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Abstract: Objective: To investigate the relationship between lipid variability and the risk of recurrence and mortality 
during the acute phase of ischemic cerebrovascular disease (ICD) in elderly patients. Methods: Clinical data, lipid 
profiles, and follow-up information were retrospectively collected from 149 elderly ICD patients who underwent at 
least three lipid measurements (non-baseline) at The Third People’s Hospital of Hefei (The Third Clinical College of 
Anhui Medical University) from May 2021 to May 2024. Lipid indices included low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and triglycerides (TG). Variability was as-
sessed using standard deviation (SD), coefficient of variation (CV), and variability independent of the mean (VIM). 
Follow-up concluded in May 2024. Patients were classified into no-recurrence, recurrence, and death groups. Lo-
gistic multivariate regression analysis was used to identify risk factors for recurrence and death. Receiver operating 
characteristic (ROC) curve analyses were applied to assess the predictive value of lipid variability. Results: Vari-
abilities in LDL-C, HDL-C, TC, and TG were significantly higher in the recurrence and death groups compared to the 
no-recurrence group. Logistic regression analysis identified lipid variability indices as independent risk factors for 
recurrence and death. ROC analysis furtherdemonstrated their predictive value. Conclusion: Variabilities in LDL-C, 
HDL-C, TC, and TG are independent risk factors for recurrence and death in elderly ICD patients. Combined analysis 
of lipid variability enhances diagnostic accuracy and may improve the prognostic assessment in this population.
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Introduction

Cerebrovascular disease (CVD) is a major 
health threat to middle-aged and elderly indi-
viduals, characterized by high rates of mortali-
ty, recurrence, and disability. It encompasses 
transient ischemic attack and acute ischemic 
stroke [1]. In China, CVD, together with cancer 
and cardiovascular diseases, are the top three 
causes of death, with an incidence that contin-
ues to rise annually. Ischemic cerebrovascular 
disease (ICD), also known as ischemic stroke, 
belongs to a group of cerebrovascular diseases 
and, is the most common subtype. It accounts 
for about 80% of all strokes and results in  
over 2 million deaths each year in China [2, 3]. 
Globally, stroke is responsible for more than 
10% of all deaths, and approximately 75% of 
survivors experience loss of working ability, 

with about 40% suffering from severe disabi- 
lity, imposing a substantial economic burden on 
families and society. Current treatment strate-
gies include rapid thrombolysis, vascular inter-
vention for reperfusion, and neuroprotection; 
however, the therapeutic window is relatively 
narrow, and ensuring favorable long-term out-
comes remains challenging [4, 5].

There are multiple risk factors for ICD, including 
non-modifiable factors such as sex, age, and 
genetics and modifiable factors such as hyper-
tension, diabetes, smoking, dyslipidemia, and 
unhealthy lifestyle habits [6, 7]. Modification of 
these risk factors such as maintaining stable 
blood pressure and glucose levels, lowering 
low-density lipoprotein cholesterol (LDL-C), rais-
ing high-density lipoprotein cholesterol (HDL-C), 
and adopting healthier dietary patterns, has 
been shown to reduce the incidence of ICDs [8, 
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9]. Therefore, early detection and active man-
agement of these risk factors are crucial.

Among the modifiable risk factors, lipid profiles 
are key indicators for predicting recurrence and 
mortality. However, the correlation between 
lipid variability and the risk of recurrence and 
mortality in elderly patients with acute ICD has 
not been fully elucidated. This study aimed to 
investigate the association between lipid vari-
ability and the recurrence of cerebrovascular 
events and mortality in elderly patients with 
acute ICD, in order to provide an effective tool 
for clinical prognosis.

Materials and methods

Study subjects

A total of 149 elderly patients with acute ICD 
admitted to The Third People’s Hospital of Hefei 
(The Third Clinical College of Anhui Medical 
University) between May 2021 and May 2024 
were retrospectively enrolled (Figure 1). This 
study was approved by the Ethics Committee of 
The Third People’s Hospital of Hefei (The Third 
Clinical College of Anhui Medical University).

Inclusion criteria: (1) diagnosis of ischemic 
stroke (IS) or transient ischemic attack (TIA) 
according to the diagnostic criteria outlined in 
the Guidelines for the Diagnosis and Treatment 
of Medium-Term Ischemic Stroke, confirmed by 
cranial CT or MRI; (2) age ≥ 60 years; (3) within 
two weeks of symptom onset, representing the 
acute phase of ICD; (4) National Institutes of 
Health Stroke Scale (NIHSS) score of ≤ 15 at 
admission; and (5) availability of complete elec-
tronic medical records and valid long-term fol-
low-up data. 

Exclusion criteria: (1) history of malignancy or 
ongoing cancer treatment; (2) diagnosis of car-
dioembolic stroke, posterior circulation infarc-
tion, or stroke of undetermined etiology; (3) 
presence of hemorrhagic stroke, mixed stroke, 
or stroke secondary to brain tumor or metasta-
ses; (4) severe comorbid illnesses such as end-
stage renal disease, severe hepatic dysfunc-
tion, or chronic respiratory failure; or (5) men- 
tal illness, dementia, or other cognitive impair-
ments that compromised the ability to com-
plete follow-up and treatment.

Figure 1. Patient seclection flow diagram.
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A standardized case report form was used to 
extract baseline demographic and clinical data 
from existing medical records. Data collected 
included socio-demographic data (gender, age, 
marital status), physical examination data (hei- 
ght, body mass index (BMI)), and disease-relat-
ed data (history of alcohol consumption, smok-
ing, family history of stroke, hypertension, 
hyperglycemia). Smoking history was defined 
as smoking more than one cigarette per day  
for more than 6 consecutive or cumulative 
months. Alcohol consumption was defined as 
an intake of more than 50 g per day for more 
than 6 consecutive or cumulative months. The 
study adhered to the ethical requirements out-
lined in the Declaration of Helsinki. All data 
were obtained through systematic review of 
archived medical records without additional 
patient intervention.

Assessment of lipid variability

For each patient, at least three lipid profile 
measurements were collected, with intervals  
of more than two weeks between consecutive 
tests. Lipid values included HDL-C, LDL-C, total 
cholesterol (TC), and triglycerides (TG). Lipid 
variability was assessed using standard devia-
tion (SD), coefficient of variation (CV), and vari-
ability independent of the mean (VIM), calcu-
lated from these values.

Follow-up and grouping

Patients were followed through scheduled out-
patient visits and structured telephone inter-
views conducted by trained research staff. 
Follow-up data, including clinical status, recur-
rence of IS, and survival outcomes, were col-
lected at predefined intervals up to 12 months 
post-discharge. For patients lost to follow-up, 
supplemental data were obtained from the hos-
pital’s electronic medical records and the 
regional death registry. Predefined clinical end-
points, including stroke recurrence or all-cause 
mortality, were confirmed by the treating neu-
rologists based on imaging findings, medical 
records, and standard diagnostic criteria.

Patients were divided into three groups: no 
recurrence, recurrence, and death, according 
to clinical outcomes within one year. Risk fac-
tors for recurrence and death were analyzed.

Statistical methods

Statistical analyses were performed using 
SPSS version 19.0. Continuous variables con-
forming to a normal distribution were express- 
ed as mean ± standard deviation (

_
x±s) and 

compared using independent samples t-tests. 
Categorical variables were presented as fre-
quencies and percentages [n (%)] and com-
pared using the chi-square (χ2) test. Multiva- 
riate logistic regression analysis was conduct-
ed to identify independent risk factors for  
recurrence and death among IS patients. 
Receiver operating characteristic (ROC) curve 
analysis was used to evaluate the predictive 
performance of lipid variability indices for recur-
rence and death. A P value of < 0.05 was con-
sidered significant.

Results

Comparison of clinical characteristics between 
non-occurrence group and recurrence or 
death groups 

There were no significant differences in sex, 
BMI, history of diabetes, hypertension, smok-
ing, or alcohol consumption between the no-
recurrence group and either the recurrence or 
death group (P > 0.05). However, patients in  
the death group were significantly older than 
those in the non-occurrence group (84.00± 
9.20 vs. 76.85±8.73 years, P < 0.05). No sig-
nificant age difference was observed between 
the non-occurrence and the recurrence groups 
(P > 0.05) (Table 1).

Comparison of lipid variability between non-
occurrence group and recurrenceor death 
groups

The variability measures of LDL-C, HDL-C, TC, 
and TG, including SD, CV, and VIM, were all sig-
nificantly higher in both the recurrence group 
and death group compared with the non-occur-
rence group (P < 0.05) (Table 2).

Multivariate logistic regression analysis for 
recurrence

Multivariate logistic regression analysis identi-
fied LDL-C, HDL-C, TC, and TG as independent 
risk factors for disease recurrence in elderly 
patients with ICD (P < 0.05) (Table 3).
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Table 1. Comparison of general information among three groups

Group
Non- 

occurrence 
Group (n=62)

Recurrence 
Group 
(n=55)

Death 
Group 
(n=32)

Xa
2/ta Pa Xb

2/tb Pb

Age 76.85±8.73 79.14±9.02 84.00±9.20 1.395 0.166 3.690 < 0.001
Gender male 32 22 14 1.582 0.209 0.728 0.394

female 30 33 19
BMI 22.02±1.06 21.88±0.99 21.5±1.58 0.735 0.464 1.900 0.061
Diabetes Yes 22 16 9 0.543 0.461 0.517 0.472

No 40 39 23
Hypertension Yes 42 45 26 3.028 0.082 1.925 0.340

No 20 10 6
Smoking history Yes 7 7 1 0.057 0.811 0.911 0.340

No 55 48 31
Alcohol consumption history Yes 6 6 1 0.104 0.747 0.536 0.464

No 56 46 31
BMI: body mass index; a: Non-occurrence group vs. recurrence group; b: Non-occurrence group vs. death group.

Table 2. Comparison of lipid variability among three groups

Group Non-occurrence 
Group (n=62)

Recurrence 
Group (n=55)

Death Group 
(n=32) ta Pa tb Pb

LDL-C variability
    SD 12.21±3.22 16.31±2.64 14.81±3.25 7.473 < 0.001 3.678 < 0.001
    CV 0.32±0.22 0.55±0.33 0.51±0.31 4.480 < 0.001 3.438 < 0.001
    VIM 2.18±0.94 3.38±1.05 3.38±1.05 5.249 < 0.001 5.634 < 0.001
HDL-C variability
    SD 4.55±0.78 5.51±1.21 5.35±1.09 5.156 < 0.001 3.678 < 0.001
    CV 0.385±0.30 0.66±0.31 0.59±0.33 4.960 < 0.001 3.438 0.001
    VIM 1.55±0.67 2.21±0.92 2.12±0.81 4.469 < 0.001 5.634 < 0.001
TC variability
    SD 16.66±3.45 21.37±5.21 20.25±4.33 5.824 < 0.001 4.375 < 0.001
    CV 0.33±0.25 0.61±0.40 0.58±0.36 4.594 < 0.001 3.937 < 0.001
    VIM 1.73±0.77 2.35±1.03 2.41±0.97 2.994 < 0.001 3.707 < 0.001
TG variability
    SD 22.45±7.79 30.82±9.51 28.15±7.65 5.230 < 0.001 3.382 < 0.001
    CV 0.35±0.26 0.63±0.33 0.61±0.32 5.125 < 0.001 4.241 < 0.001
    VIM 1.53±0.75 2.39±1.03 2.18±0.95 5.202 < 0.001 3.629 < 0.001
a: Non-occurrence group vs. recurrence group; b: Non-occurrence group vs. death group. LDL-C: low-density lipoprotein choles-
terol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG: triglycerides; SD: standard deviation; CV: coefficient 
of variation; VIM: variability independent of the mean.

Recurrence risk prediction based on lipid vari-
ability

ROC curve analysis indicated that all lipid vari-
ability models, including LDL-C, HDL-C, TC, and 
TG, showed consistently good predictive per- 
formance for assessing recurrence risk. The 
area under the curve (AUC) for LDL-C variability 
was 0.90 (95% CI: 0.85-0.96) (Figure 2), and 
for HDL-C variability it was 0.90 (95% CI: 0.87-

0.93) (Figure 3). The TC variability model yield-
ed an AUC of 0.86 (95% CI: 0.80-0.93) (Figure 
4), and the TG variability model had an AUC of 
0.86 (95% CI: 0.79-0.93) (Figure 5).

Multifactorial logistic regression analysis for 
death

Multivariate logistic regression analysis identi-
fied LDL-C, HDL-C, TC, and TG as independent 
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Table 3. Logistic regression analysis of factors associated with recurrence
B SE Wald x2 P OR 95% CI

LDL-C variability
    SD 0.471 0.108 18.951 < 0.001 1.601 1.295-1.979
    CV 2.046 1.019 4.034 0.045 7.735 1.051-56.945
    VIM 0.922 0.286 10.425 0.001 2.514 1.437-4.400
HDL-C variability
    SD 1.440 .447 10.361 0.001 4.221 1.756-10.144
    CV 3.670 1.217 9.098 0.003 39.246 3.615-426.033
    VIM 2.399 .551 18.968 < 0.001 11.016 3.742-32.430
TC variability
    SD 0.251 .062 16.486 < 0.001 1.286 1.139-1.452
    CV 2.895 .827 12.266 < 0.001 18.089 3.579-91.435
    VIM 0.732 .287 6.510 0.011 2.078 1.185-3.646
TG variability
    SD 0.104 .030 11.882 0.001 1.109 1.046-1.176
    CV 1.855 .836 4.929 0.026 6.392 1.243-32.872
    VIM 0.882 .312 7.968 0.005 2.415 1.309-4.454
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG: triglycerides; SD: 
standard deviation; CV: coefficient of variation; VIM: variability independent of the mean.

Figure 2. Recurrence risk prediction based on LDL-C variabil-
ity. A: Nomogram; B: ROC curve. LDL-C: low-density lipopro-
tein cholesterol; ROC: receiver operating characteristic.

risk factors for death in elderly patients with 
ICD (P < 0.05) (Table 4).

Death risk prediction based on lipid variability

ROC curve analysis showed that all lipid vari-
ability models demonstrated good predictive 
ability for assessing death risk. The AUC for 
LDL-C variability was 0.88 (95% CI: 0.80 to 
0.96) (Figure 6), for HDL-C variability it was 
0.81 (95% CI: 0.71 to 0.91) (Figure 7), for TC 
variability it was 0.86 (95% CI: 0.78 to 0.93) 
(Figure 8), and for TG variability it was 0.83 
(95% CI: 0.74 to 0.93) (Figure 9).

Discussion

Ischemic cerebrovascular disease (ICD) is 
attributed to a variety of factors, including 
increased vascular permeability or damage to 
the vessel wall [10], heart disease leading to 
hemodynamic changes [11], elevated blood 
cell counts and altered blood viscosity [12], as 
well as other etiologies such as embolism [13], 
congenital vascular malformations [14], and 
cerebral vasospasm [15]. However, the most 
common etiology is vessel wall damage and 
vascular occlusion by emboli, with atheroscle-
rotic injury and embolization from plaque or 
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Figure 3. Recurrence risk prediction based on HDL-C variability. A: 
Nomogram; B: ROC curve. HDL-C: high-density lipoprotein choles-
terol; ROC: receiver operating characteristic.

Figure 4. Recurrence risk prediction based on TC variability. A: 
Nomogram; B: ROC curve. TC: total cholesterol; ROC: receiver op-
erating characteristic.

Figure 5. Recurrence risk prediction based on TG vari-
ability. A: Nomogram; B: ROC curve. TG: triglycerides; 
ROC: receiver operating characteristic.

thrombus formation being the predominant 
causes [15]. Growing attention has been paid 

to the prognostic significance of variability in 
several physiological functions, such as heart 
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Table 4. Logistic regression analysis of factors associated with mortality
B SE Wald x2 P OR 95% CI

LDL-C variability
    SD 0.287 0.101 8.028 0.005 1.332 1.092-1.624
    CV 2.102 1.107 3.605 0.058 8.181 0.935-71.627
    VIM 1.337 0.352 14.398 0.000 3.808 1.909-7.597
HDL-C variability
    SD 0.791 0.298 7.066 0.008 2.206 1.231-3.955
    CV 2.190 0.874 6.287 0.012 8.938 1.613-49.525
    VIM 1.019 0.366 7.771 0.005 2.771 1.353-5.673
TC variability
    SD 0.278 .079 12.335 < 0.001 1.320 1.131-1.542
    CV 2.567 1.098 5.469 0.019 13.029 1.515-112.021
    VIM 0.887 .343 6.694 0.010 2.429 1.240
TG variability
    SD 0.091 0.034 7.032 0.008 1.095 1.024-1.172
    CV 2.875 0.991 8.410 0.004 17.729 2.540-123.766
    VIM 0.856 0.321 7.124 0.008 2.355 1.255-4.416
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG: triglycerides; SD: 
standard deviation; CV: coefficient of variation; VIM: variability independent of the mean.

Figure 6. Death risk prediction based on LDL-C variability. A: 
Nomogram; B: ROC curve. LDL-C: low-density lipoprotein choles-
terol; ROC: receiver operating characteristic.

rate variability and blood pressure variability,  
in cerebrovascular disease. Abnormal lipid lev-
els is an established risk factor for the onset 
and progression of various cerebrovascular 
conditions [16-18]. Recent studies have fur- 
ther suggested that increased lipid variability, 
reflecting lipid fluctuations over time, may also 
increase the risk of major cerebrovascular 
events. The objective of this study was to in- 
vestigate the association between lipid variabil-
ity and the risks of recurrence and mortality in 
elderly patients with ICD.

Previous studies have indicated that poor ICD 
prognosis is predominantly associated with 
advanced age and a history of hypertension 
[19, 20]. However, in the present study, signifi-
cant differences among the no-recurrence, 
recurrence, and death groups were observed 
only for age, with patients in the death group 
being significantly older than those in the non-
occurrence group. No significant age difference 
was found between the recurrence and non-
occurrence groups. These findings differ from 
those reported in previous studies. This dis-
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crepancy may be explained by several factors. 
First, the sample size in the death group of this 

study is relatively small. Second, more than 
50% of patients in all three groups had a histo-

Figure 7. Death risk prediction based on HDL-C variability. A: 
Nomogram; B: ROC curve. HDL-C: high-density lipoprotein cho-
lesterol; ROC: receiver operating characteristic.

Figure 8. Death risk prediction based on TC variability. A: 
Nomogram; B: ROC curve. TC: total cholesterol; ROC: receiv-
er operating characteristic.

Figure 9. Death risk prediction based on TG variability. 
A: Nomogram; B: ROC curve. TG: triglycerides; ROC: re-
ceiver operating characteristic.
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ry of hypertension, a known risk factor for car-
diovascular disease. The uniformly high pre- 
valence of hypertension may have obscured 
potential differences in other risk factors, su- 
ch as diabetes mellitus, smoking, and alcohol 
consumption.

Lipids constitute the largest proportion of the 
brain’s dry weight among all biochemical com-
ponents [21]. Dyslipidemia is common in pa- 
tients with ICD and can promote vascular  
coagulation abnormalities, leading to vascular 
occlusion and perpetuating the cycle of athero-
sclerosis, which serves as a major pathologic 
basis for cerebrovascular disease [22]. Chronic 
endothelial injury induced by inflammation 
results in localized vascular lipid deposition, 
fibrous tissue proliferation, and calcium deposi-
tion, ultimately leading to plaque formation and 
vascular stiffening [23, 24]. Currently, more 
than 300 lipid species have been identified  
in atherosclerotic plaques. Of these, TC repre-
sents the sum of cholesterol in all circulating 
lipoproteins, including free cholesterol and  
cholesteryl esters [25]. LDL-C, characterized by 
small particle size and high cholesterol con- 
tent, primarily transports cholesterol to extra-
hepatic tissues and plays a key role in the 
pathogenesis of atherosclerosis [26]. HDL-C is 
the smallest and densest lipoprotein, com-
posed primarily of phospholipids, free choles-
terol, cholesteryl esters, and apolipoprotein A-I 
(Apo A-I) [27]. While triglyceride (TG) were previ-
ously thought to have little effect on the devel-
opment of atherosclerosis, recent studies have 
demonstrated that elevated plasma TG levels 
stimulate cholesterol-lipid transporter proteins, 
disrupt lipid metabolism, and promote choles-
terol accumulation in LDL-C and intermediate-
density lipoproteins. These particles, resistant 
to clearance by LDL receptor pathways, persist 
in plasma and contribute to atherogenesis [28]. 
Due to the differences in structure and physio-
logic function, the roles of different lipid com-
ponents vary in ICD. Most studies have indicat-
ed that elevated TC, TG, and LDL-C levels are 
risk factors, whereas HDL-C is considered pro-
tective against cerebrovascular disease [29]. 

However, lipid levels often fluctuate over time, 
making single-point measurements insufficient 
for risk assessment. Variability measures such 
as standard deviation (SD), coefficient of varia-
tion (CV), and variability independent of the 

mean (VIM) offer more comprehensive evalua-
tions by quantifying the extent of lipid fluctua-
tions, independent of data distribution. It is 
postulated that greater lipid variability contrib-
utes to poor outcomes by accelerating athero-
sclerotic plaque progression. High lipid variabil-
ity may trigger inflammatory stress responses 
and endothelial dysfunction, leading to intracel-
lular lipid accumulation and potential statin 
resistance, which collectively enhance the risk 
of thrombosis and subsequent recurrence or 
death [30]. Consistent with this hypothesis, 
this study demonstrated that lipid variability 
indices were significantly higher in the recur-
rence and death groups than in the non-recur-
rence group, suggesting that lipid variability 
may adversely affect patient prognosis. No  
significant difference in lipid variability was 
observed between the recurrence and death 
groups. This may be explained by the fact that 
recurrent stroke often signifies an unfavorable 
prognosis, particularly in elderly ICD patients 
whose physiologic reserve is diminished. Con- 
sequently, the interval between recurrence and 
death may be shortened. Our follow-up data 
indicated that some patients who relapsed 
eventually succumbed to their illness, often 
due to delays in seeking or receiving timely 
medical intervention. This reflects the clinical 
reality that, in elderly ICD patients, the distinc-
tion between recurrence and death becomes 
less clear.

The results of the logistic regression analysis 
indicated that the variability in LDL, HDL, TC, 
and TG was associated with both relapse and 
death in elderly patients with acute ICD. Further 
ROC curve analysis demonstrated that these 
variabilities possessed moderate to high pre-
dictive value for relapse and death, suggesting 
their use in risk stratification. The observed cor-
relation between lipid variability and increased 
risk of recurrence and mortality may be ex- 
plained by several mechanisms. First, oxidized 
LDL particles penetrate the arterial endotheli-
um, exacerbating local inflammatory response 
and leading to endothelial damage [31]. In- 
creased lipid variability may destabilize the vas-
cular wall, promoting abnormal lipid efflux and 
elevating the risk of plaque vulnerability and 
rupture [32]. Conversely, high HDL variability 
may impede cholesterol efflux from periphe- 
ral tissues and macrophages, contributing to 
plaque instability. 
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Furthermore, increased lipid variability has 
been linked to genetic factors affecting choles-
terol metabolism, such as polymorphisms in 
the gene encoding HMG-CoA reductase [33]. 
Another potential explanation may related to 
the systemic nature of atherosclerosis, which 
typically progresses from the aorta to the co- 
ronary, cerebral, and peripheral arteries. High 
lipid variability could contribute to systemic 
vascular instability, increasing the risk of recur-
rence or death not only from cerebrovascular 
events but also from comorbid cardiovascular 
or peripheral vascular diseases [34].

Monitoring lipid variability in clinical practice  
is beneficial for risk management in elderly 
patients with acute ICD. Timely adjustments to 
postoperative treatment based on fluctuations 
in lipid variability may improve overall clinical 
outcomes. It is important to note that this  
study is not without limitations. First, the rela-
tively small sample size may have introduced 
bias and limited the generalizability of the find-
ings. Second, although elderly ICD patients are 
at an increased risk of mortality following dis-
ease recurrence, the relatively short follow- 
up period may have affected the accuracy of 
the observed outcomes. Third, the underlying 
mechanisms linking lipid variability to adverse 
outcomes were not fully explored. Future stud-
ies should involve larger, multicenter cohorts 
and employ prospective design to further eluci-
date the mechanistic pathways and enhance 
the reliability and clinical applicability of the 
findings. 

Conclusion 

Lipid variability is associated with adverse ce- 
rebrovascular events in elderly patients with 
acute ICD and serves as an independent risk 
factor for recurrence and mortality. 
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