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Abstract.
BACKGROUND: Persons with Multiple Sclerosis have elevated resting serum lactate concentrations compared to healthy
controls (HC).
OBJECTIVE: To evaluate lactate concentrations during acute exercise and/or following training in MS compared to HC.
METHODS: In this retrospective study, blood lactate concentrations (mmol/l) originating from two previous studies were
analyzed. Lactate concentrations originated from acute submaximal (MSsubmax; HC, n = 11; MS, n = 32) or maximal (MSmax;
HC, n = 20; MS, n = 24) exercise tests and following a 24-week mild to moderate intensity (MSsubmax, n = 12) or 12-week high
intensity interval (MSmax, n = 13) exercise intervention.
RESULTS: Under submaximal conditions in MS and compared to HC, lactaterest (MS: 2.7 ± 0.6 vs HC: 2.3 ± 0.7 was
significantly (p < 0.05) elevated. After 24 weeks of mild-to-moderate-intensity exercise training and compared to PRE-
values, lactatebout2 (2.5 ± 0.7 vs 3.4 ± 1.1) significantly (p < 0.05) decreased during submaximal testing in MSsubmax. Under
maximal conditions, lactatestart (2.3 ± 1.0 vs 1.7 ± 0.9) was significantly (p > 0.05) elevated in MS. Twelve weeks of high
intensity interval training did not improve this (p > 0.05).
CONCLUSIONS: Under the conditions of this retrospective analysis we conclude that lactate concentrations during acute
submaximal and maximal exercise in persons with MS are similar compared to healthy controls. Moderate intensity exercise
therapy appeared to improve lactate accumulation but high intensity exercise therapy did not.
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1. Introduction

In Multiple Sclerosis (MS), both central and
peripheral mechanisms induce neuromuscular dys-
functions (Sharma, Kent-Braun, Mynhier, Weiner,
& Miller, 1995). Peripheral components include
impaired excitation-contraction coupling and mus-
cle energy metabolism (Sharma et al., 1995). With
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respect to the latter Kent-Braun et al. (Kent-Braun
et al., 1997) already demonstrated lower succinic
dehydrogenase (SDH) activity and higher �-glycerol-
phosphate dehydrogenase (GPDH). We have shown
impaired muscle signalling for mitochondrial and
myofibrillar biogenesis, with upregulated phospho-
AMPK (oxidative stress) in MS (Hansen, Wens,
Vandenabeele, Verboven, & Eijnde, 2015). Further-
more, higher proportions of type II at the expense
of type I fibers, together with a decrease of cross-
sectional area of all fibers in MS were found (Wens
et al., 2014). In this population these data point
towards a higher involvement of anaerobic energy
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supply. This however was not yet investigated in vivo.
Interestingly, higher lactate production was recently
shown by Amorini et al. (Amorini et al., 2014), show-
ing elevated resting serum lactate concentrations in
persons with MS compared to healthy controls (HC).
They also demonstrated a linear correlation between
serum lactate levels and the expanded disability status
scale (EDSS), which might lead to new insights for
objective measurable parameters to evaluate disease
progression (Amorini et al., 2014).

Exercise interventions of moderate- to high inten-
sity training have become an important part of overall
rehabilitation in MS (Motl & Gosney, 2008; Wens,
Dalgas, et al., 2015). They improve muscle strength,
exercise capacity and thus various functional mea-
sures (Kjolhede, Vissing, & Dalgas, 2012), with
superior effects of high intensity training compared
to moderate intensity exercise (Wens, Dalgas, et al.,
2015; Wens et al., 2017). However, during/following
such exercise training, persons with MS report higher
perceived fatigue perceptions compared to healthy
controls (Wens, Dalgas, et al., 2015; Wens, Hansen,
et al., 2015). Under submaximal exercise conditions
lactate is typically removed by muscular gluconeo-
genesis and oxidation, or transported to the blood
and subsequently filtered by other cells (Juel et al.,
2004; Medbo, 1993). Under maximal exercise con-
ditions, however, lactate increases rapidly as a result
of anaerobic/glycolytic energy metabolism and, if not
removed adequately, eventually accumulates. Lactate
accumulation is then one of the contributing factors
causing higher perceived fatigue (Westerblad, Allen,
& Lannergren, 2002) during exercise, which might
lead to cessation of the activity. However, whether
persons with MS exhibit higher lactate concentrations
during exercise, possibly causing greater fatigue per-
ceptions and perhaps poorer exercise adherence is not
known.

In HC (Acevedo & Goldfarb, 1989; Hurley et
al., 1984) as well as in obese subjects (Alkahtani,
King, Hills, & Byrne, 2013) 8 to 12 weeks of sub-
and maximal exercise training effectively improves
exercise-induced lactate clearance. Whether persons
with MS also profit from moderate to high intensity
training (i.e. repeated exercise sessions) to gradually
improve whole body lactate accumulation (Amorini
et al., 2014) is not clear.

In keeping with the above lines of reasoning, the
aim of the present study is to retrospectively analyze
blood lactate accumulation during exercise using data
that was obtained in studies previously performed
by our group (Keytsman, Hansen, Wens, & B, 2017;

Wens, Hansen, et al., 2015). We analyzed data from
these studies to explore lactate accumulation during
both acute (i.e. one exercise session) submaximal
(Wens, Hansen, et al., 2015) and maximal (Keyts-
man et al., 2017) exercise bouts in persons with MS.
Second, we explored whether the submaximal or
maximal intensity exercise interventions applied in
these studies (i.e. repeated exercise sessions) could
affect whole body lactate response. We hypothesize
that lactate accumulation during submaximal and
maximal exercise testing is higher in persons with
MS and that exercise therapy is able to decrease this.

2. Methods

The present study retrospectively investigated
exercise-induced lactate accumulation, using lac-
tate samples that were previously collected during
submaximal (Wens, Hansen, et al., 2015) and maxi-
mal (Keytsman et al., 2017) exercise testing in MS
and HC in two studies of our research group that
were registered at ClinicalTrials.gov (NTC01718392
- NCT02466165) and published elsewhere (Keyts-
man et al., 2017; Wens, Hansen, et al., 2015). Data
of participants of both studies were not pooled, but
analysed separately (submaximal vs maximal test-
ing/intervention) in this retrospective study.

2.1. Participants

In both original (Keytsman et al., 2017; Wens,
Hansen, et al., 2015) studies, subjects were excluded
if they were pregnant, participated in another study,
had (in case of MS) an acute exacerbation 6 months
prior to the start of the study or had an EDSS score > 6.
Participants were informed about the possible risk
of temporary deteriorations of symptoms/disability
following (sub-)maximal exercise testing (informed
consent) and were asked to report this. However, dur-
ing the course of these studies no such deteriorations
were reported by the participants. Both studies were
approved by the medical ethical committee of Hasselt
University.

2.2. Study design

In the submaximal-study (Wens, Hansen, et al.,
2015) (NTC01718392), HC (n = 11) and persons
with MS (n = 32, mean EDSS 3.1 ± 0.2) performed
a submaximal exercise test (baselinesubmax, Table 1)
including blood lactate measurements, and a DEXA
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Table 1
Submaximal testing and exercise intervention: subject

characteristics

Baselinesubmax MSsubmax
HC MS EX

Age (years) 52.6 ± 7.5 48.1 ± 10.4 46.3 ± 12
Length (m) 1.72 ± 9.8 1.70 ± 7.8 1.70 ± 9.2
Weight (kg) 74.1 ± 12.9 73.4 ± 14.8 72 ± 16.1
BMI 24.8 ± 1.7 24.4 ± 4.62 24.6 ± 4.5
EDSS / 3.1 ± 1.29 3.3 ± 1.5
VO2 bout 1 (ml/min/kg) 15.2 ± 1.7 13.2 ± 2.2∗ 13.9 ± 2.5
VO2 bout 2 (ml/min/kg) 15.2 ± 1.8 13.3 ± 2.1∗ 14.3 ± 2.3

Data are expressed as means ± SD’s and represent baseline subject
characteristics (BMI: body mass index, EDSS: Physical Activity
Scale for Individuals with Physical Disabilities, VO2: mean oxy-
gen uptake of the final minute of the first and second exercise
bout) of healthy controls (HC, n = 11) and MS (n = 33), and a
subgroup of persons with MS before (PRE) 24 weeks of mild-
to-moderate-intensity exercise therapy (MSsubmax, n = 12, see
methods). *p < 0.05 for MS compared to HC.

scan. Hereafter, a portion of the MS group (MSsubmax,
n = 12) was enrolled in a 24-week mild to moderate
intensity exercise intervention program. Following
24 weeks of exercise intervention, the submaximal
exercise was repeated. Lactate concentrations col-
lected in this study (Wens, Hansen, et al., 2015) were
used in the present retrospective analysis to explore
submaximal exercise-induced lactate accumulation.

In the maximal-study (Keytsman et al., 2017)
(NCT02466165), HC (n = 20) and persons with MS
(n = 24, mean EDSS 2.9 ± 0.2) performed a maxi-
mal exercise test (baselinemax, Table 2), including
blood lactate measurements, and a DEXA scan. Here-
after, a portion of the MS group (MSmax, n = 13)
was enrolled in a 12-week high intensity interval
training intervention program. Following 12 weeks
of exercise intervention, the maximal exercise test
was repeated. Lactate concentrations collected in this
study (Keytsman et al., 2017) were used in the present
retrospective analysis to explore maximal exercise-
induced lactate accumulation.

In both studies (Keytsman et al., 2017; Wens,
Hansen, et al., 2015), following the baseline exer-
cise test, HC and the remaining persons with MS did
not further participate in the intervention programs.

2.2.1. Allocation to exercise intervention
In the submaximal intervention study (Wens,

Hansen, et al., 2015), persons with MS were ran-
domly allocated (matched for age, gender, EDSS)
to the submaximal exercise program by sealed enve-
lope in a 2:1 ratio (exercise or non-exercise group).
The non-exercise group is not further addressed in

Table 2
Maximal testing and exercise intervention: Subject characteristics

Baselinemax MSmax
HC MS EX

Age (years) 47.8 ± 11.8 50.7 ± 8.6 51.5 ± 7.1
Length (m) 1.69 ± 0.1 1.70 ± 0.1 1.71 ± 9.1
Weight (kg) 69.9 ± 14.3 72.1 ± 13.6 68 ± 12.9
BMI 24.2 ± 2.8 24.7 ± 4.4 23.5 ± 3.1
EDSS / 2.9 ± 1.5 2.6 ± 1.5
VO2 max (ml/kg/min) 34.6 ± 9.5 24.4 ± 7.9* 28.2 ± 8,5

Data are expressed as means ± SD’s and represent baseline subject
characteristics (BMI: body mass index, EDSS: Physical Activity
Scale for Individuals with Physical Disabilities, VO2 max: maxi-
mal oxygen uptake) of healthy controls (HC, n = 20) and persons
with MS (n = 24), and a subgroup of persons with MS before (PRE)
12 weeks of high intensity exercise therapy (MSmax, n = 13, see
methods). *p < 0.05 for MS compared to HC.

the present retrospective study. The maximal (high
intensity interval) intervention study (Keytsman et
al., 2017) consisted of a pilot study, without random-
ization (no control group).

2.3. Measurements

2.3.1. Exercise testing
Cardiopulmonary graded exercise tests in both

studies were performed on an electronically braked
cycle ergometer (eBike Basic, General Electric
GmbH, Bitz, Germany). Participants were not fasted,
but were instructed to minimize levels of physical
activity in the preceding 24 hours prior to the exercise
test. Prior to initiation of the exercise test, subjects
were seated on the cycle ergometer for 3min to obtain
resting data.

2.3.1a Submaximal exercise study
Subjects were instructed to cycle at 70rpm against

a resistance corresponding to 25% (persons with
MS) or 35% (HC) of predicted cycling power out-
put (Wmax), for 6min (first submaximal exercise
bout). Hereafter, subjects remained seated on the
bike for 6min (recovery phase), after which a second
6min submaximal exercise bout and a 6min recovery
phase were performed. Predicted Wmax was based
on gender, age, body weight, height, and calculated
by previously published formulae (Jones, Makrides,
Hitchcock, Chypchar, & McCartney, 1985). As indi-
cated in Wens et al. 2015 (Wens, Hansen, et al., 2015),
in HC a higher resistance was selected to obtain com-
parable relative exercise intensities.
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2.3.1b Maximal graded exercise study
Maximal exercise capacity was tested to evaluate

maximal workload (Wmax), and time to exhaus-
tion. Following a 10min standardized warm up,
participants started at a low workload that grad-
ually increased after each completed minute (♂:
30W+15W/min, ♀: 20W+10W/min), until volitional
exhaustion was reached.

2.4. Primary outcome measure: Lactate
concentrations

Capillary blood samples in both studies were
obtained to analyze blood lactate concentra-
tions (mmol/l), using a portable lactate analyzer
(Accutrend Plus, Roche Diagnostics Limited, Sussex,
UK), which has previously shown to be accurate and
reliable (Baldari et al., 2009). Next to absolute values
and to correlate blood lactate with muscle mass, lac-
tate concentrations were adjusted for lean tissue mass
(lactate/LTM) in order to investigate lactate produc-
tion per unit lean tissue mass.

2.4.1. Submaximal lactate concentrations
In the submaximal exercise study (Wens, Hansen,

et al., 2015), immediately after the 3min resting
period (lactaterest) and each 6min exercise bout
(lactatebout1, lactatebout2), capillary blood samples
were obtained from the fingertip to analyze blood
lactate concentrations.

2.4.2. Maximal lactate concentrations
In the maximal exercise study (Keytsman et al.,

2017), no resting lactate concentrations were col-
lected. Immediately after the first exercise minute
(lactatestart) and subsequently every 2min until voli-
tional cessation (lactatemax), capillary blood samples
were taken from the earlobe to analyze blood lactate
concentrations.

2.5. Secondary outcome measures

2.5.1. Cardiorespiratory outcomes
During the exercise test, oxygen uptake (VO2

ml/min) was assessed breath-by-breath, after which
this data were averaged every 10s (Jaeger Oxycon,
Erich Jaeger GmbH, Germany).

In the submaximal (Wens, Hansen, et al., 2015)
exercise study, mean oxygen uptake (VO2ml/min/kg)
of the final minute (steady state) of the first (VO2
bout 1) and second (VO2 bout 2) exercise bout were
reported.

In the maximal (Keytsman et al., 2017) exercise
study, oxygen uptake at the level of maximal exhaus-
tion (VO2 ml/min/kg) was reported.

2.5.2. Body composition
Lean tissue mass in both studies was obtained using

Dual Energy X-ray Absorptiometry scan (DEXA)
(Hologic Series Delphi-A Fan Beam X-ray Bone
Densitometer, Vilvoorde, Belgium). A calibrated
analogue weight scale (Seca®) was used to measure
total body mass.

2.6. Exercise intervention programs

2.6.1. Submaximal exercise study
Part of the persons with MS (MSsubmax) that were

tested submaximally participated in a supervised 24-
week combined training program, at a frequency
of 5 sessions per two weeks. Each session started
with a cardiovascular part, consisting of cycling and
treadmill walking or running (Technogym®). Ses-
sion duration and intensity increased as the program
proceeded, starting from 1 × 6min/session to 3 × 10
min/session, interspersed by 2min of rest. The second
part consisted of resistance training (leg press, leg
curl, leg extension, vertical traction, arm curl, and
chest press; Technogym®). To improve muscle fit-
ness, sets of repetitions gradually increased during
intervention, from1 × 10 repetitions to 4 × 15 repeti-
tions, with maximal attainable load, interspersed by
2min of rest. All exercises were performed at a mild
to moderate workload corresponding to 12–14 rat-
ings of perceived exertion (RPE) on a 20-point Borg
scale.

2.6.2. Maximal exercise study
Part of the persons with MS (MSmax) that were

exercise tested maximally performed a 12-week
HIIT training program on a cycle ergometer and
moderate-to-high intensity resistance training under
close supervision. During the first 6-week training
cycle, exercise duration gradually increased from
5 × 1min (1min rest intervals) to 5 × 2min. Exer-
cise intensity was 100% of the maximal workload
(highest power output at the point of exhaustion
obtained during the exercise test), corresponding
to 85–90% of the maximal heart rate. During the
second 6-week training cycle, duration remained sta-
ble at 5 × 2min and the workload (Watt) increased
to 100% of maximal heart rate. The second part
consisted of intensity resistance training. Here, train-
ing intensity and volume were adjusted throughout
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the intervention program from 1 × 10 repetitions to
2 × 20 repetitions at a maximal attainable load.

Prior to the first training session, a familiarization
visit was performed to determine starting loads for the
resistance exercises. Because persons with MS often
experience bilateral strength differences between
legs (Thoumie, Lamotte, Cantalloube, Faucher, &
Amarenco, 2005), exercise training was performed at
similar relative workloads. Consequently, resistance
training of the lower limbs was performed unilaterally
during both training interventions.

2.7. Statistical analysis

All data were analysed using SPSS v.22.0 (IBM).
Normality was analysed using Shapiro-Wilk test.
Baseline differences between HC and MS were ana-
lyzed using the Mann Whitney U test (unpaired).
Pre-post differences within the MS exercise groups
were analyzed using Wilcoxon Signed Ranks tests
(paired). All data are presented as means ± SD’s and
the threshold for statistical significance was set at
p < 0.05.

3. Results

3.1. Subject characteristics

During submaximal testing in MS, oxygen uptake
of the first (VO2 bout 1:13.2 ± 2.2 vs 15.2 ± 1.7
ml/min/kg) and second bout (VO2 bout 2:13.3 ± 2.1
vs 15.2 ± 1.8 ml/min/kg) were significantly lower
compared to HC (p = 0.003 and p = 0.003 respec-
tively). During maximal exercise testing in MS,
maximal oxygen uptake (VO2 max: 24.4 ± 7.9
vs 34.6 ± 9.5 ml/min/kg) was significantly lower
compared to HC (p < 0.0001). Other baseline char-
acteristics, during sub- and maximal testing, did not
differ between HC and MS (Table 1 & 2).

3.2. Lactate concentrations

3.2.1. Submaximal lactate concentrations
In MS, lactaterest (+17%) was significantly ele-

vated compared to HC, whereas lactatebout1 and
lactatebout2 did not differ between groups (p > 0.05).
When adjusted for lean tissue mass, similar effects
were noted for lactaterest/LTM (+33% compared to
HC) and lactatebout1/LTM (no difference with HC).
Compared to HC, the second submaximal exer-
cise bout induced higher lactatebout2/LTM (+33%)

Table 3
Blood lactate concentrations during submaximal and maximal

exercise testing

HC MS

Submax. exercise test
Lactaterest 2.3 ± 0.7 2.7 ± 0.6∗
Lactatebout1 3.1 ± 1.2 3.1 ± 0.8
Lactatebout2 2.7 ± 1.5 3.0 ± 0.7
Lactaterest /LTM 5.2 ± 1.9 6.9 ± 2.1∗
Lactatebout1/LTM 6.7 ± 2.4 7.9 ± 2.7
Lactatebout2/LTM 5.8 ± 2.8 7.7 ± 2.5∗
Max. exercise test
Lactatestart 1.7 ± 0.9 2.3 ± 1.0∗
Lactatemax 5.6 ± 1.7 5.4 ± 1.8
Lactatestart /LTM 3.9 ± 2.6 5.5 ± 2.9∗
Lactatemax/LTM 12.5 ± 3.7 13.5 ± 5.9

Data are expressed as means ± SD’s and represent both baseline
blood lactate concentrations (mmol/L) and lactate concentra-
tions adjusted for lean tissue mass (LTM, [lactate/LTM]∗100)
of healthy controls (HC) and persons with MS during sub-
maximal (baselinesubmax: HC, n = 11; MS, n = 33) and maximal
(baselinemax: HC, n = 20; MS, n = 24) exercise testing. *p < 0.05
compared to baseline HC.

in MS (Table 3). Following 24 weeks of mild-to-
moderate-intensity exercise training and compared to
PRE exercise intervention values lactaterest (2.6 ± 0.4
mmol/L vs. 2.2 ± 0.7 mmol/L, p = 0.1; 95%CI
–0.1–0.9) and lactatebout1 (3.3 ± 0.7 mmol/L vs.
2.8 ± 0.9 mmol/L, p = 0.07; 95%CI –0.5–0.9) tended
to decrease. Twenty four weeks of submaximal exer-
cise significantly (p < 0.05) reduced blood lactate
during the second exercise bout (95%CI 0.3–1.4,
Table 4). When corrected for lean tissue mass, similar
results were obtained (95%CI 0.00–0.03).

3.2.2. Maximal lactate concentrations
Compared to HC, lactatestart (+35%) and

lactatestart/LTM (+41%) was significantly elevated
in MS, whereas lactatemax and lactatemax/LTM did
not differ between groups (Table 3). Twelve weeks
of high intensity interval training did not improve
this in MSmax (Table 4).

4. Discussion

This retrospective study confirms higher resting
blood lactate levels in MS compared to healthy
controls. However, during acute submaximal and
maximal exercise, these differences in blood lac-
tate concentrations disappear. Twenty-four weeks
of moderate intensity exercise therapy tended to
improve resting blood lactate levels and reduced
blood lactate during submaximal exercise. Surpris-
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Table 4
Exercise test blood lactate concentrations following exercise

therapy

PRE POST p-value
MS MS

MSsubmax
Lactaterest 2.6 ± 0.4 2.2 ± 0.7 0.10
Lactatebout1 3.3 ± 0.7 2.8 ± 0.9 0.07
Lactatebout2 3.4 ± 1.1 2.5 ± 0.7* 0.00
Lactaterest /LTM 6.6 ± 1.9 5.5 ± 2.3 0.06
Lactatebout1/LTM 8.2 ± 2.2 6.9 ± 2.2 0.05
Lactatebout2/LTM 8.4 ± 2.7 6.3 ± 2.1* 0.01
MSmax
Lactatestart 2.2 ± 1.1 2.1 ± 0.7 0.71
Lactatemax 5.8 ± 1.7 5.5 ± 1.3 0.50
Lactatestart /LTM 5.9 ± 3.8 5 ± 2.6 0.51
Lactatemax/LTM 14.9 ± 6.7 13.3 ± 4.8 0.37

Data are expressed as means ± SD’s and represent blood lactate
concentrations (mmol/L) and lactate concentrations adjusted for
lean tissue mass (LTM, [lactate/LTM] * 100) of a subgroup of
persons with MS before (PRE) and after (POST) 24 weeks of mild-
to-moderate-intensity exercise (MSsubmax: n = 12) or 12 weeks
of high intensity exercise therapy (MSmax: n = 13) respectively.
*p < 0.05 compared to corresponding PRE MS.

ingly, 12 weeks of high intensity exercise therapy
in this population did not have comparable effects
during maximal testing.

We here confirm increased resting/start blood lac-
tate levels in persons with MS compared to HC as
recently reported by Amorini et al. (Amorini et al.,
2014). Amorini and coworkers were the first to show
elevated resting serum lactate concentrations in MS
and they assumed that this originated from either neu-
ral or muscular tissue. To further explore this, we used
a submaximal and maximal exercise test to induce
muscle-based blood lactate accumulation. With the
exception of the second submaximal exercise bout,
the exercise-induced lactate responses during both
acute submaximal and maximal exercise were sim-
ilar in MS and HC. Therefore, increased subjective
fatigue perceptions during exercise in persons with
MS (Wens, Dalgas, et al., 2015; Wens, Hansen, et al.,
2015) does not seem to originate from higher lactate
concentrations.

In HC (Acevedo & Goldfarb, 1989; Hurley et
al., 1984) and other populations (Alkahtani et al.,
2013) exercise training at sub- or maximal intensity
is known to effectively reduce exercise-induced lac-
tate accumulation. In the present study, a 24-week
moderate intensity exercise intervention tended to
reduce resting blood lactate levels and blood lactate
following a first bout of submaximal effort. Follow-
ing a second bout of aerobic muscle work blood
lactate was effectively lower. Twelve weeks of high

intense exercise therapy did not have such effect
on both resting and exercise-induced blood lactate
concentrations either or not corrected for lean tis-
sue mass. This may suggest an abnormal lactate
response in MS under anaerobic/glycolytic circum-
stances such as during high intensity training which
confirms earlier reported skeletal muscle anaerobic
metabolism malfunctions in MS (Hansen et al., 2015;
Kent-Braun et al., 1997; Sharma et al., 1995). High
intensity exercise therapy in MS, however, elicits
superior effects for exercise capacity, muscle con-
tractile characteristics (Wens, Dalgas, et al., 2015)
and glucose tolerance (Wens et al., 2017) compared
to moderate intensity training. As such, a combina-
tion of high intense exercise training with moderate
intensity physical therapy seems ideal to maxi-
mally benefit from the advantages of both training
modalities.

It is important to note that an exercise test
performed under both submaximal and maximal con-
ditions following moderate and after high-intensity
exercise training would be ideal. Unfortunately, the
available retrospective data did not allow this. There-
fore, and because of the different lactate responses
during moderate and high intensity training exercise
presented in this study, future research seems war-
ranted.

Finally, the results of this retrospective study may
implicate that muscular activation under both sub-
maximal and maximal exercise conditions might be
a valid strategy to reduce elevated resting lactate con-
centrations in MS. Furthermore, any strategy that may
improve exercise-induced lactate response during
high intensity exercise therapy may be worthwhile
investigating, since this may improve exercise adher-
ence and performance and thus possibly lead to better
clinical outcomes in MS.

4.1. Limitations

In the present study, resting values of the submax-
imal exercise testing in both HC and MS (2.3 vs 2.7
mmol/l respectively) are higher than usual. During the
maximal graded exercise test this can be explained by
the fact that the first blood sample (lactatestart) was
taken after 1min of exercise and therefor does not
resemble full resting conditions. Under the conditions
of the submaximal test (lactaterest) it is more difficult
to explain but possibly could be attributed to the fact
that the seated resting position prior to the submaxi-
mal test simply was too short to obtain actual resting
blood lactate. Furthermore, the different time-points
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of baseline lactate values (‘resting’ vs ‘start’ lactate),
during the submaximal and maximal exercise con-
ditions makes it more difficult to interpret this data.
Therefore, future research should include adequate
resting phases prior to the lactate measurements, as
well as comparable/similar measurements of resting
lactate concentrations. Moreover, a fasting period of
10–12h prior to the exercise testing procedures may
be preferred in future research, as this may impact
the data regarding resting lactate values. The present
study does not include data regarding power anal-
ysis because the analysis of lactate concentrations
was based on retrospective data from two previ-
ous studies of our research group (Keytsman et al.,
2017; Wens, Hansen, et al., 2015). Therefore, future
research regarding resting and exercise-induced lac-
tate concentrations in MS should be powered in order
to draw solid conclusions. Furthermore, possible bias
for exercise testing/intervention may also include dif-
ferent MS phenotypes and levels of cardiorespiratory
fitness, as well as instructions/descriptions of activi-
ties performed before the testing procedures. Despite
the fact that in the present retrospective study, we
intended for the first time to explore exercise-induced
lactate concentrations in MS, we recommend future
research to include the above described limitations.

5. Conclusion

Under the conditions of the present retrospective
study we conclude that persons with MS indeed
have higher resting blood lactate concentrations.
During acute submaximal and maximal exercise,
however, lactate responses appear to be similar
between MS and healthy controls. Furthermore, mod-
erate intensity exercise therapy probably improves
lactate concentrations but high intensity exercise ther-
apy did not.
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