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Decreased peripheral perfusion 
measured by perfusion 
index is a novel indicator 
for cardiovascular death 
in patients with type 2 diabetes 
and established cardiovascular 
disease
Hiroshi Okada1*, Muhei Tanaka2, Takashi Yasuda3, Yuki Okada1, Hisahiro Norikae4, 
Tetsuya Fujita4, Takashi Nishi4, Hirokazu Oyamada5, Tetsuro Yamane6 & Michiaki Fukui2

Cardiovascular disease (CVD) is still the major cause of mortality in patients with type 2 diabetes. 
Despite of recent therapies, mortality and resources spent on healthcare due to CVD is still important 
problem. Thus, appropriate markers are needed to predict poor outcomes. Therefore, we investigated 
the role of peripheral perfusion as an indicator for cardiovascular death in patients with type 2 
diabetes and established CVD. This retrospective cohort study included 1080 patients with type 2 
diabetes and history of CVD recruited from the outpatient clinic at Matsushita Memorial Hospital in 
Osaka, Japan. Peripheral perfusion is assessed using the perfusion index (PI), which represents the 
level of circulation through peripheral tissues. The median age and PI values were 74 years (range: 
67–79 years) and 2.6% (range: 1.1–4.3%), respectively. During follow-up duration, 60 patients died due 
to CVD. The adjusted Cox regression analysis demonstrated that the risk of developing cardiovascular 
death was higher in the first quartile (Hazard ratio, 6.23; 95% CI, 2.28 to 22.12) or second quartile 
(Hazard ratio, 3.04; 95% CI, 1.46 to 6.85) of PI than that in the highest quartile (fourth quartile) of 
PI. PI (per 1% decrease) was associated with the development of cardiovascular death (Hazard ratio, 
1.39; 95% CI, 1.16 to 1.68). PI could be a novel indicator of cardiovascular death in patients with type 2 
diabetes and established CVD.

Cardiovascular disease (CVD) is the primary cause of mortality and morbidity in patients with type 2 diabetes, 
and several risk factors including smoking, hypertension and dyslipidemia have been shown to accelerate the 
progression of  CVD1,2. Despite of advances of diabetic therapies, there are large residual risks of CVD in patients 
with type 2 diabetes. Previous studies have reported the signification of peripheral flow in the early phase of criti-
cal  illnesses3–6. It has been suggested that microcirculatory alterations are stronger predictors of poor outcome 
than hemodynamic  flow5. The peripheral perfusion index (PI) is the ratio of pulsatile blood flow to non-pulsatile 
blood flow in the monitored tissue and has been shown to reflect changes in peripheral  perfusion7–9. A PI of 1.4 
has been suggested to be correlated with low peripheral perfusion in critically ill  patients7. Moreover, low value of 
PI was associated with adverse outcomes in the early phase of critical  illnesses9,10. However, there are no studies 
which reported the association between PI and the development of cardiovascular death in patients with type 2 
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diabetes in clinical care setting. Therefore, we aimed to assess the association between PI and the development 
of cardiovascular death and the association between PI and cardiovascular death or recurrent cardiovascular 
events in patients with type 2 diabetes and established CVD.

Results
The characteristics of all 1080 patients enrolled in this study are shown in Table 1. The average duration of fol-
low up was 871 ± 265 days. The median age and PI values were 74 years (range: 67–79 years) and 2.6% (range: 
1.1–4.3%), respectively. Sixty patients died due to cardiovascular death during study period (Quartile 1, 2, 3 and 
4; 32,14,10 and 4, respectively). Cardiovascular death included 11 myocardial infarction, 44 heart failure, and 5 
stroke during study period. One hundred and ninety-six patients developed the recurrent cardiovascular events 
during study period (Quartile 1,2,3 and 4; 86, 48, 37 and 25, respectively). Four patients developed myocardial 
infarction, 16 patients developed stroke, 120 patients received revascularization for angina and 56 patients 
received revascularization for peripheral artery disease (PAD).

Patients with the development of cardiovascular death were older (P = 0.03) than those without at baseline. 
Their average SBP (P = 0.02) and serum creatinine (P < 0.0001) were higher than those without at baseline. 
Patients with the development of cardiovascular death had longer duration of diabetes than that without at base-
line (P = 0.02). PI or total cholesterol was lower at baseline in patients with the development of cardiovascular 
death than that without (P < 0.0001 or P = 0.0007). We found negative correlation between PI and age (r = − 0.15, 
P < 0.0001), heart rate (r = − 0.15, P < 0.0001) or serum creatinine (r = − 0.14, P < 0.0001). We found positive cor-
relation between PI and body mass index (BMI) (r = 0.11, P = 0.0002).

Table 2 reports characteristics of the study participants at the baseline according to quartiles of PI. The pro-
portion of male was higher in highest quartile of PI (quartile 4) than those in in the other quartiles. Participants 
in the highest quartile of PI (quartile 4) was younger, had higher BMI and had lower heart rate than those in the 
other quartile. The serum creatinine level in the lowest quartile of PI (quartile 1) was higher than those in the 
other quartile. Tables 3 and 4 shows the results of the Cox regression analyses. The unadjusted Cox regression 
analysis revealed that the risk for the development of cardiovascular death was higher in quartile 1 or 2 than that 
in quartile 4 (reference). Additionally, the unadjusted Cox regression analyses demonstrated that age (Hazard 
ratio, 1.04; 95% CI, 1.01 to 1.07), duration of diabetes (Hazard ratio, 1.04; 95% CI, 1.004 to 1.07), average SBP 
(Hazard ratio, 1.01; 95% CI, 1.00 to 1.03), total cholesterol (Hazard ratio, 0.99; 95% CI, 0.98 to 0.997) or serum 
creatinine (Hazard ratio, 1.16; 95% CI, 1.08 to 1.24) was associated with an increased hazard of the development 
of cardiovascular death.

The adjusted Cox regression analysis (Model 1 and 2) revealed that the risk for the development of cardio-
vascular death was higher in quartile 1, 2 or 3 than that in quartile 4 (reference). Moreover, the adjusted Cox 
regression analysis revealed that PI (per 1% decrease) was associated with the development of cardiovascular 
death (Hazard ratio, 1.39; 95% CI, 1.16 to 1.68) and age (Hazard ratio, 1.04; 95% CI, 1.003 to 1.08), creatinine 

Table 1.  Characteristics of patients. Data are expressed as the median (interquartile range) or absolute 
number. CVD, cardiovascular disease.

n (male/female) 1080 (774/306)

Age (years) 74 (67–79)

Duration of diabetes (years) 7.5 (4–12)

Body mass index (kg/m2) 24.6 (22.1–27.4)

Systolic blood pressure (mmHg) 131 (117–143)

Diastolic blood pressure (mmHg) 72 (61.3–82)

Heart rate (beat per minutes) 75 (66–86)

Hemoglobin A1c (%) 6.8 (6.3–7.7)

Total cholesterol (mg/dl) 170 (146–203)

Low-density lipoprotein cholesterol (mg/dl) 94.2 (68.2–121.15)

Triglycerides (mg/dl) 116 (87–166)

Uric acid (mg/dl) 5.5 (4.4–6.8)

Creatinine (mg/dl) 0.96 (0.79–1.40)

Smoking status (never/past/recent) 448/234/398

Hypertension (−/ +) 298/782

History of CVD (angina or myocardial infarction/stroke/peripheral artery disease) 765/298/161

Previous revascularization history (−/ +) 595/485

Perfusion index (%) 2.6 (1.1–4.3)

Anti-platelet therapies (−/ +) 153/927

Renin-angiotensin system inhibitor (−/ +) 484/596

Glucagon-like peptide-1 agonists (−/ +) 984/116

Sodium-glucose cotransporter 2 inhibitor (−/ +) 983/97

Statin (−/ +) 476/604



3

Vol.:(0123456789)

Scientific Reports |         (2021) 11:2135  | https://doi.org/10.1038/s41598-021-81702-w

www.nature.com/scientificreports/

(Hazard ratio, 1.11; 95% CI, 1.001 to 1.22) or duration of diabetes (Hazard ratio, 1.06; 95% CI, 1.02 to 1.11) 
remained significant indicators of cardiovascular death (Fig. 1). Times to event for cardiovascular death by PI 
category are also illustrated with Kaplan–Meier curves (Fig. 2). The adjusted Cox regression analysis (Model 
2) revealed that the risk for the development of cardiovascular death or recurrent cardiovascular events was 
higher in quartile 1 than that in quartile 4 (reference). We assessed ankle brachial index (ABI) data among 495 
patients. PI was positively correlated with ABI (r = 0.26, P < 0.0001). The adjusted Cox regression analysis (model 

Table 2.  Characteristics at baseline according to quartiles of perfusion index. Data are expressed as the 
median (interquartile range) or absolute number. BMI, body mass index; SBP, systolic blood pressure; T-CHO, 
total cholesterol. P values are from chi-square tests (for categorical data) or from ANOVA (for continuous 
data).

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Perfusion index (%)  ≤ 1.10 1.11–2.60 2.61–4.30  ≥ 4.31 P-value

n 278 284 254 264 –

Sex (male/female) 188/90 196/88 176/78 214/50 0.002

Age (y) 75(68–80) 74.5(67–81) 74(68–78) 71(62–77)  < .0001

Duration of diabetes (y) 8 (4–12) 7 (4–12) 8 (4–13) 6 (3–12) 0.14

BMI (kg/m2) 24.0 (21.4–27.8) 24.6 (21.6–27.5) 24.4 (22.1–27.4) 25.1 (23.1–27.3) 0.008

Average SBP (mmHg) 133 (117–147) 131 (118–143) 130 (116–141) 129 (117–141) 0.33

Heart rate (beat per minutes) 76 (68–90) 77.5 (68–86) 74 (67–85) 72.5 (61–84) 0.0002

Hemoglobin A1c (%) 6.8 (6.2–7.9) 7 (6.4–7.8) 6.6 (6.2–7.4) 6.9 (6.3–7.8) 0.11

T-CHO (mg/dl) 168 (146–199) 170 (143–204) 172 (149–207) 167 (150–201) 0.27

Triglycerides (mg/dl) 114 (89–149) 115 (83–170) 117 (88–154) 117 (84–181) 0.33

Uric acid (mg/dl) 5.6 (4.3–6.9) 5.4 (4.3–6.7) 5.4 (4.4–6.7) 5.7 (4.6–6.8) 0.41

Creatinine (mg/dl) 1.07 (0.84–3.24) 0.95 (0.76–1.26) 0.95 (0.79–1.25) 0.92 (0.75–1.27)  < .0001

Smoking (%) 0.003

Never 45.3 40.1 44.1 36.4

Previous 25.2 23.2 14.7 23.5

Current 29.5 36.6 41.3 40.2

PI (%) 0.56 (0.25–0.84) 2.0 (1.5–2.2) 3.3 (3.0–3.8) 5.8 (5.0–7.0)  < .0001

Table 3.  Unadjusted hazard ratios and multivariate adjusted hazard ratios for cardiovascular death. PI, 
perfusion index. Model 1 is adjusted for sex, age, body mass index, heart rate, creatinine and smoking status. 
Model 2 includes all variables in Model 1 plus duration of diabetes, systolic blood pressure, hemoglobin A1c, 
total cholesterol, anti-platelet therapies, renin-angiotensin system inhibitor, glucagon-like peptide-1 agonists, 
sodium-glucose cotransporter 2 inhibitor and statin.

Quartile of perfusion index P

Quartile 1 Quartile 2 Quartile 3 Quartile 4 –

PI (%)  ≤ 1.10 1.11–2.60 2.61–4.30  ≥ 4.31 –

Crude 8.31 (3.30–27.92) 3.43 (1.23–12.09) 2.60 (0.87–9.47) 1 (reference)  < .0001

Model 1 5.65 (2.17–19.34) 2.70 (1.35–5.88) 2.01 (1.07–3.94) 1 (reference) 0.001

Model 2 6.23 (2.28–22.12) 3.04 (1.46–6.85) 2.43 (1.20–5.22) 1 (reference) 0.001

Table 4.  Unadjusted hazard ratios and multivariate adjusted hazard ratios for cardiovascular death or 
recurrent cardiovascular events. PI, perfusion index. Model 1 is adjusted for sex, age, body mass index, heart 
rate, creatinine and smoking status. Model 2 includes all variables in Model 1 plus duration of diabetes, systolic 
blood pressure, hemoglobin A1c, total cholesterol, anti-platelet therapies, renin-angiotensin system inhibitor, 
glucagon-like peptide-1 agonists, sodium-glucose cotransporter 2 inhibitor and statin.

Quartile of perfusion index P

Quartile 1 Quartile 2 Quartile 3 Quartile 4 –

PI (%)  ≤ 1.10 1.11–2.60 2.61–4.30  ≥ 4.31 –

Crude 3.40 (2.27–5.27) 1.73 (1.12–2.76) 1.46 (0.92–2.36) 1 (reference)  < .0001

Model 1 3.34 (2.19–5.24) 1.64 (1.04–2.63) 1.37 (0.86–2.24) 1 (reference)  < .001

Model 2 3.05 (1.97–4.84) 1.36 (0.86–2.21) 1.04 (0.64–1.72) 1 (reference)  < .0001
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2) revealed that ABI (per 0.1 decrease) was associated with the development of cardiovascular death (Hazard 
ratio, 1.70; 95% CI, 1.1 to 2.66). There were 136 patients with ABI ≤ 0.9. Moreover, the adjusted Cox regression 
analysis revealed that PI (per 1% decrease) was associated with the development of cardiovascular death (Hazard 
ratio, 1.49; 95% CI, 1.30 to 1.70) among patients without ABI ≤ 0.9 (n = 359).

Discussion
The major finding of our study is that PI, which represents peripheral perfusion is a novel indicator for cardio-
vascular death in patients with type 2 diabetes and established CVD.

Blood flow is diverted from peripheral tissues to vital organs during circulatory shock. Peripheral tissues are 
considered as the first tissue bed to be sacrificed in circulatory  shock11,12. Despite the normalization of hemo-
dynamic flow with delivery of fluids and vasoactive compounds during circulatory shock, some patients enter 
a phase where decreased peripheral perfusion becomes more  evident10. It has been reported that persisting 
peripheral perfusion dysfunction, despite normalization of hemodynamic flow, is associated with unfavorable 
 outcomes6,10,13–16. Lima et al.10 have found that patients who failed to normalize peripheral perfusion calculated 
by PI in the early phase of critical illnesses had a worse outcome. Moreover, He et al.9 showed that the PI could 
predict mortality with similar accuracy to arterial lactate levels and found that the cut off value of the PI was ≤ 0.2 
for predicting mortality in the early phase of critical illnesses, resulting in a sensitivity of 65% and a specificity of 
92.3%. Taken together, decreased peripheral perfusion was associated with poor outcomes in the early phase of 
critical illnesses. On the other hand, in general care setting, the significance of peripheral perfusion dysfunction 
has not been well known. We have some patients who have gap between hemodynamic flow and peripheral perfu-
sion in general care setting. Although peripheral perfusion could be associated with the severity of cardiogenic 
shock in the early phase of critical  illnesses4, it might be associated with nutritional status, atherosclerotic CVD 
and sympathetic nerve activity in general care setting. Indeed, this study shows that PI correlated positively with 
BMI and correlated negatively with age, which suggest that peripheral perfusion could be affected by nutrition 
status. We have recently reported that PI is associated with  ABI17, which suggest that peripheral perfusion could 

Figure 1.  Predictors of cardiovascular death (multivariate analyses). The multivariate Cox proportional hazards 
regression models were done the following variables: sex, age, duration of diabetes, body mass index, systolic 
blood pressure, heart rate, hemoglobin A1c, total cholesterol, creatinine, smoking status, anti-platelet therapies, 
renin-angiotensin system inhibitor, glucagon-like peptide-1 agonists, sodium-glucose cotransporter 2 inhibitor 
and statin (model 2). Variables that remained significantly associated with cardiovascular death are presented.

Figure 2.  The Kaplan–Meier survival curve stratified according to perfusion index at baseline.
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be affected by the presence of atherosclerotic CVD. Moreover, this study shows that PI correlated negatively 
with heart rate, which suggest that peripheral perfusion could be affected by sympathetic nerve activity. It is 
well known that heart rate is inversely related to the  lifespan18. The patients with low value of PI might have 
poor nutritional status, advanced atherosclerotic CVD and high sympathetic nerve activity. In our study, PI is 
the associated with cardiovascular death in patients with type 2 diabetes and established CVD after adjustment 
for age, BMI and heart rate.

PI might have an important role for the prevention of cardiovascular death in patients with type 2 diabetes. 
There are some reports indicating improvement in microcirculatory dysfunction with fluid administration and 
adrenergic agonist in the early phase of critical  illnesses19–21. However, interventional methods to improve PI 
have not been established. Then, patients with low value of PI might require aggressive lifestyle modifications 
and medication to lower blood glucose and blood pressure.

ABI is known as the gold standard for PAD which is associated with CVD. In our study, ABI was associated 
with the development of cardiovascular death and PI was positively associated with ABI. However, PI was asso-
ciated with cardiovascular death in patients without ABI ≤ 0.9. PI takes only a few minutes to complete and is 
very simple. Multiple steps are not required and the patients will not lose control of their mobility while wearing 
the sensors. PI equipment is less expensive than the ABI equipment. The PI could add clinical benefit and be 
available for the patients with type 2 diabetes in the health care system.

There are several limitations. It may be unclear if our results are applicable to patients of other ethnicities 
because only Japanese patients were targeted in this study. Because most of the subjects of this study were elderly 
patients, it may be unclear if our results are generalized to all range of age in patients with diabetes. Moreover, 
because the number of patients was not large, large investigations with patients of various ethnicities and range 
of age would be needed to prevent cardiovascular death in patients with type 2 diabetes.

To the best of our knowledge, this is the first study to investigate if PI could be an indicator for cardiovascular 
death in patients with type 2 diabetes and established CVD. We focus from monitoring hemodynamic flow to 
monitoring peripheral perfusion in the early phase of critical illnesses and we might also need to consider the 
alternation of peripheral perfusion in clinical care setting. In conclusion, PI could be a valuable indicator of 
cardiovascular death in patients with type 2 diabetes and established CVD.

Materials and methods
Ethics. This study was approved by local research ethics committee of Matsushita Memorial Hospital and 
has been conducted in accordance with the ethical principles of the Declaration of Helsinki. Written informed 
consent was obtained from all of the patients.

Patients and data collection. We performed a retrospective cohort study in 1080 patients recruited from 
the outpatient clinic at Matsushita Memorial Hospital in Osaka, Japan, between September 2015 and Septem-
ber 2016. Patients were eligible if they had type 2 diabetes and history of CVD. We collected the information 
on smoking status and past history using the self-administered questionnaire. All the data were retrieved from 
the database. Fasting blood samples were obtained in the morning. Total serum cholesterol and triglyceride 
concentrations were assessed using standard enzymatic methods. Low-density lipoprotein (LDL) cholesterol 
was calculated using Friedewald formula: LDL Cholesterol = Total Cholesterol—High-density lipoprotein Cho-
lesterol—(Triglycerides / 5)22.

Diabetes was diagnosed based on the Report of the Expert Committee on the Diagnosis and Classifica-
tion of Diabetes  Mellitus23. Hypertension was defined when the patient’s systolic blood pressure was greater 
than 140 mmHg, their diastolic blood pressure was greater than 90 mmHg, and/or the patient was prescribed 
any antihypertensive medications. Patients were classified as nonsmokers, past smokers, or current smokers 
based on a self-administered questionnaire. CVD was defined as angina, myocardial infarction, stroke or PAD 
based on a self-administered questionnaire. Cardiovascular death was defined as that due to myocardial infarc-
tion, heart failure, or stroke. Recurrent cardiovascular events were defined as myocardial infarction, stroke or 
revascularization for angina or PAD. Patients for whom PI measurement could not be obtained were excluded 
from this study; those with implanted cardiac pacemakers; arrhythmia, such as paroxysmal atrial fibrillation; or 
amputations of any part of the lower extremities were also excluded from the study. Patients with malignancy 
at baseline were excluded.

Technique for determining PI. PI was measured using a Masimo SET Radical-7 (Masimo Corporation, 
Irvine, CA) instrument. The patients were placed in the supine position. A Masimo pulse oximeter probe was 
positioned on each toe and connected to the Masimo SET Radical-7 machine. The patients were asked to rest for 
5 min at the beginning of the procedure. PI was then recorded three times: at 20, 40, and 60 s, after the 5-min 
rest period. The average of the three values was calculated and used as the reference value. The Masimo SET 
Radical-7 calculates PI as the ratio between the pulsatile and non-pulsatile components of the light reaching 
a light-sensitive cell of the pulse oximetry probe. The reliability and reproducibility of PI have been reported 
 elsewhere17,24. After PI was determined bilaterally, the lower value was considered as a representative for each 
subject.

Statistical analysis. We categorized the participants according to the quartiles of their PI to evaluate the 
association between characteristics at baseline and PI: ≤ 1.10, 1.11–2.60, 2.61–4.30, and ≥ 4.31%. We reported 
the means or percentages for each quartile, and associations were assessed by ANOVA or chi-square  test24. The 
differences of general characteristics at baseline according to the development of cardiovascular death at follow 
up were assessed by t-test or chi-square  test25. The relationships between PI and other variables were assessed by 
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Spearman’s rank correlation  analyses25. Log transformation was carried out before performing Spearman’s rank 
correlation analyses because triglycerides showed skewed distributions. The association between PI or ABI and 
the development of cardiovascular death or composite development of cardiovascular death or recurrent cardio-
vascular events was analyzed in Cox proportional hazards regression  models25. An unadjusted and a multivari-
ate model were used for the estimation of association between PI and the development of cardiovascular death 
or composite development of cardiovascular death or recurrent cardiovascular  events25. Statistically significant 
variables in univariate analysis and those known to be related factors for the development of cardiovascular 
death were included as covariates in the multivariate model were. Model 1 is adjusted for sex, age, body mass 
index, heart rate, creatinine and smoking status. Model 2 was adjusted for all variables in Model 1 plus duration 
of diabetes, systolic blood pressure (SBP), hemoglobin A1c, total cholesterol, anti-platelet therapies, renin-angi-
otensin system inhibitor, glucagon-like peptide-1 agonists, sodium-glucose cotransporter 2 inhibitor and statin. 
Time-to-event distributions in the categories were summarized with Kaplan–Meier curves.

Data availability
The datasets generated during the current study are available from the corresponding author on reasonable 
request.
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