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Abstract
Background: Adolescents’ health-related behavior varies from weekday to weekend. Only few studies, however,
have examined to which degree such variation will affect markers of cardiometabolic health. Therefore, the primary
aim of this study is to examine if markers of cardiometabolic health differ between different days of the week in
adolescents.
Methods: This cross-sectional school-based study included up to 581 participants, 11–17 years old. Markers of
metabolic health were insulin, glucose, triglyceride, HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and blood
pressure. Linear mixed regression modelling was used to examine the cardiometabolic profile across weekdays.
Results: Significant declining trends were observed across the week in adolescents’ levels of cardiometabolic health
markers. Lower levels of insulin (16.1%), glucose (2.6%) and triglyceride (24.7%) were observed on Fridays compared
to Mondays (p ≤ 0.006). Gradual improvement in measurement profiles across weekdays was less apparent for HDLC, LDL-C, systolic blood pressure and diastolic blood pressure (P ≥ 0.06). Analyses stratified by sex suggested a more
noticeable pattern of gradual improvement across weekdays in boys than in girls.
Conclusion: Significantly lower levels of insulin, glucose and triglyceride were observed in adolescents on Fridays
compared to Mondays. However, when sex specific analyses were performed significant profile variations were only
observed across the week in boys. More research is needed to better understand which behavioral factors in
particular seem to influence weekly variation in markers of cardiometabolic health - especially since such variation
potentially will have an impact on how assessments of markers of cardiometabolic health optimally should be
planned, standardized and carried out, both in research and in medical practice.
Keywords: Cardiometabolic risk factors, Weekday differences, Healthy adolescents, Health-related behavior, Physical
activity, Diet
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Background
Being physically active is important for maintaining good
cardiometabolic health [1, 2] and for prevention of many
non-communicable diseases and overall mortality [3]. Exercise intervention studies have shown favorable changes
in HDL-C, triglycerides, insulin levels and waist circumference in obese children [4] as well as lower systolic
blood pressure in adolescents with no health problem or
clinical diagnose [5]. A large cross-sectional study, including pooled data from 14 studies and 20.871 children and
adolescents found favorable levels of waist circumference,
systolic blood pressure, insulin, and HDL-C among children and adolescents who spent more time in moderate
to vigorous physical activity (MVPA), independent of the
amount of time spent sedentary [6]. The evidence from
prospective studies also supports a protective association
between physical activity (PA), overall sedentary time and
cardiometabolic risk-markers in children and youth [7–9].
Other modifiable behavioral factors influencing markers
of cardiometabolic health during childhood and adolescence include sleep-duration and energy intake [10–15].
Studies have shown that children’s health related behavior varies from weekday to weekend. At weekends,
children tend to be more sedentary, sleep less, be less
physically active, consume more sugar-sweetened beverages and have higher total energy intake when compared
to weekdays [16–19].
A Danish study [20] has shown that markers of metabolic health were about 30% higher in 8–11-year-old
children when measured on Mondays as compared with
measurements taken on Fridays. Hjorth and colleagues
hypothesized that this variation was explained by lower
PA and sleep duration during the weekend, resulting in
elevated levels of the conventional markers of metabolic
health. A gradual improvement in the metabolic profile
(insulin resistance, triglycerides, and leptin) was observed over the week. The same pattern was observed
for fasting triglyceride levels among 9–26-year-old inand out-patients in the Capital region of Denmark [21].
However, more research in other samples including a
wider array of outcomes is needed to confirm if measurements of children’s and young people’s health show
systematic variation across weekdays. Adolescence is
characterized by growing independence and less parental
control as compared with childhood, which is likely to
influence variation in various weekday-weekend behaviors. Therefore, an examination of potential weekday
variation in markers of cardiometabolic health in adolescents is warranted.
Systematic variation in results from blood samples
drawn at different days of the week could impact the validity of data being analyzed in cohort studies or experimental interventions. Same consequences might also
apply to hospitals and medical centers. Systematic
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variations in blood profiles across different weekdays
could potentially lead to adverse consequences and
health effects in individuals undergoing screening of
their health status based on the results of markers of
metabolic health observed in the blood. If substantial systematic variations in blood profiles across weekdays are
confirmed in multiple samples, it dictates a need of more
standardized blood sampling protocols, or alternatively that
results from blood samples are being scaled to specific days
of reference. It could, therefore, influence the procedure for
when to obtain blood samples during the week or how to
handle statistical analyses e.g., in research projects.
The aim of this study is to examine if adolescents’ markers
of cardiometabolic health differ across different days of the
week. We hypothesize that the least favorable health profile
is observed in adolescents examined in the beginning of the
week then followed by a gradual improvement observed in
individuals examined Tuesdays to Fridays.

Methods
Study design and participants

This cross-sectional study was nested in the Childhood
Health, Activity and Motor Performance School Study in
Denmark (CHAMPS-study) which is an ongoing quasiexperimental trial, evaluating the effects of augmented
physical education in public school students. The study
began in 2008 and included 10 public schools. The
CHAMPS-study sample and procedures have been described in detail previously [22].
This study uses data from CHAMPS III, the 2015
follow-up of the original cohort. A total of 1452 eligible
subjects, aged 11–17 years, were invited in CHAMPS III
and 745 participants provided written informed consent
from a parent or legal guardian. Measurements were
taken from February to May 2015 and were performed
at the schools by trained staff following standardized
protocols. Participants were mainly examined with their
classmates, i.e. participants from one class on Mondays,
a new class on Tuesdays, etc. The test order was based
on convenience. Rescheduling was sought for participants who were unavailable on their class test-day.
The study was approved by the ethnical committee, Region of Southern Denmark (ID S-20080047) and registered
at the Danish Data Protection Agency (J.nr. 2008-41-2240).
Measurements
Blood samples

Fasting blood samples were obtained between 8.00 AM
and 10.00 AM. Before drawing the blood samples, participants were offered a local anesthetic. Trained phlebotomists handled all blood samples. The samples were kept
on ice and handed to the laboratory within 4 h. The
samples were kept at − 80 °C until analyzed for insulin,
glucose, triglyceride and cholesterol. Total cholesterol,
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triglyceride, glucose and HDL-C were analyzed by quantitative determination using enzymatic, colorimetric
method on Roche/Hitachi cobas c system (Roche,
Mannheim, Germany). Insulin was analyzed using solid
phase enzyme labeled chemiluminescent immunometric
assay. LDL-C was calculated using the Friedewald equations
[23]. These analyzes were conducted at the Centre for Sport
Science and University Sports, University of Vienna.
Not all adolescents had blood samples drawn on their
class test-day due to non-fasting, in which case rescheduling of the blood sample was sought. Participants with
no fasting blood sample were excluded from analysis of
blood-based health markers.
Blood pressure

Blood pressure was measured with a suitable cuff size on
the left arm using an automized blood pressure monitor
(OMRON705IT). Before the blood pressure was measured, the adolescents rested for 5 min in a sitting
position. Measurements were performed five time with
two-minutes intervals while the subject was seated. If the
pressure continued to fluctuate more recordings was required until the difference between two subsequent recordings was < 6 mmHg. The mean of the last three
values of systolic and diastolic blood pressure was used in
the analysis.
Anthropometry

Body weight was measured to the nearest 0.1 kg on an
electronic scale (Tanita BWB-800, Tokyo, Japan). Adolescents were wearing shorts, t-shirts and no shoes.
Height was measured to the nearest 0.5 cm using a stadiometer (Harpenden stadiometer, West Sussex, UK).
Adolescents were barefooted. The mean of the two measurements was used in the analysis.
Body Mass Index (BMI) was calculated as weight (kg)/
height (m)2.
Sexual maturity

Pubertal status (Tanner stage) was classified into five different categories according to the methods described by
Marshall and Tanner [24, 25], and was self-reported by
the adolescents (Additional file 1). Less than 1% reported
Tanner stage 1, therefore in this study Tanner stage was
combined into two groups; pre- or middle-pubertal
(Tanner stage 1–3) and pubertal (Tanner stage 4–5).
Breast development and pubic hair status were used for
girls and boys, respectively.
Aerobic fitness

Aerobic fitness was assessed using the Andersen-test.
Participants were instructed to run as fast as they could
between two parallel lines 20 m apart, touch the floor
behind the line with one hand, turn around and run
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back again. The test consisted of 15 s of running
followed by 15 s of rest for a total of 10 min. The total
distance (meters) covered by the adolescents was used as
a proxy for their maximal aerobic performance [26].
Socioeconomic status

The parents reported their highest educational level in a
questionnaire (Additional file 2). We used the mothers’
education as an indicator of socioeconomic status (SES)
[27]. The level of education was divided into two categories, non-tertiary education and tertiary education.
Non-tertiary education included lower secondary (≤10
years), upper secondary (12 years) and vocational education (12 years). Tertiary education included short higher
(14 years), medium higher (15–16 years) and long higher
education (≥17 years).
Data analysis and statistics

We used a linear mixed regression model to examine
differences in markers of metabolic health in adolescents
measured at different weekdays. Potential overall differences in profiles of insulin, glucose, triglyceride, cholesterol and blood pressure across the weekdays were
tested using a Wald test. If this test found evidence
against identical values on all days, we post hoc tested
whether mean values obtained on Tuesdays to Fridays
differed from values obtained on Mondays. We also
tested for linear trends across all weekdays. Two samples
were analyzed: one based on availability of fasting blood
health-markers and one based on availability of blood
pressure. This approach was chosen because some participants preferred not to provide a blood sample.
Model assumptions of normal distribution of residuals
and variance homoscedacity were examined and met. All
analyzes were adjusted for age, gender, BMI, Tanner
stage, aerobic fitness, SES, and type of school (intervention- or control school) because the schools were tested
in a practical, not randomized, order. We included
school classes as random effects. All analyzes were repeated with stratification by sex. The level of significance
was set at P ≤ 0.05. All statistical analyzes were conducted using STATA 14.0.

Results
In total 581 participants were available after exclusion of
subjects based on missing variables - 497 participants
with valid blood samples and 581 participants with valid
blood pressure assessments.
Baseline characteristics are presented in Table 1. The
percentage of boys included in the study was 50.1% and
the mean (SD) age was 14.1 (1.2).
Tables 2 and 3 show how drawings of participants’
blood samples and assessments of their blood pressure
were distributed across the different weekdays (i.e.,
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Table 1 Baseline characteristics
Boys (n = 294)

Girls (n = 287)

Age (years)

14.3 (1.2)

14.0 (1.2)

Height (cm)

169.0 (11.2)

164.2 (7.1)

Weight (kg)

55.5 (12.2)

53.3 (9.3)

BMI (kg/m2)

19.2 (2.5)

19.7 (2.7)

40

46

Tanner stage (%)
Stage 1–3
Stage 4–5

60

54

Insulin (μlU/mL)a

5.6 (4.1–7.6)

7.0 (5.4–9.1)

Glucose (mg/dL)

89.0 (6.3)

88.4 (7.8)

Triglyceride (mg/dL)

63.9 (26.0)

70.2 (28.4)

HDL-C (mg/dL)

53.9 (13.1)

57.6 (13.2)

LDL-C (mg/dL)

83.6 (21.6)

91.7 (23.0)

Systolic BP (mmHg)

109.2 (9.1)

105.6 (8.0)

Diastolic BP (mmHg)

61.9 (6.2)

63.5 (6.0)

No tertiary qualifications

35

31

Tertiary qualifications

65

69

Socioeconomic status (%)

N = 581 except for biochemical biomarkers (n = 497). Values are mean (SD)
unless otherwise noted
a
median (25th and 75th percentiles)

Monday to Friday). Collection of blood samples and
blood pressure data were distributed unequally across
weekdays with fewest assessment performed on Mondays (blood sample: 12.2% of total sample, blood pressure: 14.8% of total sample) and most on Fridays (blood
sample: 23.9% of total sample, blood pressure: 23.4% of
total sample). The distribution of gender, age, BMI, sexual maturity and SES did not differ across weekdays (Pvalues ≥0.34). Participants performed slightly better in
the Andersen-test on Wednesday and Friday as compared with Mondays (P ≤ 0.05).
Evidence of weekday variation was observed for insulin
(p = 0.006), glucose (p = 0.003), and triglyceride (p <
0.001). No evidence of weekday variation was observed
for HDL-C (p = 0.09), LDL-C (p = 0.467), systolic blood
pressure (p = 0.113) and diastolic blood pressure (p =
0.446). Insulin, glucose and triglyceride levels were 16.1,
2.6 and 24.7% lower on Fridays compared to Monday,
respectively (P ≤ 0.04). The differences between Mondays

and Fridays for HDL-C (3.3% higher), LDL-C (6.8%
higher), systolic blood pressure (1.8% lower) and diastolic blood pressure (0.03% lower) did not reach statistical significance (P ≥ 0.06). Values for markers of
cardiometabolic health are presented in Table 4. When
we repeated our analyses with weekday entered as a continuous variable, levels of insulin, glucose, and triglycerides
showed evidence of a linear decreasing trend from Monday
to Friday (p < 0.01) but this was not the case for HDL-C
(p = 0.06), LDL-C, systolic BP and diastolic BP (p > 0.11).
When stratified by sex, variations across the weekdays
were less pronounced in girls than in boys, particularly
for insulin. Levels of insulin, glucose triglyceride, and
BMI (as a negative control outcome) observed across the
different weekdays in boys and girls are shown in Fig. 1.

Discussion
A significant declining trend was found in levels of insulin, glucose, and triglyceride in adolescents throughout
the week with the lowest levels being observed on Fridays. Stratifying by sex suggested that the gradual improvement in cardiometabolic health-profile across the
week was more evident in boys than in girls.
In a study by Hjorth et al. [20], where levels of
HOMA-IR and triglyceride were compared across different days of the week in 8 to 11-year-old children, results
showed a decline of 35 and 28%, respectively, from
Mondays to Fridays. In our study, we extend these observations to the adolescent age-group. Compared to the
results observed by Hjorth and colleagues, we observed
a less decline in insulin levels between Monday and Friday (16% vs 35%) but a similar decline in triglycerides
levels (25% vs 28%). These differences in weekly variations in insulin profiles might be explained by our participants being older than the participants included in
the study by Hjorth and colleagues, or by differences in
PA levels or dietary patterns.
Based on the results observed in 1.8 million blood
samples, Jaskolowski and colleagues [21] reported that
triglyceride levels were highest immediately after the
weekend with gradually lower levels being observed during the following weekdays. The samples were commissioned by general practitioners, specialists and doctors
during everyday life or hospitalization. Largest variations

Table 2 Distribution of variables (Monday to Friday) for blood samples
Weekday of blood samples (n = 497)

Boys (%)

Age (years)

BMI

Andersen-test (m)

Monday

61 (12.2%)

46

14.2 (1.3)

19.5 (2.3)

1050 (114)

Tuesday

100 (20.1%)

48

13.9 (1.1)

19.3 (2.5)

1080 (101)

Wednesday

115 (23.1%)

53

14.2 (1.2)

19.3 (2.5)

1104 (106)*

Thursday

102 (20.5%)

53

14.2 (1.3)

19.4 (2.7)

1098 (113)

Friday

119 (23.9%)

54

14.4 (1.0)

19.7 (2.8)

1109 (116)*

Mean (SD). *denotes significant difference from Monday (P ≤ 0.05)
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Table 3 Distribution of variables (Monday to Friday) for blood pressure
Weekday of blood pressure (n = 581)

Boys (%)

Age (years)

BMI

Andersen-test (m)

Monday

86 (14.8%)

50

14.2 (1.3)

19.4 (2.7)

1072 (114)

Tuesday

115 (19.8%)

46

13.8 (1.1)

19.1 (2.4)

1069 (99)

Wednesday

122 (21.0%)

52

14.1 (1.3)

19.4 (2.3)

1107 (103)*

Thursday

122 (21.0%)

52

14.1 (1.3)

19.4 (2.7)

1089 (110)

Friday

136 (23.4%)

52

14.4 (1.0)

19.7 (2.9)

1105 (121)*

Mean (SD). *denotes significant difference from Monday (P ≤ 0.05)

were observed in out-patients between the age of 9 to
26 years with up to 20% higher values being observed on
Mondays when compared to Fridays, which is similar to
the results observed in our study. No significant fluctuation was observed in total-cholesterol, LDL-C and
HDL-C, which is consistent with our results.
A systematic variation in the cardiometabolic healthprofile in children and adolescents across the week could
have profound implications for how best to design research projects and subsequent analyze collected data.
Variation in measured triglycerides from 80.7 mg/dl observed on Mondays to 60.7 mg/dl observed on Fridays
suggests that measurement error will be reduced substantially by standardizing the days in which blood samples are drawn. This could be done by either ensuring
that assessments of individuals are performed on the
same weekday or by excluding the first days of the week
as viable options for collecting data. This would obviously decrease flexibility in research projects. If
weekend-behaviors exhibit a potent negative influence
on measured values (i.e. up to 25%), this stimulus may
potentially be strong enough to override the influences

of interventions with smaller stimuli, e.g. the effects of
school-based interventions were typically only minor
changes to the curriculum are made. Furthermore, these
variations may have implications for health care, and
therefore for public health, if blood samples taken on
different days are not comparable and absolute cut-offs
are used to determine disease risk or status.
We observed no systematic variations in HDL-C, LDLC and blood pressure profiles across different days of
the week. These markers of cardiometabolic health may
not be fluctuating transiently to the same extend as insulin, glucose or triglyceride. A study by Altenburg et al.
[28] reported that breaking up prolonged sedentary time
with 8 min of cycling every hour for 8 h did not alter
HDL-C, LDL-C and total cholesterol levels in young
adults. This might indicate that even if the adolescents
are more sedentary in the weekends compared to weekdays, it might not be enough to influence cholesterol
levels.
Some studies find that high amounts of MVPA influence levels of cholesterol and blood pressure [5, 29, 30]
indicating that a certain intensity, frequency and/or

Table 4 Values of metabolic health markers across weekdays
Monday
Insulin (μlU/ml)

7.5 (6.6, 8.3)

−0.8 (−11.0%)

−1.1 (− 14.3%)*

−1.2 (− 16.1%)*

87.7 (86.4, 88.9)

89.3 (88.0,90.7)

87.2 (85.9,88.4)

1.1 (1.2%)

−1.8 (−2.0%)

− 0.1 (− 0.1%)

− 2.3 (− 2.6%)*

80.7 (73.8,87.6)

67.1 (61.8, 72.5)

69.9 (65.0, 74.7)

62.5 (57.2, 67.8)

60.7 (55.9, 65.6)

−13.5 (− 16.8%)*

−10.8 (− 13.4%)*

−18.2 (−22.5%)*

−20.0 (− 24.7%)*

54.9 (51.7,58.1)

54.2 (51.7, 56.6)

54.3 (52.1, 56.6)

58.3 (55.9, 60.8)

56.7 (54.5, 58.9)

−0.7 (−1.3%)

− 0.6 (− 1.0%)

3.4 (6.3%)

1.8 (3.3%)

84.0 (78.3,89.6)

86.3 (81.9, 90.6)

90.1 (86.1, 94.0)

86.9 (82.6, 91.2)

88.2 (84.3, 92.2)

4.2 (5.6%)

6.8 (8.9%)

4.9 (6.4%)

6.8 (8.9%)

Difference from Monday, absolute (%)
LDL-C (mg/dl)
Difference from Monday, absolute (%)
Systolic BP (mmHg)

109.3 (107.6110.9) 106.3 (104.9, 107.7) 107.6 (106.2, 108.9) 107.1 (105.8, 108.5) 107.3 (106.0, 108.6)

Difference from Monday, absolute (%)
Diastolic BP (mmHg)
Difference from Monday, absolute (%)

Friday
6.3 (5.7, 6.8)

0.3 (3.8%)

Difference from Monday, absolute (%)
HDL-C (mg/dl)

Thursday
6.4 (5.8, 7.0)

90.6 (89.2, 92.0)

Difference from Monday, absolute (%)
Triglyceride (mg/dl)

Wednesday
6.6 (6.1, 7.2)

89.5 (87.7, 91.3)

Difference from Monday, absolute (%)
Glucose (mg/dl)

Tuesday
7.7 (7.1, 8.4)

63.1 (61.6,64.5)

−2.9 (−2.7)*

−1.7 (−1.6%)

−2.1 (−1.9%)*

−1.9 (− 1.8%)*

63.3 (62.1, 64.6)

62.7 (61.5, 63.8)

61.7 (60.6, 62.9)

60.9 (61.7, 64.0)

0.3 (0.4%)

−0.4 (−0.7%)

−1.3 (−2.1%)

−0.2 (− 0.3%)

P-value
0.006

0.003

< 0.001

0.09

0.34

0.11

0.45

P-value: Global differences between the weekdays using a Wald test
Data are predictive margins (95% CIs) with adjustment for age, gender, BMI, Tanner stage, aerobic fitness, socioeconomic status, type of school (intervention or
control) and class cluster. *denotes significant difference from Monday as well as overall significant declining trend from Monday to Friday (P ≤ 0.05)
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Fig. 1 Sex-stratified levels of insulin, glucose, triglycerides and BMI across weekdays in Danish adolescents. Values are predictive margins (95% CIs)
with adjustment for age, sex, BMI, Tanner stage, aerobic fitness, socioeconomic status, type of school (intervention or control) and class cluster

duration of PA is needed, before cholesterol and blood
pressure profiles are influenced. In the study by TaylorTolbert et al. the acute response of one training session
on blood pressure was investigated. They observed an
acute blood pressure response 24 h post exercise in older
hypertensive men [30]. This does not support the results
observed in our study, which did not indicate any systematic weekly variation in the blood pressure profile.
The difference between results observed in in our study
and results observed in the study by Taylor-Tolbert and
colleagues could be due to that participants in the latter
being older and all diagnosed with hypertension. Furthermore, it should be noticed that results observed in
the study by Tayloy-Tolbert et al. represents the effect of
a more structured training regime carried out, and supervised, in the laboratory at a certain intensity (approx.
70%) relative to the individuals’ VO2max.
In our study, insulin, glucose, and triglyceride levels
seem more volatile, and measurement profiles could potentially be influenced if the adolescents’ behavior varies
between weekdays and weekends [16, 17, 19]. Studies
have shown that even 2 min of breaking up prolonged
sedentary time every 20 min in adults [31], or 1 min and
40 s of sedentary time substituted with low-moderate
training every 15 min in young adults [32], will lower the

levels of insulin and glucose postprandial. However, triglyceride levels did not differ significantly as a result of
subjects participating in training in the study by Peddie
and colleagues [32]. This is in contrasts to the results
observed in the present study as we saw the largest decrease (24.7%) from Monday to Friday in levels of triglyceride. An acute response of endurance training on
triglyceride levels has previously been demonstrated in
young individuals and adults. In blood samples which
were obtained 24 h following the last exercise session,
triglyceride levels were observed to be lower than at
baseline, but no changes were observed in blood samples
obtained 72 h post training [29]. This indicates that triglyceride is volatile and is acutely influenced by endurance training. However, these findings primarily applied
for adults and any comparison with our results should
therefore be performed with caution.
Studies have shown that MVPA have an acute effect
on levels of insulin and glucose. In a previous study by
King et al. [33] the acute response of seven-days interruption to training on glucose tolerance and insulin action was assessed in moderately trained middle-aged
individuals. During 5 days before testing, participants
performed 45 min daily exercise at about 70% VO2max.
In the following 7 days, participants were inactive and
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were tested on these 7 days. The study showed that improved insulin sensitivity persisted for 3 days after the
last training session, but not for five or 7 days, suggesting that the frequency of exercise needed to maintain
the exercise-induced improvement in glucose tolerance
is, at least, once every third day. Boule et al. [34] confirmed these findings in more than 500 previously sedentary men and women by reporting lower fasting
insulin compared to pretraining 24 h after the last exercise bout in a 20-week training program. This improvement, though, was no longer evident 72 h after the last
bout of training.
Our results suggest that variations throughout the
week in markers of cardiometabolic health are not identical in adolescent boys and girls. This might indicate
greater variation throughout the week in health-related
behavior in boys than in girls. Boys are more physically
active than girls [35], and both girls and boys are more
physically active on weekdays compared to weekends
[16]. In addition, boys have a significantly higher total
energy intake than girls during the week [19]. Similar
findings have recently been confirmed in a nationwide
Danish study where lower PA and dietary quality was reported in the weekends compared to the weekdays. The
weekly variation appeared large especially among the
younger individuals, whereas gender differences were
modest [18]. Interesting, though, other studies previously
conducted in Danish children have indicated that gender
differences in PA levels might be more noticeable during
the weekdays as compared to the weekends [36, 37].
Also, a recent study conducted in Finish adolescents indicates a more marked increase in sedentary behavior in
boys compared to girls during adolescence, especially
during the weekend days [38]. Therefore, we
hypothesize, that the differences which were observed
between boys and girls in our study regarding variations
in markers of cardiometabolic health might be due to
sex-specific patterns in health-related behaviors especially evident at certain days of the weeks.
Strengths in our study include a large and wellcharacterized sample of adolescents with blood samples
and blood pressure obtained following a standardized
protocol. Furthermore, other data collected simultaneously (i.e., both demographic and socio-demographic
information) allowed us to adjust for several relevant covariates thereby increasing comparability among individuals when examining markers of cardiometabolic health
across different days of the week.
This study also has some limitations. Participants were
measured at different days of the week, and the assumption is that there are no overall systematic differences
between the participants that were measured at the different days. The plausibility of this assumption is supported by the fact that no differences in age, sex, and
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BMI was being observed across weekdays. However,
some variation in cardiorespiratory fitness was observed
with participants measured on Fridays performing about
6% better than their peers measured on Mondays. We
speculate if this variation was random - importantly
though, this variation was controlled for in all analyses.
Although we used BMI as a negative control outcome in
our study, the inclusion of a control group where less variation in health-related behavior is expected would have
strengthen study quality by adding another dimension of
negative control to the observed results. Therefore, for future research we recommend including data collected in
adolescents e.g., during summer vacation where subjects’
weekday and weekend days behaviors might differ less
compared to their behaviors during the school year. For
future research, it will also be relevant to obtain more detailed and repeated information on markers of cardiometabolic health and health-related behaviors assessed in the
same subjects throughout the complete week in large and
diverse groups of participants in order to validate the
amount of weekly behavioral variation and the strength of
association with health at the individual level.

Conclusions
In this study a significant declining trend was observed
across the week in adolescents’ levels of insulin, glucose
and triglyceride with the lowest levels being observed on
Fridays compared to Mondays. When stratifying by sex
the gradual improvement in health markers appeared
more evident in boys than in girls. Potentially, these
findings could have substantial clinical implications –
e.g., when subjects are being screened for need of treatment or medication in medical centers, or when
research data are being analyzed and interpreted. More
research is needed to: a) systematically examine which
health-related behavior in various samples of individuals
in particular seem to influence variations in markers of
cardiometabolic health across different days of the week,
and b) determine to which degree variations in profiles
of these health markers will impact daily clinical practice
and scientific research conclusions.
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