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Abstract: Background/Objectives: A significant number of patients experience prolonged symptoms
following COVID-19 in particular cases of fatigue. Yet, pathomechanisms of COVID-19-related fatigue
remain unclear. Methods: This study investigated patients after confirmed SARS-CoV-2 infection (PC)
with relevant fatigue according to the Fatigue Assessment Scale (≥22 points) to rule out malnutrition
as a driving factor for fatigue and to evaluate daily activity and sleep characteristics. Dietary
behavior was recorded through food diaries and physical activity by self-reported (questionnaires)
and objective (activity tracker) outcomes. Data were collected over a 7-day period and compared
with a healthy control group (HC). A subgroup analysis of patients with fatigue and severe fatigue,
as well as a sex-specific analysis, were included. Results: No significant differences in dietary intake
were observed, but an indication toward a healthier Mediterranean diet in PC patients with a median
Mediterranean Diet Score of 4 (IQR 3, 5) in HC vs. 5 (IQR 3, 6) in PC (p = 0.24). There were also no
differences in physical activity, either by objective or subjective measures. However, the median sleep
duration was 49 min longer in PC patients (p = 0.003). Conclusions: In conclusion, malnutrition did
not significantly contribute to fatigue, yet patients with COVID-19-related fatigue showed increased
sleep duration. As sleep characteristics play a crucial role in mental and physical wellbeing, the
association of sleep, physical activity, and fatigue should be evaluated in further studies.

Keywords: fatigue; post-COVID; nutrients; daily life restrictions

1. Introduction

Fatigue is a common symptom among patients who experience ongoing sequels
after coronavirus disease 2019 (COVID-19). These patients are often referred to as having
post-acute sequels of COVID-19 (PASC). Up to 50 percent of patients suffer from this
life-restricting burden following the diagnosis of COVID-19, the etiology of which remains
still unclear [1]. Autoimmune processes, persisting virus-antigens, and other multiple
etiologies have been described for fatigue like other viral infections, especially Epstein
Bar Virus (EBV) or human immune deficiency virus (HIV), as well as cancer, for example,
breast cancer [2–4]. Until now, the pathogenesis of this phenomenon remains unclear.
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Patients with PASC exhibit a reduced daily exercise capacity and experience post-
exertional malaise [5,6]. In regard to supportive therapeutic options for fatigue, it is
imperative to ascertain whether other causes of physical or mental capacity impairment
are present, particularly an inadequate intake of calories or malnutrition, as well as an
insufficient duration of sleep. Fatigue, nutrition, and circadian rhythm have been suggested
as possible mutually linked factors. For one, metabolic disturbances in energy metabolism
may underlie exercise intolerance in chronic fatigue as a post-COVID symptom. Loss
of appetite, which is another symptom, may also contribute to fatigue [7]. Diarrhea and
vomiting can also be post-COVID symptoms and thus affect exercise tolerance [8]. It
has been suggested that the development of chronic fatigue (CF) in PASC is exacerbated
by a pre-covid circadian rhythm disorder and inadequate exposure to light [9]. In an
observational study from 2021, 201 post-COVID patients who experienced persistent
fatigue received nutritional supplements for 28 days. The study showed significant results
for improvement in chronic fatigue and overall quality of life [10]. The impact of nutrition
on exercise capacity has already been assessed [11]. Walnik et al. showed an association
between a higher dietary fiber intake and enhanced physical performance among German
students when compared to the general population in Germany [12]. Sleep disturbance is
a component of fatigue and a principal criterion of chronic fatigue syndrome (CFS) [13].
Additionally, sleep disturbance is prevalent in post-COVID patients, which has an impact on
quality of life and performance [14–16]. A small prospective observational study conducted
in Chile revealed that 60% of the 60 participants exhibited symptoms of sleep apnea [17].

At present, no causal therapy for fatigue is available, and the impact of special diets or
taking dietary supplements is less well-understood. This study was initiated to evaluate
the dietary behavior, exercise, and sleep duration of PASC patients with fatigue (PC) in
comparison with a historical healthy control group (HC), with the aim of elucidating
the potential role of nutrition and sleep quality in the physical and mental impairments
frequently observed in these patients.

2. Materials and Methods

This is a secondary, exploratory analysis of a randomized controlled trial (RCT) testing
the impact of an online-guided intervention on the mental and physical capability of PACS
patients [18] (registration trial number: DRKS00026245).

In brief, patients with a previous infection of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) confirmed by polymerase chain reaction (PCR < 30 cycles
threshold) were included in the study between September 2021 and June 2022. Further-
more, patients were required to meet the following criteria: age ≥ 18 years, persistence
of symptoms following a diagnosis of SARS-CoV-2 infection, and a fatigue score of ≥22
on the Fatigue Assessment Scale (© FAS Fatigue Assessment Scale: ILC care foundation
http://www.ildcare.nl (accessed on 12 October 2024).

Patients who met any of the following criteria were excluded from participation:
current involvement in another intervention study, presence of another clinically relevant
acute or chronic infection, pregnancy, surgery less than eight weeks prior, and any medical
conditions or functional impairments that, in the opinion of the examining physician,
precluded participation in a physical training intervention. Written informed consent was
obtained from participants before study inclusion.

A total of 46 patients were recruited from the outpatient clinics of the Department of
Respiratory Medicine and Infectious Diseases and the Department of Rehabilitation and
Sports Medicine at Hannover Medical School.

The FAS consists of ten questions, 5 concerning physical and 5 concerning mental
exhaustion. Every question is answered with 1–5 points with respect to the frequency
of occurrence. A score of 22 or above indicates the presence of fatigue, while a score of
35 or above indicates the presence of extreme fatigue [19–21]. Cronbach’s alpha of this
questionnaire is 0.87 [22].

http://www.ildcare.nl
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The groups were matched for body mass index (BMI), sex, and age. All patients were
asked to fill out a 7-day food diary, and their daily activity and sleep behavior were tracked
by a wearable device.

Patients were requested to complete the validated Freiburger Activity Questionnaire,
which is designed to ascertain the total and exercise-related physical activity of adults, both
of which are quantified as metabolic equivalents of task (MET)-hours per week [23,24].
This instrument shows average to very good reliability (r = 0.5–0.9) and a moderate validity
(r = 0.3–0.4) [24].

Moreover, the patients were requested to complete the Short Form-36 Health Survey
(SF-36) [25]. The SF-36 is a tool for measuring health-related quality of life. The 36 items
that comprise the SF-36 are designed to reflect eight domains of health, including physical
functioning, physical role, pain, general health, vitality, social functioning, emotional role,
and mental health. The range is 0–100, with higher scores indicating superior quality of
life. Furthermore, a physical and mental composite score can be calculated. The total
mental composite score was used to determine the mental and psychological well-being.
The German version of the SF-36 exhibits high discriminant item validity in all samples
analyzed, with a success rate of over 90% in scaling. Additionally, Cronbach’s alpha
reliabilities are above the criterion of 0.70 in all but one scale.

The food diary was subjected to analysis and review by dietitians for macronutri-
ent and micronutrient content using professional nutrition analysis software (DGE-PC
professional Version 5.1.0.048, DGE; Bonn, Germany). The reference values are based
on the recommendations of the German Nutrition Society (Deutsche Gesellschaft für
Ernährungsmedizin, DGE) [26]. To assess Mediterranean diet adherence in all patients,
a Mediterranean diet score (MDS) was calculated following the validated method of Tri-
chopoulou et al. [27]. The MDS ranges from 0 to 9, with 1 point awarded for (a) consumption
of positively associated foods above the sex-specific mean and (b) consumption of neg-
atively associated foods below the sex-specific mean. A higher score indicates a higher
degree of adherence to the Mediterranean diet.

Both groups were equipped with an activity monitor (Forerunner 35 or Forerunner 45,
Garmin, Garching, Germany, or Sensewear, Bodymedia, Germany) and were instructed to
wear the monitor for one week. The number of steps taken per day, the amount of active
energy expenditure, and the duration of sleep were recorded.

Statistics

Data were first initially evaluated for normality of distribution using the Shapiro–Wilk
test. In order to facilitate a descriptive analysis, the absolute frequencies were calculated
for categorical variables. For continuous variables, the median and interquartile range
(IQR, 25th to 75th percentile) are provided. Group differences were evaluated using the
Kruskal–Wallis test for non-parametric data and Pearson’s Chi-square test for categorical
variables. A correlation analysis was conducted to examine the relationship between
the statistically significant different parameters with the data of the PC group using the
Spearman correlation coefficient. To account for multiple comparisons, the Bonferroni
correction was applied.

Moreover, in the subgroup analysis of PC patients, a cut-off value of ≥35 points on the
FAS was employed to differentiate between patients with fatigue and those experiencing
extreme fatigue. In addition, the FAS result was categorized into physical and mental
fatigue. There are no specific threshold values defined for this subdivision, but questions 1,
2, 4, 5, and 10 of the FAS are aimed to reflect physical fatigue, and the remaining 5 questions
are about mental fatigue [28].

A two-sided significance level was set to 5%. The statistical analysis was performed
with R Studio (Version 2024.09.0-375, Posit Software, Boston, MA, USA).
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3. Results

Table 1 summarizes the different statistical comparisons between the PC and HG
groups.

Table 1. Summary of the statistical comparisons between PC and HC groups.

Method Statistics Sample (n) Results

Group comparison of baseline
characteristics, activity monitor data,
Freiburger Activity Questionnaire,
SF-36—emotional well-being

Pearson’s Chi-squared test;
Kruskal-Wallis rank sum test HC (46) vs. PC (46) Table 2

Group comparison of macro- and
micronutrients

Pearson’s Chi-squared test;
Kruskal-Wallis rank sum test HC (46) vs. PC (46) Table 2

Correlation matrix of significant
parameters of the group comparisons

Spearman’s correlation
coefficient, Bonferroni
adjustment

HC (46) vs. PC (46) Figure 1

Subgroup comparison, shown as facet
violin box-plots Kruskal-Wallis test

Patients with Fatigue (18) and
extreme fatigue (28) according
to FAS

Figure 2

Subgroup comparison, shown as facet
box-plots Kruskal-Wallis test Sex-specific subgroup of PC

group (m = 12; w = 34) Figure 3

3.1. Comparison Between PC and HC Group

Table 2 presents an overview of the patients’ baseline parameters and self-reported
activities, the mental composite score of the SF-36 questionnaire, and the activity monitor
data for the PC and HC groups. The macronutrient and micronutrient profiles of both
groups, alongside the DGE reference values, are shown in Table 2. Approximately two-
thirds of the patients were female (77% and 74%), with a median age of 47 years in both
groups (p = 0.87) and a median Body Mass Index (BMI) of 26 kg per square meters (kg/m2)
in the HC group and 25 kg/m2 in the PC group (p = 0.87). As the groups were matched for
sex, age, and BMI, with respect to these variables, no significant differences were observed
between the groups. Moreover, no significant discrepancy was observed in the reference
values for caloric intake, the overall caloric intake, and the ratio of energy intake to the
target values.

3.1.1. Freiburger Activity Questionnaire and SF-36 Mental Composite Score

No significant differences were observed in the self-reported total physical and sports-
related activities of the participants between the two groups. However, PC patients reported
a significantly lower mental composite score in the SF-36 questionnaire (43 vs. 54; p < 0.001).

3.1.2. Activity Monitor Data

The two groups exhibited comparable steps per day and active energy expenditure.
However, the sleep duration differed significantly, with PC patients demonstrating a mean
sleep duration that was approximately 49 min (IQR 41, 64; p = 0.003) longer per night than
that of the HC group patients.

Table 2. Baseline characteristics, self-reported activity, and wearable data of PC and HC group.

Macro- and Micronutrients (Median
(Q1, Q3))

Control Group
(N = 46)

Post-COVID
(N = 46)

Total
(N = 92) p Value

Reference
Value (DGE)

[14]

Sex 0.81 1

female (n /%) 35 (76%) 34 (74%) 69 (75%)
male (n /%) 11 (24%) 12 (26%) 23 (25%)
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Table 2. Cont.

Macro- and Micronutrients (Median
(Q1, Q3))

Control Group
(N = 46)

Post-COVID
(N = 46)

Total
(N = 92) p Value

Reference
Value (DGE)

[14]

Age [years] 47 (40, 53) 47 (39, 53) 47 (40, 53) 0.87 2

Body mass index [kg/m²] 26 (23, 30) 25 (23, 30) 26 (23, 30) 0.87 2

Freiburger Activity Questionnaire
[MET hours/week]
Sports-related activities 3.5 (0, 16) 2.0 (0, 7.5) 3.0 (0, 10) 0.47 2

Missing 2 8 10
Total activity 26 (16, 36) 25 (12, 34) 26 (13, 34) 0.59 2

Missing 2 10 12
SF-36—mental composite score 54 (51, 57) 41 (29, 50) 50 (37, 55) <0.001 2

Missing 1 0 1
Activity monitor data

Steps per day [steps] 7400 (6300,
11,400) 6800 (5700, 9500) 7200 (5800,

10,200) 0.10 2

Missing 15 3 18
Measured active energy expenditure
[kcal] 446 (336, 820) 537 (309, 630) 483 (310, 722) 0.43 2

Missing 15 3 18
Measured sleep duration [min] 437 (389, 476) 486 (453, 517) 466 (421, 508) 0.003 2

Missing 19 3 22
Reference value of energy intake
[kcal] 2400 (2100, 2700) 2500 (2300, 2700) 2500 (2200, 2700) 0.91 2

Missing 1 0 1
Energy intake [kcal] 1800 (1400, 2100) 1700 (1400, 2100) 1700 (1400, 2100) 0.91 2 10–20

Missing 1 0 1
Energy intake / Reference value
[Ratio] 0.72 (0.56, 0.90) 0.69 (0.56, 0.80) 0.70 (0.56, 0.82) 0.68 2

Missing 1 0 1
Fat [%] 34 (30, 37) 37 (33, 41) 35 (31, 39) 0.02 2 30

Missing 1 0 1
Fat [g] 64 (51, 75) 67 (59, 88) 66 (53, 86) 0.18 2

Missing 1 0 1
Cholesterol [g] 0.3 (0.2, 0.4) 0.3 (0.2, 0.4) 0.3 (0.2, 0.4) 0.40 2

Missing 1 0 1
Saturated fatty acids [%] 14 (12, 15) 13 (11, 16) 14 (11, 16) 0.45 2

Missing 1 0 1
Saturated fatty acids [g] 26 (20, 32) 27 (21, 35) 26 (20, 34) 0.58 2

Missing 1 0 1
N-3 Fatty acids (omega-3) [%] 0.7 (0.6, 0.8) 0.8 (0.6, 1.1) 0.7 (0.6, 1.0) 0.01 2 0.5

Missing 1 0 1
N-6 Fatty acids (omega-6) [%] 4.5 (3.8, 5.2) 5.2 (4.2, 6.2) 4.6 (4.0, 5.7) 0.008 2 2.5
Mediterranean Diet Score [points] 4 (3, 5) 5 (3, 6) 4 (3, 6) 0.24 2

Missing 20 5 25
Carbohydrates [%] 46 (41, 49) 45 (40, 48) 45 (40, 48) 0.28 2 >50

Missing 1 0 1
Carbohydrates [g] 180 (150, 240) 180 (160, 240) 180 (150, 240) 0.96 2

Missing 1 0 1
Protein [%] 18 (16, 19) 17 (15, 20) 18 (15, 19) 0.31 2

Missing 1 0 1
Protein [g] 72 (60, 89) 71 (63, 88) 72 (60, 89) 0.96 2 47–55

Missing 1 0 1
Fiber [g] 20 (17, 24) 22 (19, 29) 21 (18, 28) 0.07 2 ≥30

Missing 1 0 1
Sucrose [%] 10 (7, 13) 10 (8, 12) 10 (8, 12) 0.97 2 <10

Missing 1 0 1
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Table 2. Cont.

Macro- and Micronutrients (Median
(Q1, Q3))

Control Group
(N = 46)

Post-COVID
(N = 46)

Total
(N = 92) p Value

Reference
Value (DGE)

[14]

Sucrose [g] 40 (28, 57) 43 (33, 53) 42 (31, 54) 0.73 2 61–78
Missing 1 0 1

Alcohol [g] 3.3 (0.4, 8.3) 1.6 (0.03, 5.2) 2.5 (0.12, 6.7) 0.01 2 20
Missing 1 0 1

Water [liter] 2.8 (2.2, 3.3) 3.0 (1.9, 3.4) 2.8 (2.1, 3.3) 0.96 2

Missing 1 0 1
Phosphorus [mg] 1100 (1.5, 1300) 1200 (1000, 1400) 1200 (950, 1400) 0.03 2 550

Missing 1 0 1
Iron [mg] 12 (10, 14) 12 (11, 14) 12 (10, 14) 0.55 2 11–16

Missing 1 0 1
Zinc [mg] 11 (8, 12) 10 (9, 12) 10 (8, 12) 0.97 2 7–16

Missing 1 0 1
Copper [mg] 1.8 (1.6, 2.1) 1.8 (1.5, 2.4) 1.8 (1.5, 2.3) 0.80 2 1.0–1.5

Missing 1 0 1
Manganese [mg] 4.3 (3.6, 5.6) 4.2 (3.5, 6.5) 4.2 (3.6, 5.7) 0.68 2 2.0–2.5

Missing 1 0 1
Fluoride [mg] 0.9 (0.7, 1.1) 0.9 (0.7, 1.2) 0.9 (0.7, 1.1) 0.64 2 2.7–3.5

Missing 1 0 1
Iodine [µg] 110 (0.2, 140) 88 (69, 160) 100 (67, 150) 0.29 2 200

Missing 1 0 1
Vitamins—fat-soluble
Retinol equivalent [mg] 1.0 (0.7, 1.3) 1.0 (0.7, 1.4) 1.0 (0.7, 1.3) 0.56 2 0.70–0.85

Missing 1 0 1
Vitamin A (Retinol) [mg] 0.3 (0.2, 0.4) 0.3 (0.2, 0.4) 0.3 (0.2, 0.4) 0.89 2

Missing 1 0 1
Vitamin D (Calciferol) [µg] 2.5 (1.6, 5.8) 3.7 (1.6, 5.7) 2.7 (1.6, 5.8) 0.41 2 20

Missing 1 0 1
Vitamin E (Tocopherol) [mg] 11 (9, 14) 12 (10, 16) 12 (9, 15) 0.13 2 12–14

Missing 1 0 1
Vitamin K [µg] 220 (160, 310) 260 (190, 340) 250 (160, 330) 0.26 2 60–70

Missing 1 0 1
Vitamins—soluble
Vitamin B1 (Thiamin) [mg] 1.2 (1.0, 1.6) 1.3 (1.0, 1.7) 1.3 (1.1, 1.6) 0.56 2 1.0–1.2

Missing 1 0 1
Vitamin B2 (Riboflavin) [mg] 1.4 (1.3, 1.7) 1.4 (1.2, 1.6) 1.4 (1.2, 1.7) 0.46 2 1.1–1.4

Missing 1 0 1
Niacin equivalent [mg] 28 (25, 33) 28 (24, 36) 28 (24, 36) 0.86 2 12–15

Missing 1 0 1
Pantothenic acid [mg] 4.3 (3.7, 5.3) 4.4 (3.9, 5.6) 4.3 (3.7, 5.4) 0.52 2

Missing 1 0 1
Vitamin B6 (Pyridoxin) [mg] 1.5 (1.3, 1.7) 1.6 (1.3, 1.9) 1.5 (1.3, 1.9) 0.32 2 1.4–1.6

Missing 1 0 1
Biotin [µg] 44 (35, 55) 49 (38, 58) 45 (37, 56) 0.25 2 40

Missing 1 0 1
Folate [µg] 190 (0.3, 240) 230 (200, 310) 220 (170, 290) 0.001 2 300

Missing 1 0 1
Vitamin B12 (Cobalamin) [µg] 4.5 (3.2, 6.2) 4.7 (3.8, 6.5) 4.5 (3.6, 6.5) 0.73 2 4

Missing 1 0 1
Vitamin C (Ascorbic acid) [mg] 120 (89, 160) 150 (110, 210) 140 (100, 170) 0.03 2 95–100

Missing 1 0 1
Minerals—Macronutrients
Sodium [g] 2.7 (2.3, 3.0) 2.5 (1.9, 3.2) 2.6 (2.0, 3.2) 0.36 2 1.5

Missing 1 0 1
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Table 2. Cont.

Macro- and Micronutrients (Median
(Q1, Q3))

Control Group
(N = 46)

Post-COVID
(N = 46)

Total
(N = 92) p Value

Reference
Value (DGE)

[14]

Potassium [g] 2.7 (2.4, 3.1) 2.9 (2.4, 3.4) 2.8 (2.4, 3.3) 0.41 2 4
Missing 1 0 1

Calcium [g] 0.9 (0.8, 1.1) 0.9 (0.7, 1.0) 0.9 (0.7, 1.1) 0.50 2 1
Missing 1 0 1

Magnesium [g] 0.3 (0.3, 0.4) 0.3 (0.3, 0.4) 0.3 (0.3, 0.4) 0.58 2 3.0–3.5
Missing 1 0 1

1 Pearson’s Chi-squared test; 2 Kruskal-Wallis rank sum test, bold p-values highlight significant differences
between study groups.

3.1.3. Nutrient Intake

PC patients had a significantly elevated percentage of fat intake, accompanied by a
higher ratio of unsaturated fatty acids, including omega-3 and omega-6. The percentage
of fat consumed was in excess of the recommendations set forth by the DGE for both
groups. Patients in the HC group consumed significantly greater quantities of alcohol than
those in the PC group (3.3 g in HC vs. 1.6 g in PC group; p = 0.01). However, the amount
consumed by both groups was well below the recommendations of the DGE. Further
evaluation of adherence to a Mediterranean diet was conducted using the Mediterranean
Diet Score, which demonstrated at least numerical trends towards higher adherence to
the Mediterranean diet in PC patients. However, this did not reach statistical significance.
No significant difference was observed in carbohydrate and protein intake between the
two groups despite the protein intake exceeding the DGE reference values in both groups.
Both groups demonstrated a high intake of water, with an average of 2.8 and 3.0 L per
day (p = 0.96), respectively. However, no significant difference was observed between the
groups. Further details are shown in Table 2.

3.1.4. Vitamins and Minerals

There was no statistically significant difference in micronutrient intake of vitamins
between the two groups, with all details shown in Table 2, although there was a numerical
trend towards higher intake of vitamins D and K among the PC patients. With regard
to water-soluble vitamins, patients with prostate cancer exhibited a significantly higher
intake of folate and vitamin C. However, the folate intake of these patients remains be-
low the recommended daily intake of 300 µg. PC patients exhibited a higher intake of
phosphorus; however, both groups demonstrated a daily intake that exceeded the general
recommendations of the DGE.

3.1.5. Correlation Analysis of PASC Patients of Statistically Different Parameters Between
PC and HC Group

Figure 1 shows the correlation matrix between the statistically significant different
parameters between the PC and HC groups. Supplementary Table S1 provides details of
the Spearman’s correlation coefficient. No significant correlation was found between the
FAS and any of the other parameters. A negative correlation was found between sleep
duration, the intake of fat, and saturated fatty acids. A positive correlation was found
between phosphorus, folate, energy intake, and measured active energy expenditure. There
was also a positive correlation between the intake of n-3 and n-6-saturated fatty acids and a
negative correlation between the MDS and fat intake.
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Figure 1. Correlation plot of PASC patients. Spearman´s coefficient has been used, and Bonferroni
correction was applied for multiple comparisons. * p < 0.05, ** p < 0.01, *** p < 0.001.

3.2. Subgroup Analysis
3.2.1. Subgroup Analysis of the PC Group Based on FAS

Supplementary Table S2 shows details of the characteristics of the patients with fatigue
divided into fatigue and extreme fatigue based on the score of the FAS (≥22 and <35
points: fatigue; ≥35 points: extreme fatigue). Figure 2 shows violin box plots of some key
parameters, analogous to the comparison between the PC group and the HC group. There
were no significant differences in sex, age, BMI, nutrition, or energy values between the
groups. Furthermore, there was no difference in the prevalence of olfactory or gustatory
impairment during the acute COVID-19, as 70% of patients with extreme fatigue and 72% of
patients with fatigue suffered from this symptom (p = 0.89, for details, see Supplementary
Table S2). Similarly, there were no differences between the groups in wearable device
readings. The results of the Freiburger Activity Questionnaire did not differ between the
groups. Not surprisingly, patients with extreme fatigue had significantly higher scores in
both the mental and physical fatigue domains. Patients with fatigue revealed a statistically
significant difference in the initial course of their COVID-19 compared to patients with
extreme fatigue, as indicated by the World Health Organisation (WHO) severity score [29].
The score ranged from 1 (no limitations of activity) to 4 (oxygen by mask or nasal prongs)
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in patients with extreme fatigue and from 1 to 7 (mechanical ventilation and additional
organ support) in patients with fatigue.
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Figure 2. Facet violin box plots for subgroup analysis of PC patients. Facets show the different
parameters. Red plots reflect patients with extreme fatigue (FAS ≥ 32 points), and green plots
reflect patients with fatigue (FAS ≥ 22 and <35). Kruskal–Wallis Test was performed to test for
significant differences between the groups. Abbreviation: BMI: body mass index; WHO: World
Health Organisation.

3.2.2. Sex-Specific Subgroup Analysis

Sex-specific subgroup analysis was also performed for both PC and HC patients. In
the PC group, there are 34 females and 12 males, and in the HC group, there are 35 females
and 11 males were analyzed. Figure 3 shows the main parameters and significant findings
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in the PC group, and Supplementary Figure S1 shows these parameters for the HC group.
Supplementary Tables S3 and S4 show all the details for these subgroup analyses.
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shows the different parameters: grey plots reflect male patients, and yellow plots reflect female
patients. Kruskal–Wallis Test was performed to test for significant differences between the groups.
Abbreviation: BMI: body mass index.

In the PC group, male patients had a higher caloric intake, but there was no difference
in the ratio. Male patients had a higher fat intake (g) (94 vs. 64g; p = 0.008), whereas
female patients had a significantly higher intake of n-6-saturated fatty acids (4.5 vs. 5.2%;
p = 0.036). There were no differences in the composition of saturated and unsaturated
fat intake composition in the HC group. Male patients with fatigue had a higher protein
intake in g but not in percentage. In addition, intakes of vitamins B1, B6, B12, niacin
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equivalents, sodium, phosphorus, and zinc intake were significantly higher in male patients
(see Supplementary Table S3 for details). These findings were also observed in the HC
group, so they may not be specific to post-COVID patients, but further differences in intake
were observed in the HG group. Males also had a higher uptake of vitamin K, vitamin B2,
potassium, calcium, magnesium, and copper, as well as cholesterol and alcohol. Healthy
women had a higher percentage intake of sucrose. There was no difference detectable in
activity or sleep duration in the PC group, but male participants in the HC group had a
higher measured active energy expenditure.

4. Discussion

This study examined the daily food behavior, physical activity, and sleep duration of
patients with PASC in comparison to an age- and sex-matched HC group.

The majority of patients with PASC who participated in this study were female; this is
in line with the observation that women are at a higher risk of developing chronic fatigue
syndrome [30].

No significant differences were observed in the overall caloric intake or the ratio of
energy intake to the reference value. In light of these findings, it can be concluded that a
reduction in caloric intake is unlikely to be a significant contributing factor to the observed
increase in fatigue.

Fatigue is a common symptom of chronic inflammatory diseases such as sarcoidosis
and rheumatic disorders [21,31]. It is noteworthy that PC patients had a higher dietary
fat intake, especially of omega-3 and omega-6 fatty acids—polyunsaturated fatty acids
(PUFA), but not of saturated fatty acids. PUFAs may play a key role in an anti-inflammatory
diet. Several trials and a large narrative review have already addressed these research
questions [32]. Omega-3 fatty acids are thought to have anti-inflammatory properties,
whereas omega-6 fatty acids are thought to be pro-inflammatory [32,33]. Maes et al.
demonstrated a negative correlation between a low omega-3:omega-6 ratio and fatigue
severity in patients with chronic fatigue syndrome [34]. With regard to supplementation
with specific polyunsaturated fatty acids, the study results of different studies are not
consistent and do not all show a reduction in fatigue with omega-3 supplementation [32].

A systematic review has examined the effects of vitamins, magnesium, and trace
elements on the various mechanisms contributing to the supportive treatment of PASC.
In particular, PUFA, ascorbic acid, and vitamin D were identified as having significant
potential for the treatment of symptoms and the prevention of severe disease [35]. The DGE
recommends a maximum ratio of omega-6: omega-3 fatty acids of 5:1 [36]. Both groups did
not quite reach this ratio, but again, the ratio was lower in the PC group, as a further sign
of the healthier composition of the diet.

We also tested for a difference in adherence to the Mediterranean diet using the MDS.
Although we did not find a significant difference, we observed a numerical trend with a
higher score in PC patients (see Table 1, MDS median 5.0 in PC vs. 4.0 in HC).

Consolidating, we found a numerical trend in the implementation of the MDS in
dietary behavior. There was also a trend, although not statistically significant, but also
numerical, in the intake of dietary fiber. Both measures were higher in the PC group than in
the HC group, indicating a possible trend toward healthier dietary habits in PASC patients.
Since there is no causal therapy for the symptoms, only symptomatic relief, it is possible
for patients to educate themselves about alternative options and leave no stone unturned
to achieve improvement. Especially if it does not involve high costs and does not carry a
high risk of unwanted side effects, It is possible that the group size was not large enough to
reach statistical significance.

PC patients had a higher intake of vitamin C, well above the DGE recommendation.
Previous studies have already shown a possible influence of vitamin C on the occurrence
of fatigue and an improvement of fatigue symptoms with vitamin C [37–39]. The avail-
able evidence indicates that vitamin C supplementation exerts a beneficial effect on the
symptoms, particularly on the perception of exertion in patients with PASC [40]. Supple-
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mentation is straightforward, and the products are readily available, thus encouraging PC
patients with fatigue to take vitamin C supplements, with the expectation that they will
be of benefit with minimal adverse effects. There was no difference in vitamin D intake
between the PC and HC groups; both groups had intakes well below the recommendation
levels. This is interesting in view of the worldwide vitamin D deficiency, especially in
northern countries of the world [41]. Studies have not shown a beneficial effect in reducing
respiratory infections in male patients but a worse outcome in patients with sepsis and
severe deficiency compared with patients without vitamin D deficiency [42,43]. A large,
non-randomized study found a high prevalence of low vitamin D in patients with fatigue.
Symptoms improved significantly after serum vitamin D levels normalized [44]. The results
of studies examining the relationship between vitamin D and PASC symptoms were found
to be consistent [35,45].

In summary, an extensive review of the literature on diet and supplementation for
the therapeutic management of chronic fatigue syndrome was unable to recommend a
specific diet [46]. In addition, the NICE Guidelines for chronic fatigue syndrome focused
more on advice from trained nutrition specialists and preventing malnutrition and weight
loss [47,48].

Barrea and colleagues published a review of recommendations for post-COVID-19
syndrome; similarly, they did not recommend specific supplements but rather a bal-
anced healthy diet, specifically a Mediterranean-style diet [49]. The diet comprises anti-
inflammatory and antioxidant nutrients that exert immunomodulatory effects in diseases
characterized by some degree of inflammatory activity [47–49]. Nevertheless, the current
research regarding PASC indicates that determining micronutrient levels is a reasonable
approach and that in cases of deficiency, supplementation may have an impact on PASC
symptoms.

The SF-36 demonstrates a notable discrepancy between the PC and HC groups. Fur-
thermore, this is significant when comparing extreme fatigue with fatigue in the PC group,
with no gender difference. Fowler et al. demonstrate that fatigue, depressive symptoms,
and a worsened health-related quality of life often co-occur in PSAC patients [50]. This
lends support to the assertion that PASC patients are likely to be more inclined to imple-
ment changes due to the absence of evidence-based interventions. In particular, those that
have minimal side effects and confer benefits, such as an approach to a healthier diet and
micronutrient supplementation.

In terms of self-reported physical activity, both groups were statistically similar in how
active they reported being in the past seven days. Based on the latest updated recommen-
dations for adults from the American College of Sports Medicine and the American Heart
Association, a minimum energy expenditure of 450 to 750 MET per week is considered
necessary to have a positive impact on health [51]. When activities are converted to MET
based on existing references, an assessment of exercise becomes possible [52]. Although
there was no statistically significant difference between the groups, the clinical significance
of the 10% difference in the number of patients receiving sufficient activity is noteworthy.
In terms of measured steps per day, this is also not statistically different; however, patients
with PASC took a median of 428 fewer steps per day (see Table 1). A large observational
study in American women found decreasing all-cause mortality with an increasing number
of steps per day, up to a limit of 7500 steps, beyond which mortality seemed to stabilize [53].
1.79% of women with 6000–6999 steps per day died, whereas 1.16% of women with more
than 7000 steps per day died during a follow-up of about 4 years, which is a relative
risk reduction of at least 35% [53]. Another meta-analysis calculated a 7% reduction in
cardiovascular disease for an increase of 500 steps per day and a 15% reduction in all-cause
mortality for an increase of 1000 steps per day [54].

In addition to activity, sleep duration, and quality also affect cognitive and physical
performance. Participants with PASC had a significantly longer sleep duration of 49 min
per night. Patients with fatigue often report sleep disturbances and insomnia as one of
the key symptoms of chronic fatigue syndrome [33]. It has been established that sleep
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disturbance occurs in patients with both mild, moderate, and severe symptoms [14]. Sleep
disturbance has a relevant impact on quality of life and thus can also be a contributing factor
to the diminished emotional well-being observed in the PC group [14,15]. Recently, Li and
colleagues found the optimal sleep duration to be 7 h per night, so patients with fatigue may
sleep too long, as this may also lead to cognitive impairment [55]. However, insomnia is also
common in the general population, ranging from 6 to 31.2% in Europe [42]. One limitation
is that we do not have detailed information on the duration of deep sleep as an important
component of sleep quality. To date, there has been a paucity of large longitudinal studies
investigating sleep behavior in PC patients using polygraphy or polysomnography.

Regarding the subgroup analysis of participants with fatigue and extreme fatigue,
the sports-related activities were lower in the group with extreme fatigue, although there
was no statistical significance, and no difference was observed in energy expenditure
measured by the activity monitor. Total activity was higher in patients with extreme fatigue,
although this was not statistically significant. Total activity levels were numerically higher
in patients with extreme fatigue, although this was not statistically significant. There
was no statistically significant difference in the Freiburg Questionnaire scores. Given the
group division, it was expected that there would be a discrepancy between the patient
groups in the assessment of the physical and mental fatigue subscales. However, the
correlation analysis showed no statistically significant correlation between FAS and the
different parameters tested.

Focusing on the gender subgroup analysis, several differences between women and
men were found (see Supplementary Tables S3 and S4 for details). Differences in diet and
eating habits between men and women have been previously published [56,57]. Overall,
no sex-specific differences in dietary behavior were observed.

It should be noted that this study is limited by the lack of laboratory chemical analyses
for vitamins and minerals. As a result, it is not possible to determine whether any of
the subjects may have been deficient in these nutrients. In addition, we do not have FAS
questionnaires from the HC group. In this regard, we cannot exclude the possibility that
patients in the HC group also experienced fatigue. We do not have information on whether
the patients followed a specific diet or on the overall quality of the diet. Because of the lack
of causal treatment options for fatigue, patients may be receptive to alternative healing
methods or dietary changes to feel like they can do something. As all questionnaires
and the food diary are based on self-report, this has to be mentioned as a limitation as
well. Moreover, we do not know if some of these patients may have been following
specific behaviors, such as the Mediterranean diet. Finally, the data analysis was relatively
exploratory. Without baseline values for both weight, physical activity, and dietary intake in
the PC cohort prior to a COVID-19 infection, the data allow only limited evaluation. Possible
reasons for the limited differences between the groups may be the selected observation
period of seven days and the lack of adjustment for potential confounders in the selected
analyses. The use of a historical pre-pandemic control group may also have confounded
the analysis. Lastly, we did not perform an a priori sample size calculation due to the lack
of appropriate studies in that field at the time.

5. Conclusions

Based on the results of this study, patients with fatigue related to PASC seem to have a
qualitatively good diet, especially rich in unsaturated fatty acids. We could not identify any
relevant malnutrition or reduced performance, neither on the basis of the patients’ own
assessments using the Freiburger Activity Questionnaire nor on the basis of the wearable
data. The only difference observed was in sleep duration, which may rather reflect one of
the symptoms of fatigue. As these are rather preliminary findings, further research and
larger longitudinal studies are warranted. One focus might be on sleep quality, which is
warranted to assess whether improving sleep quality will also improve fatigue symptoms.
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subgroup analysis of HC group.

Author Contributions: Conceptualization, I.P., S.B., S.H., A.K., T.W. and U.T.; methodology, I.P., J.R.
and U.T.; formal analysis, I.P., J.R., L.P. and M.K.; Data curation, L.P., M.K. and S.B.; writing—original
draft preparation, I.P.; writing—review and editing, S.B., M.W., L.P., J.R., N.D., L.B., M.S., S.H., A.K.,
M.K. and U.T.; visualization, I.P.; supervision, U.T. and A.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was supported and funded by Erwin Röver Foundation.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the local ethics committee of the Hannover Medical School
(#9822_BO_S_2021) on 1 July 2021.

Informed Consent Statement: Written consent was obtained previously from each patient.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Townsend, L.; Dyer, A.H.; Jones, K.; Dunne, J.; Mooney, A.; Gaffney, F.; O’Connor, L.; Leavy, D.; O’Brien, K.; Dowds, J.; et al.

Persistent Fatigue Following SARS-CoV-2 Infection Is Common and Independent of Severity of Initial Infection. PLoS ONE 2020,
15, e0240784. [CrossRef] [PubMed]

2. Gottschalk, C.G.; Peterson, D.; Armstrong, J.; Knox, K.; Roy, A. Potential Molecular Mechanisms of Chronic Fatigue in Long Haul
COVID and Other Viral Diseases. Infect. Agents Cancer 2023, 18, 7. [CrossRef] [PubMed]

3. Bower, J.E.; Ganz, P.A.; Aziz, N.; Fahey, J.L.; Cole, S.W. T-Cell Homeostasis in Breast Cancer Survivors with Persistent Fatigue.
JNCI J. Natl. Cancer Inst. 2003, 95, 1165–1168. [CrossRef] [PubMed]

4. Wirth, K.; Scheibenbogen, C. A Unifying Hypothesis of the Pathophysiology of Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome (ME/CFS): Recognitions from the Finding of Autoantibodies against SS2-Adrenergic Receptors. Autoimmun. Rev. 2020,
19, 102527. [CrossRef] [PubMed]

5. Kedor, C.; Freitag, H.; Meyer-Arndt, L.; Wittke, K.; Hanitsch, L.G.; Zoller, T.; Steinbeis, F.; Haffke, M.; Rudolf, G.; Heidecker, B.;
et al. A Prospective Observational Study of Post-COVID-19 Chronic Fatigue Syndrome Following the First Pandemic Wave in
Germany and Biomarkers Associated with Symptom Severity. Nat. Commun. 2022, 13, 5104. [CrossRef]

6. Sukocheva, O.A.; Maksoud, R.; Beeraka, N.M.; Madhunapantula, S.V.; Sinelnikov, M.; Nikolenko, V.N.; Neganova, M.E.;
Klochkov, S.G.; Amjad Kamal, M.; Staines, D.R.; et al. Analysis of Post COVID-19 Condition and Its Overlap with Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome. J. Adv. Res. 2022, 40, 179–196. [CrossRef]

7. Li, J.; Zhou, Y.; Ma, J.; Zhang, Q.; Shao, J.; Liang, S.; Yu, Y.; Li, W.; Wang, C. The Long-Term Health Outcomes, Pathophysiological
Mechanisms and Multidisciplinary Management of Long COVID. Sig. Transduct. Target. Ther. 2023, 8, 416. [CrossRef]

8. Elmunzer, B.J.; Palsson, O.S.; Forbes, N.; Zakaria, A.; Davis, C.; Canakis, A.; Qayed, E.; Bick, B.; Pawa, S.; Tierney, W.M.; et al.
Prolonged Gastrointestinal Manifestations After Recovery From COVID-19. Clin. Gastroenterol. Hepatol. 2024, 22, 1098–1107.e3.
[CrossRef]

9. McCarthy, M.J. Circadian Rhythm Disruption in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Implications for the
Post-Acute Sequelae of COVID-19. Brain Behav. Immun. Health 2022, 20, 100412. [CrossRef]

10. Rossato, M.S.; Brilli, E.; Ferri, N.; Giordano, G.; Tarantino, G. Observational Study on the Benefit of a Nutritional Supplement,
Supporting Immune Function and Energy Metabolism, on Chronic Fatigue Associated with the SARS-CoV-2 Post-Infection
Progress. Clin. Nutr. ESPEN 2021, 46, 510–518. [CrossRef]

11. Xie, Y.; Gu, Y.; Li, Z.; He, B.; Zhang, L. Effects of Different Exercises Combined with Different Dietary Interventions on Body
Composition: A Systematic Review and Network Meta-Analysis. Nutrients 2024, 16, 3007. [CrossRef] [PubMed]

12. Walnik, L.; Kück, M.; Tegtbur, U.; Fischer, V.; Kerling, A. Physical Fitness, Nutrition and Quality of Life in German Medical
Students. Nutrients 2022, 14, 5375. [CrossRef] [PubMed]

13. Tölle, M.; Freitag, H.; Antelmann, M.; Hartwig, J.; Schuchardt, M.; van der Giet, M.; Eckardt, K.-U.; Grabowski, P.; Scheibenbogen,
C. Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Efficacy of Repeat Immunoadsorption. J. Clin. Med. 2020, 9, 2443.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu16234056/s1
https://www.mdpi.com/article/10.3390/nu16234056/s1
https://doi.org/10.1371/journal.pone.0240784
https://www.ncbi.nlm.nih.gov/pubmed/33166287
https://doi.org/10.1186/s13027-023-00485-z
https://www.ncbi.nlm.nih.gov/pubmed/36750846
https://doi.org/10.1093/jnci/djg0019
https://www.ncbi.nlm.nih.gov/pubmed/12902446
https://doi.org/10.1016/j.autrev.2020.102527
https://www.ncbi.nlm.nih.gov/pubmed/32247028
https://doi.org/10.1038/s41467-022-32507-6
https://doi.org/10.1016/j.jare.2021.11.013
https://doi.org/10.1038/s41392-023-01640-z
https://doi.org/10.1016/j.cgh.2023.11.009
https://doi.org/10.1016/j.bbih.2022.100412
https://doi.org/10.1016/j.clnesp.2021.08.031
https://doi.org/10.3390/nu16173007
https://www.ncbi.nlm.nih.gov/pubmed/39275322
https://doi.org/10.3390/nu14245375
https://www.ncbi.nlm.nih.gov/pubmed/36558534
https://doi.org/10.3390/jcm9082443
https://www.ncbi.nlm.nih.gov/pubmed/32751659


Nutrients 2024, 16, 4056 15 of 16

14. Alzueta, E.; Perrin, P.B.; Yuksel, D.; Ramos-Usuga, D.; Kiss, O.; Iacovides, S.; De Zambotti, M.; Cortes, M.; Olabarrieta-Landa, L.;
Arango-Lasprilla, J.C.; et al. An International Study of Post-COVID Sleep Health. Sleep Health 2022, 8, 684–690. [CrossRef]

15. Tedjasukmana, R.; Budikayanti, A.; Islamiyah, W.R.; Witjaksono, A.M.A.L.; Hakim, M. Sleep Disturbance in Post COVID-19
Conditions: Prevalence and Quality of Life. Front. Neurol. 2023, 13, 1095606. [CrossRef]

16. Munteanu, I.; Marc, M.; Gheorghevici, C.; Diaconu, G.A.; Feraru, N.; Sion, D.; Nemes, R.M.; Mahler, B. Sleep Quality Aspects in
Post-COVID-19 Patients. J. Pers. Med. 2023, 13, 1125. [CrossRef]

17. Henríquez-Beltrán, M.; Labarca, G.; Cigarroa, I.; Enos, D.; Lastra, J.; Nova-Lamperti, E.; Targa, A.; Barbe, F. Sleep Health and the
Circadian Rest-Activity Pattern Four Months after COVID-19. J. Bras. Pneumol. 2022, 48, e20210398. [CrossRef]

18. Kerling, A.; Beyer, S.; Dirks, M.; Scharbau, M.; Hennemann, A.-K.; Dopfer-Jablonka, A.; Lampe, V.; Salzmann, J.H.W.; Tegtbur, U.;
Drick, N.; et al. Effects of a Randomized-Controlled and Online-Supported Physical Activity Intervention on Exercise Capacity,
Fatigue and Health Related Quality of Life in Patients with Post-COVID-19 Syndrome. BMC Sports Sci. Med. Rehabil. 2024, 16, 33.
[CrossRef]

19. Vries, J.; Michielsen, H.; Heck, G.L.; Drent, M. Measuring Fatigue in Sarcoidosis: The Fatigue Assessment Scale (FAS). Br. J. Health
Psychol. 2004, 9, 279–291. [CrossRef]

20. de Kleijn, W.P.E.; De Vries, J.; Wijnen, P.A.H.M.; Drent, M. Minimal (Clinically) Important Differences for the Fatigue Assessment
Scale in Sarcoidosis. Respir. Med. 2011, 105, 1388–1395. [CrossRef]

21. Drent, M.; Lower, E.E.; De Vries, J. Sarcoidosis-Associated Fatigue. Eur. Respir. J. 2012, 40, 255–263. [CrossRef] [PubMed]
22. Michielsen, H.J.; De Vries, J.; Van Heck, G.L.; Van De Vijver, F.J.R.; Sijtsma, K. Examination of the Dimensionality of Fatigue. Eur.

J. Psychol. Assess. 2004, 20, 39–48. [CrossRef]
23. Frey, I.; Berg, A. Physical Activity Counseling: Assessment of Physical Activity by Questionnaire. Eur. J. Sport. Sci. 2002, 2, 1–6.

[CrossRef]
24. Frey, I.; Berg, A.; Grathwohl, D.; Keul, J. Freiburger Fragebogen zur körperlichen Aktivität-Entwicklung, Prüfung und Anwen-

dung. Soz. Präventivmed. 1999, 44, 55–64. [CrossRef] [PubMed]
25. Bullinger, M. Assessment of health related quality of life with the SF-36 Health Survey. Rehabilitation 1996, 35, XVII–XXVII; quiz

XXVII–XXIX.
26. Referenzwerte. Available online: http://www.dge.de/wissenschaft/referenzwerte/ (accessed on 19 January 2024).
27. Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean Diet and Survival in a Greek Population.

N. Engl. J. Med. 2003, 348, 2599–2608. [CrossRef]
28. How to use the Fatigue Assessment Scale (FAS)? Available online: https://www.ildcare.nl/index.php/how-to-use-the-fas-

fatigue-assessment-scale/ (accessed on 12 September 2022).
29. A Clinical Case Definition of Post COVID-19 Condition by a Delphi Consensus, 6 October 2021. Available online: https://www.

who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1 (accessed on
2 November 2021).

30. Rollnik, J. Das chronische Müdigkeitssyndrom—Ein kritischer Diskurs. Fortschr. Neurol. Psychiatr. 2017, 85, 79–85. [CrossRef]
31. Hewlett, S.; Hehir, M.; Kirwan, J.R. Measuring Fatigue in Rheumatoid Arthritis: A Systematic Review of Scales in Use. Arthritis

Rheum. 2007, 57, 429–439. [CrossRef]
32. Haß, U.; Herpich, C.; Norman, K. Anti-Inflammatory Diets and Fatigue. Nutrients 2019, 11, 2315. [CrossRef]
33. Innes, J.K.; Calder, P.C. Omega-6 Fatty Acids and Inflammation. Prostaglandins Leukot. Essent. Fat. Acids 2018, 132, 41–48.

[CrossRef]
34. Maes, M.; Mihaylova, I.; Leunis, J.-C. In Chronic Fatigue Syndrome, the Decreased Levels of Omega-3 Poly-Unsaturated Fatty

Acids Are Related to Lowered Serum Zinc and Defects in T Cell Activation. Neuro Endocrinol. Lett. 2005, 26, 745–751. [PubMed]
35. Bjørklund, G.; Drapak, I.; Zimenkovsky, B.; Shanaida, M.; Kobylinska, L.; Denefil, O.; Lysiuk, R.; Pokryshko, O.; Logoyda,

L.; Oliinyk, P.; et al. The Role of Vitamins, Magnesium, and Trace Elements in COVID-19 Treatment and Post-COVID-19
Rehabilitation: An Updated Overview. Curr. Med. Chem. 2024, 31. [CrossRef] [PubMed]

36. Guideline on Fat Intake and Prevention of Selected Diet-Related Diseases of the German Nutrition Society („Evidenzbasierte
Leitlinie Fettzufuhr und Prävention Ausgewählter Ernährungsmitbedingter Krankheiten der Deutschen Gesellschaft für
Ernährung“). Available online: https://www.dge.de/fileadmin/dok/presse/meldungen/2011-2018/Gesamt-DGE-Leitlinie-
Fett-2015.pdf (accessed on 12 September 2022).

37. Kraft, K. Die intravenöse Applikation von hochdosiertem Vitamin C bei Fatigue—Ein Überblick über die aktuelle Datenlage. Z.
Komplementärmedizin 2023, 15, 22–27. [CrossRef]

38. Van Oostrom, E.C.; Hendriksen, P.A.; Koyun, A.H.; Stock, A.K.; Garssen, J.; Verster, J. A Healthy Diet Is Associated with Reduced
Stress and Fatigue, and Improved Attentional Control, Quality of Life and Immune Fitness. Neurosci. Appl. 2023, 2, 102566.
[CrossRef]

39. Tardy, A.-L.; Pouteau, E.; Marquez, D.; Yilmaz, C.; Scholey, A. Vitamins and Minerals for Energy, Fatigue and Cognition: A
Narrative Review of the Biochemical and Clinical Evidence. Nutrients 2020, 12, 228. [CrossRef]

40. Izzo, R.; Trimarco, V.; Mone, P.; Aloè, T.; Capra Marzani, M.; Diana, A.; Fazio, G.; Mallardo, M.; Maniscalco, M.; Marazzi, G.; et al.
Combining L-Arginine with Vitamin C Improves Long-COVID Symptoms: The LINCOLN Survey. Pharmacol. Res. 2022, 183,
106360. [CrossRef]

https://doi.org/10.1016/j.sleh.2022.06.011
https://doi.org/10.3389/fneur.2022.1095606
https://doi.org/10.3390/jpm13071125
https://doi.org/10.36416/1806-3756/e20210398
https://doi.org/10.1186/s13102-024-00817-5
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1016/j.rmed.2011.05.004
https://doi.org/10.1183/09031936.00002512
https://www.ncbi.nlm.nih.gov/pubmed/22441750
https://doi.org/10.1027/1015-5759.20.1.39
https://doi.org/10.1080/17461390200072406
https://doi.org/10.1007/BF01667127
https://www.ncbi.nlm.nih.gov/pubmed/10407953
http://www.dge.de/wissenschaft/referenzwerte/
https://doi.org/10.1056/NEJMoa025039
https://www.ildcare.nl/index.php/how-to-use-the-fas-fatigue-assessment-scale/
https://www.ildcare.nl/index.php/how-to-use-the-fas-fatigue-assessment-scale/
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications-detail-redirect/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://doi.org/10.1055/s-0042-121259
https://doi.org/10.1002/art.22611
https://doi.org/10.3390/nu11102315
https://doi.org/10.1016/j.plefa.2018.03.004
https://www.ncbi.nlm.nih.gov/pubmed/16380690
https://doi.org/10.2174/0109298673301578240515095227
https://www.ncbi.nlm.nih.gov/pubmed/38778600
https://www.dge.de/fileadmin/dok/presse/meldungen/2011-2018/Gesamt-DGE-Leitlinie-Fett-2015.pdf
https://www.dge.de/fileadmin/dok/presse/meldungen/2011-2018/Gesamt-DGE-Leitlinie-Fett-2015.pdf
https://doi.org/10.1055/a-2119-9588
https://doi.org/10.1016/j.nsa.2023.102566
https://doi.org/10.3390/nu12010228
https://doi.org/10.1016/j.phrs.2022.106360


Nutrients 2024, 16, 4056 16 of 16

41. Lips, P.; Cashman, K.D.; Lamberg-Allardt, C.; Bischoff-Ferrari, H.A.; Obermayer-Pietsch, B.; Bianchi, M.L.; Stepan, J.; El-Hajj
Fuleihan, G.; Bouillon, R. Current Vitamin D Status in European and Middle East Countries and Strategies to Prevent Vitamin D
Deficiency: A Position Statement of the European Calcified Tissue Society. Eur. J. Endocrinol. 2019, 180, P23–P54. [CrossRef]

42. Wall-Gremstrup, G.; Holt, R.; Yahyavi, S.K.; Jorsal, M.J.; Juul, A.; Jørgensen, N.; Blomberg Jensen, M. High-Dose Vitamin D3
Supplementation Shows No Beneficial Effects on White Blood Cell Counts, Acute Phase Reactants, or Frequency of Respiratory
Infections. Respir. Res. 2024, 25, 11. [CrossRef]

43. Seok, H.; Kim, J.; Choi, W.S.; Park, D.W. Effects of Vitamin D Deficiency on Sepsis. Nutrients 2023, 15, 4309. [CrossRef]
44. Roy, S.; Sherman, A.; Monari-Sparks, M.; Schweiker, O.; Hunter, K. Correction of Low Vitamin D Improves Fatigue: Effect of

Correction of Low Vitamin D in Fatigue Study (EViDiF Study). N. Am. J. Med. Sci. 2014, 6, 396. [CrossRef]
45. Di Filippo, L.; Frara, S.; Nannipieri, F.; Cotellessa, A.; Locatelli, M.; Rovere Querini, P.; Giustina, A. Low Vitamin D Levels Are

Associated with Long COVID Syndrome in COVID-19 Survivors. J. Clin. Endocrinol. Metab. 2023, 108, e1106–e1116. [CrossRef]
[PubMed]

46. Campagnolo, N.; Johnston, S.; Collatz, A.; Staines, D.; Marshall-Gradisnik, S. Dietary and Nutrition Interventions for the
Therapeutic Treatment of Chronic Fatigue Syndrome/Myalgic Encephalomyelitis: A Systematic Review. J. Hum. Nutr. Diet 2017,
30, 247–259. [CrossRef] [PubMed]

47. Recommendations|Myalgic Encephalomyelitis (or Encephalopathy)/Chronic Fatigue Syndrome: Diagnosis and Manage-
ment|Guidance|NICE . Available online: https://www.nice.org.uk/guidance/ng206/chapter/Recommendations#managing-
mecfs (accessed on 24 January 2024).

48. Cheong, K.-L.; Yu, B.; Teng, B.; Veeraperumal, S.; Xu, B.; Zhong, S.; Tan, K. Post-COVID-19 Syndrome Management: Utilizing the
Potential of Dietary Polysaccharides. Biomed. Pharmacother. 2023, 166, 115320. [CrossRef] [PubMed]

49. Barrea, L.; Muscogiuri, G.; Frias-Toral, E.; Laudisio, D.; Pugliese, G.; Castellucci, B.; Garcia-Velasquez, E.; Savastano, S.; Colao, A.
Nutrition and Immune System: From the Mediterranean Diet to Dietary Supplementary through the Microbiota. Crit. Rev. Food
Sci. Nutr. 2021, 61, 3066–3090. [CrossRef] [PubMed]

50. Fowler-Davis, S.; Platts, K.; Thelwell, M.; Woodward, A.; Harrop, D. A Mixed-Methods Systematic Review of Post-Viral Fatigue
Interventions: Are There Lessons for Long Covid? PLoS ONE 2021, 16, e0259533. [CrossRef]

51. Haskell, W.L.; Lee, I.-M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath, G.W.; Thompson, P.D.; Bauman,
A. Physical Activity and Public Health: Updated Recommendation for Adults from the American College of Sports Medicine and
the American Heart Association. Med. Sci. Sports Exerc. 2007, 39, 1423–1434. [CrossRef]

52. Ainsworth, B.E.; Haskell, W.L.; Leon, A.S.; Jacobs, D.R.; Montoye, H.J.; Sallis, J.F.; Paffenbarger, R.S. Compendium of Physical
Activities: Classification of Energy Costs of Human Physical Activities. Med. Sci. Sports Exerc. 1993, 25, 71–80. [CrossRef]

53. Lee, I.-M.; Shiroma, E.J.; Kamada, M.; Bassett, D.R.; Matthews, C.E.; Buring, J.E. Association of Step Volume and Intensity with
All-Cause Mortality in Older Women. JAMA Intern. Med. 2019, 179, 1105. [CrossRef]

54. Banach, M.; Lewek, J.; Surma, S.; Penson, P.E.; Sahebkar, A.; Martin, S.S.; Bajraktari, G.; Henein, M.Y.; Reiner, Ž.; Bielecka-Dąbrowa,
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