is a col-

laboration between the authors’ 3 institutions; professional
representation by patients with chronic pain and people who
use drugs is a core organizational tenet. Representatives
review the portfolio of research projects, providing guidance
from study conceptualization to findings dissemination. The
definitional and clinical nature of this particular analysis

elicited limited input from representatives, mostly on clinical
plausibility and impact.

RESULTS

Descriptive Findings
The analytic sample contained 9,436,640 opioid anal-

gesic prescriptions (California, n= 5,677,277 and Florida,
n= 3,759,363) dispensed for use between July and Sep-
tember 2018, encompassing 3,916,461 unique adult residents
(California, n= 2,430,870 and Florida, n= 1,485,591). The
3-month rate of opioid dispensing was lower in California at
7.9 per 100 adult residents than in Florida with 8.7. The
prevalence of prescriptions with overlapping days supply
was 39.0% in California and 44.9% in Florida, corre-
sponding to 23.0% and 27.4% of patients, respectively. Total
MME per prescription was heavily right-skewed, with
divergent arithmetic means and medians. In California,
average MME per prescription was 1547mg (95% con-
fidence interval [CI]: 1540-1554), but median was 300 (25th
and 75th percentile: 100 to 1275). In Florida, total MME
per prescription was higher at 2146mg (95% CI: 2138-2154),
and median 382 mg (25th and 75th percentile: 113 to 1818).
Arithmetic means and medians convey dramatically differ-
ent perspectives on population-level prevalence of “high
dose” patients.

Primary Analysis of Definitional Variants
The 4 definitions yielded a 3-fold range of MME: 17 to

52 mg/d in California and 23 to 65mg/d in Florida
(Table 1), on the same sample. The 2 states had 2.4 and
2.9-fold differences in the number of “high dose” patients
> 90 daily MME (Fig. 1), respectively. In California, the 4
definitions resulted in a range of 3.6% (n= 86,407) to 10.3%
(n= 249,471) of opioid recipients identified as “high dose.”
In Florida, the range was 5.9% (n= 87,295) to 14.2%
(n= 211,429) having > 90 daily MME. In both states,
Definition 4 (maximum daily dose) identified the highest
number of “high dose” patients. However, in California,
Definition 3 (fixed observation window) returned the fewest
patients with > 90 daily MME, whereas in Florida Defi-
nition 1 (total days supply) provided the least.

Subgroup Analysis
We found that 92.2% of adult opioid patients were

treated only with immediate-release opioids, nearly identical
to national estimates.59 In addition, 78.3% of patients with
extended-release opioids also received concurrent immedi-
ate-release opioids.

We next analyzed the impact of definition choice
among mutually exclusive opioid patient subgroups:
immediate-release only (n= 3,611,856), extended-release
only (n= 66,077), and any combination of extended-release
and immediate-release (n= 238,528). Patients receiving only
extended-release opioids showed the least variation, with
about 2-fold relative differences between the highest and
lowest definitions (Table 1).

At a clinical level, the definitional variants led to dif-
ferent conclusions. If assessing whether a single patient was
receiving a “high dose” of opioids, on average some defi-
nitions would say yes, others no. For patients receiving only
extended-release, 2-out-of-4 definitions returned an average
dose > 90 daily MME. For patients receiving both
extended-release and immediate-release opioids, 3-out-of-4
variants returned average dose > 90mg/d.
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TABLE 1. Definitional Variation in MME by Type of Pain Medication

Average Daily MME Daily MME, Median (IQR)

Definition California Florida California Florida

All patients on opioid analgesics (mg)
Total days supply 33 39 25 (18, 40) 30 (20, 45)
On-therapy days 38 46 25 (18, 40) 30 (20, 46)
Fixed observation window 17 23 3.3 (1.1, 13.9) 4.2 (1.2, 19.8)
Maximum daily dose 52 65 30 (20, 50) 33 (20, 60)

No. patients 2,430,870 1,485,591 2,430,870 1,485,591
Average on-therapy days (d) 30 34 13 (5, 56) 17 (3, 69)

Immediate-release only (mg)
Total days supply 30 34 24 (17, 38) 30 (19, 40)
On-therapy days 31 35 25 (18, 38) 30 (19, 43)
Fixed observation window 10 13 2.7 (1.1, 10.2) 3.3 (1.1, 13.0)
Maximum daily dose 40 45 30 (20, 45) 30 (20, 50)

No. patients 2,273,028 1,338,828 2,273,028 1,338,828
Average on-therapy days (d) 27 30 10 (5, 46) 12 (3, 58)

Extended-release only (mg)
Total days supply 90 87 60 (30, 120) 60 (30, 120)
On-therapy days 104 97 62 (31, 121) 63 (32, 120)
Fixed observation window 73 67 42 (15, 90) 41 (14, 90)
Maximum daily dose 154 143 90 (45, 180) 90 (55, 180)

No. patients 40,038 26,039 40,038 26,039
Average on-therapy days (d) 61 60 75 (30, 89) 73 (29, 89)

Extended-release and immediate-release (mg)
Total days supply 74 83 55 (38, 90) 66 (44, 108)
On-therapy days 144 160 100 (63, 172) 123 (75, 210)
Fixed observation window 123 133 82 (42, 151) 98 (51, 181)
Maximum daily dose 251 268 173 (105, 300) 200 (120, 345)

No. patients 117,804 120,724 117,804 120,724
Average on-therapy days (d) 74 74 88 (63, 92) 88 (67, 92)

IQR indicates interquartile range; MME, milligrams of morphine equivalents.

9.2%
136,995

5.9%
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FIGURE 1. Inconsistency in identifying “high dose” patients on opioids. The proportion of patients on opioids considered “high dose” (>90mg of
morphine equivalents [MME]/day) varies by definition alone, from July to September 2018. Four definitions were identified from the literature and
clinical tools. Total days supply (D1) divides the sum ofMMEs by the sum of days supply, allowing the denominator to be longer than the prescribed
duration. On-therapy days (D2) divides total MME by the number of calendar days. Fixed observation window (D3) uses a fixed denominator,
typical 30 to 90 days in research studies. Maximum daily dose (D4) identifies the day with the highest total possible exposure.
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Meta-analyses
In the first meta-analysis, we compared the proportion

of patients receiving “high dose” (> 90 daily MME) opioids
between California and Florida. MME formula was the
only source of variation. While Florida consistently had
more “high dose” patients, the magnitude of the difference
varied solely on how daily MME was calculated: 64% or
59% or 84% or 39%. A hypothetical surveillance study or
policy evaluation would reach different conclusions based
on which definition was used. Meta-analytic metrics con-
firmed very high heterogeneity (χ2= 3257, 3 df, P< 0.0001),
with I2 of 99.9% (Table 2).

In the second meta-analysis, we calculated mean dif-
ferences in milligrams of MME per day between states.
Heterogeneity was very high overall based solely on defi-
nition choice, with the extended-release only group showing
the least (I2= 86%), while the other 2 subgroups had I2

> 98% (Table 2). A similar pattern was found using χ2 sta-
tistics, with extended-release only showing lower relative
heterogeneity arising from definition choice (χ2= 22), fol-
lowed by concurrent extended-release and immediate-
release (χ2= 181), and immediate-release only showing
greatest impact from definition choice (χ2= 219). The het-
erogeneity in the latter subgroup appears to be driven by
Definition 3 (90-d fixed observation window) which was

markedly lower than other variants (Table 1). Patients
receiving extended-release and immediate-release con-
currently in Florida had consistently higher average doses
than in California, however, the effect size was ambiguous:
from 8.8 mg (95% CI: 8.3-9.3) to 17.2 mg (95% CI: 15.1-
19.3). Definition 1 (total days supply) showed the least dif-
ference between states among patients receiving both
immediate-release and extended-release opioids, but the
second-highest difference in the immediate-release only
subgroup. Definition 4 (maximum daily dose) consistently
returned the most exaggerated result. The remaining 3 def-
initions changed in rank order. Further complicating the
picture, patients in Florida receiving only extended-release
opioids had lower mean MME (range: −3.3 to −10.6 mg/d)
than in California. In epidemiologic terms, a claims data
study using the standard incident new user design to eval-
uate extended-release opioids might return the opposite
results to a prevalent user design.63,64

Sensitivity Analysis
Both states showed boundary effects when comparing

> 90 daily MME to ≥ 90 daily MME, with a dispropor-
tionally large increase in prevalence for 1 additional milli-
gram of MME (Table 3). Solely including the borderline
unit interval: 90.0 to 90.9 increased the “high dose” pro-
portion by 15.4% (95% CI: 15.2% to 15.7%) on average.
Definition 3 (fixed observation window) was most robust to
misclassification at the 90 mg borderline. With this variant,
the NNH for one misclassification was 1 in 2430 in Cal-
ifornia, and 1 in 1244 in Florida. Definition 4 (maximum
daily dose) was most susceptible to boundary inclusion
decisions with NNH for misclassification of 1 in 67 and 1 in
30, respectively.

Data Sharing Statement
Data processing code used to construct each definition

is available at www.opioiddata.org. Individual-level PDMP
records are governed by state laws and requests must be
made directly to those authorities; the authors are not per-
mitted to transfer individual-level data to third parties.
However, all aggregate data and code used for statistical
analyses are publicly available at www.opioiddata.org and
institutionally archived at the Carolina Digital Repository
(https://doi.org/10.17615/zst5-nc25).

DISCUSSION
Over the past decade, MME have been accepted into

clinical practice and adopted for opioid safety studies with
limited critical assessment. The computational ease and the
evocative lure of molecular fundamentals collide in an
optimal level of cognitive complexity to engender MMEs
with an unsubstantiated aura of immutability. Our analysis
revealed definitional inconsistencies that have been over-
looked. There are implications for clinical care, policy, and
epidemiology, and the potential to capriciously impact
many thousands of patients.

Our findings preclude a universal MME formula which
suits all clinical practice. The practical utility of MME in
opioid management has been questioned.12,16 Our study
further suggests that when patients are handed-off between
prescribers, measurement variation could lead to incon-
sistent experiences for patients requiring pharmacotherapy
for pain relief. MME calculations are incorporated in many
clinical decision support systems, yet software interfaces and

TABLE 2. Meta-analytic Comparison of MME Definitional Variants

Relative Proportion More “High Dose” Patients in Florida
(vs. California)

More “High Dose” Patients,
% (95% CI)

Daily MME definition variant (n= 3,916,461)
Total days supply 64.0 (62.5-65.5)
On-therapy days 59.2 (58.0-60.3)
Fixed observation window 84.3 (82.7-86.0)
Maximum daily dose 38.7 (37.9-39.4)

I2= 99.91%
Test of heterogeneity: χ2= 3257, 3 df, P< 0.0001

Mean difference in daily MME in Florida (vs. California)

Difference in MME (95% CI)

Immediate-release only (n= 3,611,856) (mg)
Total days supply 3.7 (3.3-4.1)
On-therapy days 3.5 (3.1-3.9)
Fixed observation window 2.2 (2.2-2.3)
Maximum daily dose 5.1 (4.6-5.6)

I2= 98.63%
Test of heterogeneity: χ2= 219, 3 df, P< 0.0001

Extended-release only (n= 66,077) (mg)
Total days supply −3.3 (−1.8 to −4.8)
On-therapy days −6.8 (−4.9 to −8.7)
Fixed observation window −5.9 (−4.4 to −7.4)
Maximum daily dose −10.6 (−7.7 to −13.6)

I2= 86.38%
Test of heterogeneity: χ2= 22, 3 df, P= 0.0001

Both extended-release and immediate-release (n= 238,528) (mg)
Total days supply 8.8 (8.3-9.3)
On-therapy days 16.7 (15.0-17.3)
Fixed observation window 10.4 (9.2-11.5)
Maximum daily dose 17.2 (15.1-19.3)

I2= 98.34%
Test of heterogeneity: χ2= 181, 3 df, P< 0.0001

CI indicates confidence interval; MME, milligrams of morphine equivalents.
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clinical practice rarely allow space for probing definitional
nuance.65

MMEs homogenize opioid exposure. On a policy level,
the lack of definitional consensus makes it difficult to assess
compliance with legislative mandates and third-party payer
requirements. For example, an opioid reduction schedule
was implemented by Arkansas Medicaid where beneficiaries
with ≥ 250MME per day were required to be tapered to
≤ 90mg during an 18-month period by 50mg intervals.66

Since these patients are clearly not opioid naive, on-therapy
days or fixed observation window may be more appropriate
than the exaggerated exposure from maximum daily dose
(Table 4). Without a standardized definition in this setting,
choice of definition will directly impact the course of a
patient’s therapy arbitrarily.

At the medicolegal interface, our work has implications
for law enforcement and prescriber communication.67

MME alert thresholds are incorporated in “doctor shopping
algorithms” and automated proactive reporting, routinely
devoid of diagnosis.68 Some law enforcement use daily
MME to target prescribers,69 yet we have little reason to
believe that definitions are applied with fidelity. In light of
our findings, penalizing clinicians solely on the basis of 90
MME limits is problematic.70

Of concern to epidemiologists, long-term intervention
evaluation may be subject to an overlooked form of bias.
This is because definition choice impacts immediate-
release and extended-release opioids differentially. If the
proportion of these 2 formulations changes over time,
daily MME will produce biased time trends. For example,
between 2012 and 2019 the number of extended-release
prescriptions decreased quicker than immediate-release;
the reduction was even more pronounced for extended-
release opioids with properties intended to deter
tampering.59 Definition 1 is of particular concern as it
exaggerates the difference in daily MME between these 2
types of formulations: Definition 1 returned one of the
highest daily MMEs for immediate-release opioids, but for
the lowest for extended-release. For evaluation studies
with trends over time, Definition 3 may have utility since it
was the most robust to misspecification, including due to
overlapping prescriptions, by formulation, and at the
90 mg inclusion boundary. The mean-median inequality

also challenges assumptions in average-generating stat-
istical models; median or geometric (eg, log-transformed)
averages may be a more accurate representation because
they are less prone to influence by outliers.71 The mean is
not always the message; policymakers reading PDMP
reports based solely on MME averages are in danger of
making decisions based on metrics that are artifactually
inflated. Medians and ranges may convey a more accurate
picture in these scenarios.

There are standard assumptions and limitations
inherent to database studies of medication use72,73: perfect
specification and completeness, generic equivalence,74,75

absence of counterfeits,76 no external sources (eg, out-of-
state, leftover, diverted, or illicitly manufactured).77 How-
ever, these are of less concern in our study because we were
not associating with biological outcomes and are inde-
pendent of definition. To relax assumptions of perfect
adherence, we are exploring novel parametric methods.78

Dispensing data do not necessarily reflect actual con-
sumption. About 60% of patients prescribed opioids retain
unused medication.79 Therefore all definitions assuming
medication completion systematically overestimate bio-
logical exposure. We did not have enough information to
determine how unused medications would impact each
definition differently. Each definition is dependent on days
supply, which is subject to variations when calculated at
pharmacies; we are investigating this separately. Converting
transdermal formulations to oral MME can be tricky due to
dosing units measured in hours, leading to prescriber,
pharmacist, and researcher variation.80 No definition con-
sidered pain etiology or tolerance. We were not able to
observe social determinants of health81 or unfilled
prescriptions,82 and could not differentiate cancer pain.
Finally, we note the debate about specific conversion factors
between opioid molecules.16,19 We did not evaluate the
impact of equianalgesic multipliers in a bid to reduce ana-
lytic complexity. Finally, the toxicologic framing of MME
may have limited application for opioids where fatal toxicity
does not involve respiratory depression (eg, serotonin
depletion with tramadol), in the presence of atypical mu-
opioid receptor agonism (eg, tapentadol, buprenorphine), or
when consumed in the presence of synergistic nonopioid
central nervous system depressants.

TABLE 3. Sensitivity Analysis of Boundary Inclusion at ≥90mg

Definition
Patients > 90 Daily

MME, n (%)
Patients ≥ 90 Daily

MME, n (%)
Rate Difference Per 1000

(95% CI)
Number Needed to

Harm*

California
Total days supply 87,078 (3.6) 106,240 (4.4) 7.9 (7.5, 8.2) 1 in 127
On-therapy days 140,822 (5.8) 155,254 (6.4) 5.9 (5.5, 6.4) 1 in 169
Fixed observation window 86,407 (3.6) 87,407 (3.6) 0.41 (0.07, 0.75) 1 in 2430
Maximum daily dose 249,471 (10.3) 285,807 (11.8) 15.0 (14.3, 15.5) 1 in 67
Total adult opioid patients 2,430,870

Florida
Total days supply 87,295 (5.9) 113,998 (7.7) 18.0 (17.4, 18.6) 1 in 56
On-therapy days 136,995 (9.2) 157,794 (10.6) 14.0 (13.3, 14.7) 1 in 72
Fixed observation window 97,346 (6.6) 98,541 (6.6) 0.80 (0.22, 1.4) 1 in 1244
Maximum daily dose 211,429 (14.2) 261,335 (17.6) 33.6 (32.7, 34.5) 1 in 30
Total adult opioid patients 1,485,591

*Number of patients seen before one would be misclassified as “low dose”who should have been considered “high dose” by using 90mg instead of 91mg as a threshold.
CI indicates confidence interval; MME, milligrams of morphine equivalents.
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Our recommendations (Table 4) will benefit from collec-
tive iteration. Definition 2 appears to have face validity with
routine clinical practice. Definition 4’s toxicologic focus might
be useful for new opioid patients with simple regimens at risk for
respiratory depression but carries the highest risk of over-
estimating daily MME. It remains to be seen if shifting clinical
definition choice between patients may provide more practice
autonomy and better patient outcomes. At a minimum, clinical
guidelines, legislation, PDMP vendors, and clinical decision
support systems should make formulae, conversion tables, and
code explicit. Research studies should consider sensitivity anal-
yses by definition choice, and treating MME exposure as a
transformed continuous variable.83 Our findings may have
implications for other drug classes (eg, benzodiazepines84 and
stimulants) and the World Health Organization defined daily
dose for opioids.80,85,86

The sensitivity analysis showed that 15% of patients were
right on the 90 to 91mg borderline. While our study was not
designed to assess prescribing motivations, the strong clustering
effect suggests that this threshold might be used as a cap to
appear in compliance with external mandates. There is no
particular clinical reason we could identify for patients to oth-
erwise cluster at 90 MME per day outside of policy, health
system, and payer requirements. We speculate that patients who
might have otherwise received higher doses are subsumed under
this threshold. Definitional choices have consequences.

Despite variation in underlying definitions, the studies
cited in the CDC Guideline consistently found an increased
risk of fatal overdose ≥ 90 daily MME. The simplest
explanation is an artifact of turning a continuous metric into
one that is categorical: All but 2 studies30,33 we reviewed
categorized MME exposure using 90 to 120 mg as the lower
bound for the highest stratum. However, for fatal overdose,
not all opioid molecules exhibit a dose-dependent
correlation.87 Still, our study supports FDA’s contention
that overdose risk with opioid analgesics is a continuous
function.88 Historically, the transition of the MME concept
from pain relief to toxicology ignored the clinical concept of
differential tolerance.89 With opioid dose escalation, anal-
gesic and unintended effects emerge asynchronously. While

90 MME may have cautionary mnemonic benefits in the
midst of broad societal concern, a renewed emphasis on
opioid tolerance and definitional harmonization (for daily
MME and long-term therapy11,90) seems overdue.

The overlooked inconsistency among daily MME defi-
nitions revealed by our study calls into question the clinical val-
idity of a single numerical risk threshold. When measuring with
inches, centimeters, and yards, the absolute number of units is
arbitrary. The mix of clinical and research metrics used to cal-
culate the 90 MME threshold is similarly convoluted. As pro-
viders, we struggle to do what we feel is right for our patients in
the midst of increasing outside pressure with serious ram-
ifications. Our findings call into question state laws and third-
party payer MME threshold mandates. Without harmonization,
the scientific basis for these mandates may need to be revisited.
As the CDC Guideline is revised, and clinical decision tools are
developed, it is critically important to reassess the evidence base
in light of this previously unknownMME definitional variability.
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Supplement 1. Verbatim MME calculation methods from studies cited in the CDC pain 
Guideline1, identified from a previous methods review.2 

Inches, Centimeters, and Yards: Measurement Variations Inhibit Clinical Interpretation of 
Morphine Equivalence

Nabarun Dasgupta, Yanning Wang, Jungjun Bae, Alan Kinlaw, Brooke Alison Chidgey, Toska 
Cooper, Chris Delcher. 

Full documentation available at OpioidData.org 

Tennant et al.3 (1982): mean daily dose reported but methods not specified 

Ralphs et al.4 (1994): The dose of opiates was converted to morphine equivalents using locally 
developed standard drug conversion tables. 

Allan et al.5 (2005): milligrams of morphine equivalents (MME) not used 

Reid et al.6 (2002): MME not used 

Cowan7 (2005): MME not used 

Banta-Green8 (2009): MME not used 

Dunn et al.9 (2010): We then calculated the average daily morphine equivalent dose dispensed for 
90-day exposure windows by adding the morphine equivalents for the prescriptions dispensed during 
the 90 days and then dividing by 90. For each 90-day exposure window and each person, we 
calculated the average daily opioid dose dispensed and divided these into 5 categories: none, 1 to 
19 mg, 20 to 49 mg, 50 to 99 mg, and 100 mg or more. We included opioid dose as a time-varying 
covariate, estimated for continuously updated 90-day exposure windows. Participants could be 
classified as either exposed to opioids (at any of 4 dosage levels) or unexposed on any given day, on 
the basis of their average daily opioid dose during the previous 90 days, including the event date.

Sullivan et al.10 (2010): Opioid dose per day supplied was calculated by adding the total morphine 
equivalents for the three major opioid groups and dividing by the sum of the total days supply 
(assuming maximum authorized use as calculated by the dispensing pharmacist). If the total days 
supply exceeded the number of days in the period (180 days), suggesting concurrent use of different 
opioid types, the daily dose was calculated by dividing the total dose dispensed by 180 days.  

Wild et al.11 (2010): MME not used 

Bhonert et al.12: Next, each patient’s total maximum daily dose for each day of the study observation 
period was calculated by adding the daily doses of all fills that covered that particular day. The 
specific daily dose contributed by each fill was determined by dividing the total morphine-equivalent 
milligrams dispensed in that fill by the number of days supplied. This measurement of dose reflects 
the maximum daily dose prescribed and not necessarily the actual amount consumed. Morphine- 
equivalent maximum daily dose was converted into a categorical variable with the values of 0 mg, 1 
mg to less than 20 mg, 20 mg to less than 50 mg, 50 mg to less than 100 mg, and 100 mg or more. 
In addition, a time-varying indicator of whether patients were prescribed a regularly scheduled opioid 
plus a simultaneous as-needed opioid was coded for each day of the study observation period that a 
patient had at least 1 opioid prescription using the following 3 mutually exclusive categories: 0, only 
regularly scheduled opioids; 1, only as-needed opioids; or 2, both a regularly scheduled opioid and 
as-needed opioid prescriptions.  

Gomes et al.13 (2011a): The dose of opioid was calculated as the number of tablets dispensed 
multiplied by the strength of the pills (in milligrams) for each prescription. The average daily dose for 
each of these prescriptions was then calculated as the dose (in milligrams) divided by the number of 
days’ supply for which the prescription was written, converted to morphine equivalents using 
morphine equivalence ratios used by the Canadian National Opioid Use Guideline Group.  
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Gomes et al.14 (2011b): For each individual who received at least one opioid prescription in a given 
calendar year, we calculated the mean daily dose dispensed (mg) of oral morphine, or equivalent, on 
the basis of the person’s first 90 days of opioid therapy. If the supply of drug dispensed for a 
prescription in that interval extended beyond 90 days, we excluded the excess. The adjusted total 
amount of morphine equivalents dispensed over the 90 days was divided by 90 to obtain the mean 
daily dose for the period. 
 
Naliboff15 et al. (2011): Opioid medication dosages were taken from the computerized pharmacy 
record and were converted into morphine equivalents per day in order to have a standardized unit 
for reporting opioid amounts across different drugs. 
 
Cicero et al.16 (2012): MME not used 
 
Paulozzi et al.17 (2012): we calculated the dosage of opioid prescribed in MME per day in three 
different ways. The single peak dosage was the highest amount per day in any single opioid 
prescription. The total peak dosage was the highest dosage per day at any time during the exposure 
period after summing dosages from all overlapping opioid prescriptions. The average dosage was 
the average daily opioid dosage during the entire study period from all opioid prescriptions 
combined. For regression analysis, we categorized each measure of daily dosage into 0–40, >40–
120, and >120 MME/day. 
 
Mitra et al.18 (2013): All patch dosages were recalculated to morphine equivalent to an equipotent 
dose using a widely applied guide “DUROGESIC® [sic]: Simple Dosing Guidelines.” 
 
Baumblatt et al.19 (2014):  To calculate the mean daily dosage, all opioid prescriptions were 
combined and converted to MMEs and divided by 365 days. We categorized mean daily dosage into 
less than 20, 20 to 40, 41 to 80, 81 to 100, 101 to 200, 201 to 400, and more than 400 MMEs/d and 
defined high risk as a mean of more than 100 MMEs/d for a year. 
 
Edlund et al.20 (2014): Average daily dose was measured in morphine equivalents and grouped as 
none (0 mg), low dose (1–36 mg), medium dose (36–120 mg), and high dose (120+mg).  
 
Zedler et al.21 (2014): For each opioid prescription dispensed during the baseline period, the product 
of the number of units dispensed and the opioid strength per unit (milligrams) was divided by the 
number of days supplied. The resulting opioid daily dose dispensed (milligrams per day) was then 
multiplied by a conversion factor derived from published sources to estimate the daily dose in 
morphine equivalents (MED). The maximum prescribed daily MED during the baseline period was 
calculated for each patient by summing the daily MED for all opioid prescriptions dispensed to the 
patient during those 6 months. It reflects the maximum prescribed daily dose and not necessarily the 
actual amount consumed. 
 
Dasgupta et al.22 (2015): The average daily MME per individual in 2010 was calculated by taking the 
total milligrams and dividing by the days supply, taking into account overlapping prescriptions. 
 
Jones et al.23 (2015): MME not used 
 
Liang et al. 24 (2015): To calculate the 2 time-varying opioid therapy measures, all filled Schedule II 
or III prescriptions for opioid analgesics (excluding injectable formulations) were identified from 
claims in 6-month intervals starting with the first prescription. The total MED was computed from all 
opioids dispensed in a 6-month interval multiplied by strength (in milligrams) and then multiplied by a 
morphine equivalent conversion factor derived from published data, conversion tables on the 
Internet, and drug information resources. When opioid  prescriptions spanned two 6-month intervals, 
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the total MED was allocated proportionate to the time in each interval. We consulted with a clinical 
pharmacist to review these calculations. Finally, the total MED was summed for all opioid 
prescriptions filled in the same interval. We calculated the mean daily MED for filled opioid 
prescriptions for each 6-month interval by dividing the total MED by total days' supply covered by all 
these prescriptions. Based on categories used in other studies,  
0, 1 to 19, 20 to 49, 50 to 99, and ≥100 mg. Because other studies have not examined total dose in 
relation to the risk of drug overdose, we examined quartiles of nonzero total MED. When an 
overdose event occurred in a 6-month interval, both daily MED and total MED were computed from 
the 6 months exactly preceding that event. 
 
Miller et al.25 (2005): To assess and control for the effect of the opioid dose, we con- verted each 
opioid agent to the morphine-equivalent dose following the method of Von Korff et al. We computed 
the morphine-equivalent mean daily dose by dividing the total quantity prescribed by days’ supply 
and converted the daily dose thus calculated into a corresponding morphine-equivalent dose. After 
the conversion, prescriptions in morphine-equivalent mean daily doses were categorized as 1 mg to 
less than 20 mg, 20 mg to less than 50 mg, 50 mg to less than 100 mg, and 100 mg or greater. 
 
Park et al.26 (2016): Maximum morphine-equivalent daily opioid dose was modeled as time-varying 
and recoded into the following categories: 0 mg, 1 to <20 mg/d, 20 to <50 mg/d, 50 to <100 mg/d, 
and >100.1 mg/d. These dosage categories were chosen to allow for comparison with other 
published work on unintentional overdose as well recent recommendations that caution against 
prescribing more than 90 to 100 mg/d. To avoid double-counting dosage, opioid fills that seemed to 
be continuations of the same treatment plan (ie, were the same opioid formulation and dosage) were 
assumed to not start until the end of the days’ supply of the previous fill. Also consistent with the 
Bohnert article, for each day that an individual had at least 1 opioid prescription, a 3-level time-
varying indicator of opioid fill type was calculated to reflect schedule, with the categories of: only 
regularly scheduled opioids; only pro re nata (PRN) opioids; or both regularly scheduled opioid and 
PRN opioid prescriptions. 
 
Gaither et al.27 (2016): MME not used 
 
Turner et al.28 (2015): The total MED was computed by summing the MEDs for all opioid 
prescriptions within a given 6-month interval. The mean daily MED in a 6-month interval was 
calculated by dividing the total MED by days’ supply for all prescriptions in that interval, excluding 
overlapping days. We examined five categories for the mean daily MED (i.e., 0, 1– 19, 20–49, 50–
99, and ≥100 mg), similar to other studies. For the first overdose, the mean daily MED was based on 
data from exactly 6 months before that event 
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Supplement 2. Equations for calculating milligrams of morphine equivalents 

Inches, Centimeters, and Yards: Measurement Variations Inhibit Clinical Interpretation of Morphine 
Equivalence

Nabarun Dasgupta, Yanning Wang, Jungjun Bae, Alan Kinlaw, Brooke Alison Chidgey, Toska Cooper, Chris 
Delcher. 

Full documentation available at OpioidData.org 

Dispensing Data Processing 
Outpatient pharmacies are legally required to submit detailed information on dispensed controlled substance 
prescriptions to state-controlled databases. These data were made available in de-identified format masking 
the identity of individual patients. In Florida, multiple prescription fills by the same individual are linked using 
name, date of birth, and other information by the database vendor (Appriss Health, Inc., Louisville, KY); one-
way hashed unique patient, prescriber and pharmacy identifiers allow for longitudinal observation. In 
California, a custom fuzzy string matching and network building algorithm identifies patient matches across 
prescriptions, using name and either a) the same date of birth and zip code, or b) the same street address 
and city. Prescriptions dispensed from federal institutional pharmacies, inpatient facilities, and methadone 
clinics were not systematically included, nor were prescriptions dispensed in other states to Florida or 
California residents. We analyzed opioid analgesic dispensing records for state residents aged 18 years and 
older in California (adult population 30,571,507) and Florida (adult population 17,071,450), intended for use 
from July 1, 2018 to September 30, 2018. Only days supply for use during this period was retained if 
prescriptions originated before or extended beyond these dates. All solid oral and transdermal formulations 
of opioid analgesics were included. Liquid injectables were excluded because of widespread scientific 
disagreement on conversion factors and relatively low volume. We used National Drug Codes to identify 
opioids and excluded codeine and hydrocodone cough syrups, and buprenorphine-containing products, 
because the CDC conversion tables claim: “Buprenorphine products are listed in this file but do not have an 
associated MME conversion factor. Buprenorphine products are partial opioid agonists prescribed for pain 
and as part of medication assisted treatment for opioid use disorder. Buprenorphine doses are not expected 
to be associated with overdose risk in the same dose-dependent manner as doses for full agonist opioids.” 

Equations 
Prepared by Alan Kinlaw 
Version-controlled UNC institutional repository for equations: https://doi.org/10.17615/zst5-nc25 

In demonstrating MME calculations, consider the following clinical scenario: 

A patient receives 30mg extended-release oxycodone twice-a-day for around-the-clock pain for 30 days (60 
tablets), and one 5mg oxycodone twice a day as needed for breakthrough pain for 7 days (14 tablets). Both 
prescriptions are dispensed on the first day of a 30-day month, with no subsequent dispensings.  
The four definitional variants result in daily MME of: 75.8, 93.5, 31.2, or 105 milligrams per day. 

To complete all calculations and relate competing definitions of daily MME, notation is as follows: 𝑞!", quantity (units) dispensed for prescription 𝑗 for person 𝑖 
𝑚!", strength per unit in milligrams for a given prescription 𝑗 for person 𝑖 
𝑐!", equianalgesic potency conversion factor for medication in prescription 𝑗 for person 𝑖 
𝑑!", days supply on a given prescription 𝑗 for person 𝑖 
𝑠!", start (dispensing) date of prescription 𝑗 for person 𝑖 
𝑤!, start date of observation window for person 𝑖 
𝑙!, length (in days) of observation window for person 𝑖 
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𝑔!#, date of follow-up day 𝑘 during observation window for person 𝑖 
 
For each prescription 𝑗 that occurs for each person 𝑖, we calculate 𝑜!"  as the number of days supply that 
overlap the relevant observation window: 
𝑜!" =	 /𝑑!"0/𝐼2𝑠!" ≥ 𝑤!40/𝐼25𝑠!" + 𝑑!"7 ≤ (𝑤! + 𝑙!)40 + 

/𝑤! + 𝑙! − 𝑠!"0/𝐼2𝑠!" ≥ 𝑤!40/𝐼25𝑠!" + 𝑑!"7 > (𝑤! + 𝑙!)40 + 
/𝑠!" + 𝑑!" −𝑤!0/𝐼2𝑠!" < 𝑤!40/𝐼2(𝑠!" + 𝑑!") ≤ (𝑤! + 𝑙!)40 + 
{𝑙!}/𝐼2𝑠!" < 𝑤!40/𝐼2(𝑠!" + 𝑑!") > (𝑤! + 𝑙!)40 

 
Of the four mutually exclusive terms that are summed to calculate 𝑜!", only one can return a non-zero value. 
This is a result of the indicator functions (e.g., 𝐼2𝑠!" ≥ 𝑤!4), which return a value of 1 if the stated inequality is 
true, else 0. 
Stated in spoken words, the windows are: 

oij =  “prescription starts and ends during window” + 
“prescription starts during window and ends after window”  + 
“prescription starts before window and ends during window”  + 
“prescription starts before window and ends after window” + 

 
Stated in SAS code to calculate o, the windows are: 
 
if s ge w and (s+d) le (w+l) then o = d; 
else if s ge w and (s+d) gt (w+l) then o = w+l-s; 
else if s lt w and (s+d) le (w+l) then o = s+d-w; 
else if s lt w and (s+d) gt (w+l) then o = l; 
 
Of the four mutually exclusive terms that are summed to calculate oij, only one can return a non-zero value. 
This is a result of the indicator functions (e.g., 𝐼2𝑠!" ≥ 𝑤!4), which return a value of 1 if the stated inequality is 
true, else 0. 
 
To ensure that MME calculations for each prescription were based only on days supply that elapsed within 
the relevant observation window, we calculated 𝑓!", a scaling factor for that prescription’s relevant days 
supply: 
 

𝑓!" =
𝑜!"
𝑑!"

 

 
The range of 𝑓!"  is (0,1]. When prescriptions elapse entirely within the observation window, 𝑓!" = 1. This 
scaling factor was applied to the traditional MME calculation (quantity) × (strength) × (equianalgesic 
conversion factor) to calculate 𝑎!", a prescription’s MME occurring within the observation window: 
 

𝑎!" = (𝑞𝑚𝑐)!"
𝑜!"
𝑑!"

= (𝑞𝑚𝑐𝑓)!"  

 
The MME calculations for the above example are as follows, for patient 𝑖=1. The MME for the first 
prescription, 𝑎!$%,"$% = (𝑞𝑚𝑐𝑓)!$%,"$%, which is equal to (60 tablets) × (30mg per tablet) × (1.5 conversion 
factor from oxycodone to morphine)17 × (1 scaling factor for relevant days supply), resulting in 2,700 MME. 
For the second prescription for this patient, 𝑎!$%,"$', the MME is equal to (14 tablets) × (5mg per tablet) × 
(1.5 conversion factor from oxycodone to morphine)17 × (1 scaling factor for relevant days supply), resulting 
in 105 MME. Therefore, the total MME across both prescriptions for this patient, 𝑎!$% =
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∑ 𝑎!$%," ='
"$% 𝑎!$%,"$% + 𝑎!$%,"$', results in 2,805 MME. This total MME for the patient is the numerator in 

the first three definitions of the daily MME, as shown below. 
 

Definition 1 – Total days supply 
The numerator is the sum of MMEs across all prescriptions for patient 𝑖:  

∑ 𝑎!"(
"$% = ∑ (𝑞𝑚𝑐𝑓)!"(

"$%   

The denominator is the sum of all days supply across all prescriptions for that patient that overlap the 
observation period. Therefore, similar to the scaled MME (𝑎!") that is applied toward the numerator, it is 
necessary to use 𝑜!"  values in the denominator for this calculation. Although 𝑜!"  may be equivalent to 𝑑!"  
(i.e., when the first mutually exclusive term in Equation 1 is triggered), this should not be assumed outright; 
otherwise there may be irrelevant days supply that count toward the denominator and tend to bias the daily 
MME value downward. According to Definition 1, we calculate 𝑥!, the daily average MME for patient 𝑖, as: 

𝑥! =
∑ 𝑎!"(
"$%

∑ 𝑜!"(
"$%

=
∑ (𝑞𝑚𝑐𝑓)!"(
"$%

∑ 𝑜!"(
"$%

=
∑ (𝑞𝑚𝑐)!" F

𝑜
𝑑G!"

(
"$%

∑ 𝑜!"(
"$%

 

Note that this approach allows the same day to contribute multiple times to the denominator (i.e., when 
prescriptions overlap with each other), and it allows the denominator to potentially exceed the number of 
unique days in the observation window. Applying this definition to the example scenario: 

𝑥!$% =
∑ 𝑎!$%,"'
"$%

∑ 𝑜!$%,"'
"$%

=
(𝑞𝑚𝑐𝑓)!$%,"$% + (𝑞𝑚𝑐𝑓)!$%,"$'

{[5𝑑!$%,"$%7(1)(1) + 5𝑤!$% + 𝑙!$% − 𝑠!$%,"$%7(1)(0) + (𝑠!$%,"$% + 𝑑!$%,"$% −𝑤!$%)(0)(1) + (𝑙!$%)(0)(0)] +
25𝑑!$%,"$'7(1)(1) + 5𝑤!$% + 𝑙!$% − 𝑠!$%,"$'7(1)(0) + (𝑠!$%,"$' + 𝑑!$%,"$' −𝑤!$%7(0)(1) + (𝑙!$%)(0)(0)]}

 

=
(𝑞𝑚𝑐)!$%,"$% F

𝑜
𝑑G!$%,"$%

+ (𝑞𝑚𝑐)!$%,"$' F
𝑜
𝑑G!$%,"$'

5𝑑!$%,"$%7 + 5𝑑!$%,"$'7
 

=
(60)(30)(1.5) F3030G + (14)(5)(1.5) F

7
7G

30 + 7 =
2,805	𝑀𝑀𝐸

37	𝑑𝑎𝑦𝑠	𝑠𝑢𝑝𝑝𝑙𝑦 = 75.8	𝑑𝑎𝑖𝑙𝑦	𝑀𝑀𝐸 

 
Definition 2 – On-therapy days 
During the observation window li for patient i, we consider each date 𝑔!#, where 𝑘 indexes the day during 
follow-up such that 𝑘 = 𝑔 − 𝑤 + 1 = {1,… , 𝑙!}. To classify each date 𝑔!# as whether the patient had 
medication supply for each prescription 𝑗, we assign a binary indicator, ℎ!"#. For each prescription, 𝑗 = 1 to 
𝑗 = 𝑛, for each patient 𝑖 on each day, 𝑘 = 1	𝑡𝑜	𝑘 = 𝑙!, during their observation window, this medication 
supply indicator is: 
 
ℎ!"# = 	𝐼2𝑠!" ≤ 𝑔!# ≤ 5𝑠!" + 𝑑!"74,  
 
which returns a value of 1 if the date on observation day 𝑘 falls during the patient’s exposure to prescription 
𝑗 based on days supply, else 0. For each patient 𝑖, each unique day 𝑘 (or alternatively, each person-date 𝑔!#) 
can then be classified as exposed or unexposed, by assigning it the maximum value of ℎ that was observed 
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across all prescriptions 𝑗 that may have overlapped that person-date. This person-day binary exposure 
summary variable is:  
 
𝑢!# = max

)#
5ℎ!,"$%,# , … , ℎ!,"$(,#7,  

 
which returns a value of 1 for each patient i on each day 𝑘 if they had at least one available medication based 
on days supply from any of their prescriptions 𝑗 = 1	𝑡𝑜	𝑗 = 𝑛, else 0. 
 
Finally, the denominator for the daily MME for patient 𝑖 is the sum of all their exposed person-days during 
the observation window, ∑ 𝑢!#*

#$% . 

According to Definition 2, we calculate 𝑥!, the daily average MME for patient 𝑖, as: 

𝑥! =
∑ 𝑎!"(
"$%

∑ 𝑢!#*
#$%

=
∑ (𝑞𝑚𝑐𝑓)!"(
"$%

∑ 𝑢!#*
#$%

=
∑ (𝑞𝑚𝑐)!" F

𝑜
𝑑G!"

(
"$%

∑ 𝑢!#*
#$%

 

Contrary to Definition 1, this approach does not allow the same day to contribute multiple times to the 
denominator (i.e., when prescriptions overlap with each other), and it does not allow the denominator to 
potentially exceed the number of unique days in the observation window. Applying this definition to the 
example scenario: 

𝑥!$% =
∑ 𝑎!$%,"'
"$%

∑ 𝑢!#*
#$%

=
(𝑞𝑚𝑐𝑓)!$%,"$% + (𝑞𝑚𝑐𝑓)!$%,"$'
∑ max

)$%,#
5ℎ!$%,"$%,# , ℎ!$%,"$',#7*

#$%
 

=
(𝑞𝑚𝑐𝑓)!$%,"$% + (𝑞𝑚𝑐𝑓)!$%,"$'

max
)$%,#$%

5ℎ!$%,"$%,#$%, ℎ!$%,"$',#$%7 +⋯+ max
)$%,#$+,

5ℎ!$%,"$%,#$+,, ℎ!$%,"$',#$+,7
 

=
(𝑞𝑚𝑐)!$%,"$% F

𝑜
𝑑G!$%,"$%

+ (𝑞𝑚𝑐)!$%,"$' F
𝑜
𝑑G!$%,"$'

max
)$%,#$%

5ℎ!$%,"$%,#$%, ℎ!$%,"$',#$%7 +⋯+ max
)$%,#$+,

5ℎ!$%,"$%,#$+,, ℎ!$%,"$',#$+,7
 

=
(𝑞𝑚𝑐)!$%,"$% F

𝑜
𝑑G!$%,"$%

+ (𝑞𝑚𝑐)!$%,"$' F
𝑜
𝑑G!$%,"$'

𝑢!$%,#$% + 𝑢!$%,#$' +⋯+ 𝑢!$%,#$-. + 𝑢!$%,#$+,
 

=
(60)(30)(1.5) F3030G + (14)(5)(1.5) F

7
7G

1 + 1 +⋯+ 0 + 0 =
2700 + 105
1(30) + 0(30) =

2,805	𝑀𝑀𝐸
30	𝑑𝑎𝑦𝑠	𝑠𝑢𝑝𝑝𝑙𝑦 = 93.5	𝑑𝑎𝑖𝑙𝑦	𝑀𝑀𝐸 

 
Definition 3 – Fixed observation window 
This common definition derives from early studies cited in the CDC Guideline often referencing an even 
earlier study, and is still used. The US Department of Health and Human Services Office of the Inspector 
General recommends this method, which is one of the only public sources with explicit description. The 
numerator is the sum of MMEs across all prescriptions, and the denominator is days elapsed during follow-
up, hospital stay, or beneficiary enrollment. Although 90-day observation windows are most common, 180 
days and 365 days were also used in studies supporting the Guideline. Applying this definition 2,805 divided 
by 90 days results in 31.2 milligrams per day. 
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First, we scale the MME calculation (quantity) × (strength) × (equianalgesic conversion factor) to calculate 
𝑎!", a prescription’s MME occurring within the observation window: 
 

𝑎!" = (𝑞𝑚𝑐)!"
𝑜!"
𝑑!"

= (𝑞𝑚𝑐𝑓)!"  

 
Note that care should be taken to match the length of the observation window, 𝑙! to the desired specification 
when calculating 𝑜!"  and subsequently, 𝑎!". 
 

According to Definition 3, we calculate 𝑥!, the daily average MME for patient 𝑖, as: 

𝑥! =
∑ 𝑎!"(
"$%

𝑙!
=
∑ (𝑞𝑚𝑐)!" F

𝑜
𝑑G!"

(
"$%

𝑙!
 

 
Applying this definition to the scenario, where no additional prescriptions are observed in the next 2 months, 
and using 90-day prespecified observation window (𝑙!): 

𝑥!$% =
∑ 𝑎!$%,"'
"$%

𝑙!$%
=
(𝑞𝑚𝑐𝑓)!$%,"$% + (𝑞𝑚𝑐𝑓)!$%,"$'

𝑙!$%
 

=
(𝑞𝑚𝑐)!$%,"$% F

𝑜
𝑑G!$%,"$%

+ (𝑞𝑚𝑐)!$%,"$' F
𝑜
𝑑G!$%,"$'

𝑙!$%
 

=
(60)(30)(1.5) F3030G + (14)(5)(1.5) F

7
7G

90 =
2700 + 105

90 =
2,805	𝑀𝑀𝐸

90	𝑑𝑎𝑦𝑠	𝑤𝑖𝑛𝑑𝑜𝑤 = 31.2	𝑑𝑎𝑖𝑙𝑦	𝑀𝑀𝐸 

 
 
 
Definition 4 – Maximum daily dose 
Toxicologic framing identifies the highest single day MME exposure, irrespective of days supply or opioid 
tolerance. This definition appears to underlie the calculator in the CDC Opioid Guideline mobile app. This 
method was used by studies cited in the Guideline, and may be most relevant for prescriptions in patients 
who are opioid naïve. However, “maximum” does not include what could be consumed in cases of intentional 
self-harm. The first prescription is 30mg × 2 (twice-per-day) × 1.5 (conversion factor) for 90 MME, plus the 
second prescription with 5mg × 2 × 1.5 for 15 MME, resulting in 105 milligrams per day.  
 
For each prescription, 𝑗 = 1	𝑡𝑜	𝑗 = 𝑛, for each patient 𝑖, we assume that the prescription is apportioned 
evenly across the prescribed days supply (i.e., no unmeasured dose reductions). We calculate 𝑦!", the average 
prescription-specific MME per day for that prescription during the observation window, as:    

𝑦!" =
𝑎!"
𝑜!"

=
(𝑞𝑚𝑐𝑓)!"

𝑜!"
=
(𝑞𝑚𝑐)!" b

𝑜!"
𝑑!"
c

𝑜!"
=
(𝑞𝑚𝑐)!"
𝑑!"

 

 
Then, as in Definition 2, each person-day should be classified as exposed or unexposed depending on 
whether the patient had at least one prescription that overlapped that date based on days supply. For each 



 6 

prescription, 𝑗 = 1	𝑡𝑜	𝑗 = 𝑛, for each patient 𝑖 on each day, 𝑘 = 1	𝑡𝑜	𝑘 = 𝑙!, during their observation 
window, the average prescription-specific MME per day is: 
 
𝑝!"# = (𝑦!")(ℎ!"#) = (𝑦!")	𝐼2𝑠!" ≤ 𝑔!# ≤ 5𝑠!" + 𝑑!"74, 
 
which returns that prescription’s contribution to that daily MME if the date on observation day 𝑘	falls during 
the patient’s exposure to prescription 𝑗 based on days supply, else 0. 
 
For each patient i, each unique day 𝑘 (or alternatively, each person-date 𝑔!#) can then receive a value for 
total MME across all prescriptions, 𝑗 = 1	𝑡𝑜	𝑗 = 𝑛, as:	 

𝑧!# =e𝑝!"#

(

"$%

 

According to Definition 4, we calculate	𝑥!, the maximum daily dose for patient 𝑖 across all of their observation 
days, 𝑘 = 1	𝑡𝑜	𝑘 = 𝑙!, as: 

𝑥! = max
)
5𝑧!,#$%, … , 𝑧!,#$*7 

Applying this definition to the example scenario, we first calculate the average prescription-specific MME per 
day for that prescription during the observation window, for each prescription:    

𝑦!$%,"$% =
(𝑞𝑚𝑐)!$%,"$%
𝑑!$%,"$%

=
(60)(30)(1.5)

30 = 90	𝑀𝑀𝐸	𝑝𝑒𝑟	𝑑𝑎𝑦	𝑓𝑜𝑟	𝑗 = 1 

𝑦!$%,"$' =
(𝑞𝑚𝑐)!$%,"$'
𝑑!$%,"$'

=
(14)(5)(1.5)

7 = 15	𝑀𝑀𝐸	𝑝𝑒𝑟	𝑑𝑎𝑦	𝑓𝑜𝑟	𝑗 = 2 

Given that prescription	𝑗 = 1 was issued on day 𝑘 = 1 and it had 30 days supply, and prescription 𝑗 = 2 was 
issued on day 𝑘 = 1 and it had 7 days supply, we deduce each component of 𝑧!#: 

𝑝!$%,"$%,#∋{%,',1,…,1,} = 5𝑦!$%,"$%75ℎ!$%,"$%,#∋{%,',1,…,1,}7 = (90)(1) = 90 

𝑝!$%,"$%,#∋{1%,1',11,…,+,} = 5𝑦!$%,"$%75ℎ!$%,"$%,#∋{1%,1',11,…,+,}7 = (90)(0) = 0 

𝑝!$%,"$',#∋{%,',1,…,4} = 5𝑦!$%,"$'75ℎ!$%,"$',#∋{%,',1,…,4}7 = (15)(1) = 15 

𝑝!$%,"$',#∋{5,.,%,,…,+,} = 5𝑦!$%,"$'75ℎ!$%,"$',#∋{5,%.,%,,…,+,}7 = (15)(0) = 0 

 
We can identify three day ranges between 𝑘 = 1	𝑡𝑜	𝑘 = 60 that carry unique values of 𝑧!#. The first is days 
𝑘 = 1	𝑡𝑜	𝑘 = 7, when days supply for both prescription 𝑗 = 1	𝑎𝑛𝑑	𝑗 = 2 are available. The second is days 
𝑘 = 8	𝑡𝑜	𝑘 = 30, when days supply for prescription 𝑗 = 1 is available. And the third is days 𝑘 = 31	𝑡𝑜	𝑘 =
60, when no prescriptions have available days supply. These are represented below: 

𝑧!$%,#∋{%,',1,…,4} =e𝑝!$%,",#∋{%,',1,…,4}
'

"$%

= 𝑝!$%,"$%,#∋{%,',1,…,4} + 𝑝!$%,"$',#∋{%,',1,…,4} = 90 + 15 = 105 

𝑧!$%,#∋{5,.,%,,…,1,} =e𝑝!$%,",#∋{5,.,%,,…,1,}
'

"$%

= 𝑝!$%,"$%,#∋{5,.,%,,…,1,} + 𝑝!$%,"$',#∋{5,.,%,,…,1,} = 90 + 0 = 90 
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𝑧!$%,#∋{1%,1',11,…,+,} =e𝑝!$%,",#∋{1%,1',11,…,+,}
'

"$%

= 𝑝!$%,"$%,#∋{1%,1',11,…,+,} + 𝑝!$%,"$',#∋{1%,1',11,…,+,} = 0 

𝑥! = max
)
5𝑧!,#$%, … , 𝑧!,#$+,7 = max

)
({105,90,0}) = 105	𝑀𝑀𝐸	𝑚𝑎𝑥𝑖𝑚𝑢𝑚	𝑑𝑎𝑖𝑙𝑦	𝑑𝑜𝑠𝑒 



Daily MME Meta Analysis
Adapting a method recently developed by FDA to analyze a related opioid methods question, we used meta analytic techniques to test the
impact of the four definitions in the real-world. The general set up is to compare opioid use in FL vs. CA across the 4 definitions of daily
MME. We previously observed that Florida had higher unadjusted levels of opioid use, presumably an interaction with an older population
and the enactment of clinical pain management legislation. We took two approaches, 1) treating daily MME as categorical by comparing
the proportion of "high dose" users among opioid recipients, and 2) comparing means of daily MME between the states in a continuous
manner, stratified by medicines used for acute versus chronic pain.

In [7]: di "Stata MP" 
version 
di "Notebook generated on $S_DATE at $S_TIME ET" 

Comparing "High Dose" patients in CA and FL

Input dataset from table of high dose patients (>90 daily MME) among adult outpatient opioid recipients identified using the PDMP of each
state.

In [2]: di "===== Proportion of high dose patients FL vs CA greater than 90 daily MME =====" 
di "D1. Sum of days supply"  
    csi  87295 87078   1398296  2343792  
di "D2. Ontherapy days"   
    csi 136995 140822  1348596   2290048  
di "D3. Defined observation window"  
    csi 97346 86407  1388245   2344463  
di "D4. Maximum daily dose"   
    csi 211429 249471  1274162   2181399 

Scrape "Risk ratio" and CIs into new input dataset. Create log-transformed variables to meet normal distribution assumption of meta
analytic statistics.

In [3]: clear all 
qui: input definition irr ll ul str31 label 
1  1.640376      1.625414    1.655475     "D1. Sum of days supply"  
2   1.59183     1.580486    1.603256    "D2. Accounting for overlap days"     
3   1.843451    1.827062    1.859988   "D3. Defined observation window"     
4  1.386778      1.379279    1.394318   "D4. Maximum daily dose"    
end 
 
gen lnirr=ln(irr) 
gen lnll=ln(ll) 
gen lnul=ln(ul) 
 
qui: meta set lnirr lnll lnul, studylabel(label) 

Run meta analysis command using fixed effects model. Since there is no sampling variation, fixed effects is the preferred a priori
specification.

In [4]: meta summarize, fixed eform 

For the sake of completeness, random effects models are also run, using the Sidik-Jonkman random(sj)  estimator because tau is
expected to be large Veroniki et al., with DerSimonian–Laird random(dl)  as well separately for comparison, but fixed effects (above) is
the more technically correct model specification.

In [5]: meta summarize, random(sj) eform 

In [6]: meta summarize, random(dl) eform 

Results are similar, but SJ is preferred based on simulations in Veroniki et al. The fixed effects model over emphasizes precision (e.g.,
confuses it for more information) in D4 due to the higher number of high dose patients. Since there is no sampling variation

Interpretation
The proportion of "high dose" patients was consitently higher in Florida across all variants. However, the magnitude of the difference varied
greatly: 84.3% (95% CI: 82.7%, 86.0%) for Definition 3 (defined observation window); 64.0% (95% CI: 62.5%, 65.5%) for Definition 1 (sum
of days supply); 59.2% (95% CI: 58.0%, 60.3%) for Definition 2 (accounting for overlap days); and 38.7% (95% CI: 37.9%, 39.4%) for
Definition 4 (maximum daily dose). Metrics confirmed very high heterogenity between the definitions, with I2 greater than 99% and H2 of
1086, supported by tests of hetereogenity chi2 of 3257 on 3 degrees of freedom (p<0.0001), and overall effect z=237, with 1 degree of
freedom and p<0.0001.

Meta Analysis of Means by Type of Opioid
In this meta analysis we examine the impact of definitional variation on acute vs. chronic pain patients, measured by opioid formulation
type. We stratified the sample into three sub-groups: 1) patients receiving on only immediate-release or short-acting opioids labeled for
acute pain (hereafter immediate-release; 2) patients receiving only extended-release or long-acting opioids generally labeled for chronic
pain (hereafter extended-release); and 3) patients receiving both immediate-release and extended-release opioids contemporaneously
within the 3 month observation period (e.g., chronic pain patients receiving opioids for breakthrough pain or during taper).

Continuing with the approach in the previous meta analysis, we calculated mean differences in daily MME between Florida and California,
treating each of the 4 daily MME definitions as separate studies run on the same sample (e.g., fixed effects).

Immediate-release only

In [6]: clear 
input definition n_fl m_fl sd_fl n_ca m_ca sd_ca 
1 1338828 34.0531498 28.4797412 2273028 30.3156249 222.6063485 
2 1338828 35.0964146 30.180772 2273028 31.5819604 223.0198312 
3 1338828 12.5794512 25.2892396 2273028 10.3398905 42.5422362 
4 1338828 44.7478467 48.3917948 2273028 39.6430507 280.3601706 
end 
 
qui: meta esize n_fl m_fl sd_fl n_ca m_ca sd_ca, esize(mdiff) 
meta summarize, fixed 

Extended-release only

In [7]: clear 
input definition n_fl m_fl sd_fl n_ca m_ca sd_ca 
1 26039 86.9071545 87.9504585 40038 90.2232825 100.0878302 
2 26039 96.9302372 102.8249551 40038 103.7573329 134.372793 
3 26039 66.8367252 81.142005 40038 72.753132 104.6161615 
4 26039 143.0437107 159.4875273 40038 153.6802569 205.2125971 
end 
 
qui: meta esize n_fl m_fl sd_fl n_ca m_ca sd_ca, esize(mdiff) 
meta summarize, fixed 

Both Extended-release and Immediate-release

In [8]: clear 
input definition n_fl m_fl sd_fl n_ca m_ca sd_ca 
1 120724 82.95423 59.1676551 117804 74.1906194 64.4024217 
2 120724 160.1525421 131.6299812 117804 143.9839494 151.4652358 
3 120724 133.0969773 125.945819 117804 122.7372442 148.5490438 
4 120724 267.949697 238.0130378 117804 250.7462218 282.0999741 
end 
 
qui: meta esize n_fl m_fl sd_fl n_ca m_ca sd_ca, esize(mdiff) 
meta summarize, fixed 

Interpretation
ER only group had lower mean daily MME in Florida than California?!
Heterogeneity by I  was high for all 3 definitions
Heterogeneity was lowest for ER-only group by both I  and X
For ER+IR group, the definitional variants would have resulted in us concluding that the average dose was 8.8 (8.3, 9.3) milligrams to
17.2 (15.1, 19.3) milligrams higher in Florida.
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Stata MP 
 
version 16.0 
 
Notebook generated on 26 May 2021 at 11:20:41 ET 

===== Proportion of high dose patients FL vs CA greater than 90 daily MME ===== 
 
Definition 1 
 
 
                 |   Exposed   Unexposed  |      Total 
++ 
           Cases |     87295       87078  |     174373 
        Noncases |   1398296     2343792  |    3742088 
++ 
           Total |   1485591     2430870  |    3916461 
                 |                        | 
            Risk |  .0587611    .0358217  |   .0445231 
                 |                        | 
                 |      Point estimate    |    [95% Conf. Interval] 
                 |+ 
 Risk difference |         .0229394       |    .0224949    .0233839  
      Risk ratio |         1.640376       |    1.625414    1.655475  
 Attr. frac. ex. |         .3903837       |    .3847723    .3959439  
 Attr. frac. pop |         .1954347       | 
                 + 
                               chi2(1) = 11405.78  Pr>chi2 = 0.0000 
 
Definition 2 
 
 
                 |   Exposed   Unexposed  |      Total 
++ 
           Cases |    136995      140822  |     277817 
        Noncases |   1348596     2290048  |    3638644 
++ 
           Total |   1485591     2430870  |    3916461 
                 |                        | 
            Risk |  .0922158    .0579307  |   .0709357 
                 |                        | 
                 |      Point estimate    |    [95% Conf. Interval] 
                 |+ 
 Risk difference |         .0342851       |    .0337349    .0348353  
      Risk ratio |          1.59183       |    1.580486    1.603256  
 Attr. frac. ex. |         .3717922       |    .3672831    .3762692  
 Attr. frac. pop |         .1833353       | 
                 + 
                               chi2(1) = 16446.29  Pr>chi2 = 0.0000 
 
Definition 3 
 
 
                 |   Exposed   Unexposed  |      Total 
++ 
           Cases |     97346       86407  |     183753 
        Noncases |   1388245     2344463  |    3732708 
++ 
           Total |   1485591     2430870  |    3916461 
                 |                        | 
            Risk |  .0655268    .0355457  |   .0469181 
                 |                        | 
                 |      Point estimate    |    [95% Conf. Interval] 
                 |+ 
 Risk difference |         .0299811       |    .0295201    .0304421  
      Risk ratio |         1.843451       |    1.827062    1.859988  
 Attr. frac. ex. |         .4575392       |    .4526731    .4623621  
 Attr. frac. pop |         .2423885       | 
                 + 
                               chi2(1) = 18534.92  Pr>chi2 = 0.0000 
 
Definition 4 
 
 
                 |   Exposed   Unexposed  |      Total 
++ 
           Cases |    211429      249471  |     460900 
        Noncases |   1274162     2181399  |    3455561 
++ 
           Total |   1485591     2430870  |    3916461 
                 |                        | 
            Risk |  .1423198    .1026262  |   .1176828 
                 |                        | 
                 |      Point estimate    |    [95% Conf. Interval] 
                 |+ 
 Risk difference |         .0396936       |    .0390145    .0403727  
      Risk ratio |         1.386778       |    1.379279    1.394318  
 Attr. frac. ex. |         .2789041       |    .2749835    .2828035  
 Attr. frac. pop |         .1279419       | 
                 + 
                               chi2(1) = 13991.68  Pr>chi2 = 0.0000 

 
 
. gen lnirr=ln(irr) 
 
. gen lnll=ln(ll) 
 
. gen lnul=ln(ul) 
 
. qui: meta set lnirr lnll lnul, studylabel(label) 

  Effectsize label:  Effect Size 
        Effect size:  lnirr 
          Std. Err.:  _meta_se 
        Study label:  label 
 
Metaanalysis summary                                Number of studies =      4 
Fixedeffects model                                  Heterogeneity: 
Method: Inversevariance                                       I2 (%) =   99.91 
                                                                   H2 = 1085.83 
 
 
                       Study |        exp(ES)    [95% Conf. Interval]  % Weight 
+ 
      D1. Sum of days supply |          1.640       1.625       1.655     15.27 
D2. Accounting for overlap~s |          1.592       1.580       1.603     25.06 
D3. Defined observation wi~w |          1.843       1.827       1.860     16.07 
      D4. Maximum daily dose |          1.387       1.379       1.394     43.60 
+ 
                  exp(theta) |          1.542       1.536       1.547 
 
Test of theta = 0: z = 237.00                               Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 3257.49                    Prob > Q = 0.0000 

  Effectsize label:  Effect Size 
        Effect size:  lnirr 
          Std. Err.:  _meta_se 
        Study label:  label 
 
Metaanalysis summary                                Number of studies =      4 
Randomeffects model                                 Heterogeneity: 
Method: SidikJonkman                                            tau2 =  0.0137 
                                                               I2 (%) =   99.90 
                                                                   H2 =  954.41 
 
 
                       Study |        exp(ES)    [95% Conf. Interval]  % Weight 
+ 
      D1. Sum of days supply |          1.640       1.625       1.655     24.99 
D2. Accounting for overlap~s |          1.592       1.580       1.603     25.00 
D3. Defined observation wi~w |          1.843       1.827       1.860     24.99 
      D4. Maximum daily dose |          1.387       1.379       1.394     25.02 
+ 
                  exp(theta) |          1.607       1.433       1.803 
 
Test of theta = 0: z = 8.11                                 Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 3257.49                    Prob > Q = 0.0000 

  Effectsize label:  Effect Size 
        Effect size:  lnirr 
          Std. Err.:  _meta_se 
        Study label:  label 
 
Metaanalysis summary                                Number of studies =      4 
Randomeffects model                                 Heterogeneity: 
Method: DerSimonianLaird                                        tau2 =  0.0156 
                                                               I2 (%) =   99.91 
                                                                   H2 = 1085.83 
 
 
                       Study |        exp(ES)    [95% Conf. Interval]  % Weight 
+ 
      D1. Sum of days supply |          1.640       1.625       1.655     24.99 
D2. Accounting for overlap~s |          1.592       1.580       1.603     25.00 
D3. Defined observation wi~w |          1.843       1.827       1.860     24.99 
      D4. Maximum daily dose |          1.387       1.379       1.394     25.01 
+ 
                  exp(theta) |          1.607       1.422       1.816 
 
Test of theta = 0: z = 7.61                                 Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 3257.49                    Prob > Q = 0.0000 

 
 
     definit~n       n_fl       m_fl      sd_fl       n_ca       m_ca      sd_ca 
 
 
 
  Effectsize label:  Mean Diff. 
        Effect size:  _meta_es 
          Std. Err.:  _meta_se 
 
Metaanalysis summary                     Number of studies =      4 
Fixedeffects model                       Heterogeneity: 
Method: Inversevariance                            I2 (%) =   98.63 
                                                        H2 =   72.98 
 
 
            Study |     Mean Diff.    [95% Conf. Interval]  % Weight 
+ 
          Study 1 |          3.738       3.359       4.116      3.92 
          Study 2 |          3.514       3.135       3.894      3.90 
          Study 3 |          2.240       2.160       2.319     89.72 
          Study 4 |          5.105       4.626       5.584      2.45 
+ 
            theta |          2.418       2.343       2.493 
 
Test of theta = 0: z = 63.18                     Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 218.94          Prob > Q = 0.0000 

 
 
     definit~n       n_fl       m_fl      sd_fl       n_ca       m_ca      sd_ca 
 
 
 
  Effectsize label:  Mean Diff. 
        Effect size:  _meta_es 
          Std. Err.:  _meta_se 
 
Metaanalysis summary                     Number of studies =      4 
Fixedeffects model                       Heterogeneity: 
Method: Inversevariance                            I2 (%) =   86.38 
                                                        H2 =    7.34 
 
 
            Study |     Mean Diff.    [95% Conf. Interval]  % Weight 
+ 
          Study 1 |         3.316      4.806      1.826     35.11 
          Study 2 |         6.827      8.745      4.909     21.19 
          Study 3 |         5.916      7.415      4.418     34.70 
          Study 4 |        10.637     13.578      7.695      9.01 
+ 
            theta |         5.622      6.504      4.739 
 
Test of theta = 0: z = 12.48                    Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 22.03           Prob > Q = 0.0001 

 
 
     definit~n       n_fl       m_fl      sd_fl       n_ca       m_ca      sd_ca 
 
 
 
  Effectsize label:  Mean Diff. 
        Effect size:  _meta_es 
          Std. Err.:  _meta_se 
 
Metaanalysis summary                     Number of studies =      4 
Fixedeffects model                       Heterogeneity: 
Method: Inversevariance                            I2 (%) =   98.34 
                                                        H2 =   60.27 
 
 
            Study |     Mean Diff.    [95% Conf. Interval]  % Weight 
+ 
          Study 1 |          8.764       8.267       9.260     69.06 
          Study 2 |         16.169      15.031      17.307     13.13 
          Study 3 |         10.360       9.255      11.464     13.94 
          Study 4 |         17.203      15.111      19.296      3.88 
+ 
            theta |         10.286       9.873      10.698 
 
Test of theta = 0: z = 48.90                     Prob > |z| = 0.0000 
Test of homogeneity: Q = chi2(3) = 180.81          Prob > Q = 0.0000 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