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Abstract
Introduction: Multimorbidity is a common finding in the context of lifestyle-related diseases, such as obesity, hypertonia, diabetes mel-
litus type 2, or osteoarthritis. However, little is known about the effects of exercise on subjects with multimorbidity. Biomarkers, such as 
microRNAs (miRs), might be useful tools in this context.

Aim: To analyze miRNA patterns in subjects with multimorbidity and to correlate them with adaptations to the exercise-focused life-
style intervention program “MultiPill-Exercise Pilot Study.

Patients and methods: Using RNA-Seq and qPCR analysis, we determined both baseline expression and training-associated changes of 
several miRs and correlated them with changes in clinical and physiological parameters during the intervention.

Results: We found a negative correlation between changes in miR-486-5p concentrations and changes in peak power output (ΔPPO). 
Remarkably, several changes in miR concentrations were associated with changes in blood pressure readings (RR) during the interven-
tion: ΔmiR-150a-5p (**), ΔmiR-223-3p, ΔmiR130-3p, and ΔmiR126-3p positively correlated with ΔsystRR, and there was also a positive 
correlation between ΔmiR-150a-5p and ΔdiastRR.

Conclusion: These pilot data will be useful in generating hypotheses for further testing the potential of miRs as biomarkers in the 
context of exercise adaptation in multimorbidity. For this purpose, confirmatory, larger, randomized, and controlled studies should be 
performed, employing correction factors for multiple testing.
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Introduction

Lifestyle-associated chronic adverse conditions, such as 
overweight/obesity, cardiovascular disease, type 2 diabetes 
mellitus (T2DM), or osteoarthritis (OA), are major bur-

dens of disease in Western societies. Lifestyle intervention 
programs, specifically those that focus on physical activity 
and exercise, are effective in both the prevention and treat-
ment of lifestyle-related diseases.[1] When designing exer-
cise-based lifestyle intervention programs, biomarkers can 
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be useful tools. They might help to find the most effective 
training concept for each patient. In addition, they could 
be employed to monitor individual training adaptation and 
thus be early indicators of treatment success.

Due to common risk factors, most patients suffering 
from lifestyle-related diseases are affected by multimorbid-
ity, harboring diagnoses for more than one of the diseases. 
However, so far, studies on the effects of exercise programs 
on subjects with multimorbidity are rare, warranting more 
extensive research.[2] 

MicroRNAs (miRs) are a class of small-molecule RNAs 
involved in the regulation of gene expression.[3] Recent data 
suggest that miR patterns, assessed in tissues such as skeletal 
muscle or in the circulation, might be useful tools to predict 
training adaptation and/or to monitor training effects.[4] In 
particular, patterns of circulating miRs have potential as 
biomarkers in clinical practice, since they can easily, quick-
ly, and precisely be assessed from small volumes of blood. 

The MultiPill-Exercise pilot study was an exercise-based 
lifestyle intervention program for patients with lifestyle-re-
lated diseases and multimorbidity, carried out at the De-
partment of Sports Medicine of University Hospital Tübin-
gen in 2019-2020.[5]

Aim

To analyze patterns of circulating miRs and their correla-
tion with training-associated adaptation processes, such as 
changes in physical fitness or health-related clinical param-
eters, in subjects with multimorbidity. 

Patients and methods
MultiPill-Exercise pilot study

The study design, as well as the physiological and clinical 
findings, have been previously described.[5-7] Briefly, sub-
jects diagnosed with at least two out of four lifestyle-related 
diseases (or displaying relevant risk factors) were enrolled 
in the study. Medication was documented at an initial 
screening appointment as well as at all diagnostics time-
points (T0, T1, and T2, see below). Subjects were eligible 
for the study when medication for study-relevant diseases 
had been unchanged for at least three months prior to en-
rollment. Otherwise, there were no restrictions with regard 
to medication types or subclasses, except cases in which the 
screening physician considered a specific form of medica-
tion an exclusion criterion for study participation.[5,6] After 
enrollment, subjects underwent a 24-week exercise-focused 
lifestyle intervention program divided into two blocks of 
twelve weeks, with the first block (T0 → T1) being closely 
supervised, whereas the second block (T1 → T2) was more 
self-directed. Training regimens were designed as com-
binations of a “general” exercise sessions, combined with 

disease-specific and elective elements.[5,6] At baseline (T0) 
and after each of the two study blocks (T1 and T2), an ex-
tensive diagnostics battery was carried out, including col-
lection of blood specimens. The study was carried out with 
two groups of patients (wave #1 and wave #2), starting in 
08-2019 and 01-2020, respectively. The study was approved 
by the Ethics Committee of University Medicine Tübingen 
(Grant number: 298/2019BO2, 06/04/2019). Before blood 
drawing, written informed consent was obtained from all 
subjects.

Patients

Initially, 39 subjects were enrolled in the study, 20 for wave 
#1 and 19 for wave #2. Of the latter, 4 subjects were ex-
cluded at T0, so that for T0, data of 35 subjects were avail-
able. For T1, only data of 20 subjects could be evaluated, 
since, due to the COVID 19 pandemic, the T1 diagnostics 
timepoint was cancelled for subjects of wave #2. Thus, in 
the miR analysis described here, only data obtained from 
subjects of wave #1 were included. In addition,  (T0 → T1) 
data were only available for 18 subjects, since for medical 
reasons (herniated intervertebral disc and hip pain, re-
spectively) two subjects (MP1906 and MP1913) of wave 
#1 did not complete spiroergometry at the T1 timepoint. 
Finally, for 2 subjects (MP1901 - missing value at T0 - and 
MP1925 - missing value at T1), ΔFibrinogen could not be 
determined due to a technical problem in the laboratory.

RNA-Seq

RNA-Seq was carried out by GenXPro GmbH (Frankfurt / 
Main, Germany), using the TrueQuant method for analysis 
of small RNA expression as previously described.[8] For this 
purpose, the Small RNA Sequencing Kit (v. 1.0) and Illumi-
na®NGS technology were employed.

RNA isolation from plasma and qPCR 
analysis

RNA isolation was carried out using the miRNeasy Serum/
Plasma Advanced Kit (Qiagen). qPCR was carried out us-
ing the miRCURY LNA RT Kit and the miRCURY LNA 
miRNA PCR Assay (Qiagen), in combination with pre-de-
signed primers (Qiagen). For normalization, employing 
RefFinder software[9], the three most stable housekeeping 
genes, miRs, 590-5p, 26b-5p und 320d, were chosen from 
a set of seven.

Statistical analysis

Statistical analysis was carried out using SPSS Statistics 
Version 26.0 (IBM Corporation, Armonk, New York). 
Data were tested for normal distribution using Kolmogo- 
rov–Smirnov and Shapiro–Wilk statistical tests. Since the 
respective prerequisites were not met by the data, Wilcox-
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on testing was employed to assess possible differences. For 
correlation analyses, Spearman rank correlation coefficient 
r was calculated.[10,11] Statistical significance was accepted 
at p<0.05 (*) and p<0.01 (**). Since this was an exploratory, 
hypothesis-generating pilot study, no corrections for multi-
ple testing were carried out.

Results

In an initial, untargeted screening approach, 12 samples 
(taken at T0 and T1) of 6 subjects of wave #1 were screened 
by RNA-Seq. They were selected as a maximally homoge-
neous group with regard to sex and BMI to minimize scat-
tering of data. Furthermore, female sex was chosen since the 
majority of subjects in the entire cohort (27/39) was female. 
Mean age of selected subjects (55.17±6.49 years) corre-
sponded well with mean age of the entire cohort, which was 
55.37±10.62 years. For subjects’ characteristics, please refer 
to Supplementary Tables S1 and S2. )

Baseline data: RNA-Seq-based screen-
ing of 6 subjects

From the RNA-Seq data set, 13 miRs were selected for fur-
ther analysis based on the following criteria: a minimum 
of 50 “reads” in each sample, and a correlation coefficient 
of at least ±0.6 between baseline levels and changes in one 
of the 16 clinical parameters analyzed in this study (Sup-
plementary Table S3). In some cases, there were similar 
(or inverted) correlation readings for different miRs. This is 
due to the algorithm of Spearman rank correlation, which, 
for small n numbers, only allows a limited amount of per-
mutations.

Baseline data: qPCR-based data of 18 
out of 20 subjects

For the selected miRs, concentrations at T0 and T1 were an-
alyzed in the 20 subjects of wave #1 via qPCR. Similarly as 
for RNA-Seq data, we again analyzed correlations between 
miRNA concentrations and changes in clinical parameters. 
As shown in Supplementary Table S4, miR correlation 
patterns as analyzed by qPCR only partially correspond-
ed to those obtained in the RNA-Seq analysis. In addition, 
most correlations were only trends and not significant.

Significant positive correlations were found between 
baseline expression of miR-130b-3p and ΔCRP and that 
of miR-486-5p with Δtriglycerides. A significant negative 
correlation could be observed between miR-103a-3p base-
line concentration and changes in BMI. However, only in 
case of miR-486-5p, data from RNA-Seq and qPCR analysis 
were consistent (Supplementary Tables S3 and S4).

Progression: qPCR data

Based on these results, we analyzed changes in miR patterns 
during the intervention and correlated them with changes 
in clinical parameters over time. Supplementary Table S5 
shows fold changes of the 13 selected miRs after 12 weeks 
of training. During the first twelve weeks of the interven-
tion, miR concentrations increased or declined. Several 
of these changes in expression correlated with changes in 
physiological and/or clinical parameters (Supplementary 
Table S6). Again, similarly as in the qPCR analysis of base-
line concentrations, for ΔmiR-103a-3p, there was a nega-
tive correlation with ΔBMI. Furthermore, ΔmiR-190a-5p 
negatively correlated with ΔV̇O2max, whereas ΔmiR-486-5p 
(Fig. 1) and ΔmiR-210-3p concentrations (negatively) par-

Figure 1. Correlation between changes in miR-486-5p concentrations and changes in PPO between T0 and T1. 
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alleled ΔPPO. In addition, there was a positive correlation 
between ΔmiR-143-3p and Δinsulin. Remarkably, several 
changes in miR concentrations were associated with chang-
es in blood pressure readings (RR) during the interven-
tion: ΔmiR-150a-5p (**), ΔmiR-223-3p, ΔmiR130-3p, and 
ΔmiR126-3p positively correlated with ΔsystRR, and there 
was also a positive correlation between ΔmiR-150a-5p and 
ΔdiastRR. Fig. 2 illustrates correlations between ΔmiR-
150a-5p and ΔsytRR as well as ΔdiastRR.

Taken together, our data suggest that miRs might be 
promising biomarkers in the context of lifestyle interven-
tion programs for multimorbid subjects. 

jects, and/or a more refined strategy should be applied to 
identify the samples best suited for screening, i.e., with the 
highest degree of representativeness for the whole cohort. In 
addition, with regard to miRs as “monitoring” biomarkers, 
i.e., for changes during the intervention, a separate screen-
ing should be carried out, since it is likely that here, different 
miR markers are most efficient.

With regard to correlations of miR patterns (both base-
line and changes/Δs) and changes in physiological and 
clinical parameters during the intervention, a negative cor-
relation of baseline miR-486-5p concentrations with Δtri-
glycerides was found. On average, expression of this miR 

Figure 2. Correlation between changes in miR-150a-5p concentrations and changes in both diastolic and systolic blood pressure be-
tween T0 and T1.

Discussion
We could demonstrate that circulating miRs, assessed in 
subjects with multimorbidity, might be predictive as well as 
monitoring biomarkers in the context of an exercise-based 
lifestyle intervention program. Still, this was a pilot-charac-
ter, hypothesis-generating study with a limited number of 
participants, thus not employing correction algorithms for 
multiple testing, a factor limiting the clinical significance of 
the data at this time. 

Initially, to identify candidate marker miRs, we carried 
out RNA-Seq-based screening of 6 study participants, fol-
lowed by qPCR analysis in a larger number of subjects (18 
out of 20). Obviously, miR correlation patterns as analyzed 
by qPCR only partially corresponded to those obtained in 
the initial RNA-Seq screening analysis, indicating merely 
moderate efficacy of our screening procedure. In particular, 
significant but opposed correlations were found for miR-
130b-3p and ΔCRP and for miR-103a-3p and ΔBMI. Thus, 
in future, comparable studies, RNA-Seq-based screening 
should potentially be carried out with more than six sub-

decreased during the intervention, as has previously been 
demonstrated in the context of the HERITAGE study, where 
up-to-then sedentary subjects underwent a 20-week en-
durance training program.[12] Interestingly, associations of 
this miR with fatty acid metabolism had previously been 
demonstrated.[13,14] 

As mentioned and in contrast to baseline levels, changes 
(Δs) in miR concentrations between T0 and T1 were only 
assessed by qPCR, which limits the validity of the respec-
tive set of data. Nevertheless, several interesting correlations 
were found. Specifically, for ΔmiR-103a-3p, there was a neg-
ative correlation with ΔBMI. Interestingly, this miR has pre-
viously been implicated in metabolic disorders.[15] Further-
more, ΔmiR-190a-5p negatively correlated with ΔV̇O2max, 
whereas ΔmiR-486-5p (see above) and ΔmiR-210-3p con-
centrations (negatively) paralleled ΔPPO. For miR-190a-5p, 
associations with a lower metabolic risk and a higher de-
gree of physical activity have been demonstrated in older 
adults[16], which might contradict our data but might also 
be due to the fact that in this study, inter-individual differ-
ences were assessed, not, as in our study, changes over time. 
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Interestingly, miR-210-3p has been implicated in the regula-
tion of angiogenesis and diabetes.[17] In addition, there was 
a positive correlation between ΔmiR-143-3p and Δinsulin. 
Remarkably, this miR species has been widely implicated in 
the regulation of insulin sensitivity and metabolic syndrome.
[18] In particular, increasing concentrations of miR-143-3p 
have previously been associated with low improvement of 
glycemic control in response to an 8-week program of reg-
ular physical exercise[19], however, in the respective study, 
skeletal muscle miR was assessed, so that results might not 
be directly comparable with our c-miR analysis.

Finally and most interestingly, several changes in miR 
concentrations significantly correlated with changes in blood 
pressure readings (RR) during the intervention: ΔmiR-
150a-5p (**), ΔmiR-223-3p, ΔmiR130b-3p, and ΔmiR126-
3p positively correlated with ΔsystRR, and there was also a 
positive correlation between ΔmiR-150a-5p and ΔdiastRR. 
Of these, miR-223-3p[20] and miR-126-3p[21] have already 
been linked to hypertension. However, it is very likely that 
changes in blood pressure readings during the intervention 
might not exclusively be associated with increased physical 
activity or, more generally, lifestyle changes: antihyperten-
sive agents were the most common type of medication al-
ready at enrollment (24/39[5]) and it is very likely that, with 
more focus on health issues, patients’ medication might also 
have been adapted, especially with regard to dosage and 
type. Thus, correlations with miR patterns will have to be 
tested in better-controlled settings in the future.

Conclusion

Taken together, our data suggest that c-miRs might be easi-
ly accessible biomarkers in the context of lifestyle interven-
tion programs for subjects with multimorbidity. However, 
this was an exploratory, pilot-character, hypothesis-gener-
ating study. Its major limitation was the small sample size 
in both RNA-Seq-based screening and qPCR analysis. In 
addition, to initially cover a maximum of potentially inter-
esting miR species and corresponding to the pilot character 
of the study, no correction for multiple testing was carried 
out. Thus, candidate miRs identified in this study should 
be tested in larger, confirmatory, possibly multicentric, pro-
spective, randomized, and controlled studies, such as the 
MultiPill-Exercise Main Study, which was started at our 
institution in 2022.[6] In this larger sample, in addition to 
analysis of the complete study population, it will also be 
possible to perform subgroup analyses with specific patient 
subcohorts, e.g., the “obesity cohort.” In the future, the in-
clusion of a healthy, age-matched control group might also 
be interesting, allowing discrimination between “general” 
and disease-specific effects. Finally, it might be possible to 
define patterns of specific miR markers as determinants for 
the design and supervision of individualized training regi-
mens (“personalized medicine”). 
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Table A1. Overview of the complete study cohort 

Demographic data
Sex F (n=25) M (n=10) Total (n=35)

Age (years)
Mean=56.04

SD±2.06
Mean=53.7

SD±3.71
Mean=55.37

SD±10.62

Height (m)
Mean=1.66

SD±0.01
Mean=1.82

SD±0.02
Mean=1.7
SD±0.09

Weight, BMI and ΔV̇O2max

  T0 (n=35) T1 (n=20) T2 (n=30)
  F M F M F M

Weight (kg)

Mean=85.73
SD±1.96

Mean=102.29
SD±3.88

Mean=82.22
SD±10.33

Mean=103.96
SD±16.06

Mean=84.83
SD±9.64

Mean=98.53
SD±15.83

Mean=90.46
SD±12.86

Mean=88.95
SD±14.7

Mean=88.94
SD±13.02

BMI (kg/m2)

Mean=31.12
SD±0.69

Mean=30.98
SD±0.86

Mean=29.97
SD±3.54

Mean=30.67
SD±2.28

Mean=30.76
SD±3.68

Mean=29.81
SD±3.01

Mean=31.08
SD±3.21

Mean=30.09
SD±3.18

Mean=30.47
SD±3.47

Relative 
ΔV̇O2max

(mL/kg·min)

Mean=18.89
SD±0.79

Mean=23.2
SD±1.15

Mean=21.92
SD±5.04

Mean=26.8
SD±3.27

Mean=20.71
SD±5.59

Mean=26.33
SD±3.01

Mean=20.12
SD±4.28

Mean=23.28
SD±5.05

Mean=22.41
SD±5.56

 Inclusion criteria
Diseases No Risk Manifested
Obesity n=1 n=8 n=26
T2DM n=7 n=25 n=3
Hypertonia n=8 n=2 n=25
OA n=9 n=9 n=17

Table A2. Overview of the six subjects selected for RNA-Seq analysis

Subject ID Sex Age
BMI (T0)
(kg/m2)

Overweight 
/ Obesity

Hypertonia T2DM
Osteoar-
thritis

IC

MP1902 F 54 27.12 Yes Yes No Risk 3

MP1903 F 46 31.24 Yes Yes Risk No 3

MP1907 F 57 32.72 Yes No Risk Yes 3

MP1912 F 61 32.79 Yes Yes Risk No 3

MP1915 F 63 26.62 No Yes No Yes 2

MP1919 F 50 28.87 Yes Yes Risk Yes 4

Mean 55.17 29.89 3

SD 6.49 2.74 0.63
MD 55.51 30.05 3

IC: number of inclusion criteria met
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Table A5. qPCR data (n=20). Changes in miR concentrations between T0 and T1

log2-fold change

miR N Min Max Mean SD

16-5p 20 −2.598 1.100 −1.022 1.107

486-5p 20 −3.478 1.050 −1.551 1.365

210-3p 20 −2.187 1.600 −0.405 1.028

146a-5p 20 −1.627 2.652 0.590 1.073

150a-5p 20 −2.197 2.015 0.106 0.948

190a-5p 20 −2.162 1.495 −0.645 1.060

223-3p 20 −1.732 2.062 0.389 0.954

143-3p 20 −1.452 2.308 0.354 0.907

130b-3p 20 −1.632 2.207 0.090 0.939

505-3p 20 −2.002 1.447 0.225 0.899

21-5p 20 −2.067 1.810 0.250 1.103

126-3p 20 −2.307 1.792 0.223 1.039

103a-3p 20 −2.222 1.887 −0.044 1.025
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