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Abstract

mortality.

Exercise

Background: The plasma level of the inflammatory biomarker soluble urokinase plasminogen activator receptor
(suPAR) is a strong predictor of disease development and premature mortality in the general population. Unhealthy
lifestyle habits such as smoking or unhealthy eating is known to elevate the suPAR level. We aimed to investigate
whether change in lifestyle habits impact on the suPAR level, and whether the resultant levels are associated with

Results: Paired suPAR measurements from baseline- and the 5-year visit of the population-based Inter99 study
were compared with the habits of diet, smoking, alcohol consumption, and physical activity. Paired suPAR
measurements for 3225 individuals were analyzed by linear regression, adjusted for demographics and lifestyle
habits. Compared to individuals with a healthy lifestyle, an unhealthy diet, low physical activity, and daily
smoking were associated with a 5.9, 12.8, and 17.6% higher 5-year suPAR, respectively. During 6.1 years of
follow-up after the 5-year visit, 1.6% of those with a low suPAR (mean 2.93 ng/ml) died compared with 3.8%
of individuals with a high suPAR (mean 4.73 ng/ml), P < 0.001. In Cox regression analysis, adjusted for demographics
and lifestyle, the hazard ratio for mortality per 5-year suPAR doubling was 2.03 (95% Cl: 1.22-3.37).

Conclusion: Lifestyle has a considerable impact on suPAR levels; the combination of unhealthy habits was associated
with 44% higher 5-year sUPAR values and the 5-year suPAR was a strong predictor of mortality. We propose suPAR as a
candidate biomarker for lifestyle changes as well as the subsequent risk of mortality.
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Background

Lifestyle intervention is an integral part of the manage-
ment of common chronic diseases, including cardiovas-
cular disease (CVD), type 2 diabetes, and chronic
obstructive pulmonary disease [1-3]. Achieving and
maintaining a healthy lifestyle is challenging and the
benefit is often merely an abstract reduction in the risk
of future disease, which may be insufficient motivation
for sustaining a healthy lifestyle. However, individuals’
knowledge about their risk improves the adherence to
lifestyle changes [4-7]. In the 1990s, inflammation was
recognized as a major risk factor for the development of

* Correspondence: jespereugenolsen@gmail.com

'Clinical Research Centre, Amager and Hvidovre Hospital, Hvidovre, Denmark
“Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark

Full list of author information is available at the end of the article

B BMC

classical lifestyle diseases [8—11]. The gold standard for
measuring inflammation in healthy persons is C-reactive
protein (CRP) measured using a highly sensitive assay.
However, while CRP is a marker for CVD risk, an
indicator for mortality risk may be more appropriate
when assessing overall health. Also, CRP may lack
intra-individual stability [12—15]. Better biomarkers for
risk stratification may lead to more appropriate lifestyle
interventions and, thus, prevention of disease.

The urokinase plasminogen activator receptor (uPAR)
is expressed on activated immune cells and involved in
cell adhesion and migration, proliferation and invasion
through degradation of the extracellular matrix [16].
Under inflammatory conditions, uPAR is released from
the cell surface generating a soluble form of the receptor
(suPAR) with intrinsic chemotactic properties [17].
suPAR is a stable biomarker, both in vivo and in vitro
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[18, 19], and is positively correlated with labile
pro-inflammatory cytokines such as IL-1p and TNF-a as
well as with C-reactive protein [20]. Elevated levels are
associated with increased risk of CVD, type 2 diabetes,
chronic kidney disease, cancer, and premature death in
the general population [21-24]. We have previously
shown that suPAR levels are associated with lifestyle
[25], but it is currently unknown if lifestyle changes are
also reflected in subsequent suPAR measurements and if
such changes affect an individual’s mortality risk. If so,
suPAR could be used for guiding lifestyle changes,
similar to pharmacological interventions against
hypercholesterolemia or hypertension. To address
these questions, we investigated if lifestyle changes
during a 5-year period affected suPAR levels in a ran-
domized, population-based study. Furthermore, we
aimed to investigate if the resultant suPAR levels
were associated with mortality.

Results

Population characteristics

The study included 3225 individuals with suPAR measured
at baseline and at 5-year follow-up (see Fig. 1 and Methods
for details on study flow). From baseline to the 5-year visit,
11% of participants adopted a healthy diet, about 8% quit
smoking, and 5% fewer had a low level of physical activity
(Table 1). Alcohol consumption was stable, with about 15%
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drinking more than recommended both at baseline and at
5years. A baseline comparison with the participants who
did not have paired suPAR measurements available (n =
3473) showed a higher proportion of females (53.0% vs.
49.4%, P = 0.003), younger age (45.6 years vs. 46.4 years,
P< 0.001), and more daily smokers (43.3% vs. 28.6%,
P <0.001) among non-participants.

suPAR changes from baseline to the 5-year visit

The median baseline suPAR (suPAR,) was 3.08 ng/ml
(IQR 1.29) for men and 3.44ng/ml (IQR 1.46) for
women, and the median 5-year suPAR (suPAR;) was
3.29ng/ml (IQR 1.36) for men and 3.66 ng/ml (P<
0.0001, IQR 1.35) for women. suPAR increased signifi-
cantly over the 5year period with a similar increase in
both men (6.6%, IQR 42.0, P<0.0001) and women
(6.0%, IQR 41.7, P < 0.0001).

Diet

In univariate analyses, the median suPAR increase
was significantly higher for those with an unhealthy
5-year diet compared with a healthy diet (Table 2,
Fig. 2a). To isolate the effect of lifestyle habits on
suPAR changes by taking into account confounding,
models with appropriate adjustments were con-
structed. Briefly, suPARs; was modelled as a function
of age, sex, suPAR,, and lifestyle by multiple linear
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Fig. 1 Flow of study participants. The “misreported smoking” group includes the one participant who was a never smoker at baseline and daily
smoker at the 5-year visit.
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Table 1 Baseline- and 5-year characteristics
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Baseline 5-year visit
Mean or N (SD) or % Mean or N (SD) or %

Demographics

Age (years) 464 (7.8) 518 (7.8)

Male sex, no. 1632 50.6 - -
Risk factors

BMI (kg/m?) 26.0 4.3) 264 (44)

Total cholesterol (mmol/l) 547 (1.0 548 (1.0)

LDL cholesterol (mmol/l) 345 (0.9) 334 (0.9)

HDL cholesterol (mmol/l) 145 (04) 157 04)

Triglyceride (mmol/l) 128 (1.1) 131 (1.0)

Systolic blood pressure (mmHg) 130.0 (16.7) 1288 (16.4)

Diastolic blood pressure (mmHg) 825 (11.3) 80.9 (10.3)
Lifestyle

Diet, no. 3133 3165

Healthy 481 154 834 264

Average 2200 70.2 2053 64.9

Unhealthy 452 144 278 88
Smoking, no. 3201 3210

Never 1333 416 1333 415

Former 828 259 784 244

Occasional 125 39 13 35

Quit - - 271 84

Daily 915 286 709 22.1
Alcohol intake, no. 3114 3069

Abstinent 269 8.6 257 84

Within recommendations 2379 764 2380 775

Overuse 466 15.0 432 14.1
Physical activity, no. 3172 3193

Low activity 635 20.0 485 152

Light activity 1971 62.1 2047 64.1

Moderate activity 528 16.6 626 19.6

High activity 38 1.2 35 1.1

Baseline and 5-year characteristics of the main study sample with paired suPAR measurements (n = 3225). Abbreviations: SD standard deviation

regression. The back-transformed estimates are inter-
preted as the percent suPAR change associated with
each variable (Table 3). In Model 1, one life style
variable was included at a time, whereas in Model 2,
all four lifestyle variables were mutually adjusted (see
Methods for details on the modelling strategy). When
adjusted for suPAR,, age, and sex (Table 3, Model 1),
an unhealthy diet was associated with significantly
higher suPAR; when compared with a healthy diet.
With additional adjustments for the intervention
group and the other lifestyle factors, the effect was
attenuated, but still significant (Table 3, Model 2).

Smoking

The 238 participants who quit daily smoking since base-
line had a median suPAR decrease of 9.1% compared
with an 8.1% increase among never smokers (Table 2,
Fig. 2b). In Model 1, smoking habits were strongly asso-
ciated with suPAR; levels, with continuous daily smokers
having significantly higher suPAR compared with the
other categories (Table 3, Model 1). No significant differ-
ence was observed between never smokers and occa-
sional smokers (Table 3, Model 1). Interestingly, those
who quit daily smoking had suPARs levels comparable
to never smokers (daily=>quit vs. never, P=0.11). The
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Table 2 Median suPAR change from baseline to the 5-year visit stratified according to 5-year lifestyle

N SUPAR, (IQR) SUPAR; (IQR) % increase (IQR) P-value
All participants 3225 3.26 (141) 348 (1.39) 6.3 (41.8)
Diet rating
Unhealthy 278 331 (1.70) 3.77 (1.86) 10.8 (44.6)
Average 2053 327 (143) 348 (141) 6.2 (41.1)
Healthy 834 323 (129 338 (1.26) 39 (433) 0.11
Smoking
Daily
=Daily 642 4.09 (1.83) 4.39 (2.07) 7.0 (40.5)
=>QOccasional 33 3.25(147) 362 (1.77) —7.8(429)
=>Quit 238 3.85 (2.05) 340 (1.31) -9.1 (46.5)
Never/occasional/former
=>Daily 64 3.15(1.37) 355 (1.74) 16.8 (43.8)
=>Occasional 79 331 (1.07) 3.24 (0.96) 1.0 (40.2)
=>Former 781 3.09 (1.06) 3.30(1.15) 5.5 (425)
=>Never 1317 3.05 (1.15) 330 (1.14) 8.1 (40.9)
=>Quit 33 3.07 (0.93) 347 (1.03) 13.0 (404) < 0.001
Alcohol intake, men
Abstinent 92 332(1.79) 330 (1.24) —0.6 (48.6)
Within recommendations 1207 3.05(1.23) 3.26 (1.33) 72 (41.2)
Overuse 285 3.14 (1.36) 338 (1.39) 8.1 (433) 0.063
Alcohol intake, women
Abstinent 165 3.50 (1.74) 3.89 (1.65) 10.8 (49.6)
Within recommendations 1173 342 (1.44) 3.60 (1.29) 53 (41.1)
Overuse 147 341 (147) 362 (149) 59 (42.9) 022
Physical activity
Low activity 485 3.50 (1.60) 3.70 (1.66) 85 (424)
Light activity 2047 3.27 (1.40) 349 (1.39) 6.1 (422)
Moderate activity 626 3.15(1.24) 3.35(1.25) 50 (41.0)
High activity 35 2.81(0.78) 2.79 (0.59) 35 (494) 047

Median suPARy, suPARs, and % suPAR change from baseline to the 5-year visit stratified according to 5-year lifestyle. =: indicates the interaction between
baseline- and 5-year smoking habits. P-values from the Kruskal-Wallis test performed on the % suPAR change. Abbreviations: Cl: confidence interval; IQR:

interquartile range; suPARy: baseline suPAR; suPARs: 5-year suPAR

additional adjustments in Model 2 did not affect the es-
timates (Table 3, Model 2).

Alcohol

Alcohol consumption was not significantly associated
with suPAR changes in univariate analyses (Table 2).
In Model 1, alcohol overuse in men was associated
with higher suPARs when compared with a moderate
intake (P=0.022). In women, abstinence was associ-
ated with higher suPAR;, with no difference between
overuse and moderate intake (Table 3, Model 1). In
the fully adjusted Model 2, only the association for
women remained.

Physical activity

The univariate analysis showed a non-significant trend
towards less of an increase in suPAR with higher phys-
ical activity (Table 2, Fig. 2c). In adjusted analyses, low
physical activity was significantly associated with higher
suPAR; levels (Table 3, Model 1). In Model 2, the effect
was attenuated, but still significant (Table 3, Model 2).

Model control

To visualize the quality of the multiple linear regression
models, predicted suPAR; values were generated using the
final Model 2 (without alcohol). Plotting the model predic-
tions against the actual suPAR; values (Fig. 3) showed fair
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Table 3 Percent impact of 5-year lifestyle on 5-year suPAR
5-year follow-up
Model 1 Model 2
% more suPARs 95% Cl % more suPARs 95% ClI
Demographics
Age, men (per 5 years) 297 (2.0-38) 31 (2.3-4.0)
Age, women (per 5 years) 0.2 (-0.6-1.1) 0.7 (-0.09-1.6)
Female sex (vs. male sex) 69" (4.8-9.0) 80" (5.9-10.2)
Lifestyle
Diet (vs. healthy)
Unhealthy 1137 (7.2-15.5) 59" (2.0-10.0)
Average 38" (15-6.1) 19 (-03-42)
Smoking baseline=>»5-years
(vs. never=>never)
Daily
=Daily 188 (15.7-21.9) 176" (14.5-20.8)
=>QOccasional 3.1 (—=5.8-12.9) 43 (—4.8-14.1)
=>Quit =31 (—6.6-0.5) -3.0 (-6.5-0.7)
Never/former/occasional
=Daily 102" (32-177) 87 (18-16.1)
=>Occasional -35 (-9.1-24) -36 (-9.2-23)
=>Former -14 (=3.7-0.9) -13 (=3.5-1.1)
=>Quit 46 (—4.4-14.5) 59 (-3.2-16.0)
Physical activity (vs. high activity)
Low activity 175" (7.0-29.0) 128" (3.1-23.5)
Light activity 114" (1.8-220) 838 (-0.4-189)
Moderate activity 9.2 (-04-19.7) 77 (=1.5-17.8)
Alcohol intake, men (vs. recommended)
Abstinent 0.7 (—4.9-6.6) -10 (—64-47)
Overuse 42 06-7.8) 27 (-08-6.2)
Alcohol intake, women (vs. recommended)
Abstinent AN 25-11.9) 66 21-113)
Overuse 1.5 (-3.0-6.3) -09 (—5.2-37)

The effect of lifestyle on suPARs adjusted for suPAR,

Model 1: log,(suPARs) ~ age, sex, 1og,(suPARy) + one lifestyle factor per line (n = 3069-3225)

Model 2: log,(SUPARs) ~ age, sex, log,(suPAR,), intervention intensity, diet, smoking, and physical activity (n = 3166, R* = 0.326). For categorical variables, the
parenthesis indicates the reference value. Model 2 with alcohol was run separately because of missing observations (n = 3044, R* = 0.331)

=>: indicates the interaction between baseline and 5-year smoking habits, e.g. never (baseline)=»never (5-year). The horizontal line indicates the split between
Model 2 without (above) and with (below) alcohol habits. *: P < 0.05, **: P< 0.01, ***: P< 0.001. Abbreviations: Cl: confidence interval; sUPARy: baseline suPAR;

suPARs: 5-year suPAR

agreement between the actual and predicted suPARs.
However, the model systematically over-estimated low
suPAR; values and under-estimated high values.

5-year suPAR level and mortality

All 3950 participants with a suPAR; measurement and
complete smoking history were followed for a mean of 6.1
years after the 5-year visit, during which 82 subjects
(2.08%) died. When stratifying the participants according to
age- and sex-specific sSuPARs median splits, the group with

high suPAR; (mean 4.73 ng/ml, range 3.09-15.4 ng/ml) had
a mortality of 3.8% compared with 1.6% in the low suPARg
group (mean 2.93 ng/ml, range 0.90-3.76 ng/ml), P < 0.001
(Fig. 4). In Cox regression analyses, the hazard ratio (HR)
per suPAR; doubling was 242 (95% CI: 1.58-3.72) when
adjusted for age and sex. Even with additional adjustments
for all four lifestyle factors, the HR for mortality for a
suPARs doubling remained significant (Table 4). Only
5-year dietary habits had a significant impact on mortality
(HR 0.37 for a healthy diet vs. an unhealthy diet, P = 0.04)
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in the fully adjusted model; whereas, the effect of 5-year
smoking habits was non-significant when suPAR was in-
cluded in the model (data not shown).

Discussion

In this large study of individuals from the general popula-
tion measured at baseline and after 5 years—and followed
for 6 years hereafter—we demonstrated that major lifestyle
habits (diet, smoking, alcohol, and physical activity) are
reflected in the inflammatory biomarker suPAR, with
healthy habits generally associated with lower suPAR and
unhealthy habits with higher suPAR. The absolute suPAR;
level, in turn, was strongly associated with mortality, even
when adjusted for the lifestyle habits. From baseline to the
5-year visit, suPAR increased by a median of 6%. Un-
healthy lifestyle habits were generally associated with a lar-
ger suPAR increase compared to healthy lifestyle habits in
univariate analyses.

Studies in both the general population and patient
studies have shown that suPAR is a strong marker for
mortality. The current study suggests that suPAR is a
modifiable risk factor, an early warning signal and not a
death sentence. But what does the suPAR level reflect?
suPAR shows a positive correlation with CRP [21]. How-
ever, suPAR and CRP seem to reflect different aspects of
inflammation, and it has been proposed that suPAR re-
flects cellular inflammation while CRP reflects metabolic
inflammation [26]. While CRP is rapidly up- and
down-regulated, suPAR show stable kinetics with limited
circadian fluctuation [18, 27] and, as shown in the
current paper, with a high correlation over a 5-year

period. Furthermore, suPAR is positively correlated with
pro-inflammatory cytokines, including IL-1f, IL-6, and
TNEF-a [28], all of which are upregulated during the
process of inflammaging [29]. On a transcriptional level,
activation of pattern recognition receptors, i.e., Toll-
like-receptors and NOD-like receptors (e.g. by smoking
[30]), as well as proinflammatory cytokine receptors acti-
vate the transcription factors NF-xB and AP-1 that bind
the promoter region of the gene for uPAR/suPAR,
PLAUR, and upregulate expression of uPAR [31]. In
contrast, stimulation of whole blood with suPAR has lit-
tle or no effect on the expression of inflammatory cyto-
kines [32]. Hence, suPAR may be a less functionally
active biomarker and therefore allowed to freely circu-
late, in contrast to most proinflammatory cytokines with
strong local acting immune effects.

It could be speculated that suPAR, due to its stability
and upregulation during states of even slightly increased
immune activity, is a marker of the overall immune acti-
vation and inflammatory processes in an individual and
therefore a marker of chronic inflammation. While
cleavage of uPAR to suPAR may simply be a way to
downregulate uPAR activity, suPAR has been suggested
to play a role in chemotaxis [33], neutrophil efferocytosis
[34], and angiogenesis [35], although the direct immuno-
logical effects of suPAR are less well understood.

Whether suPAR is reflective of disease processes or is
causing disease is an ongoing discussion [36]. Recent
work has shown that suPAR is causal of kidney disease
[37], but this observation does not explain why suPAR
also predict development of a range of other diseases. In
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Fig. 4 Mortality after the 5-year visit stratified according to age- and sex-specific 5-year suPAR median splits. The insert indicates a zoom to the
0.00 to 0.04 mortality range. Low suPAR range: 0.90-3.76 ng/ml. High suPAR range: 3.09-15.4 ng/ml

any case, whether suPAR is causal or reflects a disease
process, our current study corroborates elevated suPAR
as a marker of negative outcome but add the effect of
lifestyle and lifestyle interventions on suPAR levels.

To show the actual effect of the four lifestyle factors
on suPAR; levels, we modeled the suPAR; values ad-
justed for suPAR,, demographic factors, and the four
lifestyle factors to neutralize the regression towards the
mean. Interestingly, baseline diet, physical activity, and
alcohol consumption had no impact on suPARs, prob-
ably because the baseline habits are adequately reflected
in suPAR. In contrast, a smoking history was necessary
for the model, because smoking is likely to be the life-
style factor with the highest impact on suPAR level. Des-
pite the high impact of daily smoking on suPAR levels,
we found no difference in suPAR level change between
never smokers and occasional smokers. We recently
found that a high degree of self-control is associated
with lower suPAR levels [38], which may in part explain
why occasional smoking is not associated with higher

Table 4 Hazard ratios for mortality per suPARs doubling

suPAR levels. The fully adjusted model showed that
when comparing men identical at baseline, with the
same suPAR,, but with very different 5-year lifestyles,
the combination of unhealthy habits within all four life-
style areas at 5years was associated with 44% higher
suPAR; (1.059 x 1.176 x 1.027 x 1.128 = 1.44, estimates
from Table 3) when compared with healthy habits. The
model predictions (Fig. 3) indicate that this difference is
likely to be underestimated, probably because the as-
sumption of an independent effect of each lifestyle factor
is not realistic; instead, there may be a synergistic effect
of clustering several unhealthy or healthy habits.

When following the participants for approximately 6
years after the 5-year visit, the absolute suPARj level
was strongly associated with all-cause mortality. When
adjusted for suPARs, smoking habits, alcohol consump-
tion, and physical activity had no effect on mortality.
Taken together, suPAR was a strong predictor of mortality
in this cohort, but the lifestyle habits that affect
suPAR were not. This finding is highly interesting, as it

Adjustments N HR per suPARs doubling
(deaths) (95% Cl)

None 3950 (82) 248 (1.64-3.76)

Sex, age 3950 (82) 242 (158-3.72)

Sex, age, smoking 3934 (82) 2.17 (1.35-348)

Sex, age, smoking, diet, exercise 3905 (80) 2.19 (1.35-3.54)

Sex, age, smoking, diet, exercise, alcohol 3734 (74) 2.03 (1.22-3.37)

Hazard ratio (95% Cl) for all-cause mortality per doubling of suPARs with step-wise adjustments for sex, age, and 5-year lifestyles. Abbreviations: Cl: confidence

interval; sUPARs: 5-year suPAR
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suggests that a given lifestyle modification’s impact on
mortality risk can be assessed by performing a subsequent
suPAR measurement. Further studies are needed to con-
firm that serial suPAR measurements can be used as a
guide for the “true” risk reduction of lifestyle changes.

This study has several strengths. The paired nature
of the suPAR measurements strongly supports the
causality between certain lifestyle habits and suPAR,
since any lifestyle changes always occurred before the
second suPAR measurement. The modeling frame-
work ensured that the effects of the lifestyle habits
were mutually adjusted, and regression towards the
mean was eliminated by adjusting for baseline suPAR.
Also, the effects of lifestyle found in this study are
generally in agreement with the baseline study results
[25]. The recording of mortality is highly accurate as
all deaths of persons living in Denmark are recorded
in national registries. All lifestyle habits were re-
corded via validated questionnaires.

A limitation of the study is that less than half of the par-
ticipants had available suPAR measurements both at base-
line and the 5-year visit, and the proportion of daily
smokers among participants was considerably lower. Thus,
it is likely that more resourceful and relatively healthy
persons participated in the 5-year visit. For self-reported
lifestyle habits, we were only able to exclude those misre-
ported for the obviously impossible combinations of smok-
ing habits (e.g. a daily smoker at baseline cannot be a never
smoker after 5years). We suspect that social desirability
bias led to a systematic under-reporting of unhealthy habits.
It is also likely that certain combinations of lifestyle habits
affect suPAR in a synergistic way, as suggested by the sys-
tematical over- and under-estimation of high and low
suPAR levels, respectively.

Conclusion

We demonstrated that suPAR covaries with lifestyle
in a large general population cohort, with healthy
5-year lifestyle habits associated with lower suPAR
levels. The models indicate that serial suPAR mea-
surements can be interpreted using just one previous
measurement, information about current lifestyle, and
smoking history. For the almost four thousand sub-
jects with suPARj values, suPAR was highly predictive
of mortality during the next 6years, irrespective of
their lifestyle. We propose that suPAR is a candidate
biomarker not only for lifestyle changes, but also for
the subsequent risk of mortality.

Methods

Charaterization of participants

The current study population consisted of participants
in a large population-based study, Inter99, which is
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reported in detail elsewhere [25, 39, 40]. Briefly, 61,301
individuals from a general population, aged 30 to 60
years and living in the southwestern part of Copenhagen
were randomly selected to participate in the study.
There were 13,016 subjects randomized to the interven-
tion group and 6784 (52.5%) attended the clinic at base-
line. All participants received repeated individual
lifestyle counseling on smoking habits, physical activity,
alcohol consumption, and dietary habits, and the major-
ity (90%; high-intensity group A) were also offered re-
peated group-based lifestyle counseling. Participants in
the low-intensity group B (10%) only received repeated
individual lifestyle counseling.

From 1999 to 2000, 5538 participants (81.6%) had
suPAR measured at baseline (suPAR,) [25]. Five years
later in 2004—2005, they were invited to the 5-year visit:
3678 participated (66.4%), and 3311 (90.0%) had their
suPAR re-measured (suPAR;, Fig. 1). Eighty-five had an
invalid smoking history (e.g. never smoking at 5 years,
but daily smoking at baseline) and were excluded from
further analyses. The group of baseline never smokers
who reported daily smoking at 5 years only included one
participant who was also excluded. Thus, the study main
sample comprised 3225 participants. An additional 725
participants had suPARs measurements, but no suPAR,
measurement, and were included in the suPAR; survival
analyses.

Assessments

The serum obtained in 1999-2000 (baseline) and in
2004-2005 (5-year) were collected the following way:
Three 7 ml Becton Dickinson tubes (no. 367789) were
filled with blood and centrifugated for 25 min at 1300G.
Serum was transferred to a Sarstedt tube (no. 60540012)
and stored at —20°C until measurement of suPAR. The
serum SuPAR level was measured with the suPARnostic
ELISA (ViroGates A/S, Birkerad, Denmark) in 2011. Par-
ticipants with serum suPAR higher than 22 ng/ml (outside
assay range) or an increase from baseline to the 5-year
visit higher than 20 ng/ml were excluded (n =5). All par-
ticipants answered a questionnaire on lifestyle and under-
went a physical examination at baseline and at the 5-year
visit. The methods used for measuring body mass index
(BMI), cholesterol, triglycerides, and blood pressure were
described by Jorgensen and coworkers [39]. Lifestyle was
self-reported. The dietary quality score (DQS-9) is vali-
dated and based on a one-week food diary where four
food groups (vegetables, fruit, fish, and fat) were given
points based on the degree of compliance with national
dietary recommendations, and the combined score was
categorized as “unhealthy”, “average”, or “healthy” diet
[41]. Self-reported smoking habits were registered
(“never”, “former”, “occasional”, or “daily” smokers)
and an extra category was created for those who quit
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smoking at the 5-year visit. Weekly self-reported con-
sumption of alcoholic beverages was converted into
units (12g) of alcohol per week and categorized
according to national recommendations in 1999 as
“abstinent”, “within recommendations” (< 14 units/
week for women and <21 units/week for men) or
“overuse” (> 14 units/week for women and > 21 units/
week for men). Leisure time physical activity was re-
ported according to the categories by Saltin: mainly
reading or watching television or equivalent sedentary
activities (“low”); going for walks, biking, or equiva-
lent light activity for up to 4h per week (“light”);
sport activities at least three times per week or an
equivalent amount of strenuous gardening or similar
(“moderate”); or competitive sports or long distance
running several times per week (“high”) [42].

Statistical analysis

The suPAR change from baseline to the 5-year visit
was calculated as the ratio of suPARs/suPAR, and
listed in Table 2 as the median percent suPAR
change. Differences in suPAR ratios were tested with
the Kruskal-Wallis test. For the adjusted models,
log,-transformed suPARs; was modeled by multiple
linear regressions as a function of log,-transformed
suPAR,, demographic variables, and lifestyle variables.
The estimates were back-transformed by (2P-1) x 100
and interpreted as the percent difference in suPARs.
All models were adjusted for suPAR,, sex, and age at
the 5-year visit, and they included the interaction be-
tween age and sex observed in the baseline study
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[25]. The models with alcohol consumption as an
explanatory variable were analyzed separately because
of more missing observations for alcohol (n=156),
and we allowed for the interaction between sex and
alcohol consumption observed in the baseline study.
Models with smoking included an interaction between
the 5-year smoking habits and dichotomized baseline
smoking habits (daily smoker or not daily smoker).
Tables 2 and 3 are stratified in accordance with these
interactions.

The survival analyses are Cox proportional hazards
models with death as the event, years after the
5-year visit as the time variable, and log,(suPARs) as
the main explanatory variable. For the Kaplan Meier
plot, we generated sex- and age-specific (< 55 years
or > 55 years) suPAR; median splits. All tests were
two-sided and interpreted at an «-level of 0.05. SAS
9.4 (SAS Institute, Cary, NC, USA) was used for
statistical analysis.

Modeling strategy

The interpretation of raw suPAR changes was hampered
by regression towards the mean, i.e. a high suPAR, was
generally associated with a lower suPAR; (Fig. 5). Conse-
quently, all models of suPARs were adjusted for suPAR.
For each lifestyle variable (diet, smoking, alcohol, and
physical activity), models were fitted with 5-year and
baseline lifestyle interactions and 5-year and baseline
lifestyle without interactions. A significant interaction
was found for smoking (P =0.014). For all other lifestyle
factors, only the 5-year lifestyle had an effect on suPARs.

16 Pearson's »=0.55
P <0.0001

5 year suPAR (ng/ml)
=

4
Baseline suPAR (ng/ml)

Fig. 5 The 5-year suPAR plotted against the baseline suPAR with linear trend line and Pearson's correlation coefficient. Note the logarithmic axes.
Thick line: Loess line with 95% confidence interval. Thin line: indicates agreement

16
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We generated two model frameworks. In Model 1,
suPAR; was modeled as a function of age, sex,
suPAR,, and one lifestyle variable at a time. In Model
2, all four lifestyle factors and the intervention inten-
sity were included in the same model (estimates for
intervention intensity not shown as they had no
significant effect on suPAR).
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CRP: C-reactive protein; CVD: Cardiovascular disease; DQS-9: Dietary quality
score; SUPAR: Soluble urokinase plasminogen activator receptor;

SUPARg: Baseline suPAR level; suPARs: 5-year suPAR level; uPAR: Urokinase
plasminogen activator receptor

Acknowledgements

The authors would like to thank Christian Thorball and Tomasz Pielak for
help with measurements of suPAR, and Hakon Sandholdt for his
contributions to the illustrations.

Funding

LJHR was supported by a grant from the Lundbeck Foundation (grant
number R-180-2014-3360, grant recipient Jesper Eugen-Olsen). The Lundbeck
Foundation had no role in the design of the study and collection, analysis,
and interpretation of data or in the writing of the manuscript.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to regulations by the Danish Data Protection Agency
but are available following a granted permission from the Danish Data
Protection Agency.

Authors’ contributions

Dr. TH wrote the first draft of the article. TH, TK and SL did the data analysis.
CP were responsible for the data collection. JEO had the idea for the study.
All authors contributed to revision and final approval of the manuscript.

Ethics approval and consent to participate

All participants provided written informed consent before taking part in the
study. The study was approved by the local ethics committee (KA 98155), by
the Danish Data Protection Agency, and it was conducted in accordance
with the Declaration of Helsinki. The study is registered with ClinicalTrials.gov
(NCT00289237).

Consent for publication
Not applicable.

Competing interests

LJHR has received funding for travel from ViroGates A/S, Denmark. OA and
JEO is named inventors on patents on suPAR as a prognostic biomarker. The
patents are owned by Copenhagen University Hospital Hvidovre, Denmark.
JEO is a shareholder, CSO, and co-founder of ViroGates A/S, Denmark. THH,
TK, SL, and CP declare the have no competing interests.

Publisher’s Note

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

Author details

'Clinical Research Centre, Amager and Hvidovre Hospital, Hvidovre, Denmark.
“Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark. *Department of Orthopedic Surgery, Amager and
Hvidovre Hospital, Hvidovre, Denmark. “4Centre for Clinical Research and
Prevention, Bispebjerg and Frederiksberg Hospital, Frederiksberg, Denmark.
SDepartment of Public Health, Faculty of Health and Medical Sciences,
University of Copenhagen, Copenhagen, Denmark.

Page 11 of 12

Received: 17 August 2018 Accepted: 17 December 2018
Published online: 22 January 2019

References

1. Ornish D, Brown SE, Scherwitz LW, Billings JH, Armstrong WT, Ports TA, et al.
Can lifestyle changes reverse coronary heart disease? The lifestyle heart trial.
Lancet Lond Engl. 1990;336:129-33.

2. Garcia de la Torre N, Duran A, Del Valle L, Fuentes M, Barca |, Martin P, et al.
Early management of type 2 diabetes based on a SMBG strategy: the way
to diabetes regression--the St Carlos study : a 3-year, prospective,
randomized, clinic-based, interventional study with parallel groups. Acta
Diabetol. 2013,;50:607-14.

3. Kanner RE, Connett JE, Williams DE, Buist AS. Effects of randomized
assignment to a smoking cessation intervention and changes in smoking
habits on respiratory symptoms in smokers with early chronic obstructive
pulmonary disease: the lung health study. Am J Med. 1999;106:410-6.

4. Kalia NK, Cespedes L, Youssef G, Li D, Budoff MJ. Motivational effects of
coronary artery calcium scores on statin adherence and weight loss.
Coron Artery Dis. 2015;26:225-30.

5. Johnson JE, Gulanick M, Penckofer S, Kouba J. Does knowledge of
coronary artery calcium affect cardiovascular risk perception, likelihood
of taking action, and health-promoting behavior change? J Cardiovasc Nurs.
2015;30:15-25.

6. Alm-Roijer C, Fridlund B, Stagmo M, Erhardt L. Knowing your risk factors for
coronary heart disease improves adherence to advice on lifestyle changes
and medication. J Cardiovasc Nurs. 2006;21:E24-31.

7. Petersson U, Ostgren CJ, Brudin L, Ovhed |, Nilsson PM. Predictors of
successful, self-reported lifestyle changes in a defined middle-aged
population: the Soderakra cardiovascular risk factor study. Sweden Scand J
Public Health. 2008;36:389-96.

8. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH.
Inflammation, aspirin, and the risk of cardiovascular disease in apparently
healthy men. N Engl J Med. 1997;336:973-9.

9. Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB, et al.
The prognostic value of C-reactive protein and serum amyloid a protein in
severe unstable angina. N Engl J Med. 1994;331:417-24.

10.  Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA. 2001;
286:327-34.

11, Pickup JC, Mattock MB, Chusney GD, Burt D. NIDDM as a disease of the
innate immune system: association of acute-phase reactants and
interleukin-6 with metabolic syndrome X. Diabetologia. 1997;40:1286-92.

12. Ockene IS, Matthews CE, Rifai N, Ridker PM, Reed G, Stanek E. Variability and
classification accuracy of serial high-sensitivity C-reactive protein
measurements in healthy adults. Clin Chem. 2001;47:444-50.

13. DeGoma EM, French B, Dunbar RL, Allison MA, Mohler ER, Budoff MJ.
Intraindividual variability of C-reactive protein: the multi-ethnic study of
atherosclerosis. Atherosclerosis. 2012:224:274-9.

14.  Glynn RJ, MacFadyen JG, Ridker PM. Tracking of high-sensitivity C-reactive
protein after an initially elevated concentration: the JUPITER study. Clin Chem.
2009;55:305-12.

15. Koenig W, Sund M, Frohlich M, Léwel H, Hutchinson WL, Pepys MB.
Refinement of the association of serum C-reactive protein concentration
and coronary heart disease risk by correction for within-subject variation
over time: the MONICA Augsburg studies, 1984 and 1987. Am J Epidemiol.
2003;158:357-64.

16. Smith HW, Marshall CJ. Regulation of cell signalling by uPAR. Nat Rev Mol
Cell Biol. 2010;11:23-36.

17. Montuori N, Ragno P. Multiple activities of a multifaceted receptor: roles of
cleaved and soluble uPAR. Front Biosci Landmark Ed. 2009;14:2494-503.

18. Andersen O, Eugen-Olsen J, Kofoed K, Iversen J, Haugaard SB. Soluble
urokinase plasminogen activator receptor is a marker of dysmetabolism in
HIV-infected patients receiving highly active antiretroviral therapy. J Med Virol.
2008;80:209-16.

19.  Kofoed K, Schneider UV, Scheel T, Andersen O, Eugen-Olsen J. Development
and validation of a multiplex add-on assay for sepsis biomarkers using
XMAP technology. Clin Chem. 2006;52:1284-93.

20. Galliera E, Drago L, Marazzi MG, Romano C, Vassena C, Corsi Romanelli
MM. Soluble urokinase-type plasminogen activator receptor (SUuPAR) as
new biomarker of the prosthetic joint infection: correlation with
inflammatory cytokines. Clin Chim Acta Int J Clin Chem. 2015;441:23-8.


http://clinicaltrials.gov

Haupt et al. Immunity & Ageing

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

(2019) 16:1

Eugen-Olsen J, Andersen O, Linneberg A, Ladelund S, Hansen TW,
Langkilde A, et al. Circulating soluble urokinase plasminogen activator
receptor predicts cancer, cardiovascular disease, diabetes and mortality
in the general population. J Intern Med. 2010;268:296-308.

Engstrom G, Zoller B, Svensson PJ, Melander O, Persson M. Soluble
urokinase plasminogen activator receptor and incidence of venous
thromboembolism. Thromb Haemost. 2015;115:657-62.

Lyngbaek S, Marott JL, Sehestedt T, Hansen TW, Olsen MH, Andersen O,

et al. Cardiovascular risk prediction in the general population with use of
SUPAR, CRP, and Framingham risk score. Int J Cardiol. 2013;167:2904-11.
Hayek SS, Sever S, Ko Y-A, Trachtman H, Awad M, Wadhwani S, et al. Soluble
Urokinase receptor and chronic kidney disease. N Engl J Med. 2015;373:1916-25.

Haupt TH, Kallemose T, Ladelund S, Rasmussen LJ, Thorball CW, Andersen O,

et al. Risk factors associated with serum levels of the inflammatory
biomarker soluble urokinase plasminogen activator receptor in a general
population. Biomark Insights. 2014;9:91-100.

Lyngbak S, Sehestedt T, Marott JL, Hansen TW, Olsen MH, Andersen O,
et al. CRP and suPAR are differently related to anthropometry and
subclinical organ damage. Int J Cardiol. 2013 Aug 10;167(3):781-5.
Lyngbaek S, Marott JL, Maller DV, Christiansen M, Iversen KK, Clemmensen
PM, et al. Usefulness of soluble urokinase plasminogen activator receptor to
predict repeat myocardial infarction and mortality in patients with ST-
segment elevation myocardial infarction undergoing primary percutaneous
intervention. Am J Cardiol. 2012;110(12):1756-63.

Zimmermann HW, Koch A, Seidler S, Trautwein C, Tacke F. Circulating
soluble urokinase plasminogen activator is elevated in patients with
chronic liver disease, discriminates stage and aetiology of cirrhosis and
predicts prognosis. Liver Int. 2012 Mar;32(3):500-9.

Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al.
Proinflammatory cytokines, aging, and age-related diseases. J Am Med Dir
Assoc. 2013;14(12):877-82.29.

Kaur G, Bagam P, Pinkston R, Singh DP, Batra S. Cigarette smoke-induced

inflammation: NLRP10-mediated mechanisms. Toxicology. 2018;398-399(5):52-67.

Fuchs T, Allgayer H. Transcriptional regulation of the urokinase receptor
(u-PAR)--a central molecule of invasion and metastasis. Biol Chem.
2003,;384(5):755-61.

Langkilde A, Jakobsen TL, Bandholm TQ, Eugen-Olsen J, Blauenfeldt T,
Petersen J, et al. Inflammation and post-operative recovery in patients
undergoing total knee arthroplasty-secondary analysis of a randomized
controlled trial. Osteoarthr Cartil. 2017;25(8):1265-73.

Resnati M, Pallavicini |, Wang JM, Oppenheim J, Serhan CN, et al. The
fibrinolytic receptor for urokinase activates the G protein-coupled chemotactic
receptor FPRLT/LXA4R. Proc Natl Acad Sci U S A. 2002,99(3):1359-64.

Park YJ, Liu G, Tsuruta Y, Lorne E, Abraham E. Participation of the urokinase
receptor in neutrophil efferocytosis. Blood. 2009;114(4):860-70.

Bifulco K, Longanesi-Cattani |, Masucci MT, De Chiara A, Fazioli F, Di
Carluccio G, et al. Involvement of the soluble urokinase receptor in
chondrosarcoma cell mobilization. Sarcoma. 2011,2011:842842.

Hall SS. Omen in the blood. Science. 2018 Apr 20;360(6386):254-8.

Hayek SS, Koh KH, Grams ME, Wei C, Ko YA, Li J, et al. A tripartite complex
of SuPAR, APOLT risk variants and a,f3 integrin on podocytes mediates
chronic kidney disease. Nat Med. 2017;23(8):945-53.

Rasmussen LJH, Moffitt TE, Eugen-Olsen J, Belsky DW, Danese A, Harrington H,
et al. Cumulative childhood risk is associated with a new measure of chronic
inflammation in adulthood. J Child Psychol Psychiatry. 2018.
https//doi.org/10.1111/jcpp.12928 [Epub ahead of print.

Jorgensen T, Borch-Johnsen K, Thomsen TF, Ibsen H, Glimer C, Pisinger
C. A randomized non-pharmacological intervention study for prevention
of ischaemic heart disease: baseline results Inter99. Eur J Cardiovasc
Prev Rehabil Off J Eur Soc Cardiol Work Groups Epidemiol Prev Card
Rehabil Exerc Physiol. 2003;10:377-86.

Jorgensen T, Jacobsen RK, Toft U, Aadahl M, Glimer C, Pisinger C. Effect of
screening and lifestyle counselling on incidence of ischaemic heart disease
in general population: Inter99 randomised trial. BMJ. 2014;348:g3617.

Toft U, Kristoffersen LH, Lau C, Borch-Johnsen K, Jgrgensen T. The dietary
quality score: validation and association with cardiovascular risk factors: the
Inter99 study. Eur J Clin Nutr. 2007,61:270-8.

Saltin B, Grimby G. Physiological analysis of middle-aged and old former
athletes. Comparison with still active athletes of the same ages. Circulation.
1968;38:1104-15.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/jcpp.12928

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Population characteristics
	suPAR changes from baseline to the 5-year visit
	Diet
	Smoking
	Alcohol
	Physical activity
	Model control
	5-year suPAR level and mortality

	Discussion
	Conclusion
	Methods
	Charaterization of participants
	Assessments
	Statistical analysis
	Modeling strategy
	Abbreviations

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

