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Abstract

Objectives: Inflammation is involved in the pathogenesis of depression. A few cross-sectional population-based studies
have found that depression is associated with increased levels of inflammatory markers. Soluble urokinase plasminogen
activation receptor (suPAR) is known to be a stable marker for inflammation. We investigated the bidirectional association
between suPAR levels and use of antidepressants.

Methods: suPAR level was measured in 9305 blood donors and analysed in relation to 5-years follow-up data on purchase of
antidepressants and hospital diagnoses of depression from a nationwide Danish register.

Results: For men and women without prior use of antidepressants we found a significantly higher risk for incident use of
antidepressants with higher suPAR values. For men, the risk of first use of antidepressants increased by 72% from the 1st to
the 4th quartile (HR = 1.72, 95% CI: 1.11–2.69). For women, it increased by 108% from the 1st to the 4th quartile (HR = 2.08,
95% CI: 1.45–2.98). Previous use of antidepressants was also significantly associated with higher suPAR levels (p = 0.002).

Conclusions: High suPAR levels are associated with an increased risk for both previous and future use of antidepressants in
healthy men and women. High suPAR are also associated with increased risk for a hospital diagnosis of depression.

Citation: Haastrup E, Grau K, Eugen-Olsen J, Thorball C, Kessing LV, et al. (2014) Soluble Urokinase Plasminogen Activator Receptor as a Marker for Use of
Antidepressants. PLoS ONE 9(10): e110555. doi:10.1371/journal.pone.0110555

Editor: Carmen Infante-Duarte, Charite Universitätsmedizin Berlin, Germany
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Introduction

In the last decade, it has become clear that there is a biological

link between inflammation and depression. In patients with

depression, several studies have demonstrated increased expression

of proinflammatory cytokines, chemokines, acute phase reactants,

and adhesion molecules compared to non-depressed controls [1–

9]. However, there is ongoing debate on whether elevated systemic

inflammation is a biological mechanism leading to depression.

A few population-based studies have investigated the relation-

ship between C-reactive protein (CRP) and de novo depression. In

a study including 644 women with no prior history of depression,

of whom 48 women developed depression during the 5827 person-

years of follow-up, CRP was found to be an independent predictor

of depressive disorder, supporting an aetiological role for

inflammatory activity in the pathophysiology of depression [10].

Two larger population-based studies have investigated the

direction of the depression-inflammation relationship. The SWAN

study of 3292 pre- and postmenopausal women found that over a

five-year observation period, higher depression scores were related

to higher levels of fibrinogen and plasminogen activation inhibitor

type one (PAI-1) but not CRP [11]. This was on the other hand

reported by Deverts et al [12] in the CARDIA study, where

depressive symptoms at baseline were positively correlated with

CRP levels measured at 5-years follow-up. No association was

found between CRP levels at the beginning of the observation

period and subsequent depressive symptoms in any of these

studies. This was however the main finding in a large study by

Wium-Andersen et al [13].

The lack of consensus with regard to CRP and development of

depression may in part be due to the high biological variation of

CRP (hsCRP). In 38 healthy blood donors with 6 determinations

over 22 days a biological variation of hsCRP of 50% was found

[14]. Other studies have shown similar biological variation,

ranging from 30–63% [15,16].

SuPAR is a protein that is measurable in the circulating blood of

all individuals. In contrast to most pro-inflammatory and acute

response biomarkers, circadian changes in plasma suPAR is

minimal, and in vitro stability is also high [17–19].

Elevated levels of suPAR are associated with immune activation,

inflammation and a negative outcome in patients with symptoms

of infection (recently reviewed in ‘‘Usefulness of suPAR’’ as a
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biological marker in patients with systemic inflammation or

infection: a systematic review [20]).

Furthermore, in an observational prospective Danish cohort

(MONICA) consisting of healthy individuals, plasma suPAR levels

were associated to the development of cancer, cardiovascular

disease, type-2 diabetes and mortality during 12-years follow-up

[21]. SuPAR and CRP seems to reflect different aspects of

inflammation. A recent study suggested that CRP is associated

with anthropometric measures of inflammation, whereas suPAR is

linked to cellular and vascular inflammatory processes [22].

To test the hypothesis of inflammation and development of

depression, we investigated whether the biomarker suPAR was

associated with an increased risk of developing depression in a

large cohort of Danish blood donors. As a proxy for depression, we

used purchase of antidepressants, supplemented with a discharge

diagnosis of depression.

Aim of the study was to test the hypothesis, that higher levels of

circulating suPAR in healthy individuals are associated with an

increased risk for future use of antidepressants or a hospital

diagnosis of depression. From both analyses were donors with a

pre-history of antidepressant use or a previous hospital diagnosis of

depression excluded. We further tested the hypothesis that prior

use of antidepressants was associated with higher levels of suPAR.

Methods and Materials

Ethical considerations
This study was approved by the local Medical Scientific Ethics

Committee of Denmark (H-KF 01283058). All participants

provided written informed consent. This study was conducted in

accordance with the Declaration of Helsinki.

The cohort
Blood donors, who donated blood to the Copenhagen City

Blood bank (former H:S Blood bank) during a three month period

from the 14th of January to the 24th of April 2006 were invited to

participate in the study. The inclusion criterion was fulfilment of

the Danish criteria for blood donation (i.e. self-reported good

health and lack of behavioural risks for transfusion transmissible

infections). All donors were asked about medication usage. Usage

of antidepressive medicine within the last two weeks prior to

visiting the blood bank was an exclusion criterion for donation and

thus participation. Informed written consent was obtained from

11971 donors. Blood samples were obtained from a look-back

repository where samples were available for 9312 of these donors.

suPAR measurement
All blood samples were collected in 7-ml blood EDTA

anticoagulated tubes with stabilising gel (Becton Dickenson,

Glostrup, Denmark). Blood samples were centrifuged to separate

the plasma from the cells within 1 hour and frozen within 6 hours.

Plasma suPAR was measured at Hvidovre hospital with the

suPARnostic ELISA kit (ViroGates Copenhagen, Denmark)

according to the manufacturer instructions. The samples were

measured in singlets and the interassay variation of a control

plasma sample run on all plates was ,10%. The kit standard

curve was validated to measure suPAR levels between 0.6 and

22 ng/ml.

Danish register data
Data on purchase of antidepressive medicine and other

prescription medicines from the Danish register of Medical

Products [23] was linked to study participants via their central

personal registration number (CPR-number). The CPR-number is

a unique number ascribed to each Danish citizen. The Medical

Product Register Statistics contains information on all medical

prescriptions purchased in Denmark from the first of January 1995

to 31st of December 2010. In Denmark, all antidepressive or

antipsychotic medications are prescribed by doctors and can only

be purchased at pharmacies. The sale of prescribed medication

from the pharmacies is registered with the name of the drug,

Anatomical Therapeutical Chemical code (ATC code), dose,

CPR-number of the patient and the identity of the doctor

prescribing the medicine.

From the Danish Patient Registry we obtained data on

hospitalization with depression. Diagnoses were based on the

International Statistical Classification of Disease (ISCD).

Cases. Case persons were persons who filled prescriptions for

antidepressive medication (any ATC code beginning with N06A

registrated in the Register of Medicinal Products Statistics) or had

a hospital discharge diagnose with the codes F.32 or F.33.

Exclusion. When analysing incident depression, donors who

purchased antidepressants before the time of suPAR measurement

were excluded.

Similarly were donors with a hospital discharge diagnosis of

depression before the time of suPAR measurement, excluded from

the analysis of incident hospitalization.

In the following text, references to the purchase and use of

antidepressants will be used interchangeably. Other medications

were all prescription medications purchased other than antide-

pressants.

Statistical analysis
Analysing the incident use of antidepressants. As a proxy

for incident depression, we investigated the first use of antidepres-

sants between suPAR measurement and the 31st of December

2010 in participants who never purchased antidepressants before

suPAR the measurement, according to the register.

The incident use of antidepressants after suPAR measurement

was illustrated according to sex-specific suPAR level quartiles by

Kaplan-Meier curves and compared using a log-rank test. Cox

regression analyses stratified by sex, with age as the underlying

timescale, were further used to assess the effect of suPAR level on

the subsequent incident use of antidepressants. The interaction

between sex and suPAR in relation to time of first purchase of

antidepressant medication was investigated in a model with suPAR

sex and a sex-suPAR level interaction term. Analyses were

conducted using the log2-transformed suPAR level as a continuous

variable and with quartiles of suPAR levels. Analyses were

repeated while also adjusting for the purchase of prescription

medication other than antidepressants as a time-dependent

variable.

The same analysis was used to examine if there was an

association between the suPAR level of the donors and a hospital

discharge diagnosis of depression but only with suPAR as

continuous variable adjusted for sex.

Analysing prior use of antidepressants. We tested the

hypothesis that a prior purchase of antidepressants was associated

with increased suPAR levels. The effect of prior purchase of

antidepressants on the log2-transformed suPAR level data was

estimated using linear regression models adjusted for age

(continuous linear variable). Separate analyses were conducted

for women and men. The purchase of antidepressants was

analysed as a dichotomous variable (none/any) and in categories

of time from last purchase to suPAR measurement (none, less than

6 months, 6 to 12 months and 12 month or more).

suPAR Levels and Use of Antidepressants
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Results

Descriptive statistics
A total of 9312 individuals with an available blood sample had

their suPAR level measured. Seven blood samples were excluded

due to outlying low values. Thus, the cohort consisted of 9305

individuals, including 4464 women and 4841 men. There were

more women than men in the younger age group (18–30 years of

age) while there were more men than women in all other age

groups. The median age for women was 36 years (quartiles: 27–47)

and the median age for men was 39.9 years (quartiles: 30–49).

The median suPAR values were 2.54 ng/ml (range 0.6–19.4)

for women and 2.22 ng/ml (range 0.6–15.4) for men. suPAR

levels increased with age in both men and women. In women there

was an increase between the 18–30 and 31–40 age groups from

2.43 ng ml21 to 2.58 ng/ml after which the level increased slowly

to 2.71 ng/ml. For men the median suPAR value increased more

evenly across the age groups from 2.08 ng/ml to 2.44 ng/ml

(Table 1).

Data from the Danish register of Medical Products
During the observation period from the first of January 1995 to

the 31st of December 2010 the 9305 donors made 387.837

purchases of prescription medications, of which 6347 were for

antidepressants (ATC code ‘N06A’) made by 856 individuals.

There were 445 donors who purchased antidepressants before

suPAR measurement and 411 donors who made their first

recorded purchase after suPAR measurement.

suPAR measurement and the subsequent first use of

antidepressants. The 8860 donors who had previously never

purchased antidepressants at the time of suPAR measurement

were included in the analysis evaluating the correlation between

suPAR and the subsequent first use of antidepressants. In the 5-

year period from suPAR measurement to the end of follow-up in

December 2010, 411 donors (247 women and 164 men) purchased

antidepressant medication. The majority made less than four

purchases in the period. There was a statistically significant

difference in the incidence of the first use of antidepressants among

the suPAR level quartiles (p,0.0001), Figure 1). The first use of

antidepressants occurred significantly more often for individuals in

the 4th suPAR level quartiles than for those in the 1st, 2nd and 3rd

quartile. The association between suPAR level and first use of

antidepressants persisted when stratifying by sex and adjusting for

age (Table 2). Both men and women in the 4th suPAR level

quartile had increased rates of first use of antidepressants

compared with the rates for individuals in the lowest suPAR level

quartile (Table 2). For men, the risk of first use of antidepressants

increased by 72% from the 1st to the 4th quartile (HR = 1.71, 95%

CI: 1.11–2.69). For women, the risk of using antidepressants for

the first time increased by 108% from the 1st to the 4th quartile

(HR = 2.08, 95% CI: 1.45–2.98).

The purchase of prescriptive medication other than antidepres-

sants was not associated with an increased incidence of first

antidepressant usage in men or women and the inclusion of other

medication did not change the association between the suPAR

level and the first use of antidepressants (Table 2). Testing for an

interaction between sex and suPAR levels in relation to the first

use of antidepressants revealed no statistically significant interac-

tion (p = 0.42).

Analysis of data from the Danish Patient Register of hospital-

ization found an association between the suPAR levels and a

hospital discharge diagnosis of depression (table 3). A higher

suPAR levels was associated with a 28% increased risk for a

hospital discharge diagnosis of depression (p = 0.005).

Previous use of antidepressants and suPAR. Of 9305

donors, 445 purchased antidepressant medicine in the period from

January 1995 to the day of suPAR measurement in the beginning

of 2006. The majority (54.4%) of those who used antidepressants

had three purchases or fewer. Table 4 shows the results from the

linear regression analysis with purchase of antidepressants as an

explanatory variable. For men, previous use of antidepressants was

associated with higher suPAR levels, when the last purchase

occurred less than 12 months before suPAR measurement. The

suPAR level in men who purchased their antidepressant medica-

tion more than 12 months prior to suPAR measurement was not

significantly higher than that in men who never purchased

antidepressant medicine. For women, suPAR levels were statisti-

cally significantly higher in those with previous use of antidepres-

sants in all categories of time from last purchase to suPAR

measurement. Women who purchased antidepressant medicine

less than six month before suPAR measurement had a log2-

transformed suPAR value that was 0.17 (95% CI: 0.03–0.32)

higher than women who never used antidepressants. The effect

was smaller for women who made their last purchase 6 to 12

months before suPAR measurement (0.06 (95% CI: 0.001–0.11)).

Thus, there was a trend towards declining effect on the suPAR

level with increasing time because the last antidepressant purchase,

although the associations between suPAR level and antidepressant

purchase were not significantly different for the three timing

categories in women.

Table 1. Soluble urokinase plasminogen activator receptor (suPAR) (ng/ml) in blood donors according to sex and age.

Age N Median Lower 25th percentile Upper 25th percentile Range

Men 18–30 1257 2.08 1.76 2.44 0.61–15.41

31–40 1416 2.17 1.85 2.57 0.64–13.83

41–50 1112 2.25 1.90 2.69 0.70–11.10

51–65 1056 2.44 2.02 2.90 0.64–12.27

Women 18–30 1672 2.43 2.05 2.79 0.77–6.84

31–40 1028 2.58 2.16 3.04 0.60–8.04

41–50 978 2.62 2.18 3.12 0.88–8.64

51–65 786 2.71 2.25 3.23 0.67–19.38

doi:10.1371/journal.pone.0110555.t001
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Discussion

To our knowledge, this is the first larger prospective population-

based study of the inflammatory marker suPAR and use of

antidepressants. We investigated the association of suPAR levels

and both subsequent incident use of antidepressants and prior use

of antidepressants and found an association between high suPAR

levels and the use of antidepressants in both directions.

When analysing the incident use of antidepressants, we found a

statistically significant effect of suPAR level on the risk of

subsequent use of antidepressants during a five-year observation

period. To our knowledge, this is the first larger prospective

population-based study of the inflammatory marker suPAR and

use of antidepressants. We investigated the association of suPAR

levels and both subsequent incident use of antidepressants and

prior use of antidepressants and found an association between high

suPAR levels and the use of antidepressants in both directions.

Kaplan-Meier curves depicting suPAR quartiles indicate that a

high suPAR level was associated with an increased risk of

antidepressant usage throughout the observation period. This is

a surprising and interesting observation, suggesting that an

elevated suPAR level seems to reflect a constitutively increased

risk of depression.

We also found that prior use of antidepressants was significantly

associated with higher suPAR levels in both men and women. This

could possibly be an example of reverse causality, as we cannot

rule out that the suPAR level was already increased before the

purchase of antidepressants. For men, the effect was greater when

the purchase was temporally closer to the suPAR measurement.

For women, the effect was independent of purchase timing. There

was, however, a trend towards a decreased strength of the

association when the time between suPAR measurement and the

purchase of the antidepressant medicine increased. The timing

categories were based on clinical guidelines for treatment in the

acute and maintenance phases and are in accordance with prior

studies [24,25].

Our findings are in line with studies of depression and CRP that

found an association between CRP levels and prior depression

[26–28]. Two of these studies, however, only detected the

association in men and not in women. In this study, we found

an effect for both men and women.

It is well known that there is an increased prevalence of

depression among patients with diseases such as diabetes [29],

myocardial infarction [30] and cancer [1,2,7,31,32]. Thus, to

examine whether the relationship between suPAR levels and the

subsequent use of antidepressants was caused by another

underlying disease affecting both suPAR level and depression,

we adjusted the analyses for prescription medications other than

antidepressants. The purchase of medication, other than antide-

pressants, was not associated with an increased risk of antidepres-

sant usage and did not affect the relationship between suPAR

levels and the incident use of antidepressants. This does not

suggests that treatment with antidepressant medicine could have

been initiated in connection with an underlying other disease.

This study is for the outcome based on register data using the

purchase of antidepressant medicine as a proxy for depression.

The same ATC code (N06A) has previously been used in other

population-based studies of depression [24,25,33,34]. Whether our

use of register data on antidepressant use captures the donor with

a depression is subject to discussion. However in Denmark can

such medication only be prescribed by physicians and regulation

and surveillance of the use of medication is quite strict. The

sensitivity of antidepressant use as a proxy for major depressionT
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has been evaluated to be up to 50% [35] while, more importantly,

specificity seems to be more than 90%.

Thus, it seems reasonable to use the purchase of antidepressant

medicine as a proxy for depression, acknowledging that milder

forms of depression may not all be recorded. The sensitivity of

50% indicates that many people with depression are not

prescribed medication and there can be a long delay between

the onset of depression and initiation of the antidepressant use.

Further, antidepressants are used for a number of indications other

than major depression. Thus, we cannot completely rule out that a

proportion of participants who started using antidepressants after

the suPAR measurement were already depressed or had been

depressed before blood collection without receiving an antide-

pressant at that time. Also did we in this analysis exclude all donors

who had purchased antidepressants prior to the suPAR measure-

ment. However older donors could potentially have been treated

with antidepressants before the register started in 1995.

A limitation of our study is the lack of information on relevant

potential confounders such as smoking, alcohol consumption, BMI

and physical activity. Smoking may lead to increased suPAR levels

[36] and is common among depressed patients. Obesity has been

suggested to be a potential link between depression and elevated

CRP [27,37]; however, no effect of obesity on depression was

found in the 12-year US national health survey [38]. The

MONICA cohort study found that BMI and waist circumference

were correlated with CRP but not with suPAR [21]. Thus, we

cannot exclude that the suPAR level reflects lifestyle factors

statistically associated with depression. On the other hand could

the same factors also be acting as mediators of the association

between high suPAR levels and subsequent use of antidepressants.

Figure 1. Kaplan-Meier plot with antidepressants as outcome and the suPAR level quartiles as explanatory variables (n = 9305). The
4th quartile is the highest values. Log-rank test: p,0.0001.
doi:10.1371/journal.pone.0110555.g001

Table 3. Risk of an incident hospital diagnosis of depression according to the suPAR level.

HR 95% CI P-value

All, n = 9275 suPAR 1.28 1.08, 1,53 0.005

Events = 22 sex 0.56 0.23, 1.35 0.19

doi:10.1371/journal.pone.0110555.t003
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However, the cohort consists of blood donors who at each

donation claim to be healthy, are able to donate blood on a

voluntary basis and agree to participate in the study. In several

studies blood donors are characterized as being very healthy

[39,40]. Our conclusions are therefore valid in a healthy adult

population only.

A second limitation of this study is the lack of a comparison

between suPAR measurements and other components of the

fibrinolytic system or other inflammatory markers previously

shown to be associated with depression, such as CRP or IL-6 [41].

In patients with non-malignant diseases characterised by systemic

immune activation, suPAR levels are correlated with TNF-a and

TNFrII. Some studies have observed a positive correlation

between IL-6 and suPAR level, while others have not [42,43].

suPAR has not been previously investigated in depression. In

neurological diseases such as Alzheimer, multiple sclerosis, HIV

dementia, cerebral malaria and Creutzfeldt-Jakob disease, the

presence of uPAR in macrophages/microglia within the CNS has

been described [44–48]. An animal model of cerebral inflamma-

tion with intracerebral LPS injections induced uPAR expression in

microglia at both the mRNA and protein levels compared to

controls [49]. Further studies are needed to investigate the role of

uPAR produced in the cerebrum and its association with

depression.

We conclude that high suPAR levels are associated with an

increased risk of subsequent incident purchase of antidepressants

and an incident hospital diagnosis of depression. Conversely, the

prior purchase of antidepressants is associated with increased

suPAR levels. We are not able to identify methodological

drawbacks that clearly refute these findings as artefacts, though

we did not have data on a number of important potential

confounders. suPAR is an inflammatory marker and high levels

could thus reflect a subclinical state of inflammation that increases

the vulnerability to depression. Our findings support the theory

that low-grade inflammation contributes to the pathogenesis of

depression, adding depression to the list of diseases associated with

low-grade inflammation. Further studies are needed to character-

ize the exact role of suPAR in depression in clinical practice.

Acknowledgments

The skilled technical assistance of Janne Amstrup, Lone Vandsø Jørgensen

and Trine Baldorf Berg is highly appreciated. Mads Melbye and Henrik

Hjalgrim are thanked for facilitating the epidemiological analysis at the

Department of Epidemiological Research at Statens Serum Institut.

Author Contributions

Conceived and designed the experiments: EH HU LVK. Performed the

experiments: EH HU. Analyzed the data: EH KG. Contributed reagents/

materials/analysis tools: CT JEO. Wrote the paper: EH KG HU JEO.

References

1. Anisman H, Merali Z (1999) Anhedonic and anxiogenic effects of cytokine

exposure. Adv Exp Med Biol 461: 199–233.

2. Anisman H, Merali Z (2002) Cytokines, stress, and depressive illness. Brain

Behav Immun 16: 513–524.

3. Dantzer R, Bluthe RM, Laye S, Bret-Dibat JL, Parnet P, et al. (1998) Cytokines

and sickness behavior. Ann N Y Acad Sci 840: 586–590.

4. Dantzer R (2004) Cytokine-induced sickness behaviour: a neuroimmune

response to activation of innate immunity. Eur J Pharmacol 500: 399–411.

5. Maes M (2008) The cytokine hypothesis of depression: inflammation, oxidative

& nitrosative stress (IO&NS) and leaky gut as new targets for adjunctive

treatments in depression. Neuro Endocrinol Lett 29: 287–291.

6. Maes M, Meltzer HY, Bosmans E, Bergmans R, Vandoolaeghe E, et al. (1995)

Increased plasma concentrations of interleukin-6, soluble interleukin-6, soluble

interleukin-2 and transferrin receptor in major depression. Journal of Affective

Disorders 34: 301–309.

7. Miller AH, Maletic V, Raison CL (2009) Inflammation and Its Discontents: The

Role of Cytokines in the Pathophysiology of Major Depression. Biological

Psychiatry 65: 732–741.

8. Raison CL, Capuron L, Miller AH (2006) Cytokines sing the blues:

inflammation and the pathogenesis of depression. Trends Immunol 27: 24–31.

9. Smith RS (1991) The macrophage theory of depression. Med Hypotheses 35:

298–306.

10. Pasco JA, Nicholson GC, Williams LJ, Jacka FN, Henry MJ, et al. (2010)

Association of high-sensitivity C-reactive protein with de novo major depression.

Br J Psychiatry 197: 372–377.

11. Matthews KA, Schott LL, Bromberger J, Cyranowski J, Everson-Rose SA, et al.

(2007) Associations between depressive symptoms and inflammatory/hemostatic

markers in women during the menopausal transition. Psychosom Med 69: 124–

130.

12. Deverts DJ, Cohen S, DiLillo VG, Lewis CE, Kiefe C, et al. (2010) Depressive

symptoms, race, and circulating C-reactive protein: the Coronary Artery Risk

Development in Young Adults (CARDIA) study. Psychosom Med 72: 734–741.

13. Wium-Andersen MK, Orsted DD, Nielsen SF, Nordestgaard BG (2013)

Elevated C-reactive protein levels, psychological distress, and depression in 73,

131 individuals. JAMA Psychiatry 70: 176–184.

14. Sennels HP, Jacobsen S, Jensen T, Hansen MS, Ostergaard M, et al. (2007)

Biological variation and reference intervals for circulating osteopontin,

osteoprotegerin, total soluble receptor activator of nuclear factor kappa B ligand

and high-sensitivity C-reactive protein. Scand J Clin Lab Invest 67: 821–835.

15. Macy EM, Hayes TE, Tracy RP (1997) Variability in the measurement of C-

reactive protein in healthy subjects: implications for reference intervals and

epidemiological applications. Clin Chem 43: 52–58.

16. Ockene IS, Matthews CE, Rifai N, Ridker PM, Reed G, et al. (2001) Variability

and classification accuracy of serial high-sensitivity C-reactive protein measure-

ments in healthy adults. Clin Chem 47: 444–450.

17. Andersen O, Eugen-Olsen J, Kofoed K, Iversen J, Haugaard SB (2008) Soluble

urokinase plasminogen activator receptor is a marker of dysmetabolism in HIV-

infected patients receiving highly active antiretroviral therapy. J Med Virol 80:

209–216.

Table 4. Effect1 of previous use of antidepressants on log2-transformed suPAR.

Time since last purchase, (months) Effect on suPAR 95% CI P-value

Men, n = 4841 less than 6 0.30 0.11, 0.50 0.002

6 to 12 0.22 0.04, 0.40 0.02

12 or more 0.05 20.2, 0.13 0.15

Women, n = 4463 less than 6 0.17 0.03, 0.32 0.02

6 to 12 0.16 0.004, 0.32 0.04

12 or more 0.06 0.001, 0.11 0.045

1Estimates are from linear regressions adjusting for age (continuous).
doi:10.1371/journal.pone.0110555.t004

suPAR Levels and Use of Antidepressants

PLOS ONE | www.plosone.org 6 October 2014 | Volume 9 | Issue 10 | e110555



18. Florquin S, van den Berg JG, Olszyna DP, Claessen N, Opal SM, et al. (2001)

Release of urokinase plasminogen activator receptor during urosepsis and
endotoxemia. Kidney Int 59: 2054–2061.

19. Sier CF, Sidenius N, Mariani A, Aletti G, Agape V, et al. (1999) Presence of

urokinase-type plasminogen activator receptor in urine of cancer patients and its
possible clinical relevance. Lab Invest 79: 717–722.

20. Backes Y, van der Sluijs KF, Mackie DP, Tacke F, Koch A, et al. (2012)
Usefulness of suPAR as a biological marker in patients with systemic

inflammation or infection: a systematic review. Intensive Care Med.

21. Eugen-Olsen J, Andersen O, Linneberg A, Ladelund S, Hansen TW, et al.
(2010) Circulating soluble urokinase plasminogen activator receptor predicts

cancer, cardiovascular disease, diabetes and mortality in the general population.
J Intern Med 268: 296–308.

22. Lyngbaek S, Sehestedt T, Marott JL, Hansen TW, Olsen MH, et al. (2012) CRP
and suPAR are differently related to anthropometry and subclinical organ

damage. Int J Cardiol.

23. The Danish State Serum Institute S (2014) Medical product Statistics. Available:
www.ssi.dk.

24. Kessing LV, Harhoff M, Andersen PK (2007) Treatment with antidepressants in
patients with dementia–a nationwide register-based study. Int Psychogeriatr 19:

902–913.

25. Kessing LV, Harhoff M, Andersen PK (2008) Increased rate of treatment with
antidepressants in patients with multiple sclerosis. Int Clin Psychopharmacol 23:

54–59.
26. Danner M, Kasl SV, Abramson JL, Vaccarino V (2003) Association between

depression and elevated C-reactive protein. Psychosom Med 65: 347–356.
27. Elovainio M, Aalto AM, Kivimaki M, Pirkola S, Sundvall J, et al. (2009)

Depression and C-reactive protein: population-based Health 2000 Study.

Psychosom Med 71: 423–430.
28. Ford DE, Erlinger TP (2004) Depression and C-reactive protein in US adults:

data from the Third National Health and Nutrition Examination Survey. Arch
Intern Med 164: 1010–1014.

29. Anderson RJ, Freedland KE, Clouse RE, Lustman PJ (2001) The Prevalence of

Comorbid Depression in Adults With Diabetes: A meta-analysis. Diabetes Care
24: 1069–1078.

30. Musselman DL, Miller AH, Porter MR, Manatunga A, Gao F, et al. (2001)
Higher Than Normal Plasma Interleukin-6 Concentrations in Cancer Patients

With Depression: Preliminary Findings. American Journal of Psychiatry 158:
1252–1257.

31. Musselman DL, Nemeroff CB (2000) Depression really does hurt your heart:

stress, depression, and cardiovascular disease. Prog Brain Res 122: 43–59.
32. Raison CL, Miller AH (2003) Depression in cancer: new developments

regarding diagnosis and treatment. Biol Psychiatry 54: 283–294.
33. Nielsen NO, Strom M, Boyd HA, Andersen EW, Wohlfahrt J, et al. (2013)

Vitamin D status during pregnancy and the risk of subsequent postpartum

depression: a case-control study. PLoS One 8: e80686. 10.1371/journal.-
pone.0080686 [doi];PONE-D-13–23510 [pii].

34. Manderbacka K, Sund R, Koski S, Keskimaki I, Elovainio M (2010) Diabetes
and depression? Secular trends in the use of antidepressants among persons with

diabetes in Finland in 1997–2007. Pharmacoepidemiol Drug Saf.

35. Thielen K, Nygaard E, Andersen I, Rugulies R, Heinesen E, et al. (2009)

Misclassification and the use of register-based indicators for depression. Acta

Psychiatr Scand 119: 312–319.

36. Langkilde AA, Hansen TW, Ladelund S, Linneberg A, Andersen O, et al. (2011)

Increased plasma soluble uPAR level is a risk marker of respiratory cancer in

initially cancer-free individuals. Cancer Epidemiol Biomarkers Prev.

37. Miller GE, Freedland KE, Carney RM, Stetler CA, Banks WA (2003) Pathways

linking depression, adiposity, and inflammatory markers in healthy young adults.

Brain Behav Immun 17: 276–285.

38. Gariepy G, Wang J, Lesage AD, Schmitz N (2010) The longitudinal association

from obesity to depression: results from the 12-year National Population Health

Survey. Obesity (Silver Spring) 18: 1033–1038.

39. Edgren G, Tran TN, Hjalgrim H, Rostgaard K, Shanwell A, et al. (2007)

Improving health profile of blood donors as a consequence of transfusion safety

efforts. Transfusion 47: 2017–2024.

40. Tuomainen TP, Salonen R, Nyyssonen K, Salonen JT (1997) Cohort study of

relation between donating blood and risk of myocardial infarction in 2682 men

in eastern Finland. BMJ 314: 793–794.

41. Langkilde A, Petersen J, Klausen HH, Henriksen JH, Eugen-Olsen J, et al.

(2012) Inflammation in HIV-infected patients: impact of HIV, lifestyle, body

composition, and demography - a cross sectional cohort study. PLoS One 7:

e51698. 10.1371/journal.pone.0051698 [doi];PONE-D-12–21779 [pii].

42. Andersen AB, Law I, Ostrowski SR, Lebech AM, Hoyer-Hansen G, et al. (2006)

Self-reported fatigue common among optimally treated HIV patients: no

correlation with cerebral FDG-PET scanning abnormalities. Neuroimmunomo-

dulation 13: 69–75.

43. Ostrowski SR, Piironen T, Hoyer-Hansen G, Gerstoft J, Pedersen BK, et al.

(2005) High Plasma Levels of Intact and Cleaved Soluble Urokinase Receptor

Reflect Immune Activation and Are Independent Predictors of Mortality in

HIV-1-Infected Patients. J Acquir Immune Defic Syndr 39: 23–31.

44. Cinque P, Nebuloni M, Santovito ML, Price RW, Gisslen M, et al. (2004) The

urokinase receptor is overexpressed in the AIDS dementia complex and other

neurological manifestations. Ann Neurol 55: 687–694.

45. Deininger MH, Trautmann K, Magdolen V, Luther T, Schluesener HJ, et al.

(2002) Cortical neurons of Creutzfeldt-Jakob disease patients express the

urokinase-type plasminogen activator receptor. Neurosci Lett 324: 80–82.

46. Fauser S, Deininger MH, Kremsner PG, Magdolen V, Luther T, et al. (2000)

Lesion associated expression of urokinase-type plasminogen activator receptor

(uPAR, CD87) in human cerebral malaria. J Neuroimmunol 111: 234–240.

47. Gveric D, Hanemaaijer R, Newcombe J, van Lent NA, Sier CF, et al. (2001)

Plasminogen activators in multiple sclerosis lesions: implications for the

inflammatory response and axonal damage. Brain 124: 1978–1988.

48. Walker DG, Lue LF, Beach TG (2002) Increased expression of the urokinase

plasminogen-activator receptor in amyloid beta peptide-treated human brain

microglia and in AD brains. Brain Res 926: 69–79.

49. Cunningham O, Campion S, Perry VH, Murray C, Sidenius N, et al. (2009)

Microglia and the urokinase plasminogen activator receptor/uPA system in

innate brain inflammation. Glia 57: 1802–1814.

suPAR Levels and Use of Antidepressants

PLOS ONE | www.plosone.org 7 October 2014 | Volume 9 | Issue 10 | e110555

www.ssi.dk

