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Abstract

Introduction 
Studying the role of the immune system as a part of the interaction between mental and 
physical health is challenging. Especially when studying individuals with an intensive, lon-
gitudinal study design in their daily life, non-invasive sampling techniques are a necessity. 
Urine can be collected in a non-invasive way, but this may be demanding for participants 
and little is known about fluctuation over time of inflammatory markers in urine samples. 
The aim of this study was to investigate the feasibility of non-invasive sampling, and to 
explore inter- and intra-individual differences in inflammatory markers in urine. 

Materials & Methods 
Ten healthy individuals collected 24-hour urine for 63 consecutive days. Multiplex ana-
lyses were used to quantify levels of C-reactive protein (CRP), Fractalkine, Interleukin-1 
receptor-antagonist (IL-1RA), interferon-α (IFNα), interferon-γ (IFNγ), Interferon gam-
ma-induced protein 10 (IP-10), Macrophage inflammatory protein-1β (MIP-1β), and 
Vascular Endothelial Growth Factor (VEGF) in 24-hour-urine. Cross-correlations between 
the night and 24-hour portions were calculated, to examine whether 24-hour urine could 
be replaced by solely the night portion to increase feasibility. Inter- and intra-individual 
differences were examined in urinary levels of and fluctuations in inflammatory markers.

Results 
This study showed that levels of inflammatory markers are detectable in urine. Cross-cor-
relation results showed the correlation between levels of inflammatory markers in the 
night portion and the 24-hour urine varied widely between individuals. In addition, ana-
lyses of time series revealed striking inter- and intra-individual variation in levels and 
fluctuations of inflammatory markers.

Conclusion 
We show that the assessment of urinary inflammatory markers is feasible in an intensive 
day-to-day study in healthy individuals. However, 24-hour urine cannot be replaced by 
a night portion to alleviate the protocol burden. Levels of inflammatory markers show 
substantial variation between and within persons.
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Introduction
 
The interaction between mental and physical health and the bidirectional role of the im-
mune system therein is receiving increasing attention1–3. Psychological stress is associated 
with low-grade inflammation and an increased risk for pathology2,4,5, while low-grade 
inflammation might play a role in the etiology and persistence of depression in turn6. 

Several studies already have been conducted on the role of low-grade inflammation 
in relation to mental health. However, the interpretation of the results of these studies is 
limited for two reasons. First, studies are mostly performed in a laboratorial setting thus 
lacking ecological validity7. Second, they cover only a short period of time in which the 
effect of one intense stressor is studied8,9. Preferably, the relationship between psycho-
logical factors and inflammation would be studied in an idiographic study, which focuses 
on the dynamics of events over time within individuals. Accordingly, an idiographic study 
design allows analyses at the within-person level and provides information about individ-
ual variation and the relationships between fluctuations in variables over time10,11. 

A non-clinical, natural daily environment is favorable for studying psychobiological 
associations, representing the conditions of the real world, ameliorating the extrapola-
tion of the outcome to a natural context7,12,13. To date, however, inflammatory markers 
are generally measured in venous blood14, but collecting venous blood in an everyday 
environment would be far too invasive and unpractical. Fortunately, some inflammatory 
markers are also excreted and expressed in urine and saliva15, which can be obtained in 
a non-invasive way. The number of markers that is measured in urine and saliva is increas-
ing16–19, therefore samples of these materials could be useful for ecological assessments 
in day-to-day, idiographic studies. 

Before implementing non-invasive ways to measure immunological biomarkers in id-
iographic studies, several questions have to be addressed. The first question is which 
inflammatory markers are detectable and stable in urine of healthy individuals. Second, 
collection of 24h urine may be challenging for participants. As an alternative, the first 
morning void could be used for biomarkers. It is unknown whether a first morning void 
provides sufficient insight into a person’s levels of inflammation throughout the day, and 
could thus replace the more burdensome 24-hour urine collection procedure. Third, idio-
graphic studies are based on variability within individuals, thus it is important to assess to 
which degree levels of detectable inflammatory markers fluctuate over time. 

To assess if the collection of urine and measurement of inflammatory markers in urine 
is feasible, we set up an intensive day-to-day two month pilot study. We used the data 
generated in this study to answer the following three research questions: 1) is the collec-
tion of urine and measuring inflammatory markers feasible in a study with a of repeated 
measurement design? 2) Is 24-hour urine a necessity, or do the night portion and 24-hour 
urine correlate highly, and could therefore the night portion replace the collection of 
24-hour urine? 3) Is there inter- and intra-individual variability of inflammatory markers, 
which makes them suitable for time series analyses? 
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Materials & Methods

A pilot study was performed to test which inflammatory markers could be reliably mea-
sured in 24-hour urine of healthy individuals. It is important to realize that in a day-to-
day longitudinal study, participants are engaging in their daily routines, and samples 
cannot be processed and stored at -80ºC immediately. Therefore it was studied whether 
the markers were stable at room temperature for 24-48 hours. Since repeated mea-
surement studies are meant to provide information about (bidirectional) relationships 
between variables over time, it was assessed whether inflammatory markers showed 
intra-individual variation20. Three individuals collected 24-hour urine for 5 consecutive 
days, in which we assessed presence, stability at room temperature for 48 hours, and 
fluctuation of 39 inflammatory markers, using Multiplex assays. Based on this pilot study, 
eight inflammatory markers were selected for an intensive day-to-day study, namely 
C-reactive protein (CRP), Fractalkine, Interferon (IFN)-α, Interferon (IFN)-γ, Interleukin-1 
receptor antagonist (IL-1ra), Interferon gamma-induced protein 10 (IP10), Macrophage 
Inflammatory Proteins (MIP)-1β and Vascular endothelial growth factor (VEGF). 

Subjects
Ten healthy participants (7 females) collected 24-hour urine for 63 consecutive days. 
Participants were asked to daily report health complaints or use of medication by use 
of a web based electronic diary. When infectious symptoms or use of anti-inflammatory 
drugs were reported, values of that particular day were excluded for further analyses. 
Participants were paid 5 euros for each day in which they completed the sampling proto-
col. The study protocol was approved by the Medical Ethical Committee of the University 
Medical Center Groningen.

Urine 
Urine was collected in two portions. The first portion consisted of the ‘night portion.’ 
Voiding during the night was also appointed to the ‘night portion’. The second portion 
consisted of the remaining voids of the day until bedtime, called the ‘day portion’. Urine 
containers (BD Biosciences, Franklin Lakes, NJ, USA) were weighed after collection on a 
scale, accurate up to 1 gram, to determine total output. The ‘day portion’ was stored at 
room temperature during the accumulation period. Every other morning, the research-
er collected the samples and transferred them to the laboratory. Then two separate 
samples of the ‘night portion’ and ‘day portion’ were aliquoted into 2.0 ml cryotubes. 
Subsequently, samples were stored at -80°C until further analyses. Completeness of the 
24-hour urine samples was assessed by use of 24-urinary creatinine output; cases were 
excluded from further analyses when 24-hour urine samples were incomplete. A sample 
was considered incomplete if the 24 hr creatinine output was lower than 2 SD’s from the 
persons own mean21. 
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Analyses of inflammatory markers
Before analysis, urine samples were centrifuged after thawing for 1650 x g at 4°C for 
10 minutes. Concentration of CRP, Fractalkine, IFN-α, IFN-γ, IL-1ra, IP10, MIP-1β and 
VEGF in the night and day portion was assessed using 2 different magnet bead multiplex 
assays (Merck Millipore, Billerica, MA, USA) and a Luminex 200 analyzer (Luminex®, 
Austin, TX, USA), following protocol. Results were analyzed using Milliplex Analyst V5.1 
software (VigeneTech Inc, Carlisle, MA, USA). Total concentrations of inflammatory mark-
ers were calculated using the following equation: (concentration night portion/ml) * (total 
output night portion (ml)) + (concentration day portion/ml) * (total output day portion 
(ml)) = total excretion of inflammatory marker per day. The intra-assay and inter-assay 
coefficients of variance were respectively: 1.5-15% and 3.5-20%.

Data analyses
Descriptive statistics of eight inflammatory markers were calculated for each individu-
al, presented in a boxplot and examined. Missing time series data was imputed using 
the package ‘Amelia’ 22from a time series (like variables collected for each year in a 
country; the number of imputed data sets was 50. Auto Regressive Integrated Moving 
Average (ARIMA) models were fitted to study the association between levels of inflam-
matory markers as measured in the night and 24-hour urine portion. Each time series was 
detrended and demeaned, and ARIMA residuals were stored, using the package ‘astsa’ 
(http://www.stat.pitt.edu/stoffer/tsa4/). The value of the lag 0 of the cross-correlation 
function (CCF) between the ARIMA residuals of the night and 24-hour urine portion was 
calculated for each inflammatory marker, within each individual, to assess whether the 
night portion could replace the 24-hour urine. Analyses were done using Rstudio (version 
0.99.896, Inc., Boston, MA, http://www.rstudio.com). 

Results

Feasibility of collection of urine in 10 healthy individuals
Urine samples of 10 different individuals (Table 1) collected in an idiographic study were 
analyzed for the concentration of the following eight inflammatory markers: CRP, Fractal-
kine, IFNα, IFNγ, IL-1ra, IP10, MIP1β and VEGF. As a measure of feasibility, we assessed 
completeness of the 24-hour urine samples as determined by 24-hour urinary creatinine 
output. Based on this method the following samples were excluded for further analyses: 
day 23, 24, 28, 29, 32 for participant 1, day 41 for participant 2, day 63 for partici-
pant 5, day 22 for participant 6, day 1 and 34 for participant 7, day 56 for participant 
8, and day 40 for participant 10. Due to technical issues regarding the assays, no results 
for CRP were acquired for individuals 7, 8, 9 and 10.
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Table 1: Sample characteristics repeated measurement study

1 2 3 4 5 6 7 8 9 10

Sex m f f f m m f f f f
Age (years) 24 58 29 33 39 19 21 21 48 22

BMI 23.2 26.5 20.0 17.2 20.0 21.6 21.3 20.1 25.3 23.1
Smoking yes no no no yes no no no no no

Night portion vs 24-hour urine
Cross-correlation function (CCF) was used for each inflammatory marker within each indi-
vidual to assess whether the night portion could replace the 24-hour urine. Cross-correla-
tions between the night portion and the 24-hour urine are shown in table 2. Cross-cor-
relations between the night portion and the 24-hour urine ranged from -0.053 to 0.968. 
IFNγ did not show enough non-zero data points to execute CCF in any of the individuals. 
The majority of the correlation coefficients reached the upper 95% confidence limit at 
p ≤ 0.05. IP10 showed significant moderate to strong correlations between the night 
portion and 24-hour urine for almost all individuals. ID 4, 5, 8 and 10 showed significant 
correlations for all IM between the night portion and the 24-hour urine.

Inter- and intra-individual differences
Each inflammatory marker showed considerable differences in median levels, and inter-
quartile ranges (IQR) between different participants (Figure 1). ID 5 showed overall the 
lowest median excretion of inflammatory markers. ID 2 and ID 10 showed the highest 
median excretion of inflammatory markers. The differences between the excretion levels 
are substantial in several cases, e.g. the interquartile ranges of CRP in ID 5 and 6 do not 
overlap and median levels show a difference of around 100% in those participants. The 
same holds true for levels of Fractalkine in ID 8 and ID 9, or IFNγ in ID 9 and ID 10. Or 
even more prominent, ranges between IL1ra excretion levels in ID1 and ID2, or ID 2 and 
ID 5 show great differences.
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Table 2: Correlation between excretion of inflammatory markers in the night portion and 24-
hour urine 

ID CRP
Frac ta l -

kine
IFNα IFNγ IL-1RA IP10 MIP1β VEGF

1 0.161 0.341* 0.178 NA 0.490* 0.197 NA 0.747*
2 0.559* 0.048 0.229 NA 0.556* 0.738* 0.458* 0.330*
3 0.087 0.034 -0.053 NA 0.138 0.465* 0.156 0.245
4 0.372* 0.423* 0.528* NA 0.321* 0.621* 0.636* 0.528*
5 0.373* 0.410* 0.532* NA 0.330* 0.610* NA 0.530*
6 0.968* 0.028 0.008 NA 0.625* 0.691* 0.342* 0.428*
7 NA 0.409* 0.234 NA 0.360* 0.528* NA 0.094
8 NA 0.508* 0.475* NA 0.524* 0.422* 0.411* 0.448*
9 NA 0.400* 0.532* NA -0.036 0.785* 0.307* 0.510*

10 NA 0.296* 0.594* NA 0.463* 0.577* NA 0.464*

Note: Results of the cross-correlation function (CCF), analyzing the correlation (B) between the night por-
tion and 24-hour urine. N=63 for each correlation. IFNγ did not show enough non-zero data points to 
execute CCF. Due to technical issues regarding the assays, no results for CRP were acquired for individual 
7, 8, 9 and 10. Number of imputed data sets was 50. Each time series was detrended and demeaned 
before analysis, [RESIDUALS]. (*) indicates values that surpass 95% confidence intervals, indicating a 
significant correlation (p ≤ 0.05), 95% CI = 0.252 (±2/√n).

Discussion

In this study we showed that collecting urine in a day-to-day environment is feasible in 
healthy individuals, even for a longer period of time. Our results also revealed that 24-
hour urine cannot be replaced by a night portion for analysis of inflammatory markers 
due to the wide variety and the overall moderate strength of the correlation between 
levels of inflammatory markers in the night portion and the 24-h urine. Furthermore, 
explorative analyses showed that median levels measured over an extended period 
of time differ between individuals, and the range, and thus minimum and maximum of 
excretion levels of different inflammatory markers between individuals and within-indi-
vidual differed as well. 

Day-to-day studies require non-invasive techniques to diminish the burden of the study 
on participants. Urine is appealing for research in the field of behavioral science, since 
it is a direct filtrate of the blood and can be collected using non-invasive techniques. 
Moreover, urine contains an accumulation of small metabolites which can cross the glo-
merular filtration barrier, thus providing an integrative measure of low grade inflamma-
tion. Based on the literature and a pilot study, we selected eight inflammatory markers 
to be measured in a repeated measurement studies. The biomarkers which we assessed 
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are in line with recent literature.15,23,24 A drawback of urinary markers is that their levels 
are influenced by health status, since the kidney produces or excretes many molecules as 
a response to inflammatory disease or kidney injury25,26. Knowledge about health condi-
tions of participants, or the presence of disease, symptoms, injuries or use of medication 
which affect the body, kidney or urinary tract during the study period, is therefore crucial. 

The associations between the night and 24-hour portion range from ‘very weak and 
negative’ to ‘very strong and positive’ (Table 2). Although the majority of the correlations 
were significant, the correlations between the night portion and 24-hour urine showed a 
wide range for different markers within each individual, and also a wide range between 
individuals. Due to this variety, it is unfortunately impossible to replace the 24-hour urine 
with a night portion in future studies. The sometimes large differences, and thus low cor-
relation, between excretion of inflammatory markers in the night portion and 24-hour 
portion is partly explained by the fact that the 24-hour portion is larger and covers a 
wider time period than the night portion. However, physiological processes such as sleep 
duration or quality during the night might influence expression of certain inflammatory 
markers27.

Several studies already showed that cytokine patterns are highly heterogeneous be-
tween individuals15,28–30, however, no study showed this evidently that this is also valid 
within-individuals. The heterogeneity in levels of inflammatory markers is striking. Hetero-
geneity in the levels of inflammatory markers within individuals creates the opportunity to 
study whether this is due to stress, affect, behavior or life style. In addition, visual inspec-
tion raises the questions whether time series of inflammatory markers can be translated 
to immunological profiles. It may be speculated that such profiles might reflect specific 
susceptibilities and have relevance for health outcomes.

The strength of this study is its novelty due to the assessment of eight inflammatory 
markers in a repeated measurement study design. The idiographic study design gives 
insight into the large differences between individuals and the fluctuation of the inflam-
matory markers within individuals. This study has limitations that need to be mentioned as 
well. The high costs of the analyses techniques forced us to narrow down the number of 
inflammatory markers in the cohort study. In addition, this intensive study was feasible, but 
the participants in the current study were paid to be compliant with the protocol. 

In conclusion, we showed that the measurement of inflammatory markers in urine has 
the potential for successful incorporation in idiographic research. The data also confirms 
the need for a longitudinal approach in biobehavioral research, since cross-sectional 
data would not have uncovered the wide distribution of inflammation levels within-indi-
viduals. In future research, intensive day-to-day studies might provide new insights into 
the role of low-grade inflammation in individual psychological processes. 
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