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High correlation and consistency are noted be‑
tween the results of these methods.4,6-8 Howev‑
er, discordant results between FFR and iFR/RFR 
might be observed in about 20% of cases.4,9 -16 
Thus, numerous efforts have been made to es‑
tablish the mechanisms of and identify factors 
that lead to such a discrepancy.4,17 Several clin‑
ical, angiographic, and hemodynamic predic‑
tors of differences between FFR and iFR/RFR, 

INTROduCTION Physiological assessment of 
coronary artery disease using fractional flow re‑
serve (FFR), instantaneous wave ‑free ratio (iFR), 
and resting full ‑cycle ratio (RFR) has become 
the standard method for evaluating the func‑
tional significance of coronary artery lesions.1-4 
Notably, its use is recommended for revascular‑
ization decision ‑making in intermediate ‑grade 
stenoses of 50% to 90% on angiography.1,3,5 
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INTROduCTION Current guidelines recommend physiological evaluation of borderline coronary artery 
stenoses using hyperemic (fractional flow reserve [FFR]) and nonhyperemic (instantaneous wave ‑free 
ratio [iFR] and resting full ‑cycle ratio [RFR]) methods. However, comorbidities, such as diabetes mellitus 
(DM), may influence the results of the assessment.
ObjECTIvEs We sought to investigate the impact of DM and insulin treatment on the discordance 
between FFR and iFR/RFR.
PATIENTs ANd mEThOds A total of 417 intermediate stenoses in 381 patients underwent FFR and 
iFR/RFR assessment. FFR lower than or equal to 0.8 and iFR/RFR lower than or equal to 0.89 indicated 
significant ischemia. The patients were categorized based on DM diagnosis and insulin treatment status.
REsuLTs Of the 381 patients, 154 (40.4%) had DM. Among these, 58 patients (37.7%) received insulin 
treatment. Diabetic patients had higher body mass index and glycated hemoglobin levels, and lower 
ejection fraction. FFR and iFR/RFR analyses were conducted in 417 vessels with available measure‑
ments for both tests. A good correlation between FFR and iFR/RFR was confirmed in both diabetic 
(R = 0.77) and nondiabetic (R = 0.74) patients. Discordance between FFR and iFR/RFR occurred in 
approximately 20% of cases, and the frequency of discordance was not affected by the diabetic status. 
However, insulin ‑treated DM was independently associated with a higher risk of negative FFR and posi‑
tive iFR/RFR discordance (odds ratio, 4.61; 95% CI, 1.38–15.4; P = 0.01). Also, the optimal cutoff value 
for FFR identifying significant ischemia in DM patients treated with insulin was higher (0.84) than the 
generally recommended value.
CONCLusIONs The rate of FFR and iFR/FFR discordance was similar regardless of the diabetes status, 
and insulin ‑treated DM was associated with an increased risk of negative FFR and positive iFR/RFR 
discordance.
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and a nonhyperemic method. For the FFR mea‑
surement, an intracoronary bolus of adenosine 
of 100 to 400 µg was administered. Depending 
on the operator’s preference and device availabil‑
ity, either iFR or RFR was used for the nonhyper‑
emic assessment. The mean value of 3 measure‑
ments was analyzed. iFR was calculated by diving 
distal pressure (Pd) by aortic pressure (Pa) cal‑
culated during the wave ‑free period in diastole 
using automated software (Philips Volcano Cor‑
poration, San Diego, California, United States). 
RFR was derived from 4 to 5 consecutive cardiac 
cycles by calculating the minimum Pd/Pa ratio 
within the cardiac cycle after smoothing the in‑
stantaneous Pd/Pa trace using dedicated soft‑
ware (Abbott Vascular, Santa Clara, California, 
United States). Pressure wire pullback was man‑
datory to exclude possible pressure drift. As both 
nonhyperemic methods are considered mathe‑
matically analogous,3,4,19 the iFR and RFR results 
were combined. The values equal to or lower than 
0.8 for FFR and equal to or lower than 0.89 for 
iFR/RFR were considered positive for ischemia. 
For 417 vessels, measurements for both FFR and 
iFR/RFR were available, and based on the FFR 
and iFR/RFR results, 4 subgroups were distin‑
guished: negative FFR and negative iFR/RFR 
results (FFR– | iFR/RFR–); negative FFR and 
positive iFR/RFR results (FFR– | iFR/RFR+); 
positive FFR and negative iFR/RFR results 
(FFR+ | iFR/RFR–); and positive FFR and posi‑
tive iFR/RFR results (FFR+ | iFR/RFR+). Addi‑
tional analyses were conducted separately for le‑
sions within the left anterior descending artery 
(LAD) and non ‑LAD arteries (diagonal branch, 
circumflex artery, marginal branch, right coro‑
nary artery). Lesions within the left main coro‑
nary artery were not evaluated in this study. For 
each of the 381 patients, at least 1 vessel was in‑
cluded in the FFR vs iFR/RFR analysis.

Ethics approval (1072.6120.257.2022) was 
granted by the institutional ethics board of the Ja‑
giellonian University Medical College for this ret‑
rospective registry study.

statistical analysis Categorical variables are pre‑
sented as numbers and percentages. Continu‑
ous variables are expressed as mean with SD or 
median with interquartile range. The normali‑
ty of distribution of continuous variables was 
assessed using the Shapiro–Wilk test. Differ‑
ences between the groups were compared using 
the t test for the normally distributed variables 
and the Wilcoxon rank sum test for the non‑
‑normally distributed continuous variables. Cat‑
egorical variables were compared by the Pearson 
χ2 test. Receiver operating characteristic (ROC) 
curves were created to assess the optimal cut‑
off values of FFR for predicting iFR/RFR ≤0.89 
and of iFR/RFR for predicting FFR ≤0.8. The op‑
timal cutoff values were established by maximiz‑
ing the Youden index. The correlation between 
FFR and iFR/RFR was tested using the Spear‑
man correlation coefficient. The multivariable 

including sex, age, coronary artery stenosis lo‑
cation, atrial fibrillation (AF), elevated left ven‑
tricular end ‑diastolic pressure, and diastolic dys‑
function, were identified.4,9,11-14 Additionally, 
discordance due to coronary artery microcir‑
culation dysfunction in patients with diabetes 
mellitus (DM) and / or chronic renal disease was 
suggested.9,11,14,17 However, the reliability of FFR 
and iFR/RFR assessment in patients with DM 
is incompletely explored, especially regarding 
the possible effects of insulin treatment and 
glycemic control. Thus, we sought to investi‑
gate the impact of DM and concomitant treat‑
ment on the discordance between the methods 
of invasive assessment of myocardial ischemia.

PATIENTs ANd mEThOds The  main results 
of our study have been published previously.14 
The study was conducted at the Clinical Depart‑
ment of Cardiology and Cardiovascular Interven‑
tions of the University Hospital in Kraków, Po‑
land. Data on all consecutive patients with chron‑
ic coronary syndrome who underwent invasive 
physiological assessments between January 2020 
and December 2021 (24 months) were reviewed 
retrospectively. The patients were included in 
the study regardless of the number of vessels as‑
sessed and the technique used. Finally, we ana‑
lyzed 381 patients who underwent coronary an‑
giography and in whom hemodynamic signifi‑
cance of borderline atherosclerotic stenoses (le‑
sions with 50%–90% diameter stenosis by visual 
assessment) in the coronary arteries was physio‑
logically assessed (FIGuRE 1). The patients were di‑
vided into 2 groups depending on the presence of 
DM. The participants with DM were further strat‑
ified based on insulin treatment. No data concern‑
ing the type of diabetes (type 1 or 2), duration of 
symptoms, and type and dose of oral hypoglyce‑
mic drugs were collected.

Experienced operators performed all proce‑
dures according to a standardized protocol.18 
The standard radial or femoral approach was 
used based on individual operator’s preference. 
During the same procedure, hemodynamic sig‑
nificance of stenosis was assessed with both FFR 

whAT’s NEw?

We evaluated the impact of diabetic status on the diagnostic accuracy of 
hyperemic (fractional flow reserve [FFR]) and nonhyperemic (instantaneous 
wave ‑free ratio [iFR] / resting full ‑cycle ratio [RFR]) methods of physiological 
assessment of borderline coronary artery stenoses. In a group of 381 patients 
(417 intermediate coronary lesions as assessed on angiography), we observed 
a good agreement between FFR and iFR/RFR in diabetic and nondiabetic pa‑
tients. However, insulin ‑treated diabetes mellitus emerged as an independent 
predictor of the negative FFR–positive iFR/RFR discrepancy. Furthermore, 
the optimal FFR threshold for identifying significant ischemia (iFR ≤0.89) in 
insulin ‑treated diabetic patients was higher than the generally recommended 
threshold (0.84 vs 0.8). These insights are crucial for interpreting the clinical 
relevance of FFR results in patients with insulin ‑treated diabetes mellitus.
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hemoglobin (HbA1c) levels between the groups 
were observed (TAbLE 1).

The analysis of FFR and iFR/RFR was limit‑
ed to 417 vessels, for which the results of both 
measurements were available. Among them, 172 
vessels (41.2%) were assessed in patients with 
DM, and 245 vessels (58.8%) in the individuals 
without the disease. In the DM patients treated 
with insulin, 66 vessels (37.9%) were evaluated 
(FIGuRE 1). The distribution of FFR and iFR/RFR 
values in the study groups is presented in FIGuRE 2. 
There was a strong positive correlation between 
FFR and iFR/RFR in both diabetic (R = 0.77; 
P <0.001) and nondiabetic patients (R = 0.74; 
P <0.001). Similarly, a strong positive correla‑
tion was noted in the diabetic patients treat‑
ed with insulin (R = 0.85; P <0.001) and those 
treated with other hypoglycemic drugs (R = 0.74; 
P <0.001). The frequency of FFR lower than or 
equal to 0.8, indicating significant ischemia, was 
more common in the patients with DM than in 
those without the disease (TAbLE 2). However, no 
difference in the median FFR was observed be‑
tween the groups. On the contrary, no difference 
in the frequency of iFR/RFR lower than or equal 
to 0.89 was noted, but the median iFR/RFR was 
lower in the diabetic patients. In the analysis lim‑
ited to the lesions found in LAD, positive results 
of both FFR and iFR/RFR were more common in 
the patients with DM than in the nondiabetic 

logistic regression model included factors iden‑
tified in the stepwise regression model with 
a P value threshold (0.25 to enter, 0.1 to leave). 
All baseline characteristics and lesion locations 
(LAD vs non ‑LAD) were considered possible co‑
variates. Separate models were constructed for 
FFR– | iFR/RFR+, FFR+ | iFR/RFR–, and any 
type of discordance. The results were present‑
ed as odds ratios (OR) with 95% CIs. Two ‑sided 
P values below 0.05 were considered significant. 
All calculations were performed with JMP, ver‑
sion 16.1.0 (SAS Institute Inc., Cary, North Car‑
olina, United States).

REsuLTs We collected data on 381 patients, in 
whom 599 vessels were assessed by either FFR 
and / or iFR/RFR. Of those, 154 (40.4%) had DM. 
Among the diabetic patients, 58 (37.7%) were 
treated with insulin. The patients with DM tend‑
ed to be older and more likely to have AF and ar‑
terial hypertension than the nondiabetic indi‑
viduals (TAbLE 1). In addition, a significantly high‑
er body mass index resulting from higher body 
weight was noted in the diabetic patients. Me‑
dian left ventricular ejection fraction was low‑
er in the patients with than those without DM, 
and it was even lower in the diabetic patients 
treated with insulin than in those treated with 
other drugs. Significant differences in glycated 

TAbLE 1 Baseline clinical characteristics of the study population

Parameter DM P value DM treatment P value

Yes (n = 154) No (n = 227) Insulin (n = 58) Other (n = 96)

Women, n (%) 39 (25.3) 53 (23.3) 0.66 10 (17.2) 29 (30.2) 0.07

Age, y, mean (SD) 68.9 (9.5) 66.9 (10.6) 0.06 70.0 (9.1) 68.1 (9.8) 0.23

Height, cm, median (IQR) 171 
(166–176)

170 
(165–176)

0.99 173 
(170–178)

170 
(164–175)

0.01

Weight, kg, median (IQR) 87 (78–98) 83 (70–91) <0.001 90 (80–98) 85 (76–96) 0.13

BMI, kg/m2, median (IQR) 30.1 
(26.9–33.1)

27.8 
(24.5–30.7)

<0.001 30.4 
(26.9–33.1)

29.7 
(26.6–33.1)

0.76

Arterial hypertension, n (%) 139 (90.9) 192 (84.6) 0.07 55 (94.8) 84 (88.4) 0.18

Atrial fibrillation, n (%) 37 (24) 38 (16.8) 0.08 14 (24.1) 32 (24) 0.98

Previous MI, n (%) 75 (48.7) 103 (45.4) 0.52 29 (50) 46 (47.9) 0.8

Previous PCI, n (%) 84 (54.6) 112 (49.3) 0.32 30 (51.7) 54 (56.3) 0.59

Previous CABG, n (%) 7 (4.6) 7 (3.1) 0.45 2 (3.5) 5 (5.2) 0.62

PAD, n (%) 25 (16.3) 28 (12.3) 0.27 11 (19.3) 14 (14.6) 0.46

Current smoker, n (%) 76 (49.4) 114 (50.2) 0.87 28 (48.3) 48 (50) 0.84

COPD, n (%) 14 (9.2) 13 (5.7) 0.2 7 (12.3) 7 (7.3) 0.31

Previous stroke / TIA, n (%) 14 (9.2) 21 (9.3) 0.97 5 (8.8) 9 (9.4) 0.88

Dyslipidemia, n (%) 119 (77.3) 174 (76.7) 0.89 42 (72.4) 76 (79.2) 0.28

eGFR, ml/min/1.73 m2, 
mean (SD)

73.8 (25.8) 78.3 (26.1) 0.1 73.8 (27.3) 73.8 (25.1) 0.99

HbA1c, %, median (IQR) 7.8 (6.3–9.4) 6.0 (5.5–6.2) <0.001 8.6 (7.4–10.1) 6.4 (5.9–8.5) 0.007

LVEF, %, median (IQR) 50 (37–60) 55 (40–60) 0.04 45 (30–55) 50 (40.5–60) 0.02

Radial access, n (%) 127 (82.5) 186 (81.9) 0.9 45 (77.6) 82 (85.4) 0.22

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary 
disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; IQR, 
interquartile range; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral arterial disease; 
PCI, percutaneous coronary intervention; TIA, transient ischemic attack
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FIGuRE 1  Patient and vessel allocation. A total of 381 patients with chronic coronary syndrome who underwent 
physiological assessment of intermediate lesions were included. FFR and iFR/RFR analyses were conducted in 417 
vessels with available measurements for both tests. 
Abbreviations: FFR, fractional flow reserve; iFR, instantaneous wave‑free ratio; RFR, resting full‑cycle ratio

• Patients included, n = 381
• Vessels assessed with both FFR and iFR/RFR, n = 417

Patients with diabetes mellitus
n = 154 (40.4%)

Patients without diabetes mellitus
n = 227 (59.6%)

Vessels assessed with both FFR and iFR / RFR
n = 172 (41.2%)

Vessels assessed with both FFR and iFR / RFR
n = 245 (58.8%)

FIGuRE 2  Fractional flow reserve and instantaneous wave ‑free ratio / resting full ‑cycle ratio results depending on 
diabetes mellitus presence (A) and treatment (b) 
Abbreviations: see TAbLE 1 and FIGuRE 1
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reduction in both endothelial ‑dependent and 
endothelial ‑independent coronary vasodilator 
function.16,17 This might be particularly pro‑
nounced in patients with poorly controlled DM. 
Niewiera et al21 found that coronary flow reserve 
values were significantly lower in poorly con‑
trolled DM, suggesting an association between 
microcirculation disorders and poor glycemic 
control. FFR measurement requires maximal 
dilation of microvascular vessels in response to 
drug administration.3,17 Thus, impaired vasodila‑
tory response caused by coronary microvascular 
dysfunction may affect the reliability of FFR.16,17 
Importantly, in the study by Legutko et al,15 
microvascular dysfunction was a major deter‑
minant of FFR and RFR discordance, whereas 
DM was not identified as an independent pre‑
dictor of discordance. However, in that study, 
the occurrence of any type of discordance was 
assessed. On the contrary, DM might be partic‑
ularly relevant for the FFR– | iFR/RFR+ discor‑
dance,4,14 which suggests that the risk of false‑
‑negative FFR results should be carefully con‑
sidered in such patients. Our findings did not 
confirm these assumptions, as there was no sig‑
nificant relationship between DM and any type 
of discordance. Only insulin ‑treated DM was 
found to be an independent predictor of the 
FFR– | iFR/RFR+ discordance, suggesting that 
diabetes severity and treatment type are signifi‑
cant factors for FFR and iFR/RFR results. These 
findings are in line with the results of the study 
by Niewiara et al,21 in which poor glycemic con‑
trol assessed with fasting glucose levels was as‑
sociated with microcirculation disorders and 
potentially impaired vasodilatory response. In 
contrast, no relationship between glycemic con‑
trol, defined based on HbA1c levels, and coro‑
nary microvascular dysfunction was confirmed 
in the work by Valenzuela ‑Garcia et al.22 In our 
study, no relationship between HbA1c, fasting 
glucose levels, and the risk of a FFR and iFR/RFR 
discrepancy was observed. Thus, we considered 
insulin treatment a marker of more advanced 
DM. However, currently, sodium ‑glucose co‑
transporter 2 inhibitors (SGLT2is) and glucagon‑
‑like peptide 1 receptor agonists (GLP ‑1 RAs) are 
more common in the treatment of DM than in‑
sulin.23-25 Interestingly, dapagliflozin, an SGLT2i, 
has been shown to improve endothelial func‑
tion26 and coronary microvascular dysfunc‑
tion.27 The impact of these drugs on FFR and 
iFR/RFR results, however, remains unknown. 
Of course, as the 95% CI for insulin ‑treated DM 
in the multivariable model was wide, the influ‑
ence of chance cannot be excluded.

Another explanation for the association be‑
tween DM and FFR and iFR/RFR discordance in 
the previous studies might be the differences in 
sex, age, and comorbidities between the patients 
with and without DM. One of the late complica‑
tions of DM is kidney damage, which often re‑
sults in a reduced estimated glomerular filtra‑
tion rate.17 Similarly to diabetic patients, FFR 

individuals. No such relationship was observed 
for the non ‑LAD lesions. Additionally, iFR/RFR 
lower than or equal to 0.89 was more frequent 
in the patients treated with insulin than in those 
receiving other drugs when all vessels were an‑
alyzed (TAbLE 2). A similar relationship was con‑
firmed for the LAD lesions, but only a trend was 
observed for the non ‑LAD lesions. No such as‑
sociation was confirmed for FFR measurements.

ROC analysis for patients with DM treated with 
insulin indicated the optimal cutoff point for FFR 
of 0.84 to identify individuals with iFR/RFR low‑
er than or equal to 0.89. Moreover, the optimal 
cutoff point for distinguishing groups with FFR 
lower than or equal to 0.8 for iFR/RFR was 0.87 
(TAbLE 3, FIGuRE 3).

The frequency of the overall discordance be‑
tween the FFR and iFR/RFR was comparable be‑
tween the patients with and without DM (20.4% 
vs 18.4%; P = 0.61). Similarly, no difference be‑
tween the diabetic patients treated with insu‑
lin and those treated with other drugs was ob‑
served (19.7% vs 20.4%; P = 0.91). No difference 
in the type of discordance was noted between 
the patients with and without DM; however, the 
FFR– | iFR/RFR+ discordance was more common 
among the diabetic patients treated with insu‑
lin than among those treated with other drugs 
(FIGuRE 4).

In the multivariable logistic regression mod‑
els, insulin ‑treated DM was the only indepen‑
dent predictor of the FFR– | iFR/RFR+ discor‑
dance (OR, 4.61; 95% CI, 1.38–15.4; P = 0.01), 
whereas age (per 1 year) was the only predictor 
of the FFR+ | iFR/RFR– discordance (OR, 0.96; 
95% CI, 0.93–0.99; P = 0.02). AF was indepen‑
dently associated with any type of discordance 
(OR, 1.9; 95% CI, 1.02–3.51; P = 0.04).

dIsCussION Our major finding is that the re‑
sults of the FFR and iFR/RFR assessment of 
intermediate coronary stenoses correlate well 
in diabetic and nondiabetic patients. Notably, 
the DEFINE ‑FLAIR20 study confirmed that pa‑
tients with DM have a higher risk of major ad‑
verse cardiovascular events than nondiabetic in‑
dividuals, even after invasive assessment of bor‑
derline coronary artery lesions. The study also 
showed that both FFR and iFR are equally effec‑
tive in guiding decision‑making about revascu‑
larization deferral in diabetic patients. Howev‑
er, DM, among several other clinical and angio‑
graphic factors, is considered a predictor of dis‑
cordant results between FFR and iFR/RFR.9,11,16 In 
our study, the percentage of patients with discor‑
dant results obtained using both methods ranged 
from 18.4% to 20.4%, which is in line with pre‑
vious findings.

Several possible mechanisms link DM to 
FFR and iFR/RFR discordance. Firstly, the dis‑
ease leads to damage in the microcirculation in 
the heart and other organs, such as the eyes, 
kidneys, and brain. More importantly, chronic 
hyperglycemia is associated with a significant 
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the pattern of coronary disease (focal vs diffuse), 
lesion length, reference vessel diameter, and ste‑
nosis severity are associated with the discordance 
between FFR and iFR/RFR.17,29 However, due to 
the lack of quantitative coronary angiography 
data, we could not thoroughly analyze the effect 
of the type of coronary lesions on the discrepan‑
cies between FFR and iFR/RFR. In our cohort, AF 
was the only independent predictor of the over‑
all FFR and iFR/RFR discordance.14 The increased 
likelihood of FFR and iFR/RFR discordance may 
be attributed to increased beat ‑to ‑beat variabil‑
ity of individual iFR measurements in patients 
with AF, as compared with individuals with si‑
nus rhythm.32 This may reduce iFR reproducibil‑
ity in patients with AF and lead to increased le‑
sion reclassification. Importantly, AF is common 
among diabetic patients.

The established cutoff values for FFR (≤0.8) 
and iFR/RFR (≤0.89) may not be suitable for all 
patients, especially those with microcirculatory 
disorders.4,17 In our study, a value of 0.84 for FFR 
was optimal for identifying significant ischemia 
in patients with DM treated with insulin. Conse‑
quently, in these patients, borderline FFR values 
between 0.8 and 0.84 may still suggest significant 
ischemia warranting revascularization. Therefore, 
relying on positive iFR results appears more pru‑
dent for decision ‑making in patients with poten‑
tial microcirculation disorders, such as those with 
poorly controlled DM. Nevertheless, further stud‑
ies should confirm these findings.

Limitations Several limitations of this study 
deserve consideration. First, the sample size 
was relatively small. Second, the study lacked 

measurements in patients with chronic kidney 
disease may not accurately reflect the level of 
ischemia. The FREAK study28 identified a high‑
er percentage of negative FFR results in patients 
with renal impairment, potentially due to the mi‑
crovascular impairment observed in those pa‑
tients. Importantly, DM and chronic kidney dis‑
ease are associated with a higher coronary plaque 
burden and more diffuse atherosclerosis.29-31 In 
addition, in patients with DM complicated by 
chronic kidney disease, a higher level of calcifica‑
tions may affect coronary blood flow and exacer‑
bate the hyperemic response. It has been shown 
that not only the location of the lesion but also 

TAbLE 2 Results of vessel assessment in the study groups (per vessel)

Parameter DM P value DM treatment P value

Yes (n = 172) No (n = 245) Insulin (n = 66) Other (n = 106)

Vessel assessed

LAD, n (%) 99 (57.6) 150 (61.2) 0.45 36 (54.6) 63 (59.4) 0.53

non ‑LAD, n (%) 73 (42.4) 95 (38.8) 30 (45.5) 43 (40.6)

All vessels

FFR ≤0.8, n (%) 95 (55.2) 105 (42.9) 0.01 34 (51.5) 61 (57.6) 0.44

FFR, median (IQR) 0.79 (0.75–0.86) 0.83 (0.76–0.88) 0.05 0.8 (0.75–0.86) 0.79 (0.75–0.86) 0.88

iFR/RFR ≤0.89, n (%) 88 (51.2) 106 (43.3) 0.11 41 (62.1) 47 (44.3) 0.02

iFR/RFR, median (IQR) 0.89 (0.82–0.93) 0.9 (0.87–0.95) 0.02 0.87 (0.79–0.93) 0.90 (0.86–0.94) 0.005

LAD

FFR ≤0.8, n (%) 70 (70.7) 79 (52.7) 0.005 24 (66.7) 46 (73) 0.5

FFR, median (IQR) 0.77 (0.72–0.83) 0.8 (0.75–0.85) 0.03 0.77 (0.71–0.83) 0.78 (0.73–0.84) 0.54

iFR/RFR ≤0.89, n (%) 65 (65.7) 80 (53.3) 0.05 28 (77.8) 37 (58.7) 0.06

iFR/RFR, median (IQR) 0.88 (0.81–0.91) 0.89 (0.86–0.93) 0.008 0.84 (0.77–0.89) 0.89 (0.84–0.92) 0.01

Non ‑LAD

FFR ≤0.8, n (%) 25 (34.3) 26 (27.4) 0.34 10 (33.3) 15 (34.9) 0.89

FFR, median (IQR) 0.84 (0.78–0.9) 0.87 (0.8–0.91) 0.14 0.84 (0.79–0.9) 0.84 (0.77–0.89) 0.83

iFR/RFR ≤0.89, n (%) 23 (31.5) 26 (27.4) 0.56 13 (43.3) 10 (23.3) 0.07

iFR/RFR, median (IQR) 0.93 (0.87–0.97) 0.94 (0.89–0.98) 0.15 0.91 (0.81–0.95) 0.95 (0.9–0.97) 0.04

Abbreviations: LAD, left anterior descending artery; others, see TAbLE 1 and FIGuRE 1

TAbLE 3 Receiver operating characteristic curves: classification accuracy of 
fractional flow reserve and instantaneous wave ‑free ratio / resting full ‑cycle ratio

Parameter Optimal 
cutoff point

AUC (95% CI) P value

iFR/RFR to predict FFR ≤0.8

Whole group 0.91 0.89 (0.86–0.92) <0.001

DM (+) 0.91 0.89 (0.84–0.94) <0.001

DM (–) 0.91 0.89 (0.85–0.93) <0.001

DM (+) treated with insulin 0.87 0.93 (0.86–0.99) <0.001

DM (+) treated with other drugs 0.91 0.9 (0.84–0.96) <0.001

FFR to predict iFR/RFR ≤0.89

Whole group 0.82 0.88 (0.85–0.91) <0.001

DM (+) 0.79 0.88 (0.83–0.93) <0.001

DM (–) 0.82 0.88 (0.83–0.92) <0.001

DM (+) treated with insulin 0.84 0.94 (0.89–0.99) <0.001

DM (+) treated with other drugs 0.79 0.86 (0.79–0.93) <0.001

Abbreviations: AUC, area under the curve; others, see TAbLE 1 and FIGuRE 1
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a noninvasive assessment of myocardial isch‑
emia, which could have served as an additional 
reference technique. Third, there were no data 
on coronary flow reserve, concomitant valvu‑
lar heart disease, and central venous pressure. 
Fourth, as FFR values achieved with intracoro‑
nary boluses of adenosine are similar but not 
identical to those obtained using intravenous 
adenosine administration,18 our findings may 
not apply to patients in whom intravenous ad‑
enosine infusion was used to induce hyper‑
emia. Fifth, the impact of differences in iFR and 
RFR calculation algorithms on the occurrence 
of discrepancy cannot be ruled out. However, 
the RE ‑VALIDATE RFR study33 and a study by 
Kawase et al34 confirmed an excellent agreement 
of RFR with iFR and FFR, with large differenc‑
es being rare and not leading to vessel reclassi‑
fication. In fact, some differences are also ex‑
pected in FFR values derived from different sys‑
tems / pressure wires used in the study.34 Sixth, 
the quantitative coronary angiography analysis 
and the extent of coronary artery disease were 
not assessed. The long ‑term follow ‑up for clinical 
end points was not conducted. Lastly, informa‑
tion on concomitant pharmacotherapy, partic‑
ularly SGLT2is and GLP ‑1 RAs, was unavailable.

Conclusions In routine clinical settings, FFR and 
iFR/FFR discordance was common, and occurred 
at a similar frequency regardless of the diabetic 
status. Insulin ‑treated DM was associated with 
an increased risk of negative FFR and positive 
iFR/RFR discordance.
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