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   Introduction 
 Interleukin 8 (IL-8) was the fi rst member of the chemokine 
superfamily (C-X-C) to be discovered, and it has both chemotactic 
and immunoactivating eff ects. Macrophages have been shown 
to represent a major source of IL-8 production (1), but it is also 
released from virtually all nucleated cells (2). 

 Pleiotropic properties of IL-8 have been well characterized in 
cardiometabolic diseases. In the setting of cardiovascular disease 

(CVD), IL-8 participates in the process of atherogenesis (3,4), 
plaque destabilization (5), neovascularization (6), and angiogen-
esis (7). In cancer, IL-8 recruits leukocyte infi ltration and neo-
vascularization, crucial factors that precede the invasiveness and 
metastatic potential of malignant cells (8,9). 

 A few previous population-based studies have reported con-
troversial associations of circulating IL-8 levels with the risk for 
coronary artery disease (10 – 12), and some previous studies have 
reported an association between higher IL-8 and adverse out-
comes in patients with cancer (13). To the best of our knowledge, 
prospective studies on the association of IL-8 and total mortal-
ity are scarce. Results from the MEMO study indicated that IL-8 
levels are associated with total mortality (14). However, this study 
has a relatively small sample size. 

 Based on the previous experimental and observational stud-
ies suggesting a potential role of IL-8 in both CVD and cancer, 
we wanted to explore the hypothesis of circulating IL-8 as a bio-
marker for an increased mortality risk in a larger cohort. 

 Th us, the primary aim of this study was to investigate the as-
sociation between increments in IL-8 serum levels and the risk of 
total mortality in the Prospective Investigation of the Vasculature 
in Uppsala Seniors (PIVUS) study, a community-based sample 
of elderly men and women. Due to reported sex diff erences in 
IL-8 levels and cardiovascular outcomes (12), we also aimed to 
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   Key messages    

 An elevated serum level of IL-8 was associated with  •
an increased risk of all-cause mortality in elderly 
women.   
 Th is relationship was independent of traditional  •
cardiovascular risk factors and infl ammation (CRP).   
 No association between IL-8 and mortality was found in  •
elderly men.    

  Abstract 
  Objective.  To elucidate the association among circulating IL-8 and 
total mortality in a cohort of elderly, and to explore potential sex 
diff erences in the observed association. 
  Methods.  The Prospective Investigation of the Vasculature in 
Uppsala Seniors (PIVUS) is a cohort of 70-year-old men and 
women living in Uppsala, Sweden; baseline period: 2001 – 2004. 
IL-8 serum measurements were performed in 1003 participants. 
  Results.  In total, 61 men and 40 women died during follow-up 
(median 7.9 years). Baseline IL-8 concentrations were higher 
in women than in men ( P    �     0.03). In a multivariable model 
adjusting for age, established cardiovascular risk factors, and C-
reactive protein, log-transformed standard deviation increments 
in IL-8 levels were weakly associated with an increased risk for 
total mortality (hazard ratio (HR) 1.12, 95% confi dence interval 
(CI) 1.02 – 1.23,  P     �    0.05) in the whole cohort. Stratifi ed analysis 
revealed an association in women (HR 1.18, 95% CI 1.06 – 1.30, 
 P     �    0.01) but not in men (HR 0.98, 95% CI 0.76 – 1.26). 
  Conclusions.  A weak association between IL-8 serum levels and 
an increased risk for mortality was observed. The prospective 
data support the role of IL-8 as a biomarker of interest; yet, 
further studies are warranted to elucidate validity of our fi nding 
and the possibility of a sex diff erence.   

 Key words:   All-cause mortality  ,   community-based cohort  , 
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explore potential sex diff erences regarding the strength of these 
associations.   

 Materials and methods  

 The Prospective Investigation of the Vasculature in Uppsala 
Seniors (PIVUS) 
 All 70-year-old men and women living in Uppsala, Sweden, 
2001 – 2004 were eligible for the PIVUS study (15) (described in 
detail on http://www.medsci.uu.se/pivus/pivus.htm). Of 2025 
invited individuals, 1016 agreed to participate. Of these, par-
ticipants were excluded due to missing data on IL-8, leaving 1003 
participants as the present study sample. All participants gave 
written informed consent, and the Ethics Committee of Uppsala 
University approved the study protocol.   

 Baseline investigations 
 Th e baseline investigations in PIVUS included anthropometrical 
measurements, blood pressure measurements, blood sampling, 
and questionnaires regarding socio-economic status, medical 
history, smoking habits, medication, and physical activity level 
(15,16). Venous blood samples were drawn in the morning aft er 
an overnight fast and stored at  � 70 ° C until analysis. 

 Serum levels of IL-8 were analyzed on the Evidence  ®   array bio-
chip analyzer (Randox Laboratories Ltd, Crumlin, UK) (17). Th e 
functional sensitivity for IL-8 was 1.5 pg/mL. High-sensitivity 
CRP measurements were performed with the use of an Archi-
tect ci8200 in PIVUS (18). Diabetes mellitus was diagnosed as 
fasting plasma glucose  �    7.0 mmol/L ( �    126 mg/dL), or use of 
anti-diabetic medication (19). Adiponectin serum levels were 
assessed with a double-antibody RIA (Linco Research, St. Louis, 
MO, USA). 

 Prevalent cardiovascular disease at baseline was defi ned as a 
history of ischemic heart disease or cerebrovascular disease, or 
Q-, QS-complexes, or left  bundle-branch block in baseline ECG.   

 End-point defi nitions 
 Th e Swedish cause-of-death register was used to identify those 
who died during follow-up. Th e completeness of this register has 
been shown to be very high (20).   

 Statistical analysis  

 Primary analyses 
 We initially investigated distributions of all variables. We there-
aft er investigated cohort-specifi c associations of serum IL-8 
(primarily modeled as a log-transformed continuous variable, 
per standard deviation (SD); and secondarily by stratifi cation at 
the median with low levels as referent) with total mortality using 
Cox proportional hazards regression in the following multivari-
able models (using the participants ’  age as the timeline): A) age; 
B) age and established cardiovascular risk factors (sex, systolic 
blood pressure, diabetes, smoking, BMI, total cholesterol, HDL-
cholesterol, antihypertensive treatment, lipid-lowering treatment, 
and prevalent cardiovascular disease) were explored to determine 
to what extent associations with these factors can explain our 
fi ndings; and C) factors in Models A and B, and infl ammation 
(CRP). 

 Proportional hazards assumptions were confi rmed by 
Schoenfeld ’ s tests.   

 Secondary analyses 
 We performed secondary analyses in the PIVUS cohort in which 
serum adiponectin levels were added to Models B and C to explore 

if an association between IL-8 and adiponectin can explain our 
fi ndings. We investigated eff ect modifi cation by gender and CRP by 
including multiplicative interaction terms in Model C in PIVUS. 

 Additionally, we calculated the risks associated with combina-
tions of high/low IL-8 levels with normal – high C-reactive protein 
(CRP) levels ( �    3 mg/L versus  �    3 mg/L) (21). 

 Several tests were performed to determine model discrimina-
tion in the prediction of mortality for IL-8 and CRP. Model dis-
crimination was quantifi ed by the C-statistic for Cox regression, 
which can be interpreted as the area under the receiver-operating 
characteristic curve for a corresponding logistic regression model 
(22). Likelihood ratio tests have been suggested to be optimal 
to test the null hypothesis, whether the Cox regression models 
improve signifi cantly when a biomarker is added (23). We tested 
if IL-8 and CRP added signifi cantly to models with established 
CVD risk factors. 

 A two-sided  P  value    �    0.05 was regarded as signifi cant in all 
analyses. Stata11.2 (Stata Corp College Station, TX, USA) was 
used for all analyses.     

 Results 
 Mean values  �  standard deviations for continuous variables 
and prevalence rates for categorical variables are presented for 
men and women in Table I. Th e median IL-8 and confi dence 
intervals (CI) were signifi cantly diff erent among sexes (pg/mL): 
6.3 (6.0 – 6.5) in men and 6.8 (6.4 – 7.2) in women, respectively 
( P    �      0.03). 

 During follow-up (median 7.9 years; range 0.9 – 9.7 years), 61 
men and 40 women died. Th e mortality rate (MR) per 100 person 
years follow-up and 95% CI according to IL-8 categorized as be-
low and above the median are shown in Table II. 

 Results from Cox regression using IL-8 as a continuous and as 
a categorized exposure are given in Table III for the entire cohort, 
and in men and women, separately. 

 In the whole cohort, 1 SD higher ln (IL-8 circulating levels) was 
associated to 11% – 12% higher risk in all multivariable models. 
Th e association between IL-8 and mortality remained unaltered 
when we explored the infl uence of adiponectin added to model 
C, hazard ratio per SD increase (HR), 95% CI 1.10 (1.00 – 1.21). 
No statistically signifi cant eff ect modifi cation by sex was present 
( P    �     0.29). Th ere was also no signifi cant interaction between CRP 
and sex ( P    �     0.85) or between CRP and IL-8 ( P    �     0.78). 

 In women, 1 SD higher ln (IL-8 circulating levels) was associ-
ated to 18% higher total mortality rate in the crude model, and it 

  Table I. Baseline characteristics in the PIVUS cohort.  
Variable Men Women
Number of subjects 504 499
Serum interleukin 8 (IL-8) (pg/mL) 8.5    �    13.4 9.1    �    17.7
Serum interleukin 6 (IL-6) (pg/mL) 32.7    �    91.4 27.2    �    76.9
C-reactive protein (CRP) (mg/L) 2.6    �    6.4 2.4    �    3.7
Body mass index (kg/m 2 ) 27.0    �    3.7 27.1    �    4.9
Serum total cholesterol (mg/dL) 5.1    �    1.0 5.7    �    1.0
Serum HDL cholesterol (mg/dL) 1.4    �    0.4 1.7    �    0.4
Systolic blood pressure (mmHg) 146    �    22 153    �    23
Diastolic blood pressure (mmHg) 79.4    �    10.3 78.1    �    10.1
Fasting glucose (mmol/L) 5.5    �    1.7 5.2    �    1.4
Smoking,  n  (%) 50 (9.9) 58 (11.6)
Diabetes,  n  (%) 52 (10.3) 35 (7.1)
Previous cardiovascular disease,  n  (%) 108 (21.4) 57 (11.4)
Lipid-lowering treatment,  n  (%) 89 (17.8) 71 (14.2)
Antihypertensive treatment,  n  (%) 158 (31.5) 151 (30.7)

    Data are mean  �  standard deviation for continuous variables and  n  (%) for 
categorical variables.   
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remained signifi cant aft er adjustments for established cardiovas-
cular risk factors. An increased, non-signifi cant point estimate, 
however, was observed aft er adjustments by CRP. 

 Th e group of women with the IL-8 levels above the median 
was at a doubled risk of total mortality when compared with 
participants with the lowest IL-8 levels. Th e association between 
circulating IL-8 levels above the median and total mortality was 
still signifi cant aft er further adjustments for traditional cardiovas-
cular risk factors and infl ammatory biomarkers (Models B and 
C). Th e cumulative incidences of mortality in female participants 
above versus below median of IL-8 are shown in Figure 1A. 

 No association between IL-8 and mortality was found in men 
in any model (Table III, Figure 1B) 

 Th e C-statistics to predict mortality for a model with CRP, 
sex, and established cardiovascular risk factors was 0.667. Th e 
C- statistics increased to 0.675 when SD increments of IL-8 were 
added to the model. Sex-adjusted likelihood ratio tests of the whole 
cohort revealed that neither IL-8 ( P    �     0.06) nor CRP ( P    �     0.43) 
added signifi cantly to the prediction of mortality in Cox regres-
sion models adjusted for established cardiovascular risk factors.   

 Discussion  

 Principal fi ndings 
 Th e major fi nding of the present study is that elevated serum 
levels of IL-8 are weakly associated with an increased risk of all-
cause mortality, an association that was present in elderly women 
but not men in a stratifi ed analysis. Th is relationship was inde-
pendent of established cardiovascular risk factors and infl amma-
tion (CRP).   

 Comparison with literature 
 Th ere are a few previous studies that have reported the longitudinal 
association between circulating levels of IL-8 and adverse events. 
In the MEMO study, IL-8 levels were signifi cantly higher in par-
ticipants who died during the follow-up as compared to survivors, 
yet higher levels of IL-8 were not a predictor of total mortality in 

the analysis by tertiles (14). Of note, and in agreement with our 
fi ndings, the authors reported a higher point estimate in women 
than in men, although non-signifi cant. We have analyzed our ex-
posure using IL-8 as a continuous variable (log-transformed) and 
using the median as a cut-off  value. In this context, no consensus 
so far has been established when using cut-off  for biomarkers in 
population-based studies. As compared to the previous study, we 
did not adjust for interleukin 6 (IL-6) in the fi nal model, since we 
consider IL-6 to be in the intermediate pathway and not a con-
founder for the association of IL-8 and total mortality (24). As 
well, diff erences in baseline characteristics from both populations 
could also partially explain the discrepancy in the results of both 
cohorts of elderly. Likewise, higher IL-8 levels have been shown 
to predict cardiovascular mortality and all-cause mortality in a 
small cohort of patients with end-stage renal disease (25). 

 Current studies into the association of IL-8 levels as an inde-
pendent predictor of CVD are scarce and have not reached con-
sensus. Th e MONICA/KORA, a prospective case-cohort study, 
included as a composite outcome of fatal, incident, and non-fatal 
myocardial infarction (MI) and sudden cardiac death before the 
age of 75, reported that IL-8 levels precede but do not represent 
independent risk factors (11), whereas the EPIC-Norfolk, a nested 
case-control study that comprised fatal and non-fatal MI, observed 
an association of IL-8 levels and increased risk of incident CVD 
(10). Recently, in a large population-based MI case-control study, 
elevated levels of serum IL-8 were associated with a reduced MI 
occurrence among women aged 45 – 70 years, possibly explained 
by diff erent eff ects of IL-8 over diff erent stages of CVD (12). 

 In the context of cancer diseases, IL-8 levels have been dem-
onstrated to be an independent prognostic factor of survival for 
hepatocellular carcinoma (26) and is associated with 10 diff erent 
types of cancer: colorectal cancer, hepatocellular cancer, bone 
sarcomas, gastric cancer, metastastic breast cancer, esophageal 
cancer, soft  tissue sarcoma, prostate cancer, diff use large B cell 
lymphoma, and non-small cell lung cancer (13). In fact, IL-8 has 
been shown to have a prognostic impact on breast cancer recur-
rence according to breast cancer subtype (27), suggesting a pro-
found eff ect of IL-8 on the tumor microenvironment (28).   

  Table II. Incidence rates of serum IL-8 for total mortality in the PIVUS cohort by gender.  

Total mortality
Th e PIVUS cohort

All Men Women
NE/NR IR (95% CI) NE/NR IR (95% CI) NE/NR IR (95% CI)

IL-8 below median 43/471 1.1 (0.8 – 1.5) 31/245 1.5 (1.0 – 2.1) 12/226 0.6 (0.4 – 1.1)
IL-8 above median 58/431 1.5 (1.2 – 2.0) 30/198 1.7 (1.2 – 2.4) 28/233 1.4 (0.9 – 2.0)

    Estimated rates (per 100) and lower/upper bounds of 95% confi dence intervals.   
 IR    �    incidence rates per 100 person years follow-up; NE/NR    �    number of events/numbers at risk.   

  Table III. Cox proportional hazard regression models.  
All Men Women

Hazard ratio 
(95% CI)

Hazard ratio 
(95% CI)

Hazard ratio 
(95% CI)

Continuous models:   per SD higher lnIL-8
Model A 1.14 *  (1.05 – 1.25) 1.01 (0.78 – 1.33) 1.18 *  *  *  (1.08 – 1.29)
Model B 1.11 *  (1.01 – 1.23) 0.97 (0.75 – 1.27) 1.18 *  *  (1.06 – 1.30)
Model C 1.12 *  (1.02 – 1.23) 0.98 (0.76 – 1.26) 1.18 *  *  (1.06 – 1.30)

Above versus below median (referent)
Model A 1.46 (0.98 – 2.17) 1.16 (0.70 – 1.91) 2.16 *  (1.09 – 4.24)
Model B 1.50 *  (1.00 – 2.24) 1.07 (0.65 – 1.79) 2.53 *  (1.22 – 5.24)
Model C 1.52 *  (1.01 – 2.23) 1.09 (0.65 – 1.83) 2.53 *  (1.22 – 5.23)

    Model A: adjusted by sex; Model B: factors in Model A, and established cardiovascular risk factors (BMI, smoking, 
lipid-lowering treatment, diabetes, systolic blood pressure, previous cardiovascular disease, HDL-cholesterol, total 
cholesterol, antihypertensive treatment); and Model C: factors in Model B, and infl ammation (CRP).   
   * P   �  0.05,  *  *  P     �    0.01, and  *  *  *  P     �    0.001.   
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stimulates IL-8 release from neutrophils (36) and that smoking 
decreases the adiponectin concentrations more in women than 
in men (37), which may be of relevance since adiponectin has 
been shown to down-regulate IL-8 production (38) . Additionally, 
elevated adiponectin levels have been associated with total mor-
tality and cardiovascular mortality in subjects with established 
atherosclerosis (39). Yet our results remained signifi cant aft er 
adjustments for current smoking and circulating adiponectin 
levels, indicating that this is not a major pathway explaining our 
fi ndings. 

 Second, more men were prescribed statin treatment than 
women in our study. Drug therapy with statins has been shown 
to down-regulate IL-8 production by the endothelium and leuko-
cytes (40). Th ese observations could partly explain the sex diff er-
ences on circulating IL-8 at baseline and the lack of association 
between IL-8 levels and mortality in men. Yet, this cannot be 
the sole explanation as adjustments for statin treatment did not 
change our results. 

 Th ird, adiposity is strongly associated with low-grade systemic 
infl ammation, and women tend to have a higher percentage of 
body fat, especially subcutaneous fat, than do men, despite com-
parable amounts of liver and intra-abdominal fat (41). Neverthe-
less, aging, in particular, increases the visceral fat component 
of weight gain in women (42). In fact, postmenopausal women 
have increased infl ammatory responses in the subcutaneous fat 
and higher serum IL-8 than those of premenopausal women (43). 
Even though our observed association is independent of BMI, 
women at age 70 might have a higher visceral adiposity that is not 
refl ected by the body mass index (44). We have further adjusted 
for waist circumference, and the results did not change: HR 95% 
(CI) 2.6 (1.23 – 5.47). Of note, studies in animal models have shown 
that estradiol, per se, lowers the basal and hypercholesterolemia-
induced increases in IL-8 receptor mRNA and protein (45,46); 
however, it has also been reported that IL-8 serum levels are not 
regulated by the IL-8 receptor gene (12). 

 Fourth, IL-8 has been associated with mobilized progenitor 
cells in acute MI and may in this case have a potential benefi -
cial eff ect (6). Several studies have demonstrated that circulating 
endothelial progenitor cells (EPCs) are reduced in the presence 
of classic cardiovascular risk factors, including non-modifi able 
risk factors such as age. In particular, males have lower EPCs 
than females do; however, whether EPCs levels in postmeno-
pausal women are higher than in men of the same age is debated 
(47 – 49). Hence, taken together, it can be speculated that IL-8 
homing capacity of EPCs is aff ected in women aft er menopause, 
a process that may interfere with neovascularization aft er MI and 
increased CV mortality. We have not been able to fi nd any data on 
the eff ects of IL-8 in cancer mortality.   

 Clinical implications 
 Aging has been positively correlated with chemokine concentra-
tions, including IL-8 (11,14), and a chronic low-grade infl amma-
tory activity has been associated with age-related diseases and 
increased mortality risk in cohorts of elderly (50). Although rates 
of death attributable to CVD have declined in many developed 
countries (51), CVD was the main cause of death followed by can-
cer during the follow-up period in the present study (52). Th us, it 
is likely that the association between IL-8 and mortality to a large 
degree is driven by an association with mortality due to CVD or 
cancer. 

 Our fi ndings suggest that IL-8 may be particularly promising 
in elderly women. Since IL-8 serum levels add additional prog-
nostic information identifi ed by normal C-reactive protein (CRP) 
levels, IL-8 measurements could be of value to identify women 

 Potential mechanisms for the observed associations 
 Although it is not possible to establish causality in this obser-
vational study, there are several important properties of IL-8 
that may explain the association between higher IL-8 and 
increased risk for mortality. Evidence shows that IL-8 exerts 
pro-infl ammatory, pro-atherogenic, pro-angiogenic, and tum-
origenic activities (29 – 31). IL-8 is involved from the initiation 
and progression of atherosclerosis to cardiovascular remodel-
ing (3,5,32,33). Circulating levels of IL-8 have been shown to 
be higher in individuals with established coronary heart disease 
(CHD) than in individuals without CVD (34,35). In cancer, IL-8 
has been associated to tumor size, depth of infi ltration, or as-
sociated with increasing stage of disease stage (13). 

 Th e reason to why the association between IL-8 and mortal-
ity was predominantly seen in women in the present study is not 
clear. However, speculatively, there are some potential mecha-
nisms that may explain these fi ndings. 

 First, we observed a signifi cantly higher circulating IL-8 lev-
els in women than in men at baseline. Concomitantly, smoking 
was more prevalent in women. It has been shown that nicotine 
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  Figure 1.     Nelson – Aalen survival curve. (A) Women. (B) Men.  
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with a higher CVD-risk associated with an increased infl amma-
tory level beyond what CRP does. However, likelihood ratio tests 
for IL-8 as well as CRP were non-signifi cant when the whole co-
hort was analyzed in the present study, indicating that the clinical 
use of IL-8 and CRP is limited when it comes to the prediction of 
mortality in the elderly in general. 

 Many cytokines are associated to one another, which is why 
adjustments for many of them in the same model are of little in-
terest clinically. Yet, IL-8 was associated with mortality in models 
adjusted for CRP and established cardiovascular risk factors in 
the present study, indicating its independence.   

 Strengths and limitations 
 Th e strength of the study includes the homogeneous, community-
 based study samples with longitudinal data and the detailed char-
acterization of the study participants pertaining to lifestyle and 
cardiovascular risk factors. 

 Th e present population-based sample had a moderate partici-
pation; however, a sensitivity analysis showed the present sample 
to be representative of the total population regarding MI, car-
diovascular treatment, and coronary revascularization, whereas 
diabetes, heart failure, and prior stroke were more common in 
non-participants (15). Our interaction analysis did not support 
the notion of an eff ect modifi cation by gender on the strength 
of the association between IL-8 and mortality. Additional, much 
larger studies are needed to investigate this issue properly. How-
ever, men and women have diff erent mortality risks in general 
(53,54), as well as diff erences with regard to IL-8 and other in-
fl ammatory cytokines (12,14,55). Th us, we believe that a stratifi ed 
analysis is justifi ed. 

 Th e main limitation of the present study is that PIVUS is 
limited to elderly individuals of Caucasian origin, and there-
fore our results might not necessarily be extrapolated to other 
ethnic and age-groups. Our study participants were recruited at 
the age of 70 and may have been subject to healthy cohort ef-
fects. Moreover, Sweden has a high average mortality age (80.1 
years for men and 83.7 years for women in 2013 according to 
Statistics Sweden). Th e relatively few events during follow-up 
resulted in fairly wide confi dence intervals and consequently a 
greater uncertainty regarding the true risk estimates. Th e lack of 
data on cause-specifi c mortality is also a limitation; however, that 
would also require a larger cohort study. Since IL-8 circulating 
levels might be a refl ection of diff erent stages of CVD (12), we 
cannot exclude residual confounding as a result of unmeasured 
(prevalent CV/infl ammatory diseases) or unknown risk factors. 
Yet, with the present length of follow-up, and limited number 
of fatalities, we believe that a multi-marker approach with many 
biomarkers would hamper the power of the study. Th erefore, our 
fi ndings require validation in other populations preferably using 
repetitive measurements for IL-8.    

 Conclusions 
 A weak association between IL-8 serum levels and an increased 
risk for mortality was observed. Given the hallmark of IL-8 con-
tribution to atherogenesis and tumorigenesis, further studies 
assessing the role of IL-8 as a marker of mortality in CVD and 
cancer with emphasis on sex diff erences are advocated to evalu-
ate the potential utility of this biomarker for prognosis in clinical 
settings.            

  Declaration of interest:   Th e authors report no confl icts of 
interest.   
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