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Medication Adverse Reaction, Risk Stratification

(MAR?2S) Model
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BACKGROUND: A fundamental responsibility of aerospace medicine is the analysis and mitigation of the human component’s risk to the
aviation system. Medications are part of this risk mitigation process and are present within a multitude of work environ-
ments, including aviation. For example, during fiscal year (FY) 2013-2015, the Army Aeromedical Activity (AAMA)
received 8596 medication waiver requests. During this same time period the U.S. Army Medical Department’s Patient
Administration Systems and Biostatistics Activity reported the organization prescribed over 187,668 prescriptions for
opioids, 133,475 prescriptions for SSRIs, 116,649 prescriptions for muscle relaxants, and 71,723 prescriptions for
hypnotics to its active duty soldiers in the outpatient setting.

METHODS: A conceptual model to mitigate the risk of adverse reactions to medications by severity score was developed based off

the methodology published by Prudhomme et al.

RESULTS: The mean severity score of the 50 historically safe medications in the Army aviation community is 7346. The standard
deviation of the population is 7300. The difference between safe and unsafe drugs determined by subject matter
experts (SME) is highly significant when tested with the nonparametric Wilcoxon rank sum test.

CONCLUSION: The visual representation of the data from this conceptual model clearly demonstrates room for improvement from
current methods. Historically, utilizing SME opinion has created a system with deficiencies related to high variance,
inconsistencies, and perceived ambiguity. There is need for a model addressing adverse drug reactions that has concrete
strengths of transparency, simplicity, and speed of use.
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enefit payments under workers' compensation programs

totaled $61.9 billion in the United States for 2015."

Along with this, Americas labor force is aging. The num-
ber of persons working past the age of 55 is at a historic high
and, with 10,000 Baby Boomers (born between 1946-1965)
turning 65 every day, understanding the implications of the
growth and diversification of the aging labor force is becoming
increasingly important.'* According to the Bureau of Labor Sta-
tistics, the number of individuals ages 55 and above in the labor
force will grow from 42.1 million in 2016 to 65.7 million in
2026.° It is known that the aging workforce will increase the
prevalence in the workplace environment of health conditions
and the medications used to treat them.® Yet, research evidence
on the occupational injury risks from many common health
problems and/or their treatments is limited.> A systematic
review of the literature suggests a correlation of moderate

increased risk of workplace injuries with medication use,
although not wholly consistent.>!

The U.S. Army, while not being affected by the aging work-
force, may have the most to gain from a reduction in workplace
injuries. Readiness is the number one priority of the Army since
reducing its force strength from 508,210 in 2014 to 474,944 in
2018.% As an organization it cannot afford to lose its most valu-
able resource to potentially preventable injuries. From fiscal
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year (FY) 2013-2015, the U.S. Army incurred 9004 accidents
resulting in cost of property or damage greater than $50,000
and/or an injury resulting in days away from work.” A total of
373 fatalities resulted from these accidents.” While further anal-
ysis of the diversity of the population is not readily available to
these authors, it does highlight the need for further improve-
ment in Army safety programs. During this same time period
the U.S. Army Medical Department’s Patient Administration
Systems and Biostatistics Activity reported the organization
prescribed over 187,668 prescriptions for opioids, 133,475 pre-
scriptions for SSRIs, 116,649 prescriptions for muscle relaxants,
and 71,723 prescriptions for hypnotics to its active duty soldiers
in the outpatient setting.

A fundamental responsibility of aerospace medicine is the
analysis and mitigation of the human component’s risk to the
aviation system.'? Medications are part of this risk mitigation
process and are present within U.S. Army aviation. During FY
2013-2015, the Army Aeromedical Activity (AAMA) received
8596 medication waiver requests for soldiers on flight status.

Occupational medicine providers have an obligation to pro-
tect workers and the organizations that employ them. For
instance, 5147 fatal work injuries were recorded in the United
States during 2017 and deaths from fatal falls were at their high-
est level in the 26-yr history of the Census of Fatal Occupational
Injuries with 887 in 2017.* A systematic literature review sug-
gests that some chronic health conditions and their treatments
may raise the risks of occupational injury to a moderate
degree.'® Several studies have highlighted the poor knowledge
that exists concerning the effects of prescribed medication on
work performance.”*!!

Therefore, it would be prudent for the community to inves-
tigate the possibility that medication use is contributing to pre-
ventable injuries in the workforce. Prudhomme et al. postulated
a method to risk stratify the adverse reactions of medications
on concepts from evidence-based medicine, systems theory,
and risk assessment to accept or reject medications for use in
the flight environment.'> The Medication Adverse Reaction,
Risk Stratification (MAR?S) model was built on this concept
and uses a flight-centric approach, but may be altered to fit a
wide variety of workplace environments. This conceptual
model suggests that the MAR®S tool may reduce workplace
injuries by using an evidence-based approach to stratify the risk
of medications in the workplace.

METHODS

The authors utilized Prudhomme et al’s'> methodology below.

Step 1. Determine the sample for historically safe medica-
tions. The AAMA has published aeromedical policy let-
ters to outline US. Army aviations acceptable risk
tolerance. The aeromedical policy letters classify medica-
tions and classes of medications into four categories.
Selected from class one and two,! there were 85 medica-
tions generally considered safe for flight operations. Due
to lack of published prevalence data, 35 were excluded.

MAR?S MODEL—Cronrath et al.

Step 2. Identify all published adverse reactions of each medi-
cation. Lexicomp,' a reliable open-source database, pro-
vided published adverse reactions and prevalence data.
Using Lexicomp standardized the evidence-based
approach to identifying published adverse reactions for
the MAR?S model.

Step 3. Assign a severity multiplier to each reaction based on
recognized aeromedical concerns. A logarithmic scale was
used to assign the severity multiplier to each adverse
reaction.

Step 4. Develop a standardized protocol to establish the prob-
ability of adverse reactions. Lexicomp provided prevalence
data for the MAR?S model. Occasionally Lexicomp pub-
lishes reference ranges for prevalence data for adverse
reactions. For these reported cases, the prevalence score
was calculated using the arithmetic mean for the range. An
additional challenge during step 4 was some reported cases
for adverse reactions did not have prevalence data due to
limitations during FDA trials. In an effort to standardize
the approach, for any prevalence data << 2% prevalence a
score of zero was used.

Step 5. Calculate risk scores for reference medications. The
medication scores for the reference medications were cal-
culated using two formulas. The first assigns a severity
score for each published adverse drug reaction (ADR) to
each specific drug. In an effort to account for the entire
side effect profile risk of a single medication, the second
formula calculates an overall medication severity score
by summation.

Step 6. Generate acceptance control chart. After summing
the historically safe medications’ severity scores, the
mean was calculated, representing a quantification of the
average risk in medication use historically accepted by
U.S. Army aviation. The upper acceptance limit (UAL)
and upper control limit (UCL) were determined using
+1.5 SD and +3 SD, respectively. This technique was bor-
rowed from lean six sigma literature and slightly altered
by Prudhomme et al. The UAL and UCL were not plotted
due to the high variance and over-inflation of these val-
ues. These values are recorded in the Results section.

Step 7. Utilize chart to assess medications of interest to aero-
medical concerns. All medications with severity scores
above the UCL suggest that they are unsafe for the work-
place environment. Conversely, all medications with sever-
ity scores below the UAL suggest that they are safe for the
workplace environment. Medications with severity scores
that fall in between the UAL and UCL will need to be eval-
uated on a case by case basis. More research is required
to control for the variance before this step can be used.

Four Occupational Medicine physicians used a consensus
review board to assign severity multipliers (Fig. 1) to each
adverse reaction. The completed database was submitted to the
AAMA working group. The AAMA working group was com-
prised of five senior master flight surgeons from AAMA and
the US. Army School of Aviation Medicine. The AAMA
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Totally incapacitating (seizure) 1000
Partially incapacitating (drowsiness) 100
Distracting (heartburn) 10

Mildly distracting (dry mouth) 1

No occupational consequence (Decreased libido) 0

Fig. 1. Logarithmic scale assignment for individual adverse reactions associ-
ated with medications.

working group is considered to be the subject matter experts
(SME) for Army aviation medicine. This step in the MAR®S is
the crux of the model, allowing for flexibility to any community
[e.g., Department of Transportation, Federal Aviation Admin-
istration, Department of Labor, mining and manufacturing
industries, etc.] to allow subject matter experts to remain at the
center of the risk mitigation process.

For drug “d” and ADR “@” (one of “N” total ADRs), calculate:

1. (ADR severity score) d, a=(ADR prevalence)d,ax
(ADR severity code)a; and

n
2. (Medication severity score)d = Z(ADR severity code)d, a

a=1
RESULTS

The difference between safe and unsafe drugs is highly signifi-
cant (P < 0.001) when tested with the nonparametric Wilcoxon
rank sum test. The mean severity score of the 50 historically safe
medications in the Army aviation community is 7492 com-
pared to a mean of 9990 for unsafe medications (see Fig. 2). The
standard deviation of the historically safe medications popula-
tion is 7300. The upper acceptance limit severity score is 18,443.
The upper control limit severity score is 29,394.

DISCUSSION

Overall the SMEs are consistent when comparing medications
as a whole or by ADRs. The visual representation of the data
from this conceptual model clearly demonstrates room for
improvement. Of the 35 unsafe medications, 7 fall under the
mean for the safe medications. For example, per SME in the
Army aviation community, sumatriptan, with a severity score
of 45, is deemed unsafe as a medication for flight and requires a
waiver. This conceptual model using SME’s opinion on the risk
of individual ADRs suggests that sumatriptan is one of the saf-
est medications in the aviation community. Conversely, diclof-
enac, severity score 29,753, is deemed safe for flight as a
medication. The Federal Aviation Administration also has
fallen into this conundrum. Migraine conditions aeromedical
examiners can issue state that nonsteroidal anti-inflammatory
drugs such as diclofenac require no grounding period, while
abortive therapy with triptans, including sumatriptan, require
24 h of grounding.

This model is not without limitations. It does not have the
ability to evaluate the synergistic events of multiple medications
used by the same individual. Nor does it have the ability to eval-
uate adverse reactions of a medication based oft dosage. The
model does not take into account that the larger the population
of people using a medication, the more adverse reactions there
will be in the workplace, even rare severe ones. Issues of pre-
existing conditions and atmospherics changes are other factors
not accounted for by the model, making it impossible for the
model to be a standalone decision matrix.

Traditionally, trial periods of medications are used to evaluate
adverse reactions of medications. The authors believe self-report-
ing is a less than an optimal technique in situations where second-
ary gain is plausible. In addition to this, the model is not validated
by research. Although, it is plausible that utilization of this risk
mitigation process will decrease workplace accidents and injuries.

While the model incorporates objective data points into the
subjective process of determining safe and unsafe medications
in the workplace, it is still reliant on SMEs. This is both a
strength and a weakness. Concrete strengths of the MAR?S
model include transparency, simplicity, and speed of use. This
model can calculate a new medications severity score within 5
min, thus giving the MAR?S model the capability of keeping up
with the rapid development of new medications in this era. The
model is standardized and can easily be understood, eliminat-
ing the perception of being arbitrary and capricious. Most
importantly, it is flexible and can be adapted to a rapidly chang-
ing work environment. These strengths address the gaps of the
current SME opinion model in use today.

The intent of this model is to offer subject matter experts an
additional data point. It is not meant to be a standalone decision
matrix. Risk mitigation of medications in the workplace is a
complex endeavor that requires careful consideration of multi-
ple variables and data points that only the human being is capa-
ble of effectively analyzing. Therefore, SMEs need to be the final
decision point. The authors suggest that transition to a more
methodical and transparent system is a better approach than
methods currently employed by many organizations.

In order to further increase transparency and logic imbed-
ded within the model, the authors recommend studies aimed
at accurately identifying the symptoms of a 0.04 blood alcohol
level in a manner consistent with how adverse reactions of
medications are identified. With this knowledge, alcohol
could be used within the model as the severity score at which
impairment occurs or a medication is deemed unsafe. This
would keep the model aligned with current Department of
Transportation punitive measures for intoxication at work.

Prospective randomized trials are required to evaluate the
efficacy of the MAR?S model before use. If these trials suggest
that the model decreases workplace accidents/injuries, then the
model will begin to transition from a theoretical concept to a
validated tool.

Organizations should consistently strive for improvement
regarding risk identification. The use of the MAR?S model has
the potential to be a single data point among many in order to
make the determination of safety in the work environment.
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Fig. 2. Historically safe medications with a mean severity score (gray line) of 7492 plotted on the left. Historically unsafe medications with a mean severity score (gray

line) of 9990 plotted on the right.

ACKNOWLEDGMENTS

Authors and affiliations: Corey M. Cronrath, D.O., M.P.H., Marshfield
Clinic Health System, Eau Claire, WI; Matthew P. Klick, D.O., M.P.H.,
3" Combat Aviation Brigade, U.S. Army, Savannah, GA; Chad M. Merfeld,
PA, 10" Combat Aviation Brigade, U.S. Army, Fort Drum, NY; and Steven
J. Gaydos, M.D., M.P.H., U.S. Army School of Aviation Medicine, Fort
Rucker, AL.

REFERENCES

1. Army Aeromedical Activity. Aeromedical Policy Letters. 2015. [Accessed
Aug. 2019]. Available from https://vfso.rucker.amedd.army.mil/public/
downloads/Army_APLs_May2015.pdf.

2. Army Combat Readiness Center. Statistics: Weekly Update. 2016.
[Accessed Aug. 2019]. Available from https://safety.army.mil/Portals/0/
Documents/STATISTICS/Standard/weeklystats.pdf.

3. Bureau of Labor Statistics. Employment Projections. 2017. [Accessed
Aug. 2019]. Available from https://www.bls.gov/emp/tables/civilian-labor-
force-summary.htm.

10.

11.

. Bureau of Labor Statistics. National Census of Fatal Occupational Injuries

in 2017.2017. [Accessed Aug. 2019]. Available from https://www.bls.gov/
news.release/pdf/cfoi.pdf.

. Defense Manpower Data Center. DOD Personnel, Workforce Reports &

Publications. 2018. [Accessed Aug. 2019]. Available from https://www.
dmdc.osd.mil/appj/dwp/dwp_reports.jsp.

. Gilmore TM, Alexander BH, Mueller BA, Rivara FP. Occupational

injuries and medication use. Am J Ind Med. 1996; 30(2):234-239.

. Haslam C, Atkinson S, Brown S, Haslam RA. Perceptions of the

impact of depression and anxiety and the medication for these
conditions on safety in the workplace. Occup Environ Med. 2005;
62(8):538-545.

. McGwin G. Relations among chronic medical conditions, medications,

and automobile crashes in the elderly: a population-based case-control
study. Am J Epidemiol. 2000; 152(5):424-431.

. Mintz J. Treatments of depression and the functional capacity to work.

Arch Gen Psychiatry. 1992; 49(10):761-768.

Palmer KT, Harris EC, Coggon D. Chronic health problems and risk of
accidental injury in the workplace: a systematic literature review. Occup
Environ Med. 2008; 65(11):757-764.

Potter WZ. Psychotropic medication and work performance. ] Occup
Med. 1990; 32(4):355-361.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 90, No. 10 October 2019 899

SS900E 93l} BIA €1-G0-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq


https://vfso.rucker.amedd.army.mil/public/downloads/Army_APLs_May2015.pdf
https://vfso.rucker.amedd.army.mil/public/downloads/Army_APLs_May2015.pdf
https://safety.army.mil/Portals/0/Documents/STATISTICS/Standard/weeklystats.pdf
https://safety.army.mil/Portals/0/Documents/STATISTICS/Standard/weeklystats.pdf
https://www.bls.gov/emp/tables/civilian-labor-force-summary.htm
https://www.bls.gov/emp/tables/civilian-labor-force-summary.htm
https://www.bls.gov/news.release/pdf/cfoi.pdf
https://www.bls.gov/news.release/pdf/cfoi.pdf
https://www.dmdc.osd.mil/appj/dwp/dwp_reports.jsp
https://www.dmdc.osd.mil/appj/dwp/dwp_reports.jsp

MAR?S MODEL—Cronrath et al.

12.

13.

9200

Prudhomme MB, Ropp LG, Sauer SW, LaVan JT. Aeromedical risk
assessment of pharmaceuticals using evidence-based medicine. Aerosp
Med Hum Perform. 2015; 86(9):824-829.

Social Security Office of Retirement and Disability. Annual statistical
supplement, 2017. 2017. [Accessed Aug. 2019]. Available from https://
www.ssa.gov/policy/docs/statcomps/supplement/2017/workerscomp.
html.

14.

15.

United States Senate. Special Committee on Aging. America's aging
workforce: opportunities and challenges. 2017. [Accessed Aug. 2019].
Available from https://www.congress.gov/115/crpt/srpt191/CRPT-
115srpt191.pdf.

Wolters Kluwer. Adverse Drug Effects | Clinical Drug Information. 2019.
[Accessed Aug. 2019]. Available from https://www.wolterskluwercdi.
com/drug-data/adverse-drug-effects/.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 90, No. 10 October 2019

SS900E 93l} BIA €1-G0-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq


https://www.ssa.gov/policy/docs/statcomps/supplement/2017/workerscomp.html
https://www.ssa.gov/policy/docs/statcomps/supplement/2017/workerscomp.html
https://www.ssa.gov/policy/docs/statcomps/supplement/2017/workerscomp.html
https://www.congress.gov/115/crpt/srpt191/CRPT-115srpt191.pdf
https://www.congress.gov/115/crpt/srpt191/CRPT-115srpt191.pdf
https://www.wolterskluwercdi.com/drug-data/adverse-drug-effects
https://www.wolterskluwercdi.com/drug-data/adverse-drug-effects

