
1

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8312  | https://doi.org/10.1038/s41598-022-12286-2

www.nature.com/scientificreports

Urinary neutrophil 
gelatinase‑associated lipocalin 
(NGAL) can potentially 
predict vascular complications 
and reliably risk stratify patients 
with peripheral arterial disease
Mehroz Ehsan2,6, Muzammil H. Syed1, Abdelrahman Zamzam1, Niousha Jahanpour1, 
Krishna K. Singh2, Rawand Abdin3 & Mohammad Qadura1,4,5*

Neutrophil gelatinase-associated lipocalin (NGAL) is expressed in atherosclerotic plaques and 
implicated in the development of cardiovascular diseases. Peripheral arterial disease (PAD) is an 
atherosclerotic disease that often results in major cardiovascular events. This study aimed to 
prospectively examine the potential of urine NGAL (uNGAL) in predicting worsening PAD status 
and major adverse limb events (MALE). Baseline urine NGAL (uNGAL) and urine creatinine (uCr) 
concentrations were measured in PAD (n = 121) and non-PAD (n = 77) patients. Levels of uNGAL were 
normalized for urine creatinine (uNGAL/uCr). Outcomes included worsening PAD status, which was 
defined as a drop in ankle brachial index (ABI) > 0.15, and major adverse limb events (MALE), which 
was defined as a need for surgical revascularization or amputations. PAD patients had 2.30-fold higher 
levels of uNGAL/uCr [median (IQR) 31.8 (17.0–62.5) μg/g] in comparison to non-PAD patients [median 
(IQR) 73.3 (37.5–154.7) μg/g] (P = 0.011). Multivariate cox analysis showed that uNGAL/uCr levels were 
independently associated with predicting worsening PAD status and MALE outcomes. Cumulative 
survival analysis, over follow up period, demonstrated a direct correlation between elevated uNGAL/
uCr levels and PAD disease progression and MALE outcomes. These data demonstrate an association 
between elevated uNGAL/uCr levels and worsening PAD disease status and MALE outcomes, 
indicating its potential for risk-stratification of PAD patients.

Peripheral artery disease (PAD) is a chronic atherosclerotic disease that affects the peripheral extremities1. Over 
200 million individuals worldwide are affected by PAD; however, a substantial portion of patients are inadequately 
diagnosed and managed, resulting in severe complications such as lower extremity ischemia, cardiovascular 
events (e.g. stroke, myocardial infarction) and mortality2–6.

The clinical diagnosis for PAD is challenging as most patients are asymptomatic and mortality and cardio-
vascular outcomes are not much different in asymptomatic or symptomatic patients7. Therefore, identifying high 
risk patients, who will suffer from secondary cardiovascular complications is a challenge. Currently patients are 
screened for PAD using ankle-brachial index (ABI) index, the ratio of the ankle blood pressure to the highest 
brachial systolic pressure8. An ABI of ≤ 0.90 has been shown to be highly sensitive and specific, however it is not 
used widely. Subsequently, up to ~ 20% of PAD patients progress in their disease state to chronic limb threatening 
ischemia (CLTI), the most advanced severe form of the disease9–12. However, patients and risk factors associated 
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with PAD disease progression are yet to be adequately identified. Due the absence of reliable prognostic risk-
stratifications tools, there is a critical need for a biomarker that allows for early prediction of outcomes and 
stratification of disease population according to risk. Having a valid risk-stratification method would enable 
monitoring of high-risk patients, timely interventions, and prevent severe and costly complications.

Neutrophil gelatinase-associated lipocalin (NGAL) also known as human neutrophil lipocalin or lipocalin 2, 
is a 25-KDa protein, which is synthesized in the bone marrow during myelopoiesis and then stored in granules 
in neutrophils13. It is also expressed in low concentrations in several human tissues, including kidneys, lungs, 
stomach, and colon14. NGAL has been studied extensively as a biomarker for acute kidney injury15,16 and is shown 
to be upregulated in response to inflammatory stimuli such as lipopolysaccharides and IL1β17,18. Recent studies 
have highlighted its’ role in development and progression of cardiometabolic diseases19. NGAL has been shown to 
be expressed in cardiomyocytes and atherosclerotic plaques in both mice and humans20. Elevated plasma NGAL 
levels are reported to correlate with severity of coronary artery disease21. Elevated serum NGAL levels are also 
observed in obese and diabetic patients and correlate with C-reactive protein levels22.

Although elevated NGAL levels have been associated with cardiovascular disease, the levels of NGAL, espe-
cially urinary NGAL (uNGAL), has not yet been investigated in PAD patients. In this study, we sought to 
assess the relation between baseline uNGAL concentrations and patients with PAD. Furthermore, we aimed to 
investigate its prognostic value in determining PAD-related complications including worsening PAD status and 
major adverse limb events.

Results
Cohort description and characteristics.  Demographic data and clinical characteristics of all 198 
patients which comprised of 121 PAD patients (61%) and 77 non-PAD patients (39%) are presented in Table 1. 
Overall, the mean age of the cohort was 66 ± 11 years. There were 128 male participants (65%), 135 patients 
(68%) with hypertension, 147 patients (74%) with hypercholesteremia, 49 patients (25%) with diabetes, and 
161 patients (81%) who were current or past smokers. The mean age, percentage of patients with hypertension, 
hypercholesteremia, diabetes, smoking history, and history of coronary artery disease were significantly higher 
in the PAD group than in the non-PAD group. As expected, no significant change was found in the mean glo-
merular filtration rate (GFR) between PAD and non-PAD patients (67 ± 10 vs. 63 ± 13, P = 0.09). Overall, the 
median (IQR) uNGAL/uCr level was 48.7 (23.7–110.4). The median (IQR) uNGAL/uCr concentration in PAD 
group [73.3 (37.5–154.7) μg/g] was 2.30-times higher (P = 0.011) than non-PAD group [31.8 (17.0–62.5) μg/g].

Clinical outcomes at two years.  All patients were prospectively followed for a two-year period (refer 
to Table 2 for clinical outcomes). Follow-up data was available for 94.8% of patients, with a mean duration of 
21.4 ± 3.4 months. During the two-year follow-up, we noted that 39 patients (20%) had an ABI drop of ≥ 0.15, 30 
patients (15%) required vascular interventions, 5 patients (3%) underwent major limb amputation, and 34 (17%) 
patients had major adverse limb events (MALE). The rate of change of ABI, number of vascular interventions, 
and MALE outcomes were significantly higher in PAD group compared to non-PAD group (Table 2). Some non-
PAD patients experienced a ABI drop (≥ 0.15), however their ABI remained within the normal range (0.9–1.3) 
and therefore were not categorized as having PAD.

Risk stratification of patients based on their uNGAL/uCr concentrations.  Based on the median 
uNGAL/uCr value of 48.7 μg/g as the cutoff point, patients were divided into 2 groups: (1) Low NGAL group 
(n = 99): uNGAL/uCr ≤ 48.7  μg/g, and (2) high NGAL group (n = 99): uNGAL/uCr > 48.7  μg/g. The charac-

Table 1.   Baseline clinical and laboratory characteristics. Frequencies and percentages were calculated for 
categorical variables; all numbers were rounded up with zero decimal place. All p-values were rounded to three 
decimal places, p < 0.05 in bold. ABI: Ankle Brachial Index. GFR: Glomerular Filtration Rate. α The significance 
of the difference between PAD and non-PAD groups. ‡ Compared using student’s t-test. ¶ Compared using chi-
square test.

Demographics and clinical characteristics (at baseline) Overall (n = 198) non-PAD (n = 77) PAD (n = 121) Pα

Mean (SD)‡

ABI 0.83 (0.26) 0.97 (0.21) 0.64 (0.20) 0.001

Age, years 66 (11) 63 (13) 67 (10) 0.008

GFR 90.6 (18.3) 93.4 (17.4) 88.9 (18.7) 0.091

N (%)¶

Sex, male 128 (65) 50 (65) 78 (65) 0.946

Hypertension 135 (68) 46 (60) 89 (74) 0.042

Hypercholesteremia 147 (74) 44 (57) 103 (85) 0.001

Diabetes 49 (25) 12 (16) 37 (31) 0.017

Smoking 161 (81) 54 (70) 107 (88) 0.001

History of congestive heart failure 5 (3) 1 (1) 4 (3) 0.395

History of coronary artery disease 59 (30) 14 (18) 45 (37) 0.004
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teristics of these 2 groups are presented in Table 3. The only significant difference in comorbidities between 
the groups at baseline was the percentage of PAD patients, which was higher in the high NGAL group (77%, 
P = 0.001). Relative to low NGAL group, our data demonstrates that patients within the high NGAL group had a 
higher incidence of ABI ≥ -0.15 (11% vs. 28%, P = 0.002), need for vascular intervention (10% vs. 20%, P = 0.041) 
and MALE outcomes (12% vs. 22%, P = 0.044). However, there was no significant difference between incidence 
of major limb amputation between low and high NGAL groups (2% vs. 3%, P = 0.651).

Time series analysis and adverse PAD complications.  There was a statistically significant difference 
in PAD-related complications time series analysis between those who had high uNGAL/uCr and low uNGAL/
uCr concentrations. Kaplan–Meier analysis demonstrated that elevated levels of uNGAL/uCr (≥ 48.7 μg/g) could 
reliably risk stratify patients for ABI ≥ -0.15 (P = 0.002; log rank = 9.44), need for vascular intervention (P = 0.037; 
log rank = 4.34) and MALE (P = 0.044; log rank = 4.05). However, there was no significant difference in event-free 
survival rate for major limb amputation between low and high uNGAL/uCr groups (P = 0.648; log rank = 0.208) 
(Fig. 1 A-D). Event-free survival rates for change in ABI ≥ −0.15 at 1 year and 2 years were 97% and 89% in the 
low uNGAL/uCr group and 90% and 72% in the high uNGAL/uCr group. Moreover, event-free rates for vascular 
intervention at 1-year and 2-years were 99% and 90%, respectively in the low uNGAL/uCr group and 89% and 
80%, respectively in the high uNGAL/uCr group. Finally, MALE-free survival rates at 1-year and 2-years were 
98% and 88%, respectively in the low uNGAL/uCr group and 87% and 78%, respectively in the high uNGAL/
uCr group.

Cox regression analysis of uNGAL/uCr levels and PAD related complications.  The ability of 
uNGAL/uCr to predict PAD-related complications (worsening PAD status and MALE outcomes) was examined 
by univariate and multivariate Cox proportional hazard analyses. Univariate analysis showed that for each unit 
increase in uNGAL/uCr, there was an association with subsequent ABI drop ≥ 0.15 (HR 2.33, 95% CI 1.42–3.83), 
need for vascular intervention (HR 1.78, 95% CI 1.03–4.11, and MALE (HR 1.47, 95% CI 1.05–2.06) (Table 4). 
Multivariate logistic regression analysis showed that, despite adjusting for age, sex, GFR, hypertension, hyper-

Table 2.   Distribution of adverse events in PAD patients compared to non-PAD patients during 2-year 
follow-up. *The significance of the difference between non-PAD group and PAD group using chi-square test. 
All p-values were rounded to three decimal places, P < 0.05 in bold. ABI: Ankle Brachial Index; MALE—
defined as vascular intervention or limb loss.

Event Overall (n = 198) N (%) Non-PAD (n = 77) N (%) PAD (n = 121) N (%) P*

ABI ≥ -0.15 39 (20) 7 (9) 32 (26) 0.005

Vascular intervention 30 (15) 0 (0) 30 (25) 0.001

Major limb amputation 5 (3) 0 (0) 5 (4) 0.062

MALE 34 (17) 0 (0) 34 (28) 0.001

Table 3.   Baseline patient demographics and clinical characteristics of the Low NGAL and High NGAL study 
subgroups. Low NGAL group (n = 99): NGAL ≤ 48.7 μg/g. High NGAL group (n = 99): NGAL > 48.7 μg/g. 
eGFR: estimated Glomerular Filtration Rate. ‡ Compared using student’s t-test. ¶ Compared using chi-square 
test. ABI: Ankle Brachial Index; MALE—defined as vascular intervention or limb loss. Significant values are in 
bold.

Demographics and clinical characteristics (at baseline) Low NGAL (n = 99) High NGAL (n = 99) P-value

Mean (SD)‡

Age, years 66 (11) 67 (11) 0.565

GFR 92.8 (19.1) 88.5 (17.3) 0.093

N (%)¶

Peripheral artery disease 45 (46) 76 (77) 0.001

Sex, male 62 (63) 59 (60) 0.071

Hypertension 68 (69) 67 (68) 0.879

Hypercholesteremia 72 (73) 75 (76) 0.626

Diabetes 23 (23) 29 (29) 0.138

Smoking, current + past 76 (77) 85 (86) 0.101

History of coronary artery disease 31 (31) 28 (28) 0.641

Event rate at 2 years N (%)¶

ABI ≥ -0.15 11 (11) 28 (28) 0.002

Vascular intervention 10 (10) 20 (20) 0.041

Major limb amputation 2 (2) 3 (3) 0.651

MALE 12 (12) 22 (22) 0.044
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cholesteremia, smoking, diabetes, and history of CAD, uNGAL/uCr level remained an independent determinant 
for ABI ≥ -0.15 (HR 2.37, 95% CI 1.52–3.72), need for vascular intervention (HR 1.82, 95% CI 1.06–3.25) and 
MALE outcomes (HR 1.49, 95% CI 1.09–2.11). Although we observed higher incidences of major limb amputa-
tion in patients with PAD, we did not observe a statistically significant hazard ratio for this event.

Figure 1.   Kaplan–Meier analysis of PAD-related complications event-free survival in High uNGAL and 
Low uNGAL subgroups. Kaplan Meier estimate for event-free survival, including (A) ABI ≥  − 0.15, (B) 
vascular intervention, (C) major limb amputation, and (D) MALE, for Low NGAL group (n = 99, uNGAL/
uCr ≤ 48.7 μg/g) compared to High NGAL (n = 99, uNGAL/uCr NGAL > 48.7 μg/g) based on the median 
uNGAL/uCr values. MALE = vascular Intervention and major limb amputation.

Table 4.   Cox regression models for adverse events in PAD patients compared to non-PAD patients for one 
unit increase of log (uNGAL/uCr). ‡ Adjusted for age, sex, eGFR, hypertension, hypercholesteremia, smoking, 
diabetes, history of CAD. All p-values were rounded to three decimal places, P < 0.05 in bold. ABI: Ankle 
Brachial Index; MALE—defined as vascular intervention or limb loss. Significant values are in italic.

Event Unadjusted HR (95% CI) P-value Adjusted HR (95% CI) ‡ P-value

ABI ≥ -0.15 2.33 (1.42–3.82) 0.001 2.37 (1.52–3.72) 0.001

Vascular intervention 1.78 (1.03–4.11) 0.032 1.82 (1.06–3.25) 0.017

Major limb amputation 1.25 (0.25–3.28) 0.789 1.26 (0.23–4.79) 0.594

MALE 1.47 (1.05–2.06) 0.025 1.49 (1.09–2.11) 0.011
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Discussion
In this prospective study of consecutive patients, we evaluated the utility of uNGAL/uCr as a predictor of PAD-
related complications over a period of 2 years. Our findings show that uNGAL/uCr levels are elevated in PAD 
patients and predict PAD-related complications. Patients with high levels of uNGAL/uCr exhibited higher rates 
of worsening PAD status, MALE outcomes and need for vascular intervention compared to patients with low 
levels of uNGAL/uCr. Moreover, our findings demonstrated that elevated uNGAL/uCr levels could assist in 
stratifying patients at risk of poorer PAD prognosis.

NGAL was initially identified as an inflammatory marker which is released form neutrophils in response to 
bacterial infection13. NGAL is highly expressed in kidney tubule cells and its levels in urine rise before serum 
creatinine levels change hence it being a marker of acute kidney injury (AKI)15,16. There has been increasing 
evidence shows that NGAL levels correlate with cardiovascular diseases progression and outcomes. NGAL is 
expressed in cardiomyocytes, and endothelial cells, smooth muscle cells, and macrophages of atherosclerotic 
plaques23–26. Elevated circulatory NGAL levels independently predict all-cause mortality and MACE in ST-seg-
ment elevation myocardial infarction patients following primary percutaneous coronary intervention24, correlate 
with atherosclerotic burden and predict predicts all-cause mortality in coronary artery patients23–26, and are an 
independent predictor of 3-month risk of death and 6-month risk of readmission in heart failure patients27,28. 
Elevated uNGAL on the first day of admission is a strong prognostic factor for poor long-term outcomes in acute 
decompensated heart failure patients29. Consistent with these findings our data suggest that uNGAL levels are 
associated with worse outcomes in PAD patients and perhaps NGAL is released into circulation increasingly 
with worsening PAD status and subsequently cleared by kidney. Very few studies have investigated the predic-
tive prognostic value of NGAL, especially uNGAL, and especially in context of long-term outcomes in PAD 
patients. In addition to its association with long term outcomes uNGAL also improved predictive accuracy of 
PAD-related adverse events, prompting that patients with elevated urinary NGAL may warrant closer monitor-
ing for adverse events. The goal of our study was to establish a marker for PAD independent of the traditional 
ABI measurement which is measured unreliably in the community. We stratified the population by uNGAL/
uCR to highlight that normalized uNGAL levels can be used to predict outcomes in these patients. Though the 
outcomes in the high uNGAL/uCR are almost all in PAD group, these analysis within high and low uNGAL/
uCR show the importance of this potential biomarker on its own and allow us to work towards establishing a 
clinically significant cutoff in future studies.

The increased NGAL expression in atherosclerotic disease is believed to be due to its interaction with metal 
metalloproteinase 9 (MMP-9). Increased MMP-9 levels and activity are well established in arterial plaque archi-
tecture. NGAL binds to MMP-9 inhibiting its degradation leading to higher and prolonged activity26. The result-
ing tissue remodeling contributes to plaque instability and eventually leads to the development of acute coronary 
syndrome30. Circulating levels of MMP-9 are also known to be elevated in PAD patients with intermittent 
claudication and critical ischemia30,31.

The study has a few limitations. Firstly, the current findings are based on patients recruited from a single-
center with a relatively small sample size, which may limit certain statistical analyses (e.g. matching) as well as 
generalizability of these results. The patient population in this study is predominantly male which may not be 
representative of the current prevalence of PAD, however, it is not unusual to have higher proportion of male 
study subjects in PAD studies32,33. Secondly, there is a lack of mechanistic understanding underlying the increase 
in uNGAL in PAD, and therefore, we cannot ascertain whether NGAL levels are driving the disease and its out-
comes or is an irrelevant bystander in progression of PAD. This latter notion is supported by the fact that plasma 
NGAL levels are elevated in inflammation, a hallmark of PAD. Thirdly, the study did not evaluate certain inflam-
matory markers such as C-reactive protein and therefore would aim to include them in further studies Further, 
prospective longitudinal studies with larger sample sizes and multiple uNGAL measurements would allow us to 
match cohorts and highlight the predictive value of uNGAL as a biomarker; however, the current findings serve 
as a strong foundation for future studies investigating NGAL as a biomarker for PAD.

A key message of our findings is that uNGAL/uCr has the potential of being a good biomarker for predict-
ing PAD-related complications. This is clinically significant as NGAL levels have been shown to correlate with 
atherosclerotic disease. Based on these findings, it is also plausible to suggest that uNGAL/uCr can be used to 
risk stratify patients with PAD at early stage of disease, however further study in larger cohorts is necessary to 
validate this suggestion.

Methods
Ethics approval.  The Research Ethics Board at St. Michael’s Hospital, University of Toronto approved the 
study (#16–375, 8 February 2017) and written informed consents were obtained from all participants. All meth-
ods were performed in accordance with the relevant guidelines and regulations.

Patient recruitment and assessment.  For the study consecutive 198 patients (77 non-PAD and 121 
PAD patients) were recruited between August 2018 and August 2019 from the ambulatory vascular surgery 
clinics at St. Michael’s Hospital, Toronto. Patients were followed for a total of 24 months with follow up visits 
scheduled at 12 months and 24 months from the time of initial assessment. As previously described, patients 
underwent a complete history and physical exam, in addition to a lower limb arterial ultrasound to measure 
ABI34–36. ABI measurements were taken by two experienced vascular technologists at a credited vascular labora-
tory at St. Michael’s Hospital. Both vascular technologists rigorously followed the ABI measurement protocol 
recommended by the American Heart Association and the Society of Vascular Surgery clinical guidelines37,38. 
In this study, patients with an ABI value of < 0.9, in addition to lack of posterior tibial and dorsalis pulses in at 
least one leg, with or without claudication, were defined as PAD patients. Patients presenting with a normal 
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arterial ultrasound, an ABI ≥ 0.9, presence of palpable distal pulses, and no clinical history of claudication were 
defined as control or non-PAD group. In situations where the ABI could not be accurately determined due to 
non-compressible tibial vessels, toe brachial index (TBI) measurements were performed. As per ESC/ESVM 
guidelines, patients with TBI < 0.7 were identified as PAD group and patients with a TBI ≥ 0.7 were identified as 
control or non-PAD group8,39.

Patients with a history of chronic kidney disease (stages 3–5 as per Kidney Disease Outcomes Quality Initia-
tive 2002 guidelines—defined as having an estimated glomerular filtration rate of less than 60 mL/min/1.73 m2) 
were excluded. We also excluded patients with active infection, diagnosis of sepsis or malignancy.

Baseline measurements and sample collection.  Baseline medical history including demographics, 
history of cardiovascular diseases, cardiovascular risk factors (hypertension, hypercholesterolemia, and diabe-
tes), and smoking status was collected from all patients as described previously34–36. Urinary analyses were per-
formed on mid-stream urinary samples, which were stored at −80 °C on the day of collection and thawed on 
slowly on ice.

Urinary NGAL multiplex assay.  To determine the concentrations of NGAL levels in urine, samples were 
examined in duplicate using MILLIPLEX® Mouse Kidney Injury Magnetic Bead Panel 2 (EMD-Millipore; Bill-
erica, MA) on a calibrated MagPix analyzer (Luminex Corp; Austin, Texas). To minimize any inter-assay vari-
ability, all analyses were carried out on the same day. Sample intra-assay and inter-assay coefficient of variability 
(CV) was < 10%. At least 50 beads for uNGAL were acquired using Luminex xPonent software and analyzed 
using Milliplex Analyst software (v.5.1; EMD-Millipore).

Measurement of urinary creatinine and normalization of UNGAL.  As described previously, 
uNGAL was normalized with urinary creatinine (uCr) to adjust for the potential influence of urinary concentra-
tion and different hydration status on single-spot urine samples, to achieve normalized uNGAL/uCr (μg/g)34. 
uCR levels which were measured at the Core Laboratory at St. Michael’s Hospital using the Beckman Coulter 
AU680 laboratory analyzer (Beckman Coulter; Pasadena, California).

Follow‑up and measured outcomes.  Follow-up visits were performed at 12-months as well as at the end 
of the study. ABI values, PAD symptomatic status, PAD-related interventions (i.e. revascularization or amputa-
tion), and any changes made to concomitant treatment were recorded at these outpatient visits. Self and EMR 
reported PAD-related hospitalization and emergency room visits were also recorded during these visits. The 
primary outcome of this study was incidence of worsening PAD status in patients during the follow-up period, 
defined as change in ABI ≥ −0.15 from baseline. The cutoff value of change in ABI is well established in previ-
ous studies40–42. Secondary outcome included the incidence of major adverse limb events (MALE)—defined as 
composite of PAD-specific outcomes such as severe limb ischemia leading to an arterial intervention (open or 
endovascular revascularization) or major vascular amputation (above the level of the ankle).

Statistical analysis.  Demographics and clinical characteristics were expressed as mean and standard devi-
ations (SDs), or percentages (%). Continuous data were compared using Student’s t-test if conforming to nor-
mal distribution, otherwise Mann–Whitney U test was used. Chi-square test was used for categorical variables 
comparisons. Normalized uNGAL/uCr levels were not normally distributed, as determined by the Kolmogo-
rov–Smirnov test, and were logarithmically transformed before survival analysis and expressed as medians with 
inter quartile ranges (IQRs).

Event rates at 24 months were calculated for drop in ABI (≥ 0.15), MALE outcomes, or individual compo-
nents of MALE (need for revascularization, need for major amputation). For the Kaplan–Meier curves, median 
of uNGAL/uCr levels were used as cutoff points. The event-free curves were computed, and comparison of 
event-free survival between sub-groups were performed using the log-rank test. Statistical significance was 
established at P < 0.05 (2-sided). A Cox proportional hazard analysis was performed to determine uNGAL/uCr 
predictability for change in ABI (≥−0.15), MALE, and of MALE outcomes for the entire study cohort. Variables 
that were deemed confounders [age (in years), sex (male vs female), GFR (mL/min), hypertension (yes vs no), 
hypercholesteremia (yes vs no), smoking (yes vs no), diabetes (yes vs no), and history of CAD (yes vs no)] were 
entered into the multivariate analysis. SPSS software, version 23 (SPSS Inc., Chicago, Illinois, USA) was used for 
data entry and statistical analysis. Microsoft excel was used for graphical illustrations.

Data availability
All data generated or analysed during this study are included in this published article.

Received: 3 February 2022; Accepted: 9 May 2022

References
	 1.	 Conte, S. M. & Vale, P. R. Peripheral arterial disease. Heart Lung Circ. 27, 427–432 (2018).
	 2.	 Fowkes, F. G. R. et al. Comparison of global estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: 

a systematic review and analysis. Lancet 382, 1329–1340 (2013).
	 3.	 Cornejo Del Río, V. et al. Prevalence of peripheral artery disease (PAD) and factors associated: an epidemiological analysis from 

the population-based Screening PRE-diabetes and type 2 DIAbetes (SPREDIA-2) study. PLoS ONE 12, e0186220 (2017).



7

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8312  | https://doi.org/10.1038/s41598-022-12286-2

www.nature.com/scientificreports/

	 4.	 McDermott, M. M. et al. Asymptomatic peripheral arterial disease is associated with more adverse lower extremity characteristics 
than intermittent claudication. Circulation 117, 2484 (2008).

	 5.	 Subherwal, S. et al. Missed opportunities: despite improvement in use of cardioprotective medications among patients with lower-
extremity peripheral artery disease, underuse remains. Circulation 126, 1345–1354 (2012).

	 6.	 Roth, G. A. et al. Trends and patterns of geographic variation in cardiovascular mortality among US counties, 1980–2014. JAMA 
317, 1976–1992 (2017).

	 7.	 Diehm, C. et al. Mortality and vascular morbidity in older adults with asymptomatic versus symptomatic peripheral artery disease. 
Circulation 120, 2053–2061 (2009).

	 8.	 Aboyans, V. et al. ESC guidelines on the diagnosis and treatment of peripheral arterial diseases, in collaboration with the European 
Society for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extracranial carotid and vertebral, mesenteric, 
renal, upper and lower extremity arteriesEndorsed by: the European Stroke Organization (ESO)The Task Force for the Diagnosis 
and Treatment of Peripheral Arterial Diseases of the European Society of Cardiology (ESC) and of the European Society for Vasc. 
Eur. Heart J. 39, 763–816 (2018).

	 9.	 Nehler, M. R. et al. Epidemiology of peripheral arterial disease and critical limb ischemia in an insured national population. J. 
Vasc. Surg. 60, 686–695 (2014).

	10.	 Mizzi, A., Cassar, K., Bowen, C. & Formosa, C. The progression rate of peripheral arterial disease in patients with intermittent 
claudication: a systematic review. J. Foot Ankle Res. 12, 1–9 (2019).

	11.	 Sigvant, B., Lundin, F. & Wahlberg, E. The risk of disease progression in peripheral arterial disease is higher than expected: a 
meta-analysis of mortality and disease progression in peripheral arterial disease. Eur. J. Vasc. Endovasc. Surg. 51, 395–403 (2016).

	12.	 Dua, A. & Lee, C. J. Epidemiology of peripheral arterial disease and critical limb ischemia. Tech. Vasc. Interv. Radiol. 19, 91–95 
(2016).

	13.	 Borregaard, N. & Cowland, J. B. Granules of the human neutrophilic polymorphonuclear leukocyte. Blood 89, 3503–3521 (1997).
	14.	 Cai, L., Rubin, J., Han, W., Venge, P. & Xu, S. The origin of multiple molecular forms in urine of HNL/NGAL. Clin. J. Am. Soc. 

Nephrol. 5, 2229–2235 (2010).
	15.	 Haase, M. et al. Accuracy of neutrophil gelatinase-associated lipocalin (NGAL) in diagnosis and prognosis in acute kidney injury: 

a systematic review and meta-analysis. Am. J. Kidney Dis. 54, 1012–1024 (2009).
	16.	 Hjortrup, P. B., Haase, N., Wetterslev, M. & Perner, A. Clinical review: Predictive value of neutrophil gelatinase-associated lipocalin 

for acute kidney injury in intensive care patients. Crit. Care 17, 1–11 (2013).
	17.	 Jayaraman, A. et al. Identification of neutrophil gelatinase-associated lipocalin (NGAL) as a discriminatory marker of the hepat-

ocyte-secreted protein response to IL-1beta: a proteomic analysis. Biotechnol. Bioeng. 91, 502–515 (2005).
	18.	 Liu, Q. & Nilsen-Hamilton, M. Identification of a new acute phase protein. J. Biol. Chem. 270, 22565–22570 (1995).
	19.	 Bolignano, D., Coppolino, G., Lacquaniti, A. & Buemi, M. From kidney to cardiovascular diseases: NGAL as a biomarker beyond 

the confines of nephrology. Eur. J. Clin. Invest. 40, 273–276 (2010).
	20.	 Hemdahl, A. L. et al. Expression of neutrophil gelatinase-associated lipocalin in atherosclerosis and myocardial infarction. Arte-

rioscler. Thromb. Vasc. Biol. 26, 136–142 (2006).
	21.	 Oberoi, R. et al. Lipocalin (LCN) 2 mediates pro-atherosclerotic processes and is elevated in patients with coronary artery disease. 

PLoS ONE 10, e0137924 (2015).
	22.	 Wang, Y. et al. Lipocalin-2 is an inflammatory marker closely associated with obesity, insulin resistance, and hyperglycemia in 

humans. Clin. Chem. 53, 34–41 (2007).
	23.	 Eilenberg, W. et al. Neutrophil gelatinase-associated lipocalin (NGAL) is associated with symptomatic carotid atherosclerosis and 

drives pro-inflammatory state in vitro. Eur. J. Vasc. Endovasc. Surg. 51, 623–631 (2016).
	24.	 Lindberg, S. et al. Prognostic utility of neutrophil gelatinase-associated lipocalin in predicting mortality and cardiovascular events 

in patients with ST-segment elevation myocardial infarction treated with primary percutaneous coronary intervention. J. Am. Coll. 
Cardiol. 60, 339–345 (2012).

	25.	 Soylu, K. et al. Serum neutrophil gelatinase-associated lipocalin levels and aortic stiffness in noncritical coronary artery disease. 
Cardiorenal. Med. 4, 147–154 (2014).

	26.	 Yan, L., Borregaard, N., Kjeldsen, L. & Moses, M. A. The high molecular weight urinary matrix metalloproteinase (MMP) activity 
is a complex of gelatinase B/MMP-9 and neutrophil gelatinase-associated lipocalin (NGAL). Modulation of MMP-9 activity by 
NGAL. J. Biol. Chem. 276, 37258–37265 (2001).

	27.	 Palazzuoli, A. et al. Comparison of neutrophil gelatinase-associated lipocalin versus B-type natriuretic peptide and cystatin C to 
predict early acute kidney injury and outcome in patients with acute heart failure. Am. J. Cardiol. 116, 104–111 (2015).

	28.	 Alvelos, M. et al. Prognostic value of neutrophil gelatinase-associated lipocalin in acute heart failure. Int. J. Cardiol. 165, 51–55 
(2013).

	29.	 Nakada, Y. et al. Prognostic value of urinary neutrophil gelatinase-associated lipocalin on the first day of admission for adverse 
events in patients with acute decompensated heart failure. J. Am. Heart Assoc. Cardiovasc. Cerebrovasc. Dis. 6, e004582 (2017).

	30.	 Li, T. et al. The role of matrix metalloproteinase-9 in atherosclerotic plaque instability. Med. Inflamm. 2020, 1–13 (2020).
	31.	 Tayebjee, M. H., Tan, K. T., MacFadyen, R. J. & Lip, G. Y. H. Abnormal circulating levels of metalloprotease 9 and its tissue inhibitor 

1 in angiographically proven peripheral arterial disease: relationship to disease severity. J. Intern. Med. 257, 110–116 (2005).
	32.	 Bonaca, M. P. et al. Rivaroxaban in peripheral artery disease after revascularization. N. Engl. J. Med. 382, 1994–2004 (2020).
	33.	 Haine, A. et al. Sex-specific risks of major cardiovascular and limb events in patients with symptomatic peripheral artery disease. 

J. Am. Coll. Cardiol. 75, 608–617 (2020).
	34.	 Zamzam, A. et al. Urinary fatty acid binding protein 3 (uFABP3) is a potential biomarker for peripheral arterial disease. Sci. Rep. 

11, 1–6 (2021).
	35.	 Syed, M. H. et al. Fatty acid binding protein 3 is associated with peripheral arterial disease. JVS Vasc. Sci. 1, 168–175 (2020).
	36.	 Zamzam, A. et al. Fatty acid binding protein 4-A circulating protein associated with peripheral arterial disease in diabetic patients. 

J. Clin. Med. 9, 1–8 (2020).
	37.	 Conte, M. S. et al. Society for vascular surgery practice guidelines for atherosclerotic occlusive disease of the lower extremities: 

management of asymptomatic disease and claudication. J. Vasc. Surg. 61, 2S-41S.e1 (2015).
	38.	 Aboyans, V. et al. Measurement and interpretation of the Ankle-Brachial Index: a scientific statement from the American Heart 

Association. Circulation 126, 2890–2909 (2012).
	39.	 Ulrich, F. et al. ESVM Guideline on peripheral arterial disease. VASA Zeitschrift fur Gefasskrankheiten 48, 1–80 (2019).
	40.	 Khan, T. H., Farooqui, F. A. & Niazi, K. Critical review of the ankle brachial index. Curr. Cardiol. Rev. 4, 101 (2008).
	41.	 Wassel, C. L. et al. Ankle brachial index (ABI) predicts change over time in functional status in the San Diego population study 

(SDPS). J. Vasc. Surg. 64, 656 (2016).
	42.	 McClary, K. N. & Massey, P. Ankle brachial index. Assess. Preclin. Organ Damage Hypertens. https://​doi.​org/​10.​1007/​978-3-​319-​

15603-3_7 (2022).

https://doi.org/10.1007/978-3-319-15603-3_7
https://doi.org/10.1007/978-3-319-15603-3_7


8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:8312  | https://doi.org/10.1038/s41598-022-12286-2

www.nature.com/scientificreports/

Author contributions
Conceptualization—M.Q. and R.A; methodology—A.Z., R.A., M.Q.; formal analysis—A.Z.; data interpretation—
M.E., M.H.S., A.Z., N.J., K.K.S., R.A., M.Q.; writing and revision—M.E., M.H.S., A.Z., N.J. K.K.S., R.A., M.Q. 
All authors have read and agreed to the published version of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.Q.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Urinary neutrophil gelatinase-associated lipocalin (NGAL) can potentially predict vascular complications and reliably risk stratify patients with peripheral arterial disease
	Results
	Cohort description and characteristics. 
	Clinical outcomes at two years. 
	Risk stratification of patients based on their uNGALuCr concentrations. 
	Time series analysis and adverse PAD complications. 
	Cox regression analysis of uNGALuCr levels and PAD related complications. 

	Discussion
	Methods
	Ethics approval. 
	Patient recruitment and assessment. 
	Baseline measurements and sample collection. 
	Urinary NGAL multiplex assay. 
	Measurement of urinary creatinine and normalization of UNGAL. 
	Follow-up and measured outcomes. 
	Statistical analysis. 

	References


