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Abstract: Background: Medical students are exposed to high cognitive demands as well as to a
high learning effort, which as a consequence can lead to a limited quality of life (Qol) with reduced
physical performance and unhealthy eating behaviors. The aim of this retrospective analysis was
to evaluate the abovementioned factors and their relationship to each other. Methods: We included
380 medical students (167 men, 213 women, age 22.2 £ 3.9 yrs) who participated in the sports
medicine elective subject. Qol was measured with the SF-36 questionnaire, and endurance capacity
was measured by using an incremental running test. Daily dietary intake was measured using a
7-day diary protocol. Depending on sex and the maximum speed achieved, students were divided
into three performance groups. Results: Men achieved higher maximal speed, heart rate, and lactate.
Carbohydrates and fat intake did not meet recommendations in either group. Dietary fibre intake
differed significantly between the performance groups in men and women, with the better groups
having higher intakes. Conclusions: Our data do not suggest increased risk or health-damaging
behaviors in medical students compared with the general population. Irrespective of this, incentives
should be set to enable a healthy life even during complex studies with a high learning effort.

Keywords: medical students; quality of life; nutrition; SF-36; physical performance; endurance
capacity

1. Introduction

Due to the high mental demands placed on medical students during their studies,
quality of life (Qol), health behavior, and stress management are a particular focus for
assessing their health status. With regard to the psychological demands and the occurrence
of depressive symptoms, possible solutions for dealing with study-specific stressors should
be found at an early stage [1]. The percentages of mental health disorders are alarmingly
high for stress (55%), depression (30%), anxiety disorders (20%), and burnout (15%), with
women partially affected more often than men [2,3].

Regular physical activity is an essential part of a healthy lifestyle and prevents the
development of a variety of illnesses such as cardiovascular, metabolic, psychiatric, or
oncologic diseases, as well as obesity, falls, cognitive impairments, osteoporosis, and
muscular weakness [4-6]. However, the minimum of 150 minutes of physical activity per
week recommended by the World Health Organization (WHO) for adults [7] is not achieved
in a large number of cases. According to a recent status report, 44% of all women and
40% of all men in Germany do not reach the recommendation, and 88% of girls and 80%
of boys perform too little daily life physical activity [8]. Regular participation in exercise
and frequent physical activities leads to an improvement in physical fitness [9], whereby
the level of endurance capacity plays a decisive role in the reduction of cardiovascular
mortality [10]. This is all the more crucial since evidence suggests that medical students
also have impaired physical performance [11].

Another essential factor for a healthy lifestyle and a higher life expectancy, as well
as for the prevention of many chronic diseases, is a healthy and wholesome diet [12]. A
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Chinese study found unhealthy eating behaviors not in local but in international students
with a high intake of fast foods and carbonated drinks [13]. In view of the fact that
medical students are supposed to serve as multipliers for a healthy lifestyle, it is even more
important that they internalize this behavior already during their medical studies and
pass on these guidelines to their patients, especially because many of them turn to their
physicians for advice on healthy diets [14].

Considering the high academic stress level, the aim of this retrospective analysis was to
evaluate the Qol, physical performance, and eating behaviors of German medical students
and their relationship to each other.

2. Material and Methods

In the present study, a total of 380 medical students who participated in the sports
medicine elective subject from 2010-2019 were examined. As an alternative to this elective,
students could also select other topics. Today, there are 14 subjects to choose from such as
history of medicine, sports orthopedics, applied anatomy, or experimental pulmonology.
Contents of the present elective are, among others, various healthy lifestyle contents and
endurance capacity including lactate thresholds. At the end of each three-day seminar,
students wrote a test based on their individual results to target possible lifestyle changes
(e.g., weight reduction for obesity, dietary changes for low fibre intake, etc.). Based on this
test, an individual meeting was held with a physician to discuss the intended changes.
Dietary intake and Qol were assessed in the week prior to the seminar.

After consultation with the ethics committee of the Hannover Medical School, further
approval was not necessary, since all data were routinely collected during the seminar and
evaluated pseudonymously.

3. Quality of Life

Qol was assessed using the SE-36 questionnaire that consists of 36 questions and
assesses the student’s health status on eight dimensions (physical functioning, role phys-
ical, bodily pain, general health, vitality, social functioning, role emotional, and mental
health) [15]. The SF-36 questionnaire is scored from 0 to 100 for each dimension. These
scores describe the patient’s state of health in the respective dimension, which can then be
evaluated using comparison tables [16-18]. In addition to these dimensions, a physical and
a mental sum score can be calculated.

4. Endurance Capacity

A step run test was used to measure endurance capacity, with several 800 m runs at
increasing speeds up to individual performance limit. Before the first run, resting heart rate
was noted, and resting lactate was taken from the earlobe. The 800 m runs were conducted
on a 200 m track, and a one-minute break was taken after each run, during which heart rate
was noted and lactate was measured. The initial speed was 2.0 m/s and was increased by
0.5 m/s with each run until exhaustion. The distance should be completed at the prescribed
speed, with an acoustic signal for control, where markers had to be reached every 50 m.
The maximum speed achieved was noted as endurance capacity (Vmax). If the speed could
not be maintained over 800 m, the distance was noted and vnax was adjusted in relation to
800 m. One additional lactate sample was taken three minutes after the last run. Depending
on Vmax, the students were divided into three performance groups: worst represented
the first tercile, middle the second, and best the third tercile. The terciles were calculated
separately for men and women.

5. Dietary Intake

Food intake was recorded using a 7-day diary protocol. All students were previously
given written information on how to complete the protocol. Entries were made on a
standardized sheet on which foods and drinks and the quantity consumed were always
indicated. Foods and drinks that were not listed were entered as free text. Intakes of
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energy, macro- and micronutrients, fibre, water, alcohol, and fatty acids were quantitatively
analyzed daily. Reference values were taken from the German Nutrition Society (DGE) [19].
The data were analyzed using DGE-PC (Version 5.1.0.048, GOE mbh, Linden, Germany).

6. Statistic

All data are given as mean =+ standard deviation. Normal distribution was tested
using the Kolmogorov-Smirnov test. Differences between men and women were tested
with an unpaired t-test for parametric data and a Mann-Whitney-U test for non-parametric
data with Hedges’ gas effect size. Differences between the three performance groups were
computed with an ANOVA with eta squared n? as the effect size. All post hoc tests were
corrected after Bonferroni. The significance level was set at 0.05. All calculations were
conducted with SPSS (Version 28, Armonk, NY, USA).

7. Results

A total of 380 students were included in the analysis, 167 men and 213 women, with a
mean age of 22.2 £ 3.9 years. There were no significant differences in age between sexes (s.
Table 1). Height, weight, BMI, and waist circumference were higher in men than women.
Heart rate and lactate at rest showed no significant difference between gender, but men
achieved higher vimax, maximal heart rate, and maximal lactate than women.

Table 1. Characteristics divided by gender.

Men Women
Parameter p 8
Mean + SD n Mean £+ SD n

Age (years) 223+ 3.6 167 222+42 213 0.293 0.02

Height (m) 1.81 £+ 0.07 167 1.69 £ 0.07 213 <0.001 1.73

Weight (kg) 77.8 £ 104 167 61.0 +8.3 213 <0.001 1.81

BMI (kg/m?) 237 +27 167 213+24 213 <0.001 0.94

Hip circumference (cm) 914 +7.7 165 90.1 £ 8.0 213 0.068 0.17

Waist circumference (cm) 827 +77 165 699 £5.6 213 <0.001 191

Waist-hip ratio 90.7 +7.4 165 78.0 £ 6.1 213 <0.001 1.89

Waist-height ratio 456 +4.4 165 414 £3.6 213 <0.001 1.07
Heart raterest (bpm) 90.2 +14.1 165 90.6 £+ 15.1 213 0.838 —0.02

Lactaterest (mmol/L) 1.06 £+ 0.35 154 1.05 £+ 0.32 201 0.816 0.01

Vmax (M/S) 455+0.73 167 3.84 +£0.53 213 <0.001 1.13

Heart ratemax (bpm) 200 + 8 167 195 +£ 11 213 <0.001 0.50

Lactatemax (mmol/L) 11.65 £ 2.77 167 9.72 £ 2.65 213 <0.001 0.72

BMI: Body mass index; g: effect size Hedge’s g; v: velocity.

Divided into performance groups, the best group of men had significantly lower
weight, BMI, waist and hip circumference, and waist-height ratio than the worst and
middle groups (s. Table 2). The worst group of men showed significantly higher resting
heart rates than the middle and the best group. The best group of men achieved higher
maximal lactate than the two other groups.

In contrast to men, the best group of women only had significantly lower BMI and
waist-height ratio than the worst group (Table 3). The best group of women had lower
resting heart rates and achieved higher maximal lactate than the two other groups.



Nutrients 2022, 14, 5375 4 0f9

Table 2. Men’s characteristics, divided by performance groups.

Worst Middle Best
Parameter 14 n?
Mean + SD n Mean + SD n Mean + SD n

Age (years) 228 +4.2 52 228 +3.4 46 21.5+29 69 0.063 0.03
Height (m) 1.80 £ 0.08 52 1.82 £0.07 46 1.82 £ 0.07 69 0.166 0.02
Weight (kg) 80.2 +12.8" 52 79.7 £9.3¢ 46 74.8 + 8.4brc 69 0.007 0.06
BMI (kg/m?) 248 +32b 52 241 +28°¢ 46 2254 1.7be 69 <0.001 0.13
Hip circumference (cm) 93.7 +84P 52 927 +77¢ 45 88.8 + 6.4 bc 68 <0.001 0.08
Waist circumference (cm) 849 +99Pb 52 837 +71°¢ 45 80.2 + 5.4 b« 68 0.002 0.07
Waist-hip ratio 90.7 £ 7.4 52 90.6 +7.4 45 90.7 £ 7.5 68 0.996 <0.01
Waist-height ratio 473+53°P 52 46.1+45°¢ 45 441 £2.9bec 68 <0.001 0.10
Heart raterest (bpm) 98.4 + 13.2 2P 51 89.04+11.22 45 85.0+ 13.8" 69 <0.001 0.16
Lactateyest (mmol/L) 1.12 + 045 43 1.07 £0.34 42 1.00 + 0.27 69 0.205 0.02
Vmax (M/s) 3.63 + 0.37 2P 52 4.354+0.132¢ 46 5.14 + 0.32 bc 69 <0.001 0.82
Heart ratemax (bpm) 199 + 10 52 200 £+ 10 46 199 +7 69 0.805 <0.01
Lactatemax (mmol/L) 10.66 +2.90° 52 1125 £242°¢ 46 12.66 + 2.58 b< 69 <0.001 0.10

BMI: Body mass index; v: velocity; n?: effect size eta squared. @ p < 0.05 post hoc worst vs. middle; ® p < 0.05 post
hoc worst vs. best; © p < 0.05 post hoc middle vs. best.

Table 3. Women'’s characteristics, divided by performance groups.

Worst Middle Best
Parameter pPANOVA n?
Mean + SD n Mean + SD n Mean + SD n

Age (years) 23.8 +5.82b 58 21.6 £3.02 74 21.6 +3.4° 81 0.003 0.05
Height (m) 1.68 =+ 0.06 58 1.70 + 0.07 74 1.70 £ 0.06 81 0.211 0.01
Weight (kg) 62.2 +£10.9 58 61.2 +82 74 60.0 +£5.9 81 0.293 0.01
BMI (kg/m?) 22.0+£33b 58 212421 74 208 +£1.7b 81 0.012 0.04
Hip circumference (cm) 91.94+9.4 58 89.6 + 7.3 74 89.14 7.4 81 0.102 0.02
Waist circumference (cm) 712+ 7.6 58 69.6 + 5.1 74 69.3 £4.2 81 0.115 0.02
Waist-hip ratio 778 +72 58 77.9 + 4.9 74 78.1+ 6.3 81 0.940 <0.01
Waist-height ratio 425+48b 58 41.1+3.1 74 409 +28Pb 81 0.023 0.04
Heart rateyest (bpm) 96.3 + 142" 58 91.6 +14.0°¢ 74 85.6 4+ 15.1 be 81 <0.001 0.08
Lactatees; (mmol/L) 1.05 £ 0.39 53 1.07 £ 0.31 72 1.04 £ 0.28 76 0.897 <0.01
Vmax (M/s) 3.06 + 0.22 2P 58 3.60 £ 0.152¢ 74 421 +0.34P¢ 81 <0.001 0.77
Heart ratemay (bpm) 192 4 12 58 195 + 11 74 196 & 9 81 0.149 0.02
Lactatemay (mmol/L) 859 +2.67P 58 9.25+231°¢ 74 10.94 + 2.46 < 81 <0.001 0.14

BMI: Body mass index; v: velocity; n?: effect size eta squared. @ p < 0.05 post hoc worst vs. middle; ® p < 0.05 post
hoc worst vs. best; © p < 0.05 post hoc middle vs. best.

Dietary intakes are displayed in Figure 1. Energy intake showed no differences
between performance groups and were in line with the reference values. The distribution
of energy among macronutrients differed significantly only in women for carbohydrate
and fat, with the best group achieving reference values. Cholesterol intake did not differ
between performance groups, and only women achieved the recommendations. The
distribution of fatty acids did not reach reference values. The best group of women had a
significantly lower distribution of saturated fatty acids than the two other groups. Dietary
fibre intake differed significantly between the performance groups in men and women,
with the better groups having higher intakes. Dietary iron intake did not differ between
the performance groups and was below reference values in both men and women.
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Figure 1. Dietary intake of men (1 = 167) and women (n = 213), divided by performance groups.

Displayed are 95% confidence intervals. panova: p-value of ANOVA between groups divided by sex.

Quality of life is displayed in Figure 2. Men’s quality of life differed significantly
between the performance groups in terms of physical functioning (n? = 0.06), general health
(n? = 0.06), and mental sum score (n? = 0.04), with the best group reaching higher values.
According to the reference values, the best group of men was above the reference values
for physical functioning, general health, social functioning, mental health, and mental
sum score. Women’s quality of life differed significantly in terms of physical functioning
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n? =0.07), bodily pain (n? =0.03), general health (n? =0.07), and vitality (n? = 0.06), with
the best group reaching higher values. According to the reference values, the best group
of women was above the reference values for physical functioning, bodily pain, general
health, vitality, social functioning, and emotional role. All groups of women were above
reference values for mental health and mental sum score.

rii'h
IL ﬂ
B
80 - ]
[l
] |
[
60 Fv'
== .
e =
50 1 [
40
0
Puon | PF RP BP GH VT SF RE MH PSS MSS
Men 0.005 0.211 0.583 0.007 0.065 0.113 0.126 0.104 0.697 0.027
Women | <0.001 0.498 0.031 <0.001 0.002 0.222 0.126 0.760 0.053 0.371

|:| Men - worst |:| Men - middle |:| Men - best

[ ] Reference men

Women - worst Women - middle Women - best

Reference women

Figure 2. Quality of life of men (n = 167) and women (n = 213), divided by performance groups.
Displayed are 95% confidence intervals. PF: physical functioning; RP: role physical; BP: bodily pain;
GH: general health; VT: vitality; SF: social functioning; RE: role emotional; MH: mental health; PSS:
physical sum score; MSS: mental sum score; panova: p-value of ANOVA between groups.

8. Discussion

The main finding of our study is that students who participated in the elective sports
medicine subject performed surprisingly well in the areas of endurance capacity, Qol, and
nutrition. Regardless, it appeared that, in the best performance group, several data related
to diet as well as Qol were significantly better.

Several studies report about frequent impairment of medical students by mental
health disorders, resulting in reduced academic performance as well as in permanent
health impairment [2,20,21]. Often-used positive coping strategies that can counteract
the high mental burden are the search for social support in the family, within friends
or fellow students, active coping, religion, and sports (2). Negative strategies such as
alcohol/substance abuse as well as isolation and distancing (2) should absolutely be
prevented and may also be associated with burnout syndrome, depressive disorders,
and other psychiatric comorbidities [22,23]. Therefore, it is all the more important to
offer strategies against high stress levels in order to avoid manifesting illnesses or to
provide adequate therapies to prevent chronification. Overall, in our collective, there
was no evidence for the presence of excessive stress or the presence of mental health
diseases, and altogether, age-appropriate normal values for Qol were achieved in the SF-36
questionnaire [18]. The fact that some subscales such as physical functioning, general health,
social functioning, and mental health were significantly better in the best performance
group can be interpreted as an indication that the extent of physical performance has a
significant influence on mental as well as physical and social Qol. This was confirmed by
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Yorks et al. [24], who could find an improvement in regard to perceived stress and also
in physical, mental, and emotional components of Qol, where the effects achieved were
mainly attributed to exercising in a group.

Nevertheless, should the individual evaluation of a student reveal indications of
mental overload, specific measures of course must be undertaken.

Both the level of regular physical activity and the absolute physical capacity are
significant predictors of cardiovascular mortality [25,26]. Although the initiation of physical
activity is possible at an older age and can lead to an improvement in exercise capacity, the
foundation for this is laid during childhood and adolescence [27]. The influence of exercise
capacity on cardiovascular mortality can be estimated to be higher than the influence
of physical activity [26]. In a Thai study, medical students were shown to have poorer
performance on a cycle ergometer in terms of VO, compared to the normal population,
with no difference for sex [11]. In contrast, performers of this elective on average can
be characterized by a normal to excellent performance with better values for the males.
Additionally, in individual cases of impaired running performance, the cause must be
clarified, and if necessary, a specifically adapted training program should be initiated.
Stephans et al. found a significant relationship between aerobic fitness and the academic
performance measures in relation to pre-clerkship grade point average in medical army
students [28]. This could be an indication that a higher physical performance is also
associated with an increased willingness to perform in studies.

There is also evidence that physical activity improves Qol and reduces burnout with
a dose dependent effect [29]. The authors of this review conclude that physical activity
should be integrated into medical studies to improve the well-being of medical students.

To prevent the risk of intoxication or to avoid a deficiency for many nutrients, a daily
upper intake level and a minimum daily requirement were defined [30]. The average values
for most of the substances (except for fat and carbohydrate intake) examined indicate a
predominantly healthy dietary behavior.

Thereby, the best performance group (with the exception of alcohol consumption,
which was increased in this group but still below the average recommended by the DGE
(20 g/d for men and 10 g/d for women)) had a healthier diet with comparatively lower fat
content, lower saturated fat, and increased fibre intake.

In general, however, it can be recommended to all groups to increase fibre content
and to limit fat intake. The increased fluid intake is presumably due to the increased
physical activity in the better performance groups. Alcohol intake has been part of almost
all human cultures for thousands of years and, if handled responsibly on a moderate level,
can contribute positively to human health (in particular wine) [31,32] and Qol [33]. On the
other hand, a Polish study found an increased rate of alcohol abuse resulting in depression
and suicidal ideation in medical students and young doctors; therefore, a regular alcohol
intake is not recommended [34].

In summary, the poor knowledge of healthy eating among medical students described
in individual studies [35] does not apply to our collective. However, because nutrition plays
a crucial role in a healthy lifestyle and currently is insufficiently integrated into medical
studies worldwide, recommendations were made to include nutrition education in medical
studies [36].

9. Limitations

For the overall assessment of our study, some important limitations must be taken
into account. First, the subject of sports medicine was only one of several electives that
the students of the semester could choose, and we assumed that this subject was mainly
selected by those with a high affinity to sports and a healthy lifestyle. Furthermore, the
participation took place in the second year of study, where the burden of studying possibly
had not yet had such an impact on Qol.
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Food intake was recorded during the week before the three-day seminar using a 7-day
diary; thus, there may be discrepancies between the currently documented intake situation
and the otherwise usual diet.

To some extent, the SF-36 questionnaire may indicate mental abnormalities, but specific
questionnaires should be used for screening stress or anxiety disorders.

Exercise was performed as a running test; thus, a comparison with physical capacity
achieved on the bicycle ergometer was accordingly difficult. Physical activity besides
training is a basic requirement for exercise capacity, and because of the good results in the
step run test, we believe that most of the students were physically active to a large extent.
Unfortunately, we did not specially ask for daily activities, e.g., with a questionnaire.

10. Conclusions

As one of the first studies in this area, we found near-normal Qol scores at our medical
students. We attribute this to the high interest in physical activity and healthy lifestyles
taught in our elective. We also assume that regular exercise and a good performance
are important resilience factors in the context of medical studies, and students should be
motivated to remain active even in phases with time shortage resulting from high exam
stress. Independently of this, early psychological intervention should take place if there are
signs of mental problems in order to prevent permanent damage.
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