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INTRODUCTION

This report provides a descriptive analysis of opioid prescribing patterns as captured by the
State of Minnesota’s Prescription Monitoring Program. This report should be considered
supplementary to the Minnesota Board of Pharmacy Prescription Monitoring Program Annual
Report, in that it does not try to recreate the analyses described in the annual report, but rather
provides analysis of alternative outcome measures that may be important for demonstrating
how the State’s Prescription Monitoring Program (PMP) can be used to understand risk factors
for opioid harm amongst Minnesotans.
We focus primarily on rates of opioid prescribing in terms of morphine milligram equivalents
(MMEs), rather than prescription quantity. MMEs provide a standardized means of comparing a
wide range of narcotics by standardizing their strength independent of the actual number of
units utilized. We also look at prescription event counts, which provide a measure of how many
prescribing events can be attributed to providers at different levels of aggregation. For the
purposes of protecting sensitive and private health information, data is aggregated at the
county and/or month level such that no individual patient or prescriber can be identified.
We organize our analyses around three characteristics of prescription opioid use that are
related to opioid harm: overall prescription opioid rates and MMEs, co-prescribing rates with
either a benzodiazepine or gabapentin (both drug classes known to have adverse interactions
with prescription opioids), and opioid prescribing rates to patients who are considered opioidnaive (see below). High MME dosage, co-prescribing, and opioid naïveté are factors related to
opioid harm and overdose. Thus, our analyses highlight the utility of a PMP in identifying
communities or time periods that have been at greater risk for these concurrent factors.
We also provide descriptive analyses of PMP utilization by prescribers. Studying how and when
providers use the PMP can be instructive for improving the accessibility of the system to
provide better life saving information to doctors. At the end of the report, we include a short
summary of methods, as well as comprehensive tables of select outcome measures for all 87
counties in Minnesota.
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STATE-WIDE SUMMARY

Table 1. Opioid Prescribing in Minnesota
Descriptive statistics of state-wide opioid prescriptions, including co-prescriptions with
benzodiazepine or gabapentin, for 2018 and 2019. Reported as total number of prescriptions
and number of prescriptions per 1000 residents with 95% confidence intervals. 1 Results are
categorized by daily MME band for both years.

Here, and elsewhere, we represent the variance in the mean as a 95% confidence interval. This interval
estimates the upper and lower boundaries within which we expect the estimated average to fall 95
times out of 100. It is functionally equivalent to a margin of error in survey sampling and can be
interpreted loosely as a measure of how disparate individual values are.
1

2

We analyzed opioid prescribing characteristics in Minnesota as captured by the PMP. Table 1
provides a state-wide summary of opioid prescribing descriptive statistics in terms of
prescription counts and MME amounts. Overall, there appears to be a pattern of decreased
opioid prescribing and co-prescribing between 2018 and 2019, a pattern that will persist in the
more detailed analyses below. We also analyzed which MME bands account for the greatest
number of opioid prescriptions in the state, with opioids in the 20-49 daily MME range
accounting for the largest share.
Daily MME provides a standardized measure of the strength of a patient’s daily narcotic use,
with larger daily MMEs associated with increased risk of opioid harm. Throughout this report,
we exclude daily MMEs greater than 1202. Prescriptions with daily MMEs greater than 120
represent a small portion of the total data (less than 5%), but they have an outsized influence
on the overall averages.

Inspection of several of the prescription records associated with these larger daily MMEs revealed
records with several total MMEs prescribed to one patient with a prescription duration of a single day.
Such records can only represent either a) highly specialized cases that are not indicative of the State’s
overall patterns or b) a mistake in the record. In either case, inclusion of such data would skew analyses
in an uninformative way, and as such these records were held back.
2

3

AVERAGE TOTAL MME
Figure 1. Average Total MME by County 3
A visualization of all 87 counties in Minnesota with their reported average total MME presented
on a color scale from blue to red to yellow (low to medium to high). The year 2018 is on the left
and the year 2019 is on the right.

We calculated the average total MME amounts per opioid prescription in each county for 2018
and 2019 which is shown in Figure 1. Aitkin County had the highest amount in 2018 with an
average total of 865.58 (+/- 23.43) MME per opioid prescription. Grant County with 673.08 (+/21.30) MME and Pipestone County with 672.62 (+/- 17.68) MME were the 2nd and 3rd highest
counties respectively. While most counties recorded lower average total MME amounts in
2019, Red Lake County had the highest (658.99 +/-) 42.51. Aitkin remained one of the counties
with highest amount with an average total of 594.22 (+/- 11.40). Polk County (592.21 +/- 11.44)
and Pipestone County (573.82 +/- 18.88) were 2nd and 3rd in 2019, but statistically equivalent to
Aitkin County due to confidence intervals.

3

A comprehensive table of values for average total MME by county can be found in Appendix II.
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Total MME amounts decreased for most counties across the state with only one county in 2019
recording an average total MME amount of approximately 600 MME compared to 11 counties
in 2018. In Figure 1 there does not appear to be any regional trend across the state for average
total MME amount per prescription.

Figure 2. Average Total MME by Month
State-wide average total MME for each month of 2018 and 2019 is reported with 95%
confidence intervals depicted as error bars. The average total MME amount can be referenced
on the y-axis and the months are identified on the x-axis.

The average total MME, plus 95% confidence interval, is reported for all 24 months in Table 2.
Figure 2 more clearly shows the decreasing trend in average total MME per prescription across
the state from 2018 to 2019. In both years, there is a decrease from January to December and,
when comparing each month to the year prior, the average total MME per prescription in 2019
appears lower than 2018. Over the two-year period, the average total MME per prescription in
Minnesota decreased 7.5% from January 2018 to December 2019.

5

Table 2. Monthly Average Total MME
Monthly average of the total MME of opioid prescriptions for each month of 2018 and 2019
reported. The width of the 95% confidence intervals can be calculated by adding and
subtracting the 95% CI value from the Avg. Total MME value (e.g., January 2018 confidence
interval is 459.99 – 464.61 or 462.30 +/- 2.31).

6

AVERAGE DAILY MME
Figure 3. Average Daily MME by County
A visualization of all 87 counties in Minnesota with their reported average daily MME presented
on a color scale from blue to red to yellow (low to medium to high). The year 2018 is on the left
and the year 2019 is on the right. 4

Average Daily MME is the daily dose of opioid for a prescription multiplied by its conversion
factor5. We found that the average daily MME per opioid prescription in each county during the
two-year period varied between approximately 25 and 40 MME/day. The highest average daily
MME was in Aitkin County in 2018 with 42.60 (+/-) 0.78 MME/day. In 2019, the three counties
with the highest average daily MME per prescription were Kanabec (36.09), Goodhue (35.90),
and Aitkin (35.80), though, most counties across the state had a decrease in average daily MME
from 2018 to 2019.

4

A comprehensive table of average daily MME by county can be found in Appendix II.

5

A more detailed derivation of the measure Average Daily MME can be found in Appendix I.
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Figure 4. Average Daily MME by Month
State-wide average daily MME for each month of 2018 and 2019 is reported with 95%
confidence intervals depicted as error bars. The average daily MME amount can be referenced
on the y-axis and the months are identified on the x-axis.

As with total MME amounts, Figure 4 shows that the average daily MME amount for opioid
prescriptions has been decreasing over the two-year period. In January 2018, the amount was
35.77 and in December 2019, the amount was 33.43for total decrease of 6.5%. There does
appear to be some seasonality from month to month, but comparing each month’s average
daily MME to the year prior shows a significant decrease for all 12 months.

8

Table 3. Monthly Average Daily MME
Monthly average of the daily MME of opioid prescriptions for each month of 2018 and 2019
reported. The width of the 95% confidence intervals can be calculated by adding and
subtracting the 95% CI value from the Avg. Daily MME value (e.g., January 2018 confidence
interval is 35.70 – 35.88 or 35.79 +/- 0.09).
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Figure 5. Opioid Prescribing by County
A visualization of the number of opioid prescriptions per 1000 residents for each of the 87
counties in Minnesota presented on a color scale from blue to red to yellow (low to high).
Prescriptions are categorized by daily MME bands going from lower to higher dose in order
from left to right. The year 2018 is on top and 2019 is on the bottom. 6

A comprehensive table for individual county prescription counts by MME band can be found in
Appendix II.
6

10

Figure 5 presents our results after examining opioid prescriptions across the state using
clinically relevant daily MME bands: 0-19 MME/day, 20-49 MME/day, 50-89 MME/day, and 90119 MME/day. According to the CDC, dosages at or above 50 MME per day double the risk of
overdose when compared to dosages less than 20 MME per day. The CDC also recommends
using extra precautions when prescribing ≥ 50 MME per day and avoiding prescription dosages
≥ 90 MME per day.
Across Minnesota, the highest rates of opioid prescriptions per 1,000 residents fall in the 20-49
MME/day band, which can be clearly seen in Figure 5. The next highest rates fall into the 0-19
MME/day and 50-89 MME/day bands, with noticeably lower rates in the 90-119 MME/day
band. Prescribing rates within daily MME bands do not appear to be significantly higher in any
region of the state.
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OPIOID CO-PRESCRIBING

Counts of Benzodiazepine and Gabapentin Co-Prescribing by
Prescriber County
We analyzed the co-prescribing rates for benzodiazepine and gabapentin with opioids across
the four previously defined MME bands. The rates are measured by the number of opioid
prescriptions that overlap with either a benzodiazepine or gabapentin prescription and
presented as the prescription count per 1000 residents for each county. Results are presented
in Figures 6 and 7. As would be expected, the number of overlapping prescriptions within each
MME band closely follow the number of total opioid prescriptions in each MME band presented
earlier.

12

Figure 6. Benzodiazepine Co-Prescribing by County.
A visualization of the number of opioid prescriptions per 1000 residents that were coprescribed with a benzodiazepine for each of the 87 counties in Minnesota presented on a color
scale from blue to red to yellow (low to high). Prescriptions are categorized by daily MME bands
going from lower to higher dose in order from left to right. The year 2018 is on top and the year
2019 is on the bottom.
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Figure 7. Gabapentin Co-Prescribing by County.
A visualization of the number of opioid prescriptions per 1000 residents that were coprescribed with a gabapentin for each of the 87 counties in Minnesota presented on a color
scale from blue to red to yellow (low to high). Prescriptions are categorized by daily MME bands
going from lower to higher dose in order from left to right. The year 2018 is on top and the year
2019 is on the bottom.
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Average Number of Days of Overlapping Prescriptions by County
We also analyzed the average number of days of overlap per opioid prescription that is coprescribed with benzodiazepine or gabapentin. It appears that the higher number of days
overlapped are for prescriptions in the lowest dosage band of 0-19 MME per day.
Figure 8. Days of Overlapping Benzodiazepine Prescriptions by County
A visualization of the average number of days of overlap for an opioid prescription coprescribed with a benzodiazepine prescription. Each of the 87 counties in Minnesota are
presented on a color scale from blue to red to yellow (low to high). Prescriptions are
categorized by daily MME bands going from lower to higher dose in order from left to right. The
year 2018 is on top and the year 2019 is on the bottom.
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Figure 9. Days of Overlapping Gabapentin Prescriptions by County
A visualization of the average number of days of overlap for an opioid prescription coprescribed with a gabapentin prescription. Each of the 87 counties in Minnesota are presented
on a color scale from blue to red to yellow (low to high). Prescriptions are categorized by daily
MME bands going from lower to higher dose in order from left to right. The year 2018 is on top
and the year 2019 is on the bottom.
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Figure 10. Benzodiazepine Co-Prescribing by Month
State-wide number of opioid prescriptions that were co-prescribed with a benzodiazepine in
2018 and 2019. Each line represents the number of co-prescribing events per 1000 residents
within one of the four color coded opioid MME bands. Blue represents 0-19 MME, green
represents 20-49 MME, brown represents 50-89 MME, and purple represents 90-119 MME. The
number of prescriptions per 1000 residents can be referenced on the y-axis and the months are
in chronological order from left to right on the x-axis.
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Figure 11. Gabapentin Co-Prescribing by Month
State-wide number of opioid prescriptions that were co-prescribed with a gabapentin in 2018
and 2019. Each line represents the number of co-prescribing events per 1000 residents within
one of the four color opioid MME bands. Blue represents 0-19 MME, green represents 20-49
MME, brown represents 50-89 MME, and purple represents 90-119 MME. The number of
prescriptions per 1000 residents can be referenced on the y-axis and the months are in
chronological order from left to right on the x-axis.

We explored how the number of co-prescriptions for benzodiazepine and gabapentin change
from month to month over the two-year period. Co-prescribing of both benzodiazepine and
gabapentin appears to remain relatively flat across all opioid MME bands from 2018 to 2019 as
shown in Figures 10 and 11.
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OPIOID-NAIVE PRESCRIPTIONS
The term opioid naïve has different definitions in the literature. For the purpose of this analysis
we used two thresholds. An opioid naïve prescription is one involving a patient who has not
received any opioids in the 90 or 180 days prior. It is important to highlight that the counts of
opioid naïve cases in 2018 are likely to underestimate the true number of opioid-naïve
prescribing events because we identify an opioid-naïve patient by looking back 90 or 180 days
from a reference opioid prescription for another earlier opioid prescription (see Appendix I).
Patients who received an opioid in the first 90 or 180 days of 2018 cannot be positively
identified as being opioid-naïve, as we have no way of verifying whether they were prescribed
an opioid prior to 01/01/2018. These cases are marked as “not available” with regards to their
opioid-naïve status and do not count towards the total for the level of aggregation. While it is
appropriate to compare counties to each other in the same year, it is difficult to be sure the
rates have decreased from 2018 to 2019 and comparisons between years is not advised.
Counts of prescription benzodiazepines and gabapentins that are co-prescribed with opioids in
opioid naïve patients are lower than the number of opioid naïve patients overall who receive a
new opioid prescription. There is not a dramatic change in the visualized county distributions in
Figures 13 and 14 when we compare counts of patients who are 90 or more days naïve to
counts of patients who are 180 or more days naïve, suggesting most opioid naïve patients have
not used a prescription opioid in the last 6 months.
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Figure 12. Opioid Naïve Prescribing by County
A visualization of the number of times an opioid naïve patient received an opioid prescription
for each of the 87 counties in Minnesota. The number of opioid prescriptions per 1000
residents are presented on a color scale from blue to red to yellow (low to high). Results are
presented for patients who are 90+ days opioid naïve on top or 180+ days opioid naïve on the
bottom. The year 2018 is on the left and 2019 is on the right.
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Figure 13. Opioid Naïve Co-Prescribing with Benzodiazepine by County
A visualization of the number of times an opioid naïve patient received an opioid prescription
co-prescribed with a benzodiazepine for each of the 87 counties in Minnesota. The number of
opioid prescriptions per 1000 residents are presented on a color scale from blue to red to
yellow (low to high). Results are presented for patients who are 90+ days opioid naïve on top or
180+ days opioid naïve on the bottom. The year 2018 is on the left and 2019 is on the right.
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Figure 14. Opioid Naïve Co-Prescribing with Gabapentin by County
The number of times an opioid naïve patient received an opioid prescription co-prescribed with
a gabapentin for each of the 87 counties in Minnesota. The number of opioid prescriptions per
1000 residents are presented on a color scale from blue to red to yellow (low to high). Results
are presented for patients who are 90+ days opioid naïve on top or 180+ days opioid naïve on
the bottom. The year 2018 is on the left and 2019 is on the right.
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PMP UTILIZATION
PMP record utilization is served by one of three entities depending on time and identity. The
Gateway system provides access to prescription records to certain pharmaceutical entities
(such as Walmart), while the AWARxE and the RxSentry systems provide access to records
directly to providers or approved provider delegates. The RxSentry system was officially retired
in December 2018 and replaced with the AWARxE system. The following analyses provide
descriptive analytics of user searches within these systems over geographic region and time.
Our analyses focus on those prescribers who could be identified as unique individuals through
our prescriber crosswalk (detailed above), or by unique identifier in the search system. As such,
the Gateway searches only represent use of the system that can be attributed to a prescription
provider (such as a doctor or pharmacist). We do not include administrative searches in our
figures or tables (which represent most of the Gateway searches). The motivation for this
decision was to keep our analysis focused on prescriber (rather than corporate) behavior.

23

PMP User Search Geographic Distribution

7

Here we provide a geographic representation of search frequency across the three systems for
2018 and 2019.The RxSentry system was retired at the end of 2018, and so no records are
presented for that period. As noted above, the Gateway system was only queried for unique
prescriber identifiers, not administrative searches. As such, it has the most limited share.
The county maps provide a visualization of the number of searches per 1000 county residents.
For the tables, we aggregate descriptives at the county with more than 10 individual providers
to adequately protect the identity of those prescribers. A general pattern is the greater share of
searches that can be attributed to the AWARxE system, relative to the RxSentry system.

Tables of individual values for each system search by county can be found in Appendix II. In these tables, we have
removed values from rows where there were ten or fewer providers in a given county within a given year and
aggregated these in a new row labeled “All Other Counties”. This was done to conform to information privacy
protection standards exampled by the pharmacy board annual report.
7
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Figure 15. Total Searches by County
The number of searches conducted by prescribers in each county. The number of searches per
1000 residents are presented on a color scale from blue to red to yellow (low to high). Results
are presented for searches in RxSentry, Gateway, and AWARxE from left to right. The year 2018
is on top and 2019 is on the bottom.

25

Figure 16. Average Searches by County
A visualization of the average number of searches conducted by prescribers in each of the 87
counties in Minnesota. The average number of searches per prescriber are presented on a color
scale from blue to red to yellow (low to high). Results are presented for searches in RxSentry,
Gateway, and AWARxE from left to right. The year 2018 is on top and 2019 is on the bottom.
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User Searches Over Time

We also analyzed statewide search metrics for any trends over time. Figures 17, 18, and 19
show the number of active PMP users, total number of searches, and average number of
searches for each of the three PMP systems: AWARxE, RxSentry, and Gateway. The figures also
highlight the transition between RxSentry and AWARxE at the end of 2018. It appears from
these figures that the numbers have been increasing slightly over the two-year period for all
three measures.
Two relevant patterns emerge from the historical records of searches. First, transition from the
RxSentry system to the AWARxE system seems relatively smooth. Ignoring the sharp drop off in
RxSentry searches in December of 2018 (which are well compensated for by the uptake of the
AWARxE system), we see the general trend of increasing searches over time continues
smoothly between the systems. The second relevant pattern is the sharp uptick in Gatewaybased searches that individual providers executed starting mid-2018. After this initial bump, we
can see a similar persistent climb in the number of searches overtime. This may indicate a
preference for using the Gateway system by certain providers in specific domains or practices.
The increasing trend can be seen in the number of active users, the total number of searches,
and the average number of searches executed by each user. This is a good indicator that PMP
utilization is increasing overall, and apparent increased usage is not just an artifact of a larger
number of users, or highly active “super” users. Instead, it appears that, more people in a
position to benefit from the presence of a PMP system are making active use of this system.
We also include tables for each of the three systems that capture the quantitative search
statistics across 2018 and 2019. Aside from the persistent increase in users and searches
overtime, we can clearly see that the RxSentry and AWARxE systems have similar values for
their use statistics, indicating a relatively clean transition between the systems at the end of
2018

27

Figure 17. Number of Active Users
State-wide number of active PMP users in 2018 and 2019. Each line represents the number of
PMP users who made at least one search each month in one of the three color coded PMP
systems. Blue AWARxE, green represents Gateway, and brown represents RxSentry. The type
and opacity of the lines indicate whether the searches were attributable to users located in
Minnesota. The number of active users can be referenced on the y-axis and the months are in
chronological order from left to right on the x-axis.
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Figure 18. Total Number of Searches
State-wide number of PMP searches in 2018 and 2019. Each line represents the total number of
PMP searches by users each month in one of the three color coded PMP systems. Blue
AWARxE, green represents Gateway, and brown represents RxSentry. The type and opacity of
the lines indicate whether or not the searches were attributable to users located in Minnesota.
The number of searches can be referenced on the y-axis and the months are in chronological
order from left to right on the x-axis.
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Figure 19. Average Number of Searches
State-wide number of searches by PMP users in 2018 and 2019. Each line represents the
average number of searches made by PMP users each month in one of the three color coded
PMP systems. Blue AWARxE, green represents Gateway, and brown represents RxSentry. The
type and opacity of the lines indicate whether the searches were attributable to users located
in Minnesota. The number of searches can be referenced on the left and the months are in
chronological order from left to right on the bottom.
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Table 4. RxSentry Searches by Month
Number of users, number of searches, and calculated average number of searches per user
with 95% confidence interval for each month of 2018 and 2019 reported. The width of the 95%
confidence intervals can be calculated by adding and subtracting the 95% CI value from the
Mean value (e.g., January 2018 confidence interval is 16.19 – 16.95 or 16.57 +/- 0.38. Missing
values indicate periods where this system wasn’t used or searches weren’t recorded.
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Table 5. Gateway Searches by Month
Number of users, number of searches, and calculated average number of searches per user
with 95% confidence interval for each month of 2018 and 2019 reported. The width of the 95%
confidence intervals can be calculated by adding and subtracting the 95% CI value from the
Mean value (e.g., January 2018 confidence interval is 3.38 – 5.92 or 4.65 +/- 1.27). Missing
values indicate periods where this system wasn’t used or searches weren’t recorded.
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Table 6. AWARxE Searches by Month
Number of users, number of searches, and calculated average number of searches per user
with 95% confidence interval for each month of 2018 and 2019 reported. The width of the 95%
confidence intervals can be calculated by adding and subtracting the 95% CI value from the
Mean value (e.g., January 2019 confidence interval is 19.12 – 19.68 or 19.40 +/- 0.28). Missing
values indicate periods where this system wasn’t used or searches weren’t recorded.
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Searches by User Types

The three figures below show the number of users, total number of searches, and average
number of searches for each of the license types found in the both the AWARxE and RxSentry
PMP systems. Physicians make up the largest number of users, but registered pharmacists and
delegates perform the most searches. In our aggregation, we count all registered users,
regardless of the state in which the user is licensed. We also sum over residencies for licenses
which have a residency program. For example, a license type that is listed a MD-RES is counted
as an MD license.
Importantly, not all users of the PMP system are users with a medical license. PMP records can
be searched by hospital administrative staff, approved auditors, and search delegates who are
individuals approved to perform PMP searches on behalf of a medical practitioner. The
AWARxE and RxSentry systems maintained different types of records regarding who was
executing a search. For the AWARxE system, users were identified by a user role, as well as any
medical credentials and medical specialties (for providers). For the RxSentry system, approved
users who did not possess a medical license (e.g., administrative staff or delegates) were
identifiable by their account type, which could be master or delegate account. We compare
licensed users and delegate users with the two systems (with the catch-all “OTHER” for users
who don’t fall into either of these categories), but it is worth noting that the way in which these
systems track the roles of their users differ, and thus analyses between systems may not be as
precise as analyses within systems.
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Number of Users

In Figure 20 we gathered the number of users executing searches within the AWARxE and
RxSentry systems, aggregated by the type of license associated with that user. For users with no
medical license type, they were either identified as DEL (for search delegates) or OTHER (see
above for distinctions between AWARxE and RxSentry).
Figure 20. Users by License Type
Bar graph depicting the number of users in two PMP systems categorized by the user’s license
type. Blue bars represent AWARxE and green bars represent RxSentry. The license types are
listed on the y-axis and the number of users equating to the length of the bars can be
referenced on the x-axis.

Figure 21 shows the number of searches executed by all users of a license type. While there are
more registered medical doctors executing searches in both systems, pharmacists make the
largest share of searches being executed. There are also a large number of searches being
executed by users who do not have an identifiable medical license type. For the RxSentry
system, most of these OTHER license types are users whose ID follows the format stated above.
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Figure 21. Total Searches by License Type
Bar graph depicting the total number of searches by users in two PMP systems categorized by
the user’s license type. Blue bars represent AWARxE and green bars represent RxSentry. The
license types are listed on the y-axis and the number of searches equating to the length of the
bars can be referenced on the x-axis.

Interestingly, while pharmacists execute the most searches overall, user delegates have the
highest average number of searches (excluding those users whose license type is unknown).
Medical doctors have a much lower average number of searches, despite the larger number of
users registered with an MD license type.
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Figure 22. Average Searches by License Type
Bar graph depicting the average number of searches by users in two PMP systems categorized
by the user’s license type. Blue bars represent AWARxE and green bars represent RxSentry. The
license types are listed on the y-axis and the number of searches equating to the length of the
bars can be referenced on the x-axis.
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POSSIBLE CORRELATIONS
Finally, we provide a very high-level look at the correlations between the descriptive measures
outlined in this report. While none of these relationships should be considered causal, what is
illustrated here are a number of possible interesting relationships that could be explored
further if a more in-depth statistical analysis of the data would be pertinent to the program.
Each descriptive measure is outlined as a category on both the horizontal and vertical axes. The
ellipses within each cell demonstrate correlational strength through both color and shape, with
more distended ellipses indicating stronger correlations. When a descriptive measure is plotted
against itself, the ellipse collapses to a line indicating perfect correlation (observable along the
diagonal).
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Figure 23: Correlations between outcome measures
Here, the strength and direction of the correlation is indicated by both the color of the ellipse,
as well as its orientation and width. Perfectly correlated measures collapse to a straight line,
while perfectly anti-correlated measures would be represented by a perfect circle. Cooler colors
indicate a positive correlation, while warmer colors indicate a negative correlation (with yellow
indicating zero correlation).
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When looking at Figure 23, several interesting relationships stand out. First, neither average
daily MME or quantity appear to be correlated with any other measure include in this analysis.
However, average daily MME and quantity are slightly correlated with each other. This
correlation makes sense if prescribers are attempting to maintain total MME within a certain
range and vary the quantity of a drug in proportion to its daily strength.
We can also see that the number of searches providers execute appear to be moderately
correlated with measures we have included that are particularly related to increased risk of
opioid harm (such as co-prescribing or the opioid-naïve status of the patient). Finally, we can
see that measures related to gabapentin prescribing are more weakly correlated with other
measures than those associated with benzodiazepine prescribing (although it is still strongly
correlated with many other measures). A possible explanation for this may be that coprescribing of benzodiazepine with an opioid appears more common overall, which would lead
to better representation in the data.
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Correlation Focus Areas

Because it can be challenging to parse the large number of relationships in Figure 23, we
provide two more focused visualizations that highlight important considerations for the role of
the PMP. Figures 24 and 25 highlight possible correlations of interest between co-prescribing
measures and measures of prescribing behavior for opioid-naïve patients (respectively).
Figure 24: Co-prescribing counts.
Here we exclude all relationships except a specific subset related to population-based rates of
co-prescribing. Correlation strength and direction is indicated by both the color and
orientation/width of the ellipse (as in Figure 23).
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Figure 24 highlights important relationships between outcome measures related to coprescribing. Of interest are the differences in the correlations of PMP searches and the different
drugs evaluated in this report. Gabapentin co-prescribing is more strongly correlated with PMP
searches than either benzodiazepine co-prescribing, or opioid-prescribing overall. This may
indicate differential salience of drug interactions for prescribers of opioids.
Figure 25: Opioid-Naïve Counts.
Correlations between measures related to prescriptions submitted for patients flagged as
opioid-naïve. Correlation strength and direction is indicated by both the color and
orientation/width of the ellipse (as in Figure 23).
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Figure 25 highlights the relationship between outcome measures related to prescribing
practices for opioid-naïve patients. Of particular interest here is the high-degree of correlation
between the number of PMP searches and the number of prescriptions issued to opioid-naïve
patients. This suggests that prescribers providing drugs to opioid-naïve patients are performing
more PMP searches.
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CONCLUSIONS

This report aims to provide a supplementary look at the utility of Minnesota’s PMP as a
resource for understanding prescribing patterns related to opioid use with a focus on
prescription MME and co-prescribing of opiates with either benzodiazepine or gabapentin. The
annual report (https://www.pmp.pharmacy.state.mn.us/reports-and-statistics.html) on the PMP
released by the Minnesota Board of Pharmacy provides a more detailed look at the state’s
controlled substances prescribing patterns from the perspective of the quantity of drugs being
distributed. The work presented here is intended to be read, and understood, within the
context of the officially released report.
Overall, we show a decreased rate of opioid prescribing in the state between 2018 and 2019,
with an increased use of the PMP system by prescribers and pharmacists to look up patient
histories in relation to prescribing. Notably, the decreases in opioid prescribing patterns can be
seen for both the number and strength of opioid prescriptions. However, due to the limitations
related to characterizing prescriptions in early 2018, it is difficult to make any conclusion
regarding the number of co-prescriptions or opioid naïve patients from 2018 to 2019. Regarding
the PMP use, we show both the number of prescribers using the PMP and the average number
of searches by prescribers are increasing. We also show that the transition from the RxSentry
user system to the AWARxE user system did not appear to disrupt the positive trend of
increasing prescriber searches over time, suggesting a smooth transition from the user
perspective. We also provide geographic distributions of several relevant opioid harm risk
factors (such as co-prescribing and prescribing to opioid-naïve patients) to highlight counties in
the state that may benefit more from increased utilization of the PMP system. Throughout the
analysis, there was much variation from county to county with little indication of any clear
geographic trends that could not be explained by population density.
Finally, we provide an initial look at how different prescribing measures obtainable through
PMP data are correlated over time. While correlations alone are not indicative of any causal
relationship, they can be informative for identifying relevant domains for further inquiry and
analysis. Importantly, we show that as PMP searches by providers and pharmacists increases, a
number of opioid harm risk factors (e.g., Naïve prescribing, co-prescribing opioids with
Benzodiazepine and Gabapentin) decrease. There is, however, no relationship between
quantity average daily MME prescribed, and searches or opioid harm risk factors. This may
provide insight into when prescribers and pharmacists feel that querying PMP patient
information is most relevant.
44

APPENDIX I - METHODOLOGICAL NOTES

It is important to outline the methodological procedures that led to the presented tables and
figures. A small, but important set of assumptions and decisions were made so that the analysis
is tractable and informative. These decisions and their reasoning are detailed in brief here.

Prescriber Identity
One important factor in this analysis is the identity of the providers writing prescriptions. For
the PMP records themselves, prescriber identity was inconsistently maintained across several
data features, including (but not limited to) name, address, National Provider ID (NPI) number,
DEA number, telephone number, and email address. For PMP utilization records, prescriber
identity was tracked by a different identifier depending on the system (a unique user ID for
AWARxE, DEA number for RxSentry, and name/DEA number for Gateway).
To ensure consistency, we generated a new, unique identifier for each prescriber across all
systems that was based on the unique combination of DEA number and NPI number. In other
words, each unique combination of DEA and NPI number was treated as an independent
individual. DEA numbers and NPI numbers recorded across all four systems were
simultaneously used to build a composite directory of unique providers. For example, a PMP
record with a valid DEA number but missing NPI number might have the NPI filled in by a
DEA/NPI pair from the AWARxE system that could be matched on DEA number. This may lead
to a certain degree of error within the counts and statistics provided below.

County Records
Throughout the report, we focused solely on aggregation to the provider/prescriber county
level when geographical aggregation was used. PMP records contain information on patient
county and dispensary county in addition to prescriber county, and any one of these levels of
aggregation could be useful in understanding opioid use patterns across the state. However,
this report was primarily concerned with prescriber behavior and PMP utilization, and as such
we limited our analysis to prescriber demographics. Figures and tables that show county-level
summary statistics are aggregated at the prescriber county level. For PMP utilization, we
additionally aggregate non-Minnesota users to their own group in figures and tables that
display PMP utilization over time. Analyses reflecting MN Users can be compared to MN county
map diagrams, while analyses of non-MN users are excluded from these geographical figures.

I

Identifying Drug Class
For identifying opioids and benzodiazepines, we utilized a National Drug Code (NDC) data file
obtained from a Centers for Disease Control and Prevention (CDC) web page to correctly
identify drug class by product ID number. Any records that could not be matched to a drug
found within this NDC data file was not included in this analysis. The CDC excluded several
drugs (e.g., opioids in powder) not typically used in outpatient settings. We maintained these
exclusions in our analysis of the PMP data.8 Also, NDC codes can change over time, so it is
possible that a deprecated product ID would cause a record to be excluded from the analysis.

Derived Outcome Measures
Within this report, we derive a number of outcome measures that are relevant for
understanding the prescribing patterns within the state, as well as the risk factors for opioidprescribed patients. Here, we detail the derivation of these quantities.
Counts per 1000. For measures that are displayed as a count per 1000, we divided our measure
by the population of indicated level of aggregation (e.g., county) and then multiplied by 1000.
95% Confidence Intervals. Throughout the report, we present aggregate means as our mean
estimate and use a 95% confidence intervals to illustrate the degree of precision in this
measure. A 95% percent confidence intervals estimates the range of values the mean could
likely take under repeated sampling. Within the context of this report, it is appropriate to use
the reported 95% confidence intervals as both a) a measure of the dispersion in the data and b)
a measure of the margin of error expected in our estimate of the mean.
Average Total MME. The total MME attributable to a single prescription is provided by drug
dispensaries in the PMP system when prescription transactions are logged. We computed
Average Total MME as the sum of all Total MME values within a level of aggregation divided by
the number of prescriptions within that level of aggregation. For our geographic analyses the
level of aggregation was MN county, and for our temporal analyses the level of aggregation was
month. This measure therefore provides an estimate of the most likely MME strength for a
given prescription within either county or month.
Daily MME. Daily MME is a measure of the strength of an opioid prescription in terms of the
daily dose provided. We calculate Daily MME by dividing the provide Total MME by the Days
Supply indicated by the PMP record.

For more information on the CDC data file see “Analyzing Prescription Data and Morphine Milligram
Equivalents (MME)” at https://www.cdc.gov/drugoverdose/resources/data.html.
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II

Average Daily MME. Similar to our derivation of Average Total MME we computed Average
Daily MME by summing over all Daily MME values for prescriptions within a particular level of
aggregation (county or month), and then dividing by the number of prescription records within
that level of aggregation. This measure provides an estimate of the most likely strength of an
individual prescription in terms of the daily MME value.
Co-Prescribing (Co-Rx). We derived our measure of co-prescribing by looking when a
benzodiazepine or gabapentin prescription was filled relative the final prescription day of the
last opioid that patient received using the following procedure.
For each prescription, we determined the start-time to be the date the prescription was filled.
The end-time for a prescription was the start-time plus the prescribed days supply. For
example, a prescription for oxycodone that was filled on 02/02/2018 and provided a 15 day
supply would have a start-time of 02/02/2018 and an end-time of 02/16/20189. We then looked
at the start-time for all benzodiazepine and gabapentin prescriptions within the PMP database,
and flagged as “co-prescribed” those records where the start-time of the
benzodiazepine/gabapentin prescription occurred before the end-time of a prescribed opioid.
This procedure has two important assumptions. First, we do not count cases where a new
benzodiazepine/gabapentin prescription was issued before a previous opioid prescription was
completed as co-prescribing events. While this certainly does constitute co-prescribing from a
pharmacological standpoint, our analysis was primarily focused around behavior relating to
PMP use with regards to opioid prescribing. As such, we only considered cases where the
prescription of an opioid was the precipitating event that led to co-prescribing.
Second, we do not have records of any prescribing events that occurred prior to 01/01/2018. As
such, an unknown number of opioid prescriptions in early 2018 may have been co-prescribed
with a benzodiazepine/gabapentin prescription that was issued at the end of 2017. However,
we are not be able to identify these cases without prescription records from 2017. As such, coprescribing rates in early 2018 may underestimate the true number of co-prescription events.
Co-Rx Days Overlap. The days of overlap for a co-prescribing event was computed as the
difference in days between the start-time of the later prescription and the end-time of the
earlier prescription. For example, a co-prescribing even that included a benzodiazepine
prescription supplied from 02/02/2018 to 02/10/2018 and an opioid prescription supplied from
02/05/2018 to 02/19/2018 would have an overlap equal to 6 days (02/10 minus 02/05).

As can be seen with this procedure, we treat the day the prescription was filled as the first day on
which that drug was taken.
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III

Opioid-Naïve Patients. To identify opioid-naïve patients, we used a procedure like that used to
identify co-prescribing between opioids and benzodiazepine/gabapentin. However, instead of
looking backwards in time for the last benzodiazepine or gabapentin prescription, we looked for
the last opioid prescription a patient had. The amount of time between the end of the previous
opioid prescription and the start of the current opioid prescription was used to decide whether
the patient could be considered opioid naïve at the time the prescription was filled.
We chose to analyze patients who were opioid naïve based on two different cut-offs: 90 days
between opioid prescriptions and 180 days between opioid prescriptions. Because we do not
have any records prior to 01/01/2018, it was not possible to determine if prescriptions in the
first 90 or 180 days of 2018 were made to opioid naïve patients. As such, all the prescriptions in
this period are not considered to be to opioid-naïve patients and our reported findings may
underestimate the true number of opioid prescriptions made to opioid-naïve patients.
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APPENDIX II – COMPREHENSIVE TABLES
Table 7. Total MME by County
Average Total MME per opioid prescription for prescribers in all 87 counties in Minnesota.
Results for 2018 and 2019 are reported. Counties are ordered alphabetically. The width of the
95% confidence intervals can be calculated by adding and subtracting the 95% CI value from the
Avg. Total MME value (e.g., Aitkin 2018 confidence interval is 841.57 – 888.43 or 865.58 +/23.43).
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VI

VII

VIII

IX

Table 8. Daily MME by County
Average Daily MME per opioid prescription for prescribers in all 87 counties in Minnesota.
Results for 2018 and 2019 are reported. Counties are ordered alphabetically. The width of the
95% confidence intervals can be calculated by adding and subtracting the 95% CI value from the
Avg. Total MME value (e.g., Aitkin 2018 confidence interval is 41.82 – 43.38 or 42.60 +/- 0.78).
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Table 9. 0-19 MME/Day Prescriptions by County
Number of opioid prescriptions per 1000 residents with daily MME between 0-19 MME are
reported for all 87 counties in Minnesota in 2018 and 2019. Counties are ordered alphabetically
with population used for rate calculations.
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Table 10. 20-49 MME/Day Prescriptions by County
Number of opioid prescriptions per 1000 residents with daily MME between 20-49 MME are
reported for all 87 counties in Minnesota in 2018 and 2019. Counties are ordered alphabetically
with population used for rate calculations.
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Table 11. 50-89 MME/Day Prescriptions by County
Number of opioid prescriptions per 1000 residents with daily MME between 50-89 MME are
reported for all 87 counties in Minnesota in 2018 and 2019. Counties are ordered alphabetically
with population used for rate calculations.

XXV

XXVI

XXVII
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XXIX

Table 12. 90-119 MME/Day Prescriptions by County
Number of opioid prescriptions per 1000 residents with daily MME between 90-119 MME are
reported for all 87 counties in Minnesota in 2018 and 2019. Counties are ordered alphabetically
with population used for rate calculations.

XXX

XXXI
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Table 13. AWARxE Searches by County
Utilization of the AWARxE PMP system by prescribers is reported for individual counties in
Minnesota. Only counties with 10 or more prescribers are reported. The other prescribers are
reported under “All Other Counties.” The number of PMP users, the number of searches, and
the average number of searches per 1000 residents with 95% confidence interval is reported
for each county in 2018 and 2019. The width of the 95% confidence intervals can be calculated
by adding and subtracting the 95% CI value from the Mean value (e.g., Aitkin 2018 confidence
interval is 21.51 – 29.65 or 25.58 +/- 4.07).
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Table 14. RxSentry Searches by County.
Utilization of the RxSentry PMP system by prescribers is reported for individual counties in
Minnesota. Only counties with 10 or more prescribers are reported. The other prescribers are
reported under “All Other Counties.” The number of PMP users, the number of searches, and
the average number of searches per 1000 residents with 95% confidence interval is reported
for each county in 2018 and 2019. The width of the 95% confidence intervals can be calculated
by adding and subtracting the 95% CI value from the Mean value (e.g., Aitkin 2018 confidence
interval is 156.63 – 179.47 or 168.05 +/- 11.42).

XXXVII

XXXVIII

XXXIX

Table 15. Gateway Searches by County
Utilization of the Gateway PMP system by prescribers is reported for individual counties in
Minnesota. Only counties with 10 or more prescribers are reported. The other prescribers are
reported under “All Other Counties.” The number of PMP users, the number of searches, and
the average number of searches per 1000 residents with 95% confidence interval is reported
for each county in 2018 and 2019. The width of the 95% confidence intervals can be calculated
by adding and subtracting the 95% CI value from the Mean value (e.g., All Other Counties 2018
confidence interval is 26.87 – 34.41 or 30.64 +/- 3.77).
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