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Small vessel diameter and residual platelet reactivity are independent predictors of
thrombotic events after percutaneous coronary intervention (PCI). We sought to deter-
mine whether an interaction exists between residual platelet reactivity and stent diameter
regarding the occurrence of stent thrombosis and other adverse events after PCI. We
stratified patients in the prospective ADAPT-DES registry who underwent single-lesion
PCI according to if they received a small diameter stent (SDS, defined as a stent with a
diameter of 2.25 mm). Patients receiving an SDS were compared with patients receiving a
stent ≥2.5 mm using Kaplan-Meier rates and multivariable Cox proportional hazards
regression. We defined major adverse cardiac events (MACE) as the composite of cardiac
death, myocardial infarction, and stent thrombosis (ST). Among 5,608 patients who under-
went single-lesion PCI in ADAPT-DES, 222 (4.0%) patients received an SDS. Patients with
an SDS were more likely than patients without an SDS to have 3-vessel disease but
received, on average, fewer stents and were less likely to present with a thrombotic lesion.
Receiving versus not receiving an SDS was associated with increased risk of ST (adjusted
hazard ratio 4.35, 95% confidence interval 1.95 to 9.73, p <0.001) as well as MACE
(adjusted hazard ratio 1.75, 95% confidence interval 1.11 to 2.75, p = 0.02). There was no
statistical interaction between platelet reactivity and SDS regarding ST (p = 0.12) or
MACE (p = 0.51). In conclusion, PCI with small drug-eluting stents is associated with a
high risk of thrombotic events, including ST. Further studies should explore whether
alternative treatment strategies are appropriate in small vessels. © 2019 Elsevier Inc.
All rights reserved. (Am J Cardiol 2019;124:1363−1371)
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Percutaneous coronary intervention (PCI) of small ves-
sels is associated with a higher risk of adverse thrombotic
events,1−3 but few studies have studied the association
between stent diameter and thrombotic risk after PCI.4 Fur-
thermore, no study has evaluated the association between
platelet reactivity, an independent predictor of increased
thrombotic risk,5 stent diameter, and thrombotic risk. Theo-
retically, residual platelet reactivity could have a greater
effect on thrombotic risk in vessels with a small mean effec-
tive lumen area, where reduced flow rate and a greater
endothelial surface area to blood volume ratio would be
expected to facilitate platelet activation. Therefore, we
studied the association between the diameter of the
implanted stent, platelet reactivity, and the risk of adverse
thrombotic events in patients undergoing successful single-
lesion PCI with contemporary drug-eluting stents (DES).
Methods

ADAPT-DES was a prospective, multicenter, observa-
tional study specifically designed to determine the associa-
tion between platelet reactivity on clopidogrel and stent
thrombosis (ST) after successful DES implantation. The
design and primary results of ADAPT-DES have been pre-
viously reported.5 Briefly, a total of 8,582 “all-comers”
patients were prospectively enrolled at 11 sites in the
United States and Germany. All patients who were success-
fully treated with 1 or more DES and who were adequately
loaded with aspirin and clopidogrel were eligible for enroll-
ment, regardless of clinical presentation or procedural com-
plexity. The only major exclusion criteria were any
intraprocedural or periprocedural major complication or if
bypass surgery was planned after PCI. Platelet reactivity on
aspirin and clopidogrel were assessed using the VerifyNow
Aspirin, P2Y12, and IIb/IIIa assays (Accriva Diagnostics,
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San Diego, California) after an adequate loading period to
ensure full antiplatelet effect.5 After PCI, patients were
treated with aspirin indefinitely, and clopidogrel was rec-
ommended for at least 1 year. All other treatments were as
per standard of care. Clinical follow-up was scheduled at
30 days, 1 year, and 2 years. An independent clinical events
committee blinded to VerifyNow results adjudicated all
death, myocardial infarction (MI), and ST events using
original source documents. The institutional review board
at each participating center approved the study, and all eli-
gible patients signed written informed consent before
enrollment.

The primary objective of this study was to evaluate the
unadjusted and adjusted risk of ST after DES PCI using
small diameter stents (SDS) versus non-SDS. The primary
analysis population consisted of patients undergoing PCI of
a single target lesion in a native coronary vessel. The sensi-
tivity analysis population consisted of all patients enrolled
in ADAPT-DES.

SDS was defined as a stent with a diameter of 2.25 mm.
ST was defined as any target lesion definite or probable ST
Table 1

Baseline clinical characteristics

Varible Stent diameter 2.25 m

(n = 222)

Age, years 62.9 § 11.0 (222)

Female 30.6% (68/222)

Body mass index, kg/m2 29.6 § 5.5 (222)

Diabetes 34.7% (77/222)

Insulin-treated 14.4% (32/222)

History of peripheral arterial disease 9.9% (22/222)

History of congestive heart failure 9.0% (20/222)

Prior myocardial infarction 29.7% (66/222)

Prior coronary artery bypass grafting 18.5% (41/222)

Prior percutaneous coronary intervention 54.1% (120/222)

Arterial hypertension 82.4% (183/222)

Hyperlipidemia 76.6% (170/222)

Active smoker 21.2% (47/222)

Chronic kidney disease 9.0% (20/222)

History of dialysis 2.7% (6/222)

Clinical presentation

Stable coronary artery disease 48.2% (107/222)

Acute coronary syndromes 51.8% (115/222)

Degree of coronary artery disease

1 Vessel 42.8% (95/222)

2 Vessels 28.4% (63/222)

3 Vessels 28.8% (64/222)

Left main >50% stenosis 0.9% (2/222)

Left ventricular ejection fraction, % 56.53 § 11.36 (16

Laboratory values

Hemoglobin, g/dl 14.0 § 1.4 (222)

Creatinine clearance, ml/miny 95.8 § 40.6 (222)

White blood cells, 109/L 8.11 § 3.07 (222

Platelet count, 109/L 229.4 § 74.9 (222)

VerifyNow P2Y12 testing results

PRU 175.99 § 97.13 (21

HPR (>208 PRU) 39.4% (86/218)

ARU 417.10 § 57.02 (22

High ARU (≥550) 7.3% (16/220)

Values are % (n/N) or mean § standard deviation (n).

ARU = aspirin reaction units; HPR = high on-clopidogrel platelet reactivity; PR
yCalculated by the Cockcroft-Gault formula.
according to the Academic Research Consortium defini-
tion.6 HPR was defined as on-clopidogrel P2Y12 reaction
units >208. Major adverse cardiac events (MACE) was
defined as the composite of cardiac death, nonperiproce-
dural MI (according to the Acute Catheterization and
Urgent Intervention Triage Strategy [ACUITY] criteria5,7),
or ST. Finally, target vessel failure was defined as the com-
posite of death, nonperiprocedural MI, or ischemia-driven
target vessel revascularization.

Descriptive statistics are presented as mean § standard
deviation or media (interquartile range) and were compared
with the Student t test or the Mann-Whitney test; categori-
cal variables are reported as percentages and were com-
pared between groups with the chi-sqaure test. Event rates
during follow-up were estimated by the Kaplan-Meier
method. Unadjusted and adjusted hazard ratios for 2-year
outcomes were estimated using Cox proportional hazards
models. Multivariable models were adjusted for the follow-
ing variables: age, sex, diabetes, current smoker, renal
insufficiency, clinical presentation, previous MI, anemia,
P2Y12 reaction units, multivessel disease, total stent length,
m Stent diameter ≥2.5 mm

(n = 5,386)

p Value

63.0 § 10.9 (5,386) 0.91

27.7% (1,492/5,386) 0.34

29.6 § 5.8 (5,386) 0.98

30.8% (1,660/5,386) 0.22

10.9% (585/5,386) 0.10

9.3% (501/5,386) 0.76

7.1% (384/5,386) 0.29

24.2% (1,306/5,386) 0.06

11.6% (625/5,386) 0.002

41.6% (2,240/5,386) 0.0002

78.2% (4,214/5,386) 0.14

71.9% (3,871/5,386) 0.13

24.4% (1,314/5,386) 0.27

7.4% (396/5,386) 0.36

1.7% (94/5,386) 0.29

46.0% (2,475/5,386) 0.51

54.0% (2,911/5,386) 0.51

48.3% (2,603/5,386) 0.11

30.8% (1,657/5,386) 0.45

20.9% (1,126/5,386) 0.005

1.6% (86/5,386) 0.25

7) 55.31 § 12.35 (4,378) 0.21

14.0 § 1.5 (5,361) 0.89

95.5 § 38.0 (5,357) 0.89

) 8.04 § 3.23 (5,338) 0.74

229.1 § 63.4 (5,350) 0.95

8) 188.78 § 96.58 (5,302) 0.056

42.8% (2,271/5,302) 0.32

0) 417.89 § 53.93 (5,350) 0.83

5.1% (271/5,350) 0.15

U = P2Y12 reaction units.

www.ajconline.org
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and DES generation. The consistency of the effect of
receiving an SDS according to HPR (no HPR vs HPR)
or DES generation (second-generation vs first-generation
DES) was evaluated with formal interaction testing. Sen-
sitivity models were conducted using propensity score
matching and propensity score adjustment. For the pro-
pensity score models, patients who received an SDS
were matched 1:10 to patients not receiving an SDS by
their estimated propensity to have received an SDS. The
propensity for receiving an SDS versus a non-SDS was
estimated by using logistic regression, with SDS versus
non-SDS as the dependent variable and the following
predictor variables: age, sex, diabetes, current smoker,
renal insufficiency, clinical presentation, previous MI,
previous coronary artery bypass grafting, anemia,
P2Y12 reaction units, left anterior descending coronary
artery as the culprit vessel, multivessel disease, PCI
against a graft vessel, moderate or severe coronary cal-
cification, total stent length, and DES generation. All
tests were 2-sided, and p values <0.05 were considered
Table 2

Procedural characteristics

Variable Stent diameter 2.

(n = 222)

Vascular access site

Femoral 94.6% (210/22

Radial 5.4% (12/222

Total lesion length, mm 14.0 (9.0-20.0)

Target vessel diameter, mm 2.3 § 0.2 (15

Thrombus 9.0% (20/222

Calcium 24.8% (55/222

Ostial 7.7% (17/222

Chronic total occlusion 4.1% (9/222)

Target vessel location

Left anterior descending coronary artery 45.5% (101/22

Right coronary artery 19.4% (43/222

Left circumflex artery 36.9% (82/222

Left main coronary artery 0.9% (2/222)

Bypass graft 0.0% (0/222)

Number of stents implanted per patient 1.14 § 0.41 (

Total stent length, mm 19.5 § 9.0 (22

Maximum inflation pressure 15.83 § 3.81 (

Stent used

Everolimus-eluting 23.0% (51/222

Zotarolimus-eluting fast-release 0.0% (0/222)

Zotarolimus-eluting slow-release 1.8% (4/222)

Paclitaxel-eluting 56.8% (126/22

Sirolimus-eluting 18.5% (41/222

Other 0.0% (0/222)

Intravascular ultrasound used 14.4% (32/222

Document final results 50.0% (16/32)

Guide and optimize procedure 50.0% (16/32)

Higher stent or postdilation balloon pressure 18.8% (6/32)

For incomplete expansion 3.1% (1/32)

For incomplete stent apposition 6.3% (2/32)

Larger diameter stent or balloon 0.0% (0/32)

Longer stents placed 15.6% (5/32)

Additional stents placed 0.0% (0/32)

Other 9.4% (3/32)

Values are % (n/N), median (interquartile range), or mean § standard deviation
statistically significant. Statistical analyses were per-
formed with SAS version 9.4 (SAS Institute, Cary,
North Carolina).
Results

Out of 8,582 patients included in the ADAPT-DES
study, 5,608 patients (65.3%) had PCI of a single native
coronary lesion and were included in the study. In these
patients, 222 (4.0%) received an SDS. Patients receiving an
SDS were more likely to have 3-vessel disease and to have
previously had PCI or coronary artery bypass grafting
(Table 1). They were also more likely to have PCI of a
smaller target vessel but were less likely to present with an
intracoronary thrombus or to have intravascular ultrasound,
and they received on average fewer stents (Table 2).
The use of antiplatelet drugs was similar for both groups
(Supplemental Table 1). The baseline and procedural char-
acteristics of the propensity score matched cohort are
shown in Supplemental Tables 2 and 3.
25 mm Stent diameter ≥2.5 mm

(n = 5386)

p Value

2) 94.8% (5,105/5,386) 0.90

) 5.0% (269/5,386) 0.78

16.0 (11.0-24.0) <0.0001
8) 3.0 § 0.7 (5,455) <0.0001
) 16.8% (903/5,386) 0.002

) 28.9% (1,554/5,386) 0.19

) 10.7% (576/5,386) 0.15

3.3% (178/5,386) 0.54

2) 43.7% (2,356/5,386) 0.61

) 31.6% (1,701/5,386) 0.0001

) 23.8% (1,282/5,386) <0.0001
2.2% (120/5,386) 0.24

0.0% (1/5,386) >0.99
222) 1.25 § 0.57 (5,386) 0.0003

2) 23.7 § 14.2 (5,386) <0.0001
221) 16.33 § 3.51 (5,386) 0.056

) 66.4% (3,575/5,386) <0.0001
6.9% (373/5,386) <0.0001
1.9% (103/5,386) >0.99

2) 13.4% (724/5,386) <0.0001
) 11.7% (630/5,386) 0.0023

0.2% (10/5,386) >0.99
) 42.1% (2,267/5,386) <0.0001

26.7% (605/2,267) 0.003

73.3% (1,662/2,267) 0.003

16.9% (382/2,267) 0.78

9.8% (222/2,267) 0.36

4.9% (112/2,267) 0.67

29.0% (657/2,267) 0.0003

15.0% (341/2,267) 0.81

3.7% (83/2,267) 0.63

14.0% (318/2,267) 0.61

(n).



Figure 1. Kaplan-Meier failure rates according to stent diameter 2.25 mm versus ≥2.5 mm. Two-year rates of (A) stent thrombosis, (B) major adverse cardiac

events, and (C) ischemia-driven (ID) target vessel revascularization. Major adverse cardiac events was defined as the composite of cardiac death, myocardial

infarction, and stent thrombosis. Stent thrombosis was defined as any definite or probable stent thrombosis according to the Academic Research Consortium

criteria.

1366 The American Journal of Cardiology (www.ajconline.org)
Crude Kaplan-Meier failure rates for ST, MACE, and
ischemia-driven target vessel revascularization were higher
for patients with SDS versus non-SDS (Figures 1 and 2).
The crude rates of other outcomes, including death, were
not significantly higher for patients with SDS versus non-
SDS (Table 3). After propensity score matching, patients
with SDS still had higher rates of ST and MACE but not
ischemia-driven target vessel revascularization (Figure 3).
SDS versus non-SDS remained significantly associated
with ST and MACE after multivariable adjustment for indi-
vidual risk factors or propensity scores (Figure 4). When
patients who received SDS were divided according to
whether or not the stent was postdilated to ≥2.5 mm, the
thrombotic risk was numerically but not statistically
reduced in the nonoverinflated group (3.8% vs 1.6% crude
rates of ST, p = 0.39; and 9.7% with vs 8.0% crude MACE
rates, p = 0.71, with vs without postdilation with a balloon
≥2.5 mm). There was no statistically significant interaction
between receiving an SDS versus a non-SDS and plate-
let reactivity regarding the risk of ST (p = 0.12) or
MACE (p = 0.51). Similarly, there was no significant
interaction between receiving an SDS versus non-SDS
and DES generation in regard to the risk of ST (adjusted
hazard ratio [HR] 4.16, 95% confidence interval [CI]
1.60 to 10.81 with first-generation DES and adjusted HR
4.92, 95% CI 0.45 to 54.29 with second-generation
DES, pinteraction = 0.84) or MACE (adjusted HR 1.50,
95% CI 0.80− to 2.84 with first-generation DES and
adjusted HR 2.02, 95% CI 0.84− to 4.86 with second-
generation DES, pinteraction = 0.60).
Discussion

To the best of our knowledge, this analysis performed on
5,608 patients who underwent successful single-lesion PCI
with contemporary DES is the largest report exploring the
relation between stent diameter and the risk of ST in a pro-
spectively followed patient cohort. It is also the first study
to explore how platelet reactivity affects this relation. The
main finding is that implantation of drug-eluting SDS is
associated with a considerably higher risk of ST and an
increased risk of MACE, irrespective of HPR.

Previous studies have shown that stent size is an inde-
pendent predictor of ST in patients with STEMI who were

www.ajconline.org


Figure 2. Kaplan-Meier failure rates according to other stent diameters. Two-year rates of (A) stent thrombosis, (B) major adverse cardiac events, and (C)

ischemia-driven (ID) target vessel revascularization. Major adverse cardiac event was defined as the composite of cardiac death, myocardial infarction, and

stent thrombosis. Stent thrombosis was defined as any definite or probable stent thrombosis according to the Academic Research Consortium criteria.

Coronary Artery Disease/Stent Diameter and PCI Outcomes 1367
treated with primary PCI.4 Our findings are also consistent
with the high risk of thrombotic events that has been previ-
ously reported for PCI of small vessels.1−3 Physiologically,
our findings are consistent with the fact that flow rate is
inversely related to the risk of thrombotic events and
decreases with decreasing effective lumen area.8−10 As
mentioned in the introduction, residual platelet reactivity
could be expected to have a greater effect on thrombotic
risk in vessels with a small mean effective lumen area,
where reduced flow rate and a greater endothelial surface
area to blood volume ratio would be expected to facilitate
platelet activation; however, we found no convincing evi-
dence that platelet reactivity exerts a particularly stronger
effect after implantation of SDS.

Further support for the importance of mean lumen
area in regard to thrombotic risk after stenting comes
from the ABSORB III trial, which compared the
Absorb bioresorbable vascular scaffold (Abbott Vascu-
lar, Santa Clara, California) to the XIENCE second-
generation DES (Abbott Vascular).3 The Absorb scaf-
fold is a considerably thicker device than the XIENCE
stent, and even though Absorb was proven to be nonin-
ferior to XIENCE overall, thrombotic event rates were
particularly high when Absorb was implanted in small
vessels.3 In light of the ABSORB data, which are
likely attributable to the thicker struts of Absorb versus
XIENCE, it is somewhat surprising that we found no
evidence for an interaction between stent diameter and
the use of the thicker first-generation DES versus the
thinner second-generation DES in regard to 2-year risk
of ST or MACE.11,12 It should be noted, however, that
even in the absence of a disproportionally larger effect
of stent diameter on thrombotic risk with first- versus
second-generation DES, the effect of stent diameter on
thrombotic risk was additive to that of DES generation.
Thus, the thrombotic risk is expected to be the highest
with first-generation drug-eluting SDS. Furthermore,
even if the estimated HR was similar for SDS versus
non-SDS regardless of whether first- or second-genera-
tion DES were implanted, it should be noted that the
interaction tests were statistically underpowered, and
we cannot rule out the possibility that a true interaction
is present. Of note, there was no statistically significant
interaction between treatment arm and vessel size in
the ABSORB trial either, even if though the thrombotic
events in the Absorb arm were mainly observed after



Table 3

Clinical outcomes

Variable Stent diameter 2.25 mm

(n = 222)

Stent diameter ≥2.5 mm

(n = 5,386)

p Value

30 days

Major adverse cardiac event 1.8% (4) 1.4% (76) 0.64

Target vessel failure* 2.3% (5) 1.7% (93) 0.57

Death 0.9% (2) 0.3% (14) 0.08

Cardiac death 0.9% (2) 0.2% (9) 0.02

Myocardial infarction 0.5% (1) 1.3% (71) 0.26

Ischemia-driven target vessel revascularization 1.4% (3) 0.5% (25) 0.07

Stent thrombosis 1.8% (4) 0.4% (20) 0.001

Bleeding 3.2% (7) 3.2% (171) 0.98

1 year

Major adverse cardiac event 4.1% (9) 2.0% (103) 0.03

Target vessel failure* 7.8% (17) 6.4% (334) 0.41

Death 1.4% (3) 1.7% (88) 0.73

Cardiac death 0.9% (2) 0.9% (45) 0.93

Myocardial infarction 2.8% (6) 1.3% (67) 0.06

Ischemia-driven target vessel revascularization 6.9% (15) 4.6% (242) 0.12

Stent thrombosis 2.7% (6) 0.6% (32) 0.0002

Bleeding 5.9% (13) 5.9% (314) >0.99
2 years

Major adverse cardiac event 9.3% (20) 5.4% (278) 0.01

Target vessel failure* 17.0% (37) 12.6% (650) 0.055

Death 4.6% (10) 3.7% (190) 0.47

Cardiac death 2.8% (6) 1.9% (98) 0.35

Myocardial infarction 5.7% (12) 3.9% (199) 0.20

Ischemia-driven target vessel revascularization 11.3% (24) 7.2% (365) 0.02

Stent thrombosis 3.2% (7) 0.7% (39) <0.0001
Bleeding 9.3% (20) 8.2% (421) 0.54

Values are n (%).

*Any cardiac death, myocardial infarction, or stent thrombosis.
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implantation in smaller vessels.3 Thus, the exact nature
of the relation between external stent diameter, stent
strut thickness, and thrombotic risk remains to be
established.

Patients who received SDS had higher crude rates of ische-
mia-driven target vessel revascularization, but this association
was weaker than that of stent size and thrombotic events.
Although small vessel PCI has been associated with consider-
ably increased risk of restenosis,13 contemporary DES have
reduced this risk.14−16 Our results are consistent with a recent
report the RESOLUTE Global Clinical Trials Program where
crude rates of ischemia-driven target vessel revascularization
(TVR) were significantly higher in patients undergoing PCI of
vessels with reference diameter ≤2.25 mm versus >2.25 mm
and ≤2.75 mm, but where this association was no longer sta-
tistically significant after multivariable adjustment.17

Further data supporting a higher risk of thrombotic and
ischemic events with SDS comes from comparative studies
of provisional versus routine stenting of the smaller side
branch vessel in bifurcation lesions. These studies have not
been able to demonstrate any benefit with routine stenting
of the side branch.18−26 Similarly, the dedicated Tryton
bifurcation stent (Tryton Medical, Durham, North Carolina)
did not reduce adverse events compared with stenting of
only the main branch, with balloon angioplasty of the side
branch.27 Interestingly, outcomes with the Tryton stent ver-
sus provisional stenting tended to favor the Tryton stent in
large side branches.28 Hence, the lack of improvement in
outcomes after routine stenting versus provisional stenting
of bifurcation side branches is likely partly explained by
the small effective lumen area of the side branch.

Given the fact that SDS are typically implanted in
smaller vessels that are less important to maintain patent
than vessels supplying large myocardial territories, our
results imply that it may be reasonable to consider alterna-
tive strategies to stent implantation if the intended stent
diameter is small. In other words, it may be worthwhile to
avoid implanting stents if the estimated final effective
lumen area is small (i.e., <2.5 mm). Given the results
observed in recent trials with drug-coated balloons for treat-
ment of small coronary vessels, these devices may be an
alternative.29

Our investigation has several strengths relative to previ-
ous similar studies from other datasets, including a large
all-comers population, the prospective nature with blinded
ischemic events adjudication, platelet reactivity assessment,
and the inclusion of only patients who underwent successful
DES PCI, thereby excluding the influence of many intrapro-
cedural complications on outcomes.

Our study also has limitations. First, this is a post-hoc
analysis from the ADAPT-DES study; as such, it should be
considered hypothesis generating rather than confirmatory.
Second, prasugrel only became available late during study
enrollment, and ticagrelor was unavailable. Therefore, our

www.ajconline.org


Figure 3. Kaplan-Meier failure rates according to stent diameter after propensity scores matching 1:10 (stent diameter 2.25: ≥2.5 mm). Two-year rates of (A)

stent thrombosis, (B) major adverse cardiac events, and (C) ischemia-driven (ID) target vessel revascularization. Major adverse cardiac event was defined as

the composite of cardiac death, myocardial infarction, and stent thrombosis. Stent thrombosis was defined as any definite or probable stent thrombosis accord-

ing to the Academic Research Consortium criteria. The following variables were used to calculate the propensity score: age, sex, current smoker, renal insuf-

ficiency, clinical presentation (acute coronary syndrome versus stable coronary artery disease), previous myocardial infarction, previous coronary artery

bypass grafting, anemia, left anterior descending coronary artery as the target vessel, multivessel disease, drug-eluting stent generation, platelet reactivity,

and total stent length.

Coronary Artery Disease/Stent Diameter and PCI Outcomes 1369
findings apply to a clopidogrel-treated PCI population.
Third, we cannot rule of confounding by indication, that is,
the possibility that the effect of small stents on the risk of
stent thrombosis is related in part to the possibility that only
very tight lesions were treated in smaller vessels, whereas
also less severe lesions were treated in larger vessels. Theo-
retically, the selection of only the tightest lesions in smaller
vessels, which are more likely to receive small stents than
larger vessels, could impact stent thrombosis risk. Finally,
interaction testing could be influenced by low statistical
power as well as by the nonlinearity of the interaction.
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