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ABSTRACT
BACKGROUND: Home INR testing (patient self-testing) 
is feasible and effective for warfarin patients but little 
is known about real-world differences in outcomes 
for patients using PST versus laboratory-based INR 
monitoring.
OBJECTIVE: To compare the safety/efficacy of patient 
self-testing of real-world warfarin therapy versus office/
lab-based monitoring of therapy.
DESIGN/SETTING/PARTICIPANTS/EXPOSURE: A ret-
rospective claims-based analysis of warfarin patients 
enrolled in the MarketScan® Commercial Claims and 
Encounters and Medicare databases between January 
1, 2013, and March 30, 2020. Stratification was based 
on INR testing method: patient self-testing versus test-
ing at physicians’ offices/local laboratory. The probabil-
ity of adverse events in each cohort was determined after 
adjusting for demographic and baseline clinical charac-
teristics using a repeated measures analysis.
MAIN MEASURES: Rates of all adverse events: deep 
venous thrombosis, pulmonary embolism, bleeding, and 
stroke. A secondary outcome of interest was emergency 
department visits.
KEY RESULTS: A total of 37,837 patients were included 
in the analysis: 1592 patients in the patient self-testing 
group and 36,245 in the office-based therapy group. 
After adjusting for demographic and baseline clini-
cal characteristics, patients in the office-based group 
had statistically significantly higher rates of all adverse 
events (incidence rate ratio [IRR]=2.07, 95% CI [1.82, 
2.36]), and specific adverse events including thrombo-
embolism (IRR=4.38, 95% CI [3.29, 5.84]), major bleed 
(IRR=1.45, 95% CI [1.28, 1.64]), and stroke (IRR=1.30, 
95% CI [1.05, 1.61]) than patients in the patient self-
testing group. Office-based patients also had a statisti-
cally significant higher rate of emergency department 
visits than patient self-testing patients (IRR = 1.65, 95% 
CI [1.47, 1.84]).

CONCLUSIONS/RELEVANCE: This analysis of real-
world claims data shows lower rates of stroke, throm-
boembolism, and major bleeding, as well as fewer 
emergency department visits, with patient self-testing 
compared to office-based/lab INR monitoring. Our find-
ing that PST is safe and effective among current users 
suggests that more patients may benefit from its use.
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INTRODUCTION
Warfarin was the mainstay of oral anticoagulation for over 
60 years until the introduction of direct oral anticoagulants 
in 2010. Around 2 million Americans still receive warfarin 
with many more worldwide,1 and warfarin remains the pri-
mary anticoagulant of choice for several medical indications. 
However, warfarin therapy presents many challenges with 
numerous factors influencing its effectiveness. Frequent INR 
testing is needed to ensure optimal dosing, and to minimize 
the risk of bleeding or thromboembolic events.2 High-quality 
warfarin management has been shown to improve the safety 
and efficacy of the medication, leading to improved patient 
outcomes.3

Warfarin management is complex and labor intensive. 
Historically, patients had INR testing performed in a physi-
cian’s office or laboratory. This required that patients travel 
to testing sites, which can be challenging for patients who 
live in rural settings, have mobility or transportation issues, 
travel often, and/or have extended working hours. Limited 
access to care during the COVID pandemic added to these 
challenges.4

Point of care coagulometers allow for INR measurement 
at home. This is done through patient self-testing (PST) pro-
grams, which provide education and testing equipment. In 
PST programs, participants’ INR results are interpreted by 
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clinicians who provide recommendations for dose adjust-
ment via telephone or video visit, without requiring an in-
person office encounter.

PST has been shown to improve the quality of care 
by engaging patients in their healthcare, resulting in an 
improvement in their quality of life.5 Additionally, home 
INR monitoring allows for more frequent monitoring and has 
been shown to reduce adverse events (AEs), such as bleeding 
and clotting.5–7

Although PST is recommended by clinical guidelines,8 it 
has faced limited acceptance by physicians and limited reim-
bursement by third-party payers, especially Medicare.9 To 
further assess the value of home INR monitoring, we evalu-
ated outcomes of warfarin therapy from a large database of 
third-party/administrative claims (Medicare and commercial 
insurance) and compared the safety and efficacy of warfarin 
therapy with INR measurements obtained by PST versus 
office-based monitoring of therapy.

METHODS
A retrospective claims-based analysis of patients on warfa-
rin therapy was conducted using MarketScan® Commercial 
Claims and Encounters (CCAE) and Medicare databases 
between January 1, 2013, and March 30, 2020. The primary 
outcomes of interest were the rate of any adverse event (AE) 
including thromboembolism, stroke, or bleeding, and the 
rates of each individual category of AE. Patients were strati-
fied based on INR testing method: (1) patients using PST of 
INR and (2) patients tested at their physician’s office by point 
of care (POC) testing or at a local laboratory (POC/Lab). 
Stratification was based on INR testing method using Cur-
rent Procedural Terminology (CPT) codes for home-based 
INR testing (categorized as PST), versus CPT codes that did 
not specify a location and Logical Observation Identifier 
Names and Codes (LOINC) for INR testing, which were 
categorized as office-based testing either using point of care 
devices or laboratory testing).

Inclusion and Exclusion Criteria
Patients over 18 years of age with (i) a diagnosis (≥ 1 inpa-
tient claim or ≥ 2 outpatient claims) of atrial fibrillation 
(AF), deep venous thrombosis (DVT), mechanical heart 
valve (MHV), or pulmonary embolism (PE) between January 
1, 2013, and March 31, 2020 (diagnosis date); (ii) at least 1 
warfarin claim within the 30-day period including and fol-
lowing the diagnosis date (index date) and no gap in warfarin 
treatment (days’ supply of medication) of > 30 days; (iii) at 
least 6 months of continuous insurance plan enrollment prior 
to the diagnosis date; (iv) continuous insurance plan enroll-
ment between the initial diagnosis date and index date; (v) at 
least 6 months of continuous enrollment following the index 

date; and (vi) no claims for a direct acting oral anticoagulant 
(DOAC) within 6 months of the index date were included 
in the analysis.

Variables
The following patient demographic and clinical variables 
were described: age, sex, geographic region, region loca-
tion (rural or urban), comorbidities of interest (hypertension, 
heart failure, valvular disease, diabetes, chronic obstructive 
pulmonary disease, renal disease, peripheral vascular dis-
ease, cancer, obesity, and Charlson Comorbidity Index), 
health insurance type (Commercial, Medicare), index diag-
nosis, diagnosis year, and hospital admissions or emergency 
department (ED) visits prior to index date. The follow-up 
period continued until the earliest of (i) end of the study 
period, (ii) loss of insurance enrollment, (iii) treatment dis-
continuation, or (iv) switch to DOAC.

Clinical outcomes included the following: (i) arterial or 
venous thromboembolism, (ii) stroke, (iii) major bleeding, 
(iv) any AE (i.e., thromboembolism, major bleed, or stroke) 
all identified by ICD 9/10 diagnosis codes (see appendix). 
A secondary outcome of interest was emergency department 
(ED) visits. Patients were censored after their first AE in 
the model of the “any” AE outcome. For the individual AE 
models, patients were censored after only that specific AE.

Analysis
Descriptive statistics were used for demographics, baseline 
clinical characteristics, and resource use of the patient sam-
ple stratified by INR testing location (PST vs POC/Lab). 
Patients with 50% or more of their testing done at POC/Lab 
were categorized as POC/Lab and those who had more than 
50% of testing as PST were categorized as PST. For continu-
ous variables, the Kruskal-Wallis rank-sum tests were used. 
For categorical variables, chi-squared tests were used.

The probability of experiencing adverse events in each 
cohort was determined after adjusting for patients’ demo-
graphic and baseline clinical characteristics using a repeated 
measures analysis, which allows for patients to be exposed to 
different INR testing locations during the follow-up period as 
well as adjusting for any time-varying covariates and varying 
follow-up time. A generalized estimating equation (GEE),10 
with binomial error distribution and logit link function, 
was used for the repeated measures analysis. Separate GEE 
models were estimated for the rates of the five outcomes of 
interest/AEs (i.e., thromboembolism, major bleed, stroke, 
any of the AEs, and ER visits) as a function of INR test-
ing location and patients’ demographic and baseline clinical 
characteristics.

Because patients using PST occasionally have POC/Lab-
based INRs and such tests may have been obtained imme-
diately before an AE, we wanted to ensure events were 
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attributed to the correct testing mode. Accordingly, in the 
repeated measures GEE model, patients were considered 
to have switched from PST INR testing mode to POC/Lab 
model only if and when they had at least 3 consecutive POC/
Lab INR testing claims. Patients were considered to have 
switched from POC/Lab to PST testing if and when they had 
at least 1 PST INR claim.

RESULTS
A total of 54,600 patient claim records met inclusion cri-
teria (32,036 commercial patients and 22,564 Medicare 
patients). Of 54,600 patients, 37,837 (69.3%) had INR test-
ing claims and were included in the final analysis. A total of 
1592 patients were categorized in the PST group, and 36,245 
patients were in the POC/Lab group (Fig. 1, CONSORT flow 
diagram). For the PST group, the median percentage of 

total INRs performed using PST was 96.4% (IQR = (77.8%, 
100%)) and the mean was 88.1% (SD = 14.8%). For the 
POC/Lab group, the median percentage was 100% (IQR = 
(100%, 100%)) and the mean was 99.6% (SD = 3.6%).

Demographic and Clinical Characteristics of 
Patient Groups
Table 1 summarizes demographic and clinical characteris-
tics of the two patient groups (PST versus POC/Lab). PST 
patients were slightly older than POC/Lab patients (median 
64 versus 60 years of age at index), and a slightly higher per-
centage of PST patients vs POC/Lab patients were women 
(48% versus 44%). There was no difference in proportion of 
rural vs urban patients between the groups, and similar num-
bers of patients came from the various regions of the USA.

Regarding clinical characteristics, more PST patients 
had atrial fibrillation and mechanical heart valve as the 

Diagnosis of AF, DVT, MHV or PE in any 
position; defined as > 1 inpatient claim or > 2 
outpatient claims between 2013-01-01 and 
2020-03-30. The first such diagnosis was 

designated as the diagnosis date.
(n = 949,368)

Excluded (n = 917,332, 97%)
• No pharmacy claim for warfarin on or within the 30-

day period (inclusive) following the diagnosis date. 
Pharmacy claim date will be designated the index 
date (n = 815,777, 86%)

• < 6 months continuous enrollment prior to the 
diagnosis date through the index date (n = 72,922, 
8%)

• < 6 months of continuous enrollment following the 
index date (n = 13,125, 1.4%)

• Age less than 18 years at index date (n = 252, 
0.03%)

• Index treatment gap > 30 days within 6 months after 
treatment initiation (patients censored on 
discontinuation ) (n = 9,930, 1%)

• > 1 claim for dabigatran, rivaroxaban, apixaban or 
edoxaban within 6 months after treatment initiation 
(patients censored on switch if switch more than 6 
months after index) (n = 5,326, 0.6%)

Eligible (n = 32,036, 3.4%)

Diagnosis of AF, DVT, MHV or PE in any 
position; defined as > 1 inpatient claim or > 2 
outpatient claims between 2013-01-01 and 
2020-03-30. The first such diagnosis was 

designated as the diagnosis date.
(n = 880,968)

Excluded (n = 858,404, 90%)
• No pharmacy claim for warfarin on or within the 

30-day period (inclusive) following the diagnosis 
date. Pharmacy claim date will be designated 
the index date (n = 757,173, 80%)

• < 6 months continuous enrollment prior to the 
diagnosis date through the index date (n = 
78,879, 8%)

• < 6 months of continuous enrollment following 
the index date (n = 8,834,1%)

• Age less than 18 years at index date (n =0) 
• Index treatment gap > 30 days within 6 months 

after treatment initiation (patients censored on 
discontinuation ) (n = 10,325, 1%)

• > 1 claim for dabigatran, rivaroxaban, apixaban 
or edoxaban within 6 months after treatment 
initiation (patients censored on switch if switch 
more than 6 months after index) (n = 3,193, 
0.3%)

Eligible (n = 22,564, 2.6%)

Excluded (n = 16,763, 31%)
No INR testing

Allocation (n = 37,837)

Commercial Sample Selection Medicare Sample Selection

POC/Lab Group (n = 36,245, 96%)

PST Group (n = 1,592, 4%)

Fig. 1  CONSORT flow diagram for same selection and allocation to PST group versus POC/Lab group. Data source: MarketScan Medi-
care data from 2013-01-01 through 2020-03-30. Abbreviations: AF, atrial fibrillation; DVT, deep vein thrombosis; MHV, mechanical heart 
failure; PE: pulmonary embolism.1: Patients using DOACs were not considered to switch/discontinue if they changed the DOAC medica-

tion being used.
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index diagnosis (40% versus 32%; 16% versus 6.6%), and 
fewer had deep vein thrombosis or pulmonary embolism 
(26% versus 35%; 11% versus 18%) (p<0.001 for differ-
ences across categories). PST patients also had higher 
rates of baseline comorbidities including hypertension, 
heart failure, valvular disease, chronic obstructive pulmo-
nary disease, chronic kidney disease, and peripheral vas-
cular disease than patients in the POC/Lab group. POC/
Lab patients were more likely to have cancer and obesity. 
These differences were all small in absolute magnitude, but 
statistically significant. PST patients had a slightly higher 

Charlson Comorbidity Index scores than POC/Lab patients 
(1.98 vs 1.77, p < 0.001). The PST patients were evenly 
divided between commercial insurance and Medicare, 
whereas 68% of the POC/Lab patients had commercial 
insurance and 32% had Medicare.

Adverse Events

Descriptive Statistics. Table  2 summarizes the unadjusted 
estimates of the number of AEs (per 100 patient-years) for all 
AEs, thromboembolism, major bleed, and stroke. For all AEs, 

Table 1  Overview of Demographic and Clinical Characteristics by INR Testing Group

Overall INR testing PST POC/Lab p-value 2(df)
(N= 37,837) (N=1592) (N=36,245)

Demographic characteristics
Age at diagnosis, years < .001 92.583 (1)
Mean (SD) 60 (15) 64 (16) 60 (15)
Median (Q1, Q3) 60 (51, 70) 64 (54, 76) 60 (51, 70)
Age at treatment index, years <.001 92.776 (1)
Mean (SD) 60 (15) 64 (16) 60 (15)
Median (Q1, Q3) 60 (51, 71) 64 (54, 76) 60 (51, 70)
Sex <.001 9.0894 (1)
Female 16,874 (45%) 769 (48%) 16,105 (44%)
Male 20,963 (55%) 823 (52%) 20,140 (56%)
Region

  Northeast 6786 (18%) 352 (22%) 6434 (18%) <.001 64.313 (4)
  North Central 12,115 (32%) 469 (29%) 11,646 (32%)
  South 12,329 (33%) 588 (37%) 11,741 (32%)
  West 6279 (17%) 170 (11%) 6109 (17%)
  Missing 328 (0.9%) 13 (0.8%) 315 (0.9%)

Region location 0.200 0.500 (1)
Rural 5904 (16%) 259 (16%) 5645 (16%)
Urban 31,933 (84%) 1333 (84%) 30,600 (84%)
Clinical characteristics
Index diagnosis <.001 305.620 (4)
Atrial fibrillation 12,160 (32%) 639 (40%) 11,521 (32%)
Deep vein thrombosis 13,172 (35%) 420 (26%) 12,752 (35%)
Mechanical heart valve 2657 (7.0%) 255 (16%) 2402 (6.6%)
Pulmonary embolism 6575 (17%) 181 (11%) 6394 (18%)
More than 1 3273 (8.7%) 97 (6.1%) 3176 (8.8%)
Year of diagnosis <.001 39.586 (6)
2013 7309 (19%) 273 (17%) 7036 (19%)
2014 11,900 (31%) 451 (28%) 11,449 (32%)
2015 7678 (20%) 311 (20%) 7367 (20%)
2016 4894 (13%) 221 (14%) 4673 (13%)
2017 2968 (7.8%) 163 (10%) 2805 (7.7%)
2018 1890 (5.0%) 113 (7.1%) 1777 (4.9%)
2019 1198 (3.2%) 60 (3.8%) 1138 (3.1%)
Baseline hypertension 21,055 (56%) 966 (61%) 20,089 (55%) <.001 16.837 (1)
Baseline heart failure 6409 (17%) 385 (24%) 6024 (17%) <.001 61.466 (1)
Baseline valvular dis 8191 (22%) 632 (40%) 7559 (21%) <.001 318.130 (1)
Baseline diabetes 9131 (24%) 419 (26%) 8712 (24%) .110 4.216 (1)
Baseline chronic pulmonary disease 6779 (18%) 326 (20%) 6453 (18%) <.001 7.232 (1)
Baseline renal disease 3616 (9.6%) 180 (11%) 3436 (9.5%) <.001 5.677 (1)
Baseline periph vasc dis 4927 (13%) 312 (20%) 4615 (13%) <.001 62.86 (1)
Baseline cancer 4099 (11%) 138 (8.7%) 3961 (11%) <.001 7.832 (1)
Baseline obesity 6321 (17%) 214 (13%) 6107 (17%) <.001 12.478 (1)
Charlson Comorbidity Index <.001 42.208 (1)
Mean (SD) 1.83 (2.23) 1.98 (2.10) 1.77 (2.22)
Median (Q1, Q3) 1.00 (0.00, 3.00) 1.00 (0.00, 3.00) 1.00 (0.00, 3.00)
Payer channel <.001 213.27 (1)
Commercial 25,267 (67%) 794 (50%) 24,473 (68%)
Medicare 12,570 (33%) 798 (50%) 11,772 (32%)
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the number of AEs per 100 patient-years for the POC/Lab 
group is more than 1.7 times higher than that for the PST group. 
Regardless of gender, age, location, index diagnosis, and payer, 
the number of AEs for POC/Lab is consistently larger than that 
for PST (ranging from 1.2 times higher for PE as the index 
diagnosis to 3.0 times higher for MHV as the index diagnosis).

Repeated Measures Analysis using GEE. The results of the 
repeated measures regression analysis are presented in Table 3 
with a side by side summary of the results for any type of AE, 
and each of the three types of AEs (i.e., thromboembolism, 
major bleed, and stroke). Any incidence rate ratio (IRR) 
larger than 1.0 indicates that the incidence of AEs versus no 
adverse events is higher in the POC/Lab group relative to 
the PST reference group, controlling for demographic and 

Table 2  Adverse Events per 100 Patient-Years by Testing Location (Unadjusted)

Any event Thromboembolism Major bleed Stroke

PST POC/Lab PST POC/Lab PST POC/Lab PST POC/Lab

All patients 23.7 40.9 6.85 15.2 15.0 24.7 5.22 6.16
Gender
  Female 28.9 44.4 9.07 17.4 19.0 27.5 5.3 6.12
  Male 19.4 38.3 4.97 13.6 11.7 22.6 5.15 6.19
Age
  <65 20.8 40.3 7.22 17.9 11.1 22.3 3.42 4.18
  ≥65 27.4 42.3 6.35 9.54 20.2 30.2 7.78 10.9
Location
  Urban 22.9 40.9 6.66 15.3 14.6 24.9 5.27 6.15
  Rural 27.5 40.6 7.86 14.9 16.8 23.5 4.98 6.21
Index diagnosis
  AF 21.8 34.6 1.32 2.83 16.8 25.7 7.58 9.66
  DVT 32.4 48.1 15.30 23 15.6 23.1 5.49 4.76
  MHV 11.2 34.1 0.765 1.28 8.7 27.4 2.44 7.02
  PE 38.0 43.9 23.8 31.3 14.4 25.3 3.55 3.92
Payer
  Commercial 20.5 40.1 6.83 18.0 11.4 22.2 3.24 4.18
  Medicare 27.6 42.3 6.88 9.57 19.6 30.4 7.9 10.9

Table 3  Repeated Measures Analyses for Any Adverse Event (Thromboembolism, Major Bleed, or Stroke)

IRR, incidence rate ratio. Statistically significant effects (i.e., p < .05) are indicated by *. Age at index included as a continuous variable

Variable Reference level IRR [95% CI]

Any event Thromboembolism Major bleed Stroke

Testing site POC/Lab PST 2.07*
[1.82, 2.36]

4.38*
[3.29, 5.84]

1.45*
[2.28, 1.64]

1.30*
[1.05, 1.61]

Age at index NA 1.00*
[0.99, 1.00]

0.99*
[0.99, 0.99]

0.99*
[0.99, 1.00]

1.02*
[1.01, 1.02]

Payer channel Medicare Commercial 1.08*
[1.01, 1.15]

0.74*
[0.67, 0.81]

1.36*
[1.27, 1.45]

1.48*
[ 1.30, 2.68]

Male Female 0.86*
[0.83, 0.89]

0.83*
[0.79, 0.88]

0.81*
[0.78, 0.85]

0.97
[0.90, 1.04]

Hypertension No Hypertension 1.05*
[1.01, 1.09]

0.9*
[0.85, 0.96]

1.15*
[1.08, 1.21]

1.35*
[1.24, 1.47]

Heart failure No heart failure 1.07*
[1.01, 1.12]

0.77*
[0.70, 0.84]

1.15*
[1.08, 1.21]

1.18*
[1.08, 1.30]

Valvular disease No valvular disease 0.85*
[0.81, 0.90]

0.31*
[0.28, 0.34]

1.09*
[1.04, 1.15]

1.25*
[1.15, 1.36]

Diabetes No diabetes 1.03
[0.99, 1.08]

0.95
[ 0.89, 1.02]

1.06*
[1.01, 1.12]

1.27*
[1.17, 1.38]

Chronic pulm disease No chronic pulm disease 1.09*
[1.04, 1.14]

1.13*
[1.05, 1.22]

1.15*
[1.09, 1.21]

1.06
[0.97, 1.16]

Renal disease No renal disease 1.34*
[1.25, 1.42]

1.07
[0.97, 1.19]

1.47*
[1.38, 1.57]

1.11
[1.00, 1.24]

Peripheral vascular disease Peripheral vascular dis 1.21*
[1.15, 1.28]

1.24*
[1.13, 1.36]

1.19*
[1.12, 1.26]

1.52*
[1.38, 1.66]

Cancer No cancer 1.26*
[1.19, 1.34]

1.32*
[1.21, 1.44]

1.38*
[1.30, 1.47]

0.95
[0.85, 1.07]

Obesity No obesity 0.92*
[0.87, 0.97]

0.9*
[0.83, 0.97]

1.03
[0.98, 1.09]

0.68*
[0.61, 0.76]
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clinical baseline variables (the remaining rows in the table). 
As demonstrated in Table 3, all the IRRs for POC/Lab testing 
are larger than 1.0 and are statistically significant. Regardless 
of the type of AE and patient demographic and clinical 
characteristic, the rate of AEs among patients in the POC/
Lab group was always statistically significantly larger than 
that among patients in the PST reference group. The IRR for 
POC/Lab testing location was largest for thromboembolism 
(IRR: 4.38, 95% CI: [3.29, 5.84]) followed by any AE (IRR = 
2.07, 95% CI [1.82, 2.36]), major bleed (IRR = 1.45, 95% CI 
[1.28, 1.64]), and stroke (IRR = 1.30, 95% CI [1.05, 1.61]). 
Figure 2 shows a forest plot of IRR by event type.

Emergency Department Visits of Warfarin 
Patients Using INR Testing by Testing Location
Controlling for demographic and clinical variables, 
patients whose testing was primarily POC/lab had a sta-
tistically significant higher incidence ratio rate of ED 

visits than patients with PST (IRR = 1.65, 95% CI [1.47, 
1.84]) (Table 4).

DISCUSSION
This study of real-world patients further supports the 
safety and efficacy of PST for warfarin dose management. 
The cohorts reflected a mostly older population relatively 
evenly split between male and female patients, and evenly 
spread across the USA with about 16% from rural locations. 
Patients in the PST cohort were more likely to have AF or 
MHV as their index diagnosis, which is not surprising given 
the older population and long-term requirement for antico-
agulation compared to those with VTE. Surprisingly, PST 
patients had slightly but statistically significantly higher pro-
portions of many comorbidities suggesting that this patient 
population was a “sicker” cohort as reflected in the slightly 
higher Charlson Comorbidity Index.

In all categories of the unadjusted analysis except geo-
graphic location (demographic, diagnosis, payer), the PST 

Fig. 2  Forest plot of adjusted odds ratio for POC/Lab relative to PST per type of event. 

Table 4  Repeated Measures Analysis for Emergency Department Visits

IRR, incidence rate ratio. Statistically significant effects (i.e., p < .05) are indicated by *. Age at index included as a continuous variable

Variable Reference level IRR [95% CI]

Testing site POC/Lab PST 1.65* [1.47, 1.84]
Age at index NA 0.99* [0.99, 0.99]
Payer channel Medicare Commercial 1.39* [1.32, 1.47]
Male Female 0.81* [0.78, 1.84]
Hypertension No hypertension 1.11* [1.07, 1.16]
Heart failure No heart failure 1.14* [1.09, 1.20]
Valvular disease No valvular disease 0.96* [0.92, 1.00]
Diabetes No diabetes 1.14* [1.10, 1.19]
Chronic pulmonary disease No chronic pulmonary disease 1.22* [1.17, 1.28]
Renal disease No renal disease 1.35* [1.28, 1.43]
Peripheral vascular disease Peripheral vascular disease 1.11* [1.06, 1.17]
Cancer No cancer 1.26* [1.19, 1.33]
Obesity No obesity 1.15* [1.10, 1.20]
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cohort performed better for the outcomes of thromboem-
bolism, major bleed, stroke, and any AE. In the repeated 
measures analysis controlling for demographic and clinical 
variables, the PST group consistently showed substantially 
better outcomes compared with the POC/Lab group. The 
magnitude of the protective effect of PST was largest for 
VTE as an adverse event. This may, in part, be due to a 
higher number of VTE patients in the POC/Lab group. Not 
surprisingly, patients with greater age at index, Medicare 
insurance, valvular heart disease, and renal impairment 
experienced more adverse outcomes regardless of testing 
site. As a possible reflection of greater utilization of health 
resources, the office/lab-based cohort had more ED visits 
compared to the PST cohort. This was also true for patients 
with Medicare insurance and heart failure.

PST was first approved for Medicare reimbursement in 
2001 for patients with  MHV11 and later (2008) for those with 
AF and VTE.12 Many studies, predominantly retrospective, 
before and after design, or prospective cohorts have shown 
PST and patient self-management (PSM where patients also 
manage their own dose adjustments) of warfarin dosing to be 
effective in reducing thromboembolism or major bleeding. 
An individual patient data meta-analysis of eleven studies by 
Henneghan et al.6 in 2012 showed a non-significant reduc-
tion in thrombosis (hazard ratio (HR) = 0.74, 95% CI [0.30, 
1.82]), major bleeding (HR = 0.84, 95% CI [0.64, 1.12]), 
or death (HR = 0.94, 95% CI [0.75–1.11]) in patients per-
forming self-testing alone whereas patients who performed 
self-dose management achieved a significant reduction in 
thrombosis. Another meta-analysis of 22 trials, Bloomfield 
et al.5 found that patients assigned to either PSM or PST 
had a significant reduction in risk of death (OR = 0.74, 95% 
CI [0.63, 0.87]), a significant reduction in risk of major 
thromboembolism (OR = 0.58, 95% CI [0.45, 0.75]), and no 
increased risk for major bleeding compared to patients man-
aged by an anticoagulation clinic or usual care. A Cochrane 
Systematic Review of 28 trials (2016) revealed that PST 
significantly reduced major thromboembolism (relative risk 
(RR) = 0.69, 95% CI [0.49, 0.97]) but not major hemor-
rhage or death.13 PSM did produce a significant reduction 
in death, but not major hemorrhage. Most of the trials in this 
analysis reported improved patient satisfaction and quality 
of life with PST or PSM. In one of the few randomized tri-
als, Matchar et al.14 randomized patients to PST or testing 
in an anticoagulation clinic. Both groups had similar risk of 
thrombosis, major bleeding, and death. The PST group had 
a small but significant improvement in time in therapeutic 
range (TTR) and patient satisfaction. This randomized trial 
supports the notion that high-quality warfarin dose manage-
ment is essential for good outcomes regardless of where test-
ing is done. Lastly, patient self-testing is also recommended 
as a clinical practice guideline by expert consensus panels 
including the American College of Chest Physicians,15 the 

American Society of  Hematology8, and other expert con-
sensus groups.16

The current study has several strengths. It represents a 
real-world population of patients from both rural and urban 
communities. Although the cohort of PST patients is much 
smaller than its comparator at only 4% of the total, it is not 
much different from estimates of PST utilization based 
on industry statistics which suggest about 7% of patients 
taking warfarin use PST.17 And though the two cohorts 
are significantly different in terms of their clinical charac-
teristics, by using a repeated measures analysis, these dif-
ferences are accounted for in the comparison of AE rates.

The study has limitations as well. Our final sample size 
for patients on warfarin was much smaller than the initial 
number of patients with claims for relevant diagnoses. This 
may in part be due to the large and increasing number of 
patients receiving direct anticoagulant agents over time. 
It may also be due to patients obtaining warfarin without 
insurance claims, as warfarin may be obtained at low cost 
in the community. In addition, there is a strong possibility 
of selection bias with physicians referring only the most 
stable and compliant patients for PST home monitoring. 
It is also possible that clinics offering PST were better 
resourced overall, and that confounders such as health 
literacy and socioeconomic status affected both prob-
ability of PST referral and likelihood of the outcomes we 
examined.

Our study was based on ICD-10 coding, and clinicians 
may code differently in ways that affected our results. We 
also note that our study included only insured patients.

Despite these limitations, the PST cohort overall had 
more comorbidities and a slightly higher Charlson Comor-
bidity Index than the POC/Lab-based cohort, and differ-
ences in patient demographic and clinical characteris-
tics were adjusted for in the repeated measures analysis. 
Although there is a risk of misclassification with higher-
risk PST patients being reassigned to the POC/Lab group if 
they required medical attention for any reason, we limited 
this risk by requiring that patients have at least 3 con-
secutive POC/Lab INRs to be re-classified into the POC/
Lab group in the repeated measures analysis. Additionally, 
POC/Lab INRs performed on the same day as an AE were 
not included in the count.

What might account for the observed performance of the 
PST group? The frequency of INR testing has been shown 
to improve TTR and outcomes; more INRs may have been 
performed by the PST group since testing is generally rec-
ommended once weekly, but we could not directly test this 
hypothesis (claims are bundled for a number of INR tests 
but do not include the actual number of tests performed). 
More frequent testing has been shown to improve TTR and 
could be a factor leading to improved outcomes.7,16 It is 
also possible that PST engages patients in self-care leading 
to patient empowerment and improved outcomes as has 
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been demonstrated in other chronic conditions.18 PST may 
be a motivational force in terms of medication adherence 
and other dietary and behavioral factors affecting the out-
comes we examined. As noted above, clinic-level support 
of PST, as well as individual clinicians’ skill or comfort 
with warfarin dose management, may also lead to better 
INR control and lower risk of AEs in PST patients.

CONCLUSION
This analysis of real-world, claims-based data shows lower 
rates of stroke, thromboembolism, major bleeding, and any 
AEs in patients who perform INR monitoring at home com-
pared to INR testing in a physician’s office or laboratory. 
Such testing has been recommended by expert panels since 
at least 2008. Despite the advent of DOACs, a substantial 
number of patients continue to receive warfarin. Our finding 
that PST is safe and effective among current users suggests 
that more patients may benefit from its use.
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