
Vol.:(0123456789)1 3

European Journal of Applied Physiology (2020) 120:1931–1941 
https://doi.org/10.1007/s00421-020-04421-6

ORIGINAL ARTICLE

Association of 25‑hydroxy vitamin D level with the blood pressure 
response to a maximum exercise test among professional indoor 
athletes

Pascal Bauer1   · Lutz Kraushaar2 · Oliver Dörr1 · Timm Bauer3 · Holger Nef1 · Christian W. Hamm1,4 · Astrid Most1

Received: 20 December 2019 / Accepted: 13 June 2020 / Published online: 25 June 2020 
© The Author(s) 2020

Abstract
Purpose  Low vitamin D levels have been associated with elevated blood pressure (BP) in the general population. However, 
whether there is an association of vitamin D insufficiency with BP changes during maximum exercise in athletes is currently 
unclear.
Methods  A total of 120 male professional indoor athletes (age 26 ± 5 years) were examined. BP was measured at rest and 
during a graded cycling test. We assessed the BP response (BPR) during maximum exercise and the respective load. BP and 
BPR (peak-baseline BP) were analysed with respect to 25-OH vitamin D levels, with levels < 30 ng/mL defining vitamin D 
insufficiency.
Results  35 athletes were classified as being vitamin D insufficient. BP was not different between sufficient and insufficient 
vitamin D groups (122 ± 10/75 ± 7 vs. 120 ± 12/77 ± 9 mmHg). At maximum exercise, however, systolic BP (198 ± 17 vs. 
189 ± 19, p = 0.026) and the pulse pressure (118 ± 18 vs. 109 ± 21 mmHg, p = 0.021) were higher in the sufficient group; the 
BPR was not different between groups (76 ± 20/5 ± 6 vs. 69 ± 22/3 ± 6 mmHg, p = 0.103). Athletes with sufficient levels had 
a higher maximum power output (3.99 ± 0.82 vs. 3.58 ± 0.78 W/kg, p = 0.015) and achieved higher workloads (367 ± 78 vs. 
333 ± 80 W, p = 0.003). The workload-adjusted BPR (maximum systolic BP/MPO) was not different between athletes with 
sufficient and insufficient vitamin D levels (51 ± 10 vs. 56 ± 14 mmHg × kg/W, p = 0.079).
Conclusion  Athletes with sufficient vitamin D achieved a higher maximum systolic BP and a higher maximum power output. 
The workload-adjusted BPR was not different between groups, which suggests that this finding reflects a better performance 
of athletes with sufficient vitamin D.

Keywords  Exercise test · Professional athletes · Indoor sports · Performance · Vitamin D · Blood pressure response · 
Hypertension

Abbreviations
BP	� Blood pressure
BPR	� Blood pressure response

cBP	� Central blood pressure
ECG	� Electrocardiogram
K2EDTA	� Dipotassium ethylenediamine tetra-acetic acid
MPO	� Maximum power output
SD	� Standard deviation
VO2max	� Maximum oxygen uptake

Introduction

Insufficiency and deficiency of 25-OH vitamin D have been 
shown to be associated with arterial hypertension (Kunutsor 
et al. 2013; Wang 2016), increased cardiovascular events, 
impaired vascular function (Al Mheid et al. 2011), and even 
cardiovascular mortality (Wang 2016; Anderson et al. 2010; 
Vimaleswaran et al. 2014). The fact that vitamin D receptors 
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are found throughout the cardiovascular system, in particu-
lar in smooth muscle cells (Somjen et al. 2005), myocytes, 
and endothelial cells (Norman 2008), suggests an impact of 
vitamin D on cardiovascular function. Further, it was found 
that supplementation of vitamin D in asymptomatic deficient 
subjects leads to improved endothelial function and evokes a 
relaxation of smooth muscle cells (Tarcin et al. 2009). Vita-
min D regulated reduction of the activity of the renin–angio-
tensin–aldosterone system also bespeaks a crucial role of 
vitamin D in the cardiovascular system (Forman et al. 2010). 
Taken together, all of this evidence points to mechanisms 
that potentially mediate a blood pressure-regulating effect 
of vitamin D.

Healthy individuals with normal blood pressure (BP) 
at rest but an exaggerated BP response (BPR) during exer-
cise are at higher risk of developing arterial hypertension 
(Lewis et al. 2008; Holmqvist et al. 2012). In addition, a 
recent meta-analysis revealed that exercise-induced systolic 
BP ≥ 196 mmHg predicted cardiovascular events with a 
sensitivity of 62% and a specificity of 75% (Percuku et al. 
2019). The clinical impact of BP response during exercise, 
however, remains a controversial issue (Kim and Ha 2016; 
Schultz et al. 2015), and upper reference values for the gen-
eral population are not well established (Schultz et al. 2013; 
Gupta et al. 2007; Weiss et al. 2010; Currie et al. 2018). The 
European Society of Cardiology states in its latest guideline 
that there is currently no consensus on normal BPR during 
exercise (Williams et al. 2018). In previous guidelines, a 
systolic peak BP of 210 mmHg for men and 190 mmHg 
for women were proposed as diagnostic thresholds for the 
general population (Mancia et al. 2013). Recommendations 
for athletes are absent in both guidelines, yet recently pub-
lished studies proposed different thresholds for defining an 
exaggerated BPR to exercise (Caselli et al. 2019; Pressler 
et  al. 2018). A higher exercise-induced BP response in 
athletes was explained as representing a superior exercise 
performance compared with that of the general population 
(Caselli et al. 2016). Thus far, there is no consensus about 
“normal” and “exaggerated” BPR in athletes. In addition, 
the clinical relevance of “exaggerated” exercise-induced BP 
in athletes is currently unclear, although a higher risk for 
development of arterial hypertension in these athletes was 
suggested (Caselli et al. 2019). In competitive triathletes, an 
exaggerated BPR to exercise testing was associated with a 
higher prevalence of myocardial fibrosis (Tahir et al. 2018), 
raising concerns about potential arrhythmic consequences, 
including sudden cardiac death (Zorzi et al. 2016).

To date, only a few studies have addressed the BPR to 
maximum exercise in elite athletes (Pressler et al. 2018; 
Caselli et al. 2019), and none of these studies reported 
25-OH vitamin D status. Vitamin D insufficiency and defi-
ciency is commonly found in athletic populations (Owens 
et al. 2015; He et al. 2016; Mehran et al. 2016; Maroon 

et al. 2015). Our group recently discovered a high preva-
lence of vitamin D insufficiency (25-OH vitamin D < 30 ng/
mL) in professional handball athletes in Germany (Bauer 
et al. 2018). Further, we recently demonstrated that vitamin 
D-insufficient elite handball athletes displayed a significantly 
higher peripheral and central BP compared with the val-
ues in athletes with sufficient vitamin D levels (Bauer et al. 
2019).

Given the acknowledged physiological influences of vita-
min D on endothelial and smooth muscle cells (Somjen et al. 
2005), the haemodynamic effects of vitamin D insufficiency 
might be amplified during exercise. As regular exercise, per-
formed at moderate intensity, is a well-known therapeutic 
tool for lowering BP (Williams et al. 2018), it is obvious that 
controlling for both vitamin D and cardiorespiratory fitness 
status is necessary to gain reliable insights about the impact 
of vitamin D on BP at rest and the BPR to exercise.

Therefore, this study was undertaken to evaluate the asso-
ciation between 25-OH vitamin D levels, brachial BP at rest, 
and the BPR to a maximum exercise test in elite indoor ath-
letes. Both handball and ice hockey, with their many interval 
sprints, are team sports that expose athletes to a high haemo-
dynamic stress. Both were classified as a sport with a high 
dynamic component (> 75% VO2max) and a moderate static 
component (10–20%) (Levine et al. 2015). In addition, both 
are indoor sports with a higher risk of vitamin D insuffi-
ciency compared to outdoor sports (Krzywanski et al. 2016).

Materials and methods

The study was carried out at the university hospital in Gies-
sen, Germany, which is located near 50° N latitude. It was 
conducted as a cross-sectional study of professional athletes 
during the routine pre-season medical monitoring program 
of the first German handball division and the second German 
ice hockey division. Data were collected in the second half 
of July in the years 2015–2018. Athletes were studied dur-
ing the summer, when 25-OH vitamin D levels are expected 
to have reached their peak (Morton et al. 2012; Krzywanski 
et al. 2016).

The following criteria for serum 25-OH vitamin D con-
centrations were chosen according to recently published 
studies and recommendations (Holick et al. 2011, 2012; 
Pludowski et al. 2013; Priemel et al. 2010): values < 30 ng/
mL were defined as insufficient and values ≥ 30 ng/mL were 
defined as sufficient 25-OH vitamin D levels.

The examination took place at noon between 12:00 and 
14:00 o’clock and was scheduled in the 1st week of the 
new season after a 6-week competition-free interval. The 
last time athletes had trained was 36 h prior to the study 
beginning; the last meal was breakfast approximately 3 h 
before the investigation. There was no restriction of caffeine 
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intake provided. Thus, alcohol consumption was prohibited 
the two days prior to the study beginning. The day before 
the examination was filled with commercial dates without 
physical effort.

Study population

The participants were 120 healthy, injury-free professional 
handball and ice hockey athletes of varying nationalities. 
All athletes included were Caucasians with white skin and 
none of them was a regular sunbed user. None took vitamin 
D supplements or other multivitamin supplements. All indi-
viduals were subjected to a physical examination, 12-lead 
electrocardiogram (ECG), cardiopulmonary exercise test, 
and blood testing. Age, height, weight, body mass index, 
serum 25-OH vitamin D, calcium, magnesium and parathy-
roid hormone levels were determined. Body surface area was 
calculated using the formula of DuBois (Du Bois and Du 
Bois 1989). Maximum workload, maximum power output, 
heart rate at rest, brachial BP at rest, maximum heart rate, 
and maximum BP were assessed. Players then were divided 
into groups according to vitamin D levels as described 
above, and statistical analyses were performed.

Laboratory testing

Blood samples were drawn from an antecubital vein in a 
sitting position. Blood samples for plasma analyses were 
collected into two 7.5 mL S-Monovette® tubes (Sarstedt 
AG & Co. KG, Germany), one containing lithium heparin. 
An additional 2.7 mL sample, with dipotassium ethylenedi-
amine tetra-acetic acid (K2EDTA) as anticoagulant, was 
acquired (Sarstedt AG & Co. KG, Germany). Automated 
analysis was carried out within 30 min of blood draw. Serum 
25-OH vitamin D concentrations were determined with a 
Liaison diagnostic system (DiaSorin, Stillwater, MN, USA) 
by chemiluminescent immunoassay. The range of detection 
is 4–150 ng/mL with a precision of 5.0% CV and an accu-
racy SD of 1.2. Parathyroid hormone was analysed using 
an electrochemiluminescent immunoassay (Elecsys PTH 
(1–84)®, Roche Diagnostics, Germany), which measures the 
circulating active parathyroid hormone. The range of detec-
tion is 5.5–2300 pg/mL with a precision range of 2.5–3.4% 
CV. Furthermore, calcium levels, a complete blood cell 
count, and a basic metabolic panel including electrolytes 
were assessed and analysed by a Modular Analytics E 170 
module (Roche Diagnostics, Mannheim, Germany).

All participants received a clear explanation of the 
study and provided their written informed consent. The 
local ethics committee of the University of Giessen 
approved the study protocol. The study meets current ethi-
cal standards (Harriss et al. 2017).

Blood pressure measurements at rest 
before the exercise testing

Resting brachial BP was measured before the exercise 
testing using a validated automatic device based on a 
standard sphygmomanometer technique (Boso clinicus, 
Bosch + Sohn GmbH & Co. KG, Germany). The cuff used 
for measurement was adjusted to the individual’s arm cir-
cumference. Measurements were performed by a trained 
research associate on both arms in a sitting position after 
a resting period of 5 min and repeated after 2 min. The 
average BP for each arm was calculated and the highest 
value was used for statistical analyses. Athletes with a rest-
ing BP > 140 mmHg systolic or > 90 mmHg diastolic were 
excluded from the study.

Exercise testing and assessment of maximum blood 
pressure

Athletes underwent a progressive maximal cycling ergom-
eter test with concurrent automatic brachial BP measurement 
and ECG recording (Schiller AG®, Switzerland). The exer-
cise test protocol started with a load level of 100 W after a 
2-min warm-up period that was conducted with 50 W. Loads 
were increased by 50 W every 2 min until exhaustion, which 
was defined as the participant’s inability to maintain the load 
for 2 min. Next, the load was decreased to 25 W for 3 min 
of active recovery, followed by a 2-min cool-down period 
at rest. The test concluded with a final ECG recording and 
a brachial BP measurement. BP (systolic and diastolic) was 
measured once a minute during test and recovery periods, 
including at the maximum workload, immediately after the 
maximum workload, immediately after the end of the test, 
and after 5 min of recovery. Heart rate was measured with 
continuous ECG recording throughout the test and recov-
ery periods. We assessed the absolute maximum power 
output (MPO) of the athletes as well as the MPO adjusted 
to individual body weight. Other measurements included 
maximum heart rate and heart rate at rest and 5 min after 
the exercise test.

Increases in systolic and diastolic BP were calculated 
from peak and baseline (resting) values and determined 
as blood pressure response (BPR). Further, the workload-
adjusted BPR was calculated via maximum systolic BP/
MPO. Pulse pressure was calculated as systolic—diastolic 
BP at rest and at maximum exercise conditions. In addition, 
mean BP was determined as: diastolic BP + (systolic BP-
diastolic BP)/3.
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Statistical analysis

Descriptive analyses were carried out on all study vari-
ables for the total sample. Further, descriptive statis-
tics were used on all study variables by 25-OH vitamin 
D status (with < 30 ng/mL classified as “insufficient” 
and ≥ 30 ng/mL regarded as “sufficient”). All data are 
presented as mean ± standard deviation (SD). The Shap-
iro–Wilk test was used to determine normal distribution. 
In case of skewed distribution of the data, all analyses 
were performed on normalized data. Between-group com-
parisons (insufficient vs. sufficient 25-OH vitamin D lev-
els) were made using independent sample t tests. Bivariate 
relations were analysed using Pearson’s product-moment 
correlation coefficient. Statistical significance was set at 
p < 0.05 (two-tailed) for all measurements. All statistical 
analyses were performed using the statistical software 
SPSS 25.0 for Mac (Statistical Package for the Social Sci-
ences, Chicago, IL, USA).

Results

Cohort characteristics

The 120 professional handball and ice hockey athletes 
(mean age of 25.8 ± 5.2 year) included in the study were 
experienced athletes and had participated in professional 
training for 9.6 ± 5 year with a current mean training time 
of 17.5 ± 3.0 h per week. The height was 189.9 ± 7.2 cm 
and the mean weight was 92.9 ± 10.6 kg, resulting in mean 
body mass index of 25.7 ± 1.85 kg/m2 (Table 1).

The mean 25-OH vitamin D level of the 120 athletes 
was 37 ± 11.9 ng/mL. Eighty-five athletes (71%) displayed 
sufficient vitamin D levels of ≥ 30 ng/mL and 35 (29%) 
were found to be vitamin D insufficient (< 30 ng/mL). 
There were no significant between-group differences in 
age and characteristics. As expected, the 25-OH vitamin 
D levels between the sufficient and insufficient groups 
(42.3 ± 8.9 ng/mL vs. 22.95 ± 5.1 ng/mL) were different 

(p < 0.001). Table 2 shows the between-group comparison 
for all parameters measured.

25‑OH vitamin D and resting blood pressure

The mean systolic/diastolic BP in all 120 athletes was 
121 ± 10/75 ± 7 mmHg. The level of 25-OH vitamin D was 
positively correlated with systolic BP (r2 = 0.186, p = 0.045), 
whereas 25-OH vitamin D level and diastolic BP were not 
correlated (r2 = − 0.10, p = 0.28). Further, there was a posi-
tive correlation of 25-OH vitamin D level and pulse pressure 
at rest (r2 = 0.209, p = 0.024). None of the other measured 
BP parameters correlated with the 25-OH vitamin D status 
(Table 3).

There were no differences in resting systolic and dias-
tolic BP, pulse pressure, and mean BP between athletes with 
insufficient and sufficient 25-OH vitamin D levels. Detailed 
data are given in Table 2.

25‑OH vitamin D and blood pressure response 
during maximum exercise

The mean maximum BP in al l  athletes was 
193 ± 21/80 ± 7 mmHg, with a mean systolic BP increase 
of 72 ± 22  mmHg and a mean diastolic BP increase 
of 4 ± 6  mmHg. The maximum pulse pressure was 
113 ± 18 mmHg.

Athletes with sufficient 25-OH vitamin D levels had a 
higher maximum systolic BP compared with those with 
insufficient levels (198 ± 17 vs. 189 ± 19, p = 0.026). 
In addition, the maximum pulse pressure (118 ± 18 vs. 
109 ± 21 mmHg, p = 0.021) was higher in athletes with 
sufficient 25-OH vitamin D levels, whereas the individual 
BPR was not different between groups (76 ± 20/5 ± 6 vs. 
69 ± 22/3 ± 6 mmHg, p = 0.103). Detailed data are given in 
Table 2. In the total sample, 25-OH vitamin D levels did 
not correlate with any of the exercise-induced changes in 
BP (Table 3).

25‑OH vitamin D and performance

All athletes completed the maximum exercise test until 
exhaustion and a maximum heart rate above the calcu-
lated individual 85% threshold (of individually calculated 
maximum heart rate). The mean maximum heart rate in 
all athletes was 184 ± 8 bpm and the mean workload was 
349 ± 85 W with a corresponding maximum power out-
put (MPO) of 3.77 ± 0.85 W/kg. The workload-adjusted 
BPR, calculated via maximum systolic BP/MPO, was 
53.5 ± 12 mmHg × kg/W. Levels of 25-OH vitamin D cor-
related positively with maximum workload (r2 = 0.373, 
p < 0.001) as well as maximum power output (r2 = 0.327, 
p < 0.001), whereas 25-OH vitamin D levels and the 

Table 1   Characteristics of all 120 professional indoor athletes

Mean SD

Age (years) 25.8 5.2
Height (cm) 189.8 7.2
Weight (kg) 92.9 10.6
Body mass index (kg/m2) 25.7 1.85
History of training (years) 9.6 5
Training per week (h) 17.5 3
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workload-adjusted maximum systolic BP (r2 = − 0.222, 
p = 0.015) were negatively correlated. All other exercise-
induced BP measurements did not correlate with 25-OH 
vitamin D levels (Table 3).

As shown in Table 2, athletes with sufficient vitamin D 
levels had a higher maximum power output and achieved 
higher workloads than those with insufficient levels. The 
workload-adjusted BPR was not different between vitamin 
D-sufficient and -insufficient athletes. Maximum heart rate 
was also not different between the groups.

Linear regression analyses revealed that a higher level of 
25- vitamin D (p < 0.001) is a statistically significant pre-
dictor of a higher maximum output (r2 = 0.123, corrected 
r2 = 0.115, p < 0.001, F(1120) = 16, Durbin-Watson statistic 
2.123) and of a higher maximum workload (r2 = 0.126, cor-
rected r2 = 0.118, p < 0.001, F(1120) = 16.5, Durbin-Watson 
statistic 2.065). Thus, 25- OH vitamin D levels were not able 
to predict the workload-adjusted BPR (r2 = 0.078, corrected 

r2 = 0.070, p = 0.12, F(1120) = 92.3, Durbin-Watson statistic 
1.23).

25‑OH vitamin D and blood parameters

Mean parathyroid hormone levels were 34 ± 18 ng/mL, 
calcium levels were 2.37 ± 0.11 mmol/L, and magnesium 
levels were 0.82 ± 0.05 mmol/L for all athletes. Mean hae-
moglobin levels were 15 ± 0.89 g/dL and the mean haema-
tocrit was 42.8 ± 2.24%. We found a negative correlation of 
25-OH vitamin D with parathyroid hormone (r2 = − 0.330, 
p < 0.001) and a positive correlation with calcium levels 
(r2 = 0.229, p = 0.013). The other parameters tested did not 
correlate with the 25-OH vitamin D status (Table 3).

Athletes with insufficient 25-OH vitamin D levels dis-
played higher parathyroid hormone levels compared 
with athletes with sufficient vitamin D (42.3 ± 17.5 vs. 
31.2 ± 17.5 ng/mL, p = 0.003). The other measured blood 

Table 2   Comparison of 
the different characteristics 
according to 25-OH vitamin D 
levels

Bold text signifies significant differences. Values are given as means ± standard deviation (SD)

25-OH vitamin D levels p value

≥ 30 ng/mL < 30 ng/mL

n = 85 n = 35

Mean SD Mean SD

25-OH vitamin D (ng/mL) 42.3 8.9 22.95 5.1 < 0.001
Age (years) 25.5 4.8 27.5 5.8 0.063
Weight (kg) 92.5 10.5 94 11 0.505
Height (cm) 189.6 7.0 190 8.1 0.661
BMI (kg/m2) 25.7 1.9 25.9 1.5 0.611
Body surface area (m2) 2.2 0.15 2.22 0.17 0.532
Heart rate at rest (bpm) 58.4 10.5 59.1 9.4 0.748
Brachial systolic blood pressure (mmHg) 122.1 10 120 11.6 0.333
Brachial diastolic blood pressure (mmHg) 75.1 7.4 76.8 8.6 0.362
Mean brachial blood pressure (mmHg) 91 6.3 90.7 6.5 0.862
Brachial pulse pressure (mmHg) 47 11 43.5 13.3 0.152
Maximum heart rate (bpm) 184 8.4 183.7 7.2 0.862
Maximum systolic brachial blood pressure (mmHg) 197.8 17.5 189.3 19.4 0.026
Mean maximum brachial blood pressure (mmHg) 116.7 8 119.1 8.2 0.169
Increase from resting systolic blood pressure (mmHg) 75.7 20 69.3 21.6 0.103
Brachial pulse pressure exercise (mmHg) 118 18 108.9 20.8 0.021
Maximum diastolic brachial blood pressure (mmHg) 79.7 7.4 80.4 7.3 0.651
Increase from resting diastolic blood pressure (mmHg) 4.6 5.7 3.4 6.3 0.621
Maximum work load (W) 367.2 78.4 332.8 79.9 0.039
Maximum power output (MPO) (W/kg) 3.99 0.82 3.58 0.78 0.015
Max. systolic blood pressure/MPO (mmHg × kg/W) 51.3 10.2 55.5 14.1 0.079
Parathyroid hormone (pg/mL) 31.2 17.5 42.3 17.5 0.003
Calcium (mmol/L) 2.38 0.09 2.34 0.14 0.142
Magnesium (mmol/L) 0.82 0.05 0.82 0.06 0.713
Hemoglobin (g/dL) 14.9 1 15.1 0.85 0.402
Hematocrit (Vol%) 42.7 2.4 42.9 2.2 0.699
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parameters did not show differences between the two groups 
(Table 2).

Discussion

To the best of our knowledge, our study is the first to investi-
gate the blood pressure response to a standardized maximum 
exercise test in professional indoor athletes in Germany and 
its correlation with 25-OH vitamin D status. Our main find-
ings are that athletes with sufficient vitamin D levels dis-
played a higher maximum systolic BP and maximum pulse 
pressure during exercise compared with athletes with insuf-
ficient vitamin D levels. Further, the achieved maximum 
workload and MPO were higher in athletes with sufficient 
vitamin D levels. The BP increases during exercise (BPR) 
and the workload-adjusted BPR were not different between 

the sufficient and insufficient groups, however, indicating 
that the higher maximum systolic BP in sufficient athletes 
was caused by the better MPO. This assumption is under-
pinned by the lack of a correlation of vitamin D levels with 
both the maximum systolic BP and the BPR. Further, 25-OH 
vitamin D levels predicted maximum workload and MPO, 
but not the workload-indexed BPR.

These findings were surprising, since we hypothesized 
that athletes with insufficient vitamin D levels would display 
both a higher BP at rest and a higher BPR to a maximum 
exercise test compared with athletes with sufficient vitamin 
D levels. These assumptions were based on our own recently 
published research results in which we demonstrated that 
vitamin D-insufficient elite handball athletes displayed a 
higher peripheral and central BP than those with sufficient 
vitamin D levels (Bauer et al. 2019). Thus, contrary to our 
hypothesis, the current study showed that vitamin D levels 
were not associated with the BPR and the maximum BP 
during a maximum exercise. Athletes with sufficient vita-
min D levels even had a higher maximum systolic BP than 
insufficient athletes, which was explained by the better per-
formance of vitamin D-sufficient athletes.

Interestingly, the detected maximum systolic BP of our 
professional indoor athletes (193 ± 21 mmHg) was lower 
than that reported by Pressler et al. (Pressler et al. 2018), who 
found a mean maximum BP of 204 ± 22 mmHg in their male 
professional athletes. Accordingly, the mean increase from 
resting systolic BP was lower in our cohort than in theirs 
(72 ± 21 vs. 80 ± 20 mmHg), and the maximum diastolic BP 
was slightly higher in our cohort (80 ± 7 vs. 77 ± 9 mmHg) 
both in the total cohort and in the vitamin D-sufficient group. 
The study of Pressler at el. seems to be the most appropriate 
study to compare with ours, since their male cohort was of 
similar age and displayed a similar maximum heart rate (our 
study 184 ± 8 vs. Pressler et al. 186 ± 12 bpm) and a compa-
rable MPO (3.77 ± 0.85 vs. 4.15 ± 0.61 W/kg). In addition, 
resting heart rate (59 ± 10 vs. 60 ± 11 bpm) and resting BP 
(122 ± 10/75 ± 7 vs. 124 ± 12/77 ± 7 mmHg) were compa-
rable in the two study populations. Unfortunately, the lack 
of assessment of vitamin D levels in the report by Pressler 
et al. (Pressler et al. 2018) limits the comparison with our 
own results.

Another current study by Caselli et al. addressing the BPR 
to a maximum exercise test in Olympic athletes reported a 
maximum BP of 190 ± 20/75 ± 8 mmHg (Caselli et al. 2016), 
which is lower than the value we measured. Athletes per-
forming “mixed exercise” demonstrated the highest resting 
BP in this study (Caselli et al. 2016), which is in line with 
other publications (Berge et al. 2015; Pressler et al. 2018; 
Hedman et al. 2019b). Further, male athletes have been 
shown to display a higher resting BP than females (Hedman 
et al. 2019b; Pressler et al. 2018; Berge et al. 2015). Our 
cohort, consisting of male handball and ice hockey players 

Table 3   Spearman correlation coefficients for each variable for 120 
athletes

Bold text signifies a significant correlation

Variable Correlation with 
25-OH Vitamin D

p value

Concentration

Age − 0.072 0.439
Weight − 0.011 0.90
Height − 0.052 0.577
BMI 0.049 0.594
History of training − 0.032 0.733
Training per week 0.049 0.599
Resting heart rate 0.012 0.905
Systolic blood pressure 0.186 0.045
Diastolic blood pressure − 0.101 0.280
Pulse pressure at rest 0.209 0.024
Mean brachial blood pressure 0.014 0.881
Maximum heart rate 0.081 0.387
Maximum systolic blood pressure 0.078 0.401
Maximum diastolic blood pressure 0.010 0.915
Pulse pressure exercise 0.095 0.308
Mean blood pressure exercise 0.071 0.527
Increase from resting systolic BP − 0.026 0.777
Increase from resting diastolic BP 0.113 0.223
Increase from resting mean BP 0.059 0.527
Maximum workload 0.373 < 0.001
Maximum power output (MPO) 0.327 < 0.001
Maximum systolic BP/ MPO − 0.222 0.015
Parathyroid hormone − 0.330 < 0.001
Calcium 0.229 0.013
Magnesium − 0.077 0.422
Hemoglobin 0.067 0.477
Hematocrit 0.014 0.877
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can also be considered “mixed exercise” athletes. Unfortu-
nately, the data presented by Caselli et al. for mixed sports 
are not divided by gender, which limits comparison. The 
maximum workload in this study (Caselli et al. 2016) was 
significantly lower compared to that of our group (268 ± 53 
vs. 349 ± 85 W) and, in addition, the maximum heart rate 
was significantly lower (166 ± 10 vs. 184 ± 8 bpm). The 
mean age of 25 ± 6 years and the surprisingly low maxi-
mum heart rate raises the question whether the accomplished 
exercise test can be really considered to be a maximum exer-
cise test. Further, lack of assessment of 25-OH vitamin D 
precludes correlation with vitamin D status and thus limits 
the comparison with our results.

Only a few studies have addressed the association of 
25-OH vitamin D and BPR with exercise (Zaleski et al. 
2019; Babur Guler et al. 2016). None, to the best of our 
knowledge, have examined professional athletes, a popula-
tion that has been repeatedly reported to be vitamin D insuf-
ficient (Bauer et al. 2018; Owens et al. 2018, 2015). In 417 
healthy adults (mean age 44), Zaleski et al. (Zaleski et al. 
2019) reported that they found no difference in the BPR to 
a maximal exercise test and in the maximum BP between 
probands with insufficient and those with sufficient 25-OH 
vitamin D concentrations. Only 52% of the participants dis-
played normal resting BP, however, and 22.5% were consid-
ered to have established hypertension. Further, the cohort 
age was given as 20–76 years, data were not stratified by 
sex, and > 50% of the participants were females, who display 
a lower BPR than males (Zaleski et al. 2019). Therefore, 
these results cannot be meaningfully compared with the 
findings of our study. This previous study, however, was the 
first to examine the association of vitamin D levels with the 
BPR to exercise in a healthy population. Interestingly, the 
reported maximum BP in this investigation (Zaleski et al. 
2019) was considerably lower than in our study and the stud-
ies of Caselli et al. (Caselli et al. 2016) and Pressler et al. 
(Pressler et al. 2018). This finding might be explained by the 
lower performance of the participants (VO2 max. 34 mL/
kg × min), as a normal, healthy population was examined 
instead of athletes (Zaleski et al. 2019).

In our study, we identified a highly significant correlation 
of vitamin D levels and MPO. The influence of vitamin D 
on physical performance levels of male professional ath-
letes has been described in several studies (Hamilton et al. 
2014; Ksiazek et al. 2016), which can be explained via both 
its musculoskeletal and cardiovascular effects (Cannell 
et al. 2009; Owens et al. 2015; Wang 2016; Allison et al. 
2015); however, the influence of vitamin D on the BPR to 
exercise was not examined in athletes thus far. The higher 
maximum BP that we measured in athletes with sufficient 
25-OH vitamin D levels might be explained by a higher 
performance. It is known that higher exercise performance 
correlates with a higher BPR and higher maximum BP in 

athletes. Therefore, the workload adjustment in the BPR to 
exercise was proposed to identify athletes with an “exagger-
ated” BPR instead of using absolute cut-off values (Hedman 
et al. 2019a). Several mechanisms have been discussed to 
contribute to the excessive increase in BP during exercise, 
including aortic distensibility (Roman et al. 2007; Thijssen 
et al. 2016), endothelial dysfunction (Tzemos et al. 2009), 
and increased activation of the renin–angiotensin–aldoster-
one system (Schultz et al. 2013). Interestingly, all of these 
modifiers of the BPR to exercise are influenced by 25-OH 
vitamin D (Norman 2008; Tarcin et al. 2009; Christakos 
et al. 2013).

We could not detect correlations of vitamin D levels 
with BP changes under exercise conditions. This might be 
explained by the excellent fitness of our professional ath-
letes, since it is possible that vitamin D and physical fitness 
differentially affect the cardiovascular system and the BPR 
to exercise, with measurable differences only in individuals 
who cannot compensate for the deleterious effects of vita-
min D insufficiency (Norman 2008; Tzemos et al. 2009). 
Today, the ability to examine vascular function and central 
haemodynamic parameters including central BP (cBP) via 
non-invasive tools might offer new opportunities to reveal 
the influence of 25-OH vitamin D on BP and the BPR to 
exercise in an athletic population (Bauer et al. 2019). cBP 
is determined by the complex interaction between aortic 
compliance, elasticity and the resistance arteries’ ability to 
channel blood flow in accordance with tissue needs (Stephen 
Hedley and Phelan 2017). Hence, cBP is superior to brachial 
blood pressure in identifying changes in vascular functional 
parameters (Hodson et al. 2016) and cardiovascular risk 
(Williams et al. 2006; Roman et al. 2007; Cheng et al. 2013; 
Fan et al. 2016; Herbert et al. 2014). Particularly in young 
men, central diastolic BP, but not peripheral systolic pres-
sure, is a predictor of cardiovascular risk (Wilkinson et al. 
2001). Therefore, further studies that investigate the impact 
of 25-OH vitamin D on vascular function, cBP, and the BPR 
to exercise in athletes are needed.

Overall, the clinical importance of the BPR to exercise 
and maximum systolic BP is obvious, as it has been shown 
that a high BPR to exercise predicts future development 
of hypertension in young athletes (Caselli et al. 2019) as 
well as the normal population (Tzemos et al. 2015; Percuku 
et al. 2019; Schultz et al. 2015). Athletes are more frequently 
exposed to exercise-induced high BP than sedentary indi-
viduals, and exercise testing is frequently performed in the 
cardiovascular evaluation of competitive athletes (Hedman 
et al. 2019b). Therefore, reliable cut-off values have to be 
established and, given the workload-dependent BPR to exer-
cise, a workload-adjusted approach instead of using absolute 
cut-off values might be a good strategy for identifying ath-
letes with an exaggerated BPR (Hedman et al. 2019a). Thus 
far, insufficient 25-OH vitamin D levels do not appear to be 
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a risk factor for an exaggerated BPR to a maximum exercise 
test in professional male indoor athletes.

Limitations

Our study has a few noteworthy limitations. The number 
of participants limited its power to uncover potential cor-
relations between 25-OH vitamin D status and markers of 
cardiac and vascular function other than brachial BP and the 
BPR to a maximum exercise test. The focus on professional 
indoor handball and ice hockey players may limit extrap-
olation of the results to other sport disciplines; however, 
as these team sports expose athletes to the haemodynamic 
stress of frequent interval sprints, they are representative 
of other sports with a high dynamic component (> 75% 
VO2max) and a moderate static component (10–20%) (Lev-
ine et al. 2015). A further limitation is our exclusive focus 
on male athletes, which precludes the extrapolation of our 
results to female athletes. We are currently addressing all 
three issues by extending our research to include larger num-
bers of professional male and female athletes from various 
sports disciplines.

Conclusion

We have shown for the first time that professional male 
handball and ice hockey players with sufficient 25-OH vita-
min D levels display a higher maximum systolic BP during 
a maximum exercise test than do athletes with insufficient 
25-OH vitamin D levels. This difference was an expression 
of a significantly higher MPO in vitamin D-sufficient ath-
letes, highlighting the impact of vitamin D on physical per-
formance of these athletes. Thus, the BPR between athletes 
with sufficient 25- OH vitamin D levels compared to those 
with insufficient levels was not different. Further, in both 
groups of athletes, the BPR to a maximum exercise did not 
exceed the currently proposed thresholds for athletes.

We suggest that highly- trained athletic populations pre-
sent a unique opportunity to address the modifying effects 
of cardiorespiratory fitness on the association of 25-OH vita-
min D with cardiovascular risk markers. Our results may 
serve to stimulate future investigations into the correlation of 
vitamin D with parameters of vascular function and central 
haemodynamic parameters.
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