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Abstract 

Aims/hypothesis. Metabolic effects of intermittent unhealthy lifestyle in young adults are 

poorly studied. We investigated the gluco-metabolic and hepatic effects of participation in 

Roskilde Festival (one week of binge drinking and junk food consumption) in young, healthy 

males.

Methods. Fourteen festival participants (FP) were studied before, during and after one week’s 

participation in Roskilde Festival. Fourteen matched controls (CTRL) who did not participate 

in Roskilde Festival or change their lifestyle in other ways were investigated along a similar 

timeline.

Results. The FP group consumed more alcohol compared to their standard living conditions 

(2.0±3.9 vs 16.3±8.3 units/day, p<0.001). CTRLs did not change their alcohol consumption. 

AUC for glucose during OGTT did not change in either group. C-peptide responses increased 

in the FP group (320±31 vs 376±25 nmol/l×min, p=0.055) and the Matsuda index of insulin 

sensitivity decreased (6.2±2.4 vs 4.7±1.4, p = 0.054). AUC for glucagon during OGTT 

increased in the FP group (1,115±114 vs 1,599±183 pmol/l×min, p=0.003) together with 

fasting fibroblast growth factor 21 (FGF21) (62±30 vs 132±72 pmol/L, p<0.001), growth 

differentiation factor 15 (GDF5) (276±78 vs 330±83 pg/mL, p=0.009) and aspartate 

aminotransferase (AST) levels (37.6±6.8 vs 42.4±11 U/l, p=0.043). Four participants (29%) 

developed ultrasound-detectable steatosis and mean strain elastography-assessed liver 

stiffness increased (p=0.026) in the FP group.

Conclusions/interpretation. Participation in Roskilde Festival did not affect oral glucose 

tolerance, but was associated with a reduction in insulin sensitivity, increases in glucagon, 

FGF21, GDF15 and AST and lead to increased liver stiffness and, in 29% of the participants, 

ultrasound-detectable hepatic steatosis.
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Introduction

The negative consequences of long-term excessive use of alcohol are well known and include 

alcoholic liver disease, atherosclerosis, hypertension and type 2 diabetes (1,2). On the 

background of a wealth of studies and numerous health authority-mounted population-

targeting campaigns, most people cap their average monthly or weekly alcohol consumption. 

Nevertheless, some populations, including the Danish, are notorious for their binge drinking 

culture. Binge drinking is usually defined as a consumption of five or more standard drinks 

for men or four or more for women at single events, but this may vary from country to 

country (3,4). Furthermore, on several recurring occasions, a considerable part of the Danish 

population is exposed to episodes of multiple days of binge drinking, often combined with 

intake of high-calorie food; e.g. on the many Danish music festivals each year. When 

counting the six biggest Danish music festivals alone, numbers from 2016 show that nearly 

370,000 people participated. This number corresponds to approximately 6.5% of the total 

Danish population and about 15% of the Danish population between 15 and 50 years (the age 

group most festival participants belong to). Some people attend more than one festival, thus 

exposing themselves to more binge drinking. In addition, weeks of graduation parties, 

freshman week and many other occasions are associated with binge drinking for several days; 

especially among the youth and young adults. 

The Youth Profile of 2014, based on interviews of 75,000 Danish high school students (75% 

between 17 and 19 years), revealed that alcohol intake in more than 20% exceeded the Danish 

Health Authorities’ high-risk alcohol limit (14 and 7 units per week for males and females, 

respectively) and that 24% of girls and 35% of boys had been binge drinking on more than 4 

occasions within the last month (5). Furthermore, on average the Danish youths drink more 

than 8 units of alcohol each time they go out. In the web-based responses from 48,000 Danes 

between 12 and 25 years published in The Youth Profile Survey of 2015, approximately 50% 

of all 15-16-year-olds and 75% of the 17-19-year-olds had been binge drinking during the last 

30 days, and >20% of the 17-19-year-olds had been binge drinking 3-5 times during the last 

30 days (6). These findings characterize a Danish youth culture where binge drinking is the 

norm already in the early years of adolescence.
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While the metabolic effects of acute alcohol exposure during or after a single binge drinking 

event have been studied in humans in various setups (7–9), the physiological and metabolic 

effects of periodic binge drinking have to our knowledge only been studied in animal models, 

and these studies generally show that repeated binge drinking challenges is associated with 

several negative effects on the liver and on glucose metabolism. Lindtner et al. observed 

induction of systemic insulin resistance in Sprague-Dawley rats after daily alcohol exposure 

simulating human binge drinking (3 g/kg body weight) for three consecutive days) (10), and 

Korkusuz et al. showed hepatic steatosis (assessed by 1H magnetic resonance spectroscopy) in 

Lewis rats after daily doses of alcohol (9.3 g/kg body weight) for two days (11). Moreover, 

administration of 2 g alcohol per kg twice a week for 12 weeks in high-fat-fed mice 

significantly increased serum triglycerides and hepatic de novo lipogenesis, steatosis, 

inflammation and fibrogenesis (12). Epidemiological studies show that the risks of coronary 

heart disease and premature death are greater with binge drinking compared to drinking the 

same amount of alcohol distributed evenly throughout the week (13) supporting the 

translatability of the abovementioned animal studies. 

Practical and ethical issues make it complicated to study the physiological and metabolic 

effects of binge drinking in a controlled laboratory setting. We decided to combine the real-

world nature of a field study (intervention) with controlled capture of high-quality clinical 

data (endpoints) in the laboratory. As ‘intervention’ we chose the Roskilde Festival. The 

annual Roskilde Festival is the largest music festival in Denmark with more than 120,000 

participants every year. It consists of seven days of concerts, and most of the festival 

participants expose themselves to binge drinking and intake of palatable and unhealthy foods. 

We also studied a matched control group not participating in the Roskilde Festival. We 

hypothesized that participation in Roskilde Festival (including binge drinking and intake of 

junk food) would cause hepatic steatosis and insulin resistance resulting in reduced oral 

glucose tolerance. We also hypothesized that participation in Roskilde Festival would change 

body composition alongside measurable increases in liver enzymes, fibroblast growth factor 

21 (FGF21), growth differentiation factor 15 (GDF15) and biomarkers of inflammation 

together with changes in cognitive function.
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Methods

Ethical approval. The study was approved by the Research Ethics Committee of the Capital 

Region of Denmark (reg.no. H-15019685), registered with Clinicaltrials.gov (Registration no. 

NCT04229550) and conducted in accordance with the latest revision of the Declaration of 

Helsinki. 

Design. This was a parallel-group study involving planned participation in and anticipated 

binge drinking during Roskilde Festival for 7 days as the ‘active’ intervention and normal 

daily living without binge drinking for 7 days as the ‘control’. The two groups of study 

participants underwent similar investigations at our clinical research facility before and 

immediately after the study period. Also, data capture during the study period was similar in 

the two groups. The primary endpoint was change in oral glucose tolerance as assessed by a 

75 g-OGTT. For study approvals and registrations, please refer to supplementary material.

Participants. Informed consent was obtained from all participants. Inclusion criteria were 

male sex, age within 18 and 30 years, BMI between 18.5 and 25 kg/m2, normal HbA1c and 

liver function tests. Exclusion criteria included planned alcohol abstinence or low-calorie 

dieting during Roskilde Festival, HbA1c > 42 mmol/mol, first-degree relatives with diabetes, 

eGFR < 60 ml/min, albuminuria and any chronic disease that could affect participation in 

festival activities (concerts and parties) and/or endpoint measures. 

Procedures. Each group participated in two identical study days (Day A and Day B), one 

prior to and one after the intervention (one week of Roskilde Festival participation (FP group) 

or one week of continued normal daily living (control (CTRL) group)). Day A was conducted 

a week prior to the start of the festival, and Day B was performed the day after the festival 

ended. Each study day was preceded by a 10-hour overnight fast. A bioimpedance 

measurement and a dual-energy X-ray absorptiometry (DXA) scan were performed, followed 

by an abdominal ultrasound scan (Logiq E9 General Electric, Milwaukee, Wisconsin, USA) 

using a convex probe C1-6NV that included a strain elastography (i.e. ultrasonic imaging 

produced by pressure to compare differences in tissues before and after application of force) 

together with real-time shear wave measurement. Additionally, transient elastography was 

performed using FibroScan® (Echosens, Paris, France) with assessment of intrahepatic fat by 

controlled attenuation parameter (CAP). After imaging procedures, each participant was 
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placed in a semi-recumbent position in a hospital bed and a cannula was inserted into a cubital 

vein. Venous blood samples were drawn 20 and 0 minutes before and 20, 40, 60, 90, 120, 150 

and 180 minutes after oral ingestion of 75 g glucose dissolved in 300 ml water. Blood 

sampled according to standard operating procedures in the fasting state was immediately send 

to Department of Clinical Biochemistry, Gentofte Hospital, University of Copenhagen, 

Denmark, for standard biochemistry (see below). For the analyses of insulin and C-peptide in 

serum, blood was sampled in plain tubes and left to coagulate for 20 minutes before 

centrifugation. For analyses of FGF21, GDF15 and glucagon in plasma, blood was collected 

in chilled tubes (on ice) containing EDTA and a specific dipeptidyl peptidase 4 inhibitor 

(valine pyrrolidide, 0.01 mmol/l, Novo Nordisk) and centrifuged within 20 minutes from 

sampling. Samples were centrifuged for 15 minutes at 2,000 g and 4℃ before being pipetted 

to storage tubes kept on ice. These tubes were then kept frozen (serum at -80℃ and plasma at 

-20℃) until analysis. Each day during the intervention week, participants filled out a 

smartphone-based customized daily questionnaire about their food intake (amount of food, 

content of fat and calories and assessment of meal quality / ‘healthiness’ on a visual scale 

from 1 to 10) and alcohol consumption (one unit of alcohol defined as 12 grams (1.5 cl) of 

pure alcohol), (if any) drug consumption including marihuana, sleep quality and physical 

exercise. Moreover, all participants wore a wristband ‘activity tracker’ (VivoFit 2, Garmin, 

Olathe, Kansas, USA) that constantly measured heart rate and tracked the number of daily 

steps and the duration of sleep during the entire 7-day study period.

Analyses. Standard biochemistry included analysis of haemoglobin, leucocytes, neutrophils, 

C-reactive protein (CRP), creatinine, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), 

bilirubin, albumin, amylase and lipids by clinically validated and standardized methods at the 

Department of Clinical Biochemistry, Gentofte Hospital, University of Copenhagen, 

Denmark. Concentrations of inflammation markers (CD163, CD206, IFN-, 

lipopolysaccharide binding protein (LBP), TNF-, IL-1, IL-8 and IL-10) were determined in 

fasting plasma samples by sandwich ELISA as previously described (14,15). Intact (full-

length and active) plasma FGF21 was analysed by ELISA using detection and capture 

antibodies targeted to the N and C-termini of the full-length human protein (Eagle 

Biosciences, Amherst, New Hampshire, USA) (16), and GDF15 levels were measured using a 

quantitative sandwich ELISA kit (R&D Systems, Minneapolis, Minnesota, USA) as 
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previously described (17). Plasma glucose concentrations were measured by the glucose 

oxidase method, using a glucose analyser (Yellow Springs Instrument model 2300 STAT plus 

analyser; YSI Inc, Yellow Springs, Ohio, USA). Serum insulin and C-peptide concentrations 

were measured using a two-sided electrochemiluminescence immunoassay (ADIVA Centaur 

XP; Siemens, Malvern, Pennsylvania, USA). Plasma samples for glucagon analysis were 

analysed as previously described (18).

Calculations and statistical analyses. AUC values were calculated using the trapezoidal rule. 

Insulin sensitivity was estimated by the Matsuda insulin sensitivity index, which takes into 

account mean insulin and mean glucose levels after oral glucose stimulation (19). Also, 

HOMA, which is based on fasting insulin and fasting glucose concentrations, was used to 

assess (mainly hepatic) insulin resistance (HOMA-IR) (20). Baseline, peak and AUC values 

are expressed as means with 95% CI or SEM. Differences resulting in p values ≤0.05 were 

considered significant. All datasets were tested for normality according to Shapiro-Wilks 

method, and non-normally distributed variables were log-transformed for analyses and back-

transformed for presentation. Two-tailed paired Student’s t test was used to evaluate the effect 

of intervention within each group, and independent Student’s t test was used to evaluate 

differences between groups at baseline and after intervention, respectively. Linear mixed-

effect modelling was used for the analysis of longitudinal and repeated measures using the 

statistical software R, with the nlme package. Data were transformed according to the 

distribution pattern. We used a top-down modelling strategy, with subject identity as random 

variable. 

Results

Participants

The study included 28 healthy male participants, 14 festival participants and 14 control 

subjects (Table 1). At baseline, all participants had normal liver function (assessed by AST, 

ALT, GGT, ALP, albumin, bilirubin and thrombocytes), normal kidney function (assessed by 

eGFR) and normal glucose tolerance. All enrolled participants completed the study.
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Festival participants increased their daily alcohol consumption and changed their dietary 

habits during Roskilde Festival 

The FP group increased their daily alcohol consumption eightfold during Roskilde Festival (2 

± 4 vs 16 ± 8 daily units of alcohol (beer: 9 units; wine: 1.5 units; cocktails: 3 units; shots: 2.5 

units), p < 0.001) and did not report any use of drugs including marihuana. Moreover, their 

dietary habits changed in terms of healthiness and food amount: During the festival, the FP 

group reported that they ate less during daytime than usual, but consumed more after 10 pm. 

Based on self-reported data from the daily questionnaire, meals were less healthy during the 

festival as compared to before the festival (4.2 ± 2.3 vs 5.9 ± 2.3, p < 0.001). The CTRL 

group did not change their way of living in terms of eating behaviour, exercise or sleeping, 

and their alcohol consumption in the week preceding each of the two study days was low (1.5 

± 3 vs 0.8 ± 1.5 daily units of alcohol, p = 0.06). The FP group increased their average daily 

step count (9,936 vs 17,119 steps/day, p < 0.001) and resting heart rate (61 vs 68 beats per 

minute, p < 0.001) and slept 1 hour less (p = 0.010) during the festival period. The FP group 

reported that they slept less and worse and did not exercise during the festival compared to 

their normal way of living. No significant changes were observed in the CTRL group. 

Festival participation did not affect fasting plasma glucose or glucose tolerance but reduced 

insulin sensitivity and increased circulating glucagon levels

Fasting plasma glucose did not differ between the two study days in either group (Table 2) 

and neither did oral glucose tolerance as assessed by the AUC of glucose during OGTT (Fig. 

1A+B). The C-peptide response was increased after festival participation (Fig. 1E+F and 

Table 1) and a similar tendency was observed for the insulin response (Fig. 1C+D and Table 

1). In the CTRL group, no changes in OGTT-induced C-peptide or insulin responses were 

observed (Fig. 1C-F). Insulin sensitivity assessed by the Matsuda index was significantly 

impaired in the FP group after festival participation whereas no changes were observed in the 

CTRL group (Table 1). Plasma levels of glucagon were greater during OGTT in the FP group 

after festival participation as compared to baseline, while no changes were observed in the 

CTRL group (Fig. 1G+H). Data from the OGTT are reported in Table 2. 
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Nearly one third of the Roskilde Festival participants developed ultrasound detectable 

hepatic steatosis

All subjects had normal liver ultrasound at baseline and 4 out of 14 participants in the FP 

group developed ultrasound-detectable hepatic steatosis after participation in Roskilde 

Festival. However, there was no change in steatosis by CAP value in the FP group (196 ± 914 

vs. 204 ± 1032 dB/m, p = 0.474). Furthermore, there was a significant increase in strain 

elastography liver stiffness ratio in the FP group (1.2 ± 0.2 vs. 1.4 ± 0.2, p = 0.026); however, 

using Fibroscan® there was no difference in TE between any of the groups (4.5 ± 0.6 vs. 4.6 ± 

1.8 kPa, p = 0.797). In the CTRL group, no changes in any of the abovementioned parameters 

were observed.

Significant increases in liver enzymes and inflammatory markers were observed after festival 

participation

AST levels increased in the FP group together with GGT, leucocytes, neutrophils and CRP 

(Table 2). No significant changes were observed in haemoglobin, creatinine, electrolytes, 

ALT, albumin, amylase, bilirubin, ALP and thrombocytes in any of the two groups (Table 2). 

Similarly, macrophage activation markers sCD163/sCD206, and cytokines (TNF-α, IFN-γ, 

IL-1β, IL-8, IL-10) and LBP were unchanged. 

Levels of GDF15 and FGF21 increased after festival participation

Fasting GDF15 levels increased after festival participation (276 ± 78 vs 330 ± 83 pmol/L, p = 

0.009), but did not change in the CTRL group (292 ± 64 vs 300 ± 64 pmol/L, p = 0.242) (Fig. 

2A). Likewise, fasting FGF21 levels increased in the FP group after festival participation (62 

± 30 vs 132 ± 72 pmol/L, p < 0.001), while no significant changes were observed in the 

CTRL group (54 ± 53 vs 66 ± 75 pmol/L, p = 0.122) (Fig. 2B). 

Increase in bioimpedance-assessed fat mass after festival participation

Participation in Roskilde Festival did not result in changes in body weight (79.2 ± 8.8 vs 

78.5± 9.7 kg, p = 0.467); however, a small drop was observed in BMI (23.2 ± 2.4 vs 23.1 ± 

2.6 kg/m2, p = 0.038). Additionally, we found an increase in total fat mass as assessed by 

bioimpedance (12.5 ± 4.2 vs 13.6 ± 3.9%, p = 0.021), but assessed by DXA scans, there were 

no significant changes in percental fat mass (16.8 ± 4.2 vs 17.1 ± 4.2%, p = 0.887) or visceral 
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fat mass (231 ± 119 vs 263 ± 133 grams, p = 0.501) in the FP group. No changes were 

observed in the CTRL group. 

Discussion

Participation in Roskilde Festival increased daily average alcohol consumption by 8-fold from 

2 units per day prior to festival participation to 16 units of alcohol per day during the 7 days 

of the festival. Furthermore, festival participants reported a significantly unhealthier diet 

during Roskilde Festival compared to their standard daily living conditions. This combined 

binge drinking and unhealthy diet intervention resulted in significant increases in C-peptide 

and glucagon responses during OGTT, reduced insulin sensitivity and ultrasound detectable 

steatosis in 29% of the Roskilde Festival participants. Furthermore, circulating markers of 

liver damage and systemic inflammation as well as levels of FGF21 and GDF15 increased in 

the FP group. Also, their body composition was altered as assessed by bioimpedance with a 

higher percentage of fat (Figure 3). These results point to potential harmful effects of binge 

drinking and intermittent unhealthy diet in otherwise healthy young men.

With this study’s design and methods, we combined metabolic assessments in our research 

facilities with a ‘real life’ intervention at a festival site. To our knowledge, previous studies of 

festival attendees have not investigated the immediate metabolic consequences, but rather 

focused on drug and alcohol-related emergencies (21–24). It was not possible to gather the 

festival participants on the day they left the festival site since they left at varying time points 

and in different conditions. In addition, we wanted the two study days to be similar and begin 

in the morning after a 10-hour fast. Thus, a possible weakness to our study could be this delay 

in our measurements of the immediate binge drinking effects. However, this short delay of 

data collection suggests that the present results may reflect a conservative estimate of the 

acute effects of binge drinking and short-term unhealthy eating. 

The groups were closely matched (Table 1) and the daily smartphone-based questionnaires 

and the continuously worn wristband activity trackers helped us obtain detailed and 

comprehensive information about the two groups’ drinking and dietary habits, sleep quality 

and physical activity during the intervention period. The questionnaire data revealed an 

extensive alcohol consumption during the festival, where the FP group on a daily average 
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exceeded the weekly maximum recommendation from the Danish National Board of Health 

(i.e. >14 units of alcohol per week). This drinking pattern corresponds to the binge drinking 

culture reported among the younger Danish population (5). Of note, we used the Danish 

definition of a unit of alcohol (12 g; corresponding to the amount of alcohol in a standard 33 

cl beer). This may differ from other countries, e.g. the UK where a unit of alcohol is defined 

as 10 ml / 8 g of alcohol. According to the UK definition, the FP group consumed on average 

24 units of alcohol per day during the 7-day Roskilde Festival. The FP group slept less than 

usual, and although they doubled their daily walking distance during the festival, they 

increased their fat mass significantly, while experiencing a small, but statistically significant 

reduction in BMI. This unfavourable change in body composition was, however, not 

significant on the DXA scans. 

We did not observe a significant change in oral glucose tolerance (primary endpoint) after one 

week of binge drinking and unhealthy dieting during Roskilde Festival, but the C-peptide 

response to the OGTT increased significantly together with the Matsuda index, clearly 

illustrating an induction of insulin resistance after festival participation. Hepatic steatosis and 

alcohol-induced liver injury (as indicated by steatosis on ultrasound, change in strain 

elastography measures and elevation of circulating liver enzymes) likely contributed to this. 

Hepatic steatosis has recently been associated with hyperglucagonemia as a compensatory 

phenomenon relating to hepatic glucagon resistance at the level of amino acid turnover, with 

circulating amino acids controlling pancreatic glucagon secretion in the so-called liver-alpha 

cell axis (25–28). Steatosis-associated hepatic insulin resistance and glucagon resistance are 

typically seen in obese or prediabetic subjects (28–30). 

The reversibility of our findings cannot be determined from the present study and any long-

term detrimental effects remain uncertain. Nevertheless, the rapid induction of a dysmetabolic 

state observed in young lean and healthy men after one week of binge drinking and unhealthy 

dieting during Roskilde Festival is worrying and calls for further studies. These should also 

include less metabolically healthy persons, have longer follow-up periods and focus on health 

consequences of intermittent unhealthy lifestyle, including repeated binge drinking episodes 

and their potential cumulative toxic hepatic and metabolic effects. Previously, binge 

drinking’s effects on the liver have been studied in murine models, which suggest that both 

single and multiple binge alcohol administrations can lead to disruptions in liver function, 
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acute liver injury and steatosis (31–34). Moreover, studies in rats have implicated that 

epigenetic modification of critical proteins represents one of the mechanisms underlying 

binge drinking-mediated liver injury (35,36). The present study of binge drinking and its 

effect on the human liver corroborates some of these results: insulin resistance, elevated liver 

enzymes and ultrasound detectable steatosis. Other research groups have previously 

investigated the metabolic complications to overfeeding and high-calorie diet interventions 

without concomitant alcohol intake (32,37,38); with the present data, additive or even 

synergistic detrimental metabolic effects of high-calorie diet and alcohol consumption need to 

be considered.

Festival participation elicited significant increases in circulating levels of FGF21 and GDF15. 

FGF21 is a liver-derived hormone proposed as a negative regulator of sugar and alcohol 

preference (16,39–41). In humans, genetic variants in and adjacent to FGF21 are strongly 

associated with alcohol consumption and alcohol dependence in genome-wide association 

studies (42–44). Administration of FGF21 in rodents resulted in stimulation of pure water 

intake and improved recovery of alcohol-induced liver injury (45). Thus, FGF21 is suggested 

as a natural ‘brake’ preventing further alcohol intake, liver injury and dehydration. GDF15 is 

considered a biomarker for liver disease and a negative regulator of liver injury and also 

associated with impaired glucose metabolism in nondiabetic patients (46). Rodent studies 

have demonstrated an increase in GDF15 release during alcohol-induced fibrotic liver injury 

which was suggested to decrease hepatic inflammation and fibrosis via regulation of immune 

cells (47). Together, the observed elevations in circulating concentrations of FGF21 and 

GDF15 illustrate the marked alcohol-induced hepatic effects after one week of binge drinking 

during Roskilde Festival.

In conclusion, one week of binge drinking and self-reported unhealthy dieting in otherwise 

healthy lean young men clearly perturbs metabolic health by inducing insulin and glucagon 

resistance and signs of steatosis, inflammation and hepatocyte damage. The reversibility and 

potential long-term effects of these findings remain uncertain and larger studies with longer 

follow-up periods are warranted. 
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Figure legends

Figure 1. Time courses for plasma/serum concentrations and AUCs for glucose (A+B), 

insulin (C+D), C-peptide (E+F) and glucagon (G+H) during a 75 g-OGTT in 14 control 

subjects (CTRL) (black) and 14 festival participants (FP) (orange) on Day A (open symbols) 

and Day B (closed symbols). Data are mean ± SEM. Asterisks indicate significant differences 

between the two days (*p < 0.05, **p< 0.01, ***p < 0.001). 

Figure 2. Baseline measures of total plasma concentrations of growth differentiation factor 15 

(GDF15) (A) and fibroblast growth factor 21 (FGF21) (B) on Day A (open symbols) and Day 

B (closed symbols) in control subjects (CTRL) and festival participants (FP) group. Asterisks 

indicate significant differences between the two days (**p < 0.01, ***p < 0.001).

Figure 3. Graphical summary of the study’s main findings.
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Table 1. Demographic and anthropometric characteristics of festival participants (FP) and control subjects 

(CTRL). Data are presented as mean ± standard error of the mean. Daggers (†) indicate values only measured 

at screening. bpm, beats per minute. 

Characteristics CTRL group FP group
Day A Day B ∆ P value Day A Day B ∆ P value

Number (n) 14 14 - - 14 14 - -
Gender (% male) 100 - - - 100 - - -
Age (years) 24.4 ± 2.0 - - - 24.2 ± 2.0 - - -
BP (mmHg)
SBP (mmHg) † 127 ± 14 - - - 132 ± 11 - - -
DBP (mmHg) † 77.6 ± 7.6 - - - 79.6 ± 6.9 - - -
WHR † 0.93 ± 0.04 - - - 0.93 ± 0.04 - - -
Resting HR (bpm) 52.8 ± 7.9 53.2 ± 8.4 0.4 0.702 61.4 ± 5.2 67.5 ± 5.9 6.1 <0.001
BMI (kg/m2) 23.1 ± 1.4 23.1 ± 1.2 0 0.212 23.2 ± 2.4 23.1 ± 2.6 -0.1 0.038
Body weight (kg) 76.3 ± 6.3 75.9 ± 6.4 -0.4 0.182 79.2 ± 8.8 78.5 ± 9.7 -0.7 0.467
Fat mass (kg) 9.8 ± 3.7 10.5 ± 3.4 0.7 0.306 10.1 ± 4.0 10.9 ± 4.3 1 0.032
Fat mass (%) 12.8 ± 4.1 13.7 ± 3.6 0.9 0.155 12.5 ± 4.2 13.6 ± 3.9 1.1 0.021
Matsuda index 6.8 ± 1.9 7.5 ± 2.5 0.7 0.093 6.2 ± 2.4 4.7 ± 1.4 -1.5 0.054
HOMA-IR 1.37 ± 0.57 1.24 ± 0.50 -0.13 0.344 1.53 ± 0.70 1.99 ± 0.70 0.46 0.094

SBP, systolic BP; DBP, diastolic BP; HR, heart rate
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Table 2. Baseline, maximum concentration (Cmax), area under curve (AUC) and baseline-subtracted AUC 

(bsAUC) values for plasma glucose, insulin, C-peptide and glucagon during 3-hours 75 g-oral glucose 

tolerance test in festival participants (FP) and control subjects (CTRL) before (Day A) and after (Day B) 

intervention week. Data are mean values ± SEM. 

CTRL group FP group
Day A Day B ∆ P value Day A Day B ∆ P value

Glucose
Cbaseline (mmol/l) 5.2±0.1 5.1±0.1 -0.1±0.1 0.192 5.3±0.1 5.5±0.1 0.2±0.1 0.061
Cmax (mmol/l) 9.3±0.4 9.2±0.2 -0.1±0.3 0.342 9.7±0.5 9.5±0.3 -0.2±0.4 0.350
C120 min (mmol/l) 5.9±0.2 6.0±0.3 -0.1±0.3 0.384 6.1±0.5 5.1±0.4 -1.0±0.5 0.043
AUC (min × mmol/l) 1167±24 1134±41 -33±32 0.162 1223±58 1173±32 -50±49 0.164
bsAUC (min × mmol/l) 230±25 211±42 -19±34 0.298 269±50 188±33 -81±49 0.060

Insulin
Cbaseline (pmol/l) 42.1±4.2 38.5±3.4 -3.6±3.6 0.170 48.4±5.5 58.4±6.3 10±6.7 0.080
Cmax (pmol/l) 461±60 456±51 -5±30 0.436 600±77 614±64 14±90 0.437
AUC (min × nmol/l) 38.2±4 38.4±4 0.2±56 0.451 49.5±7 50±4 0.5±219 0.474
bsAUC (min × nmol/l) 30.6±4 31.5±3 0.9±43 0.276 41±7 39±4 -1±214 0.424

C-peptide
Cbaseline (pmol/l) 310±28 290±22 -20±22 0.185 320±31 376±25 56±35 0.055
Cmax (pmol/l) 1878±128 1768±168 -110±86 0.112 2120±225 2225±146 105±203 0.307
AUC (min × nmol/l) 200±14 204±17 3±208 0.312 230±28 239±17 9±746 0.346
bsAUC (min × nmol/l) 145±11 152±15 7±201 0.148 172±26 171±16 -1±725 0.491

Glucagon
Cbaseline (pmol/l) 8.6±1.4 9±1.3 0.4±0.5 0.239 8.2±0.8 11.9±1.6 3.7±1.2* 0.005
Cmax (pmol/l) 12.3±1.3 11.5±1.3 -0.8±0.8 0.192 11.9±1.1 15.5±1.5 3.5±1.7* 0.027
AUC (min × pmol/l) 1117±70 1156±89 -39±74 0.303 1115±114 1599±184 484±134** 0.003
bsAUC (min × pmol/l) -439±207 -467±195 -28±95 0.398 -357±79 -548±135 -191±150 0.112

*P<0.05; **P<0.001
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CTRL group FP group

Day A Day B ∆ P value Day A Day B ∆ P value

TG (mmol/L) 0.73±0.29 0.72±0.23 0.01 0.788 0.85±0.21 1.01±0.32 0.16 0.227

TC (mmol/L) 3.9±0.7 3.9±0.6 0 0.667 3.9±0.5 4.2±0.8 0.3 0.288

HDL-C (mmol/L) 1.4±0.2 1.3±0.2 0.1 0.098 1.4±0.2 1.7±0.4 0.3 0.135

LDL-C (mmol/L) 2.2±0.7 2.3±0.6 0.1 0.486 2.1±0.3 2.1±0.8 0 0.982

VLDL (mmol/L) 0.33±0.14 0.33±0.12 0 1 0.38±0.08 0.45±0.13 0.7 0.195

ALT (units/L) 26.7±7.4 29.6±11.3 2.9 0.481 26.4±5.9 30.4±9.5 4 0.299

AST (units/L) 34.8±8.0 37.2±9.9 2.4 0.546 37.6±6.8 42.4±11 4.8 0.044

ALP (units/L) 57.0±7.4 60.7±12.6 3.7 0.452 56.0±11.2 67.0±18.1 11 0.141

GGT (units/L) 13.5±6.1 15.2±4.4 1.7 0.419 13.8±2.9 21.6±3.8 7.8 0.001

Bilirubin (µmol/l) 13.6±5.7 15.4±8.4 1.8 5.535 13.8±3.1 15.8±5.4 2 0.333

Albumin (g/L) 43.3±2.3 43.1±2.6 0.2 0.817 44.4±1.8 43.9±2.4 -0.5 0.614

Amylase (units/L) 91.0±17.0 86.9±14.3 4 0.547 83.4±12.7 79.2±18.8 -4.2 0.553

Thrombocytes (× 

10^9/L)
209±36 210±34 1 0.932 216±42 238±70 22 0.341

CRP (mg/L) 0.3±0.6 2±0.6 1.7 0.327 0.3±0.3 5.4±8 5.1 0.036

Leucocytes (× 10^9/L) 4.7±1 4.6±0.7 0.1 0.62 5.3±1.6 7.3±1.1 2 0.039

Neutrophils (× 10^9/L) 2.4±0.6 2.4±0.4 0 0.828 2.8±0.9 5.0±0.8 2.2 0.001

Hemoglobin (mmol/L) 9.0±0.5 8.9±0.5 0.1 0.769 9.3±0.4 9.3±0.5 0 0.967

Creatinine (µmol/l) 84.1±13.6 86.5±12.2 2.4 0.606 87.7±10.7 84.0±8.4 -3.7 0.319

CD163 (mg/L) 1.6±0.3 1.7±0.4 0.1 0.25 1.6±0.3 1.9±0.9 0.3 0.282

CD206 (mg/mL) 0.18±0.05 0.17±0.04 0.01 0.397 1.6±0.05 1.7±0.04 0.1 0.555

IFN-γ (pg/mL) 5.7±2.6 12.6±14.7 2.4 0.119 22.1±60.2 26.9±28.3 4.8 0.787

LBP (µg/ml) 7.0±1.5 7.9±1.8 0.9 0.076 9.9±7.1 12.5±5.0 2.6 0.283

IL-1β (pg/mL) 0.18±0.2 0.17±0.1 0.01 0.936 0.15±0.1 0.12±0.1
-

0.03
0.449

IL-8 (pg/mL) 12.8±2.9 12.0±2.4 0.8 0.22 12.2±3.2 12.1±3.9 -0.1 0.944
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IL-10 (pg/mL) 0.5±0.3 0.7±0.9 0.2 0.334 0.5±0.8 0.9±1.2 0.4 0.249

TNF-α (pg/mL) 2.1±0.4 2.2±0.5 0.1 0.432 2.1±0.4 2.3±0.6 0.2 0.317

Supplementary Table 1. Biochemical profiles of festival participants and control subjects. TG, 

Triglycerides; TC, total cholesterol; HDL, high-density lipoproteins; LDL, low-density lipoproteins; 

VLDL, very-low-density lipoproteins; ALT, alanine amino transferase; AST, aspartate 

aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; CRP, C-reactive 

protein; IFN-γ, interferon gamma; LBP, lipopolysaccharide binding protein; IL-1β, interleukin 1 beta; 

IL-8, interleukin 8; IL-10, interleukin 10; TNF-α, tumor necrosis factor-α

Page 27 of 27 Accepted Manuscript published as EJE-21-0122.R1. Accepted for publication: 21-Apr-2021

Copyright © 2019 European Society of EndocrinologyDownloaded from Bioscientifica.com at 05/03/2021 11:37:49AM
via University of Copenhagen and Kobenhavns Universitet


