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Abstract: Background/Objectives: Inadequate micronutrient intakes are common in indi-
viduals with overweight/obesityand can exacerbate cardiovascular and metabolic disease
risk. Diet and exercise are primary strategies for managing overweight and may influence
nutrient intakes. In this secondary analysis of dietary data collected in a randomized
controlled trial (RCT, ClinicalTrials.gov (NCT04019860), 15 June 2019) of time-restricted
eating (TRE), high-intensity interval training (HIIT), a combination (TREHIIT), or a con-
trol group (CON), we investigated intervention effects on energy and nutrient intakes
in women with overweight/obesity. Methods: We randomized 131 women (body mass
index (BMI) ≥ 27 kg/m2) to 7 weeks of TRE (≤10-h daily eating window with ad libitum
energy intake), HIIT (3 sessions/week, performed at ≥90% maximal heart rate), TREHIIT,
or CON. Participants recorded all energy intake in an online food diary during a baseline
week (week 0) and at the end of the study (week 6 and week 7). We investigated between-
group differences in changes in mean energy, macronutrient, and micronutrient intakes.
Results: TRE had reduced intakes of potassium, magnesium, and phosphorus compared
with CON (p < 0.01). TREHIIT had non-significant reduced intakes of potassium, thiamine,
magnesium, copper, and phosphorus (0.01< p < 0.05). HIIT alone did not negatively impact
micronutrient intakes. TRE and TREHIIT induced suboptimal intakes for a greater number
of micronutrients compared with HIIT and CON. Conclusions: A ≤10-h TRE window
might increase the risk of micronutrient inadequacy in women with overweight/obesity.
Future research is needed to investigate the effects of integrating nutritional guidelines
with TRE interventions to mitigate the risk of micronutrient inadequacy in individuals with
overweight/obesity.

Keywords: time-restricted eating; high-intensity interval training; nutrition; overweight;
obesity; diet quality

1. Introduction
One in eight people are now living with obesity worldwide [1]. One of the primary

drivers behind the global rise in obesity is an imbalance between energy intake and expen-
diture, often due to excessive energy consumption coupled with sedentary behavior [2].
Excessive energy intake commonly involves overconsumption of energy-dense foods with
poor nutritive value and a simultaneous reduction in nutritious, minimally processed
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whole foods such as fruits, vegetables, whole grains, legumes, unprocessed meats, and
dairy [3]. Hence, although obesity is often associated with “overnutrition”, people with
overweight or obesity have more often inadequate micronutrient intakes compared with
individuals with normal body weight [4,5].

Lifestyle interventions that focus on restrictingenergy intake and increasing energy
expenditure through physical activity are primary approaches for weight loss and for
improving cardiometabolic health. While energy-restricted diets are effective for weight
loss, they carry the risk of worsening nutritional deficiencies [6]. As such, low-carbohydrate
diets, intermittent fasting, and very low-calorie diets are associated with large and rapid
weight loss, but may also increase the risk of inadequate nutrient intakes [6]. Adequate
micronutrient intake is essential for physiological and metabolic health, as well as cognitive
function, emotional well-being, and overall energy levels. Inadequate micronutrient intake
in individuals with obesity can further increase the risk of cardiovascular and metabolic
diseases [4,5]. For instance, inadequate intakes of vitamin D and magnesium, which play
key roles in glucose metabolism and insulin signaling, are associated with an increased risk
of developing type 2 diabetes [6–9].

Time-restricted eating (TRE) has gained popularity as a dietary strategy for weight loss
and improved cardiovascular and metabolic health [10]. TRE aims to align energy intake
with the body’s natural circadian rhythms, by restricting all energy intake to a limited
daily eating window, without any deliberate alterations to total energy intake or dietary
composition [11]. Despite no formal restrictions on total energy or dietary composition,
TRE often induces spontaneous reductions in daily energy intake [12]. However, there
is limited research on how ad libitum TRE without additional nutritional advice affects
micronutrient intake [13]. Given the increased risk of nutrient inadequacy in individuals
with overweight or obesity and its associated adverse health effects, studies are needed
to understand how an altered meal timing influences dietary quality and micronutrient
intake [6,11].

Physical exercise is the second cornerstone in the treatment of excess body fat stores, by
increasing energy expenditure and promoting metabolic adaptations to support weight loss
and cardiometabolic health. High-intensity interval training (HIIT) is an effective exercise
strategy for improving cardiorespiratory fitness and reducing fat mass [14]. Intensive
exercise can also acutely suppress appetite hormones, and exercise training may positively
impact appetite regulation and reduce susceptibility to excessive energy intake [15,16].
Although some studies have shown shifts towards healthier dietary patterns after an HIIT
intervention in young, normal-weight adults [17], others showed increased preference for
high-energy, sugary foods, and reduced fiber intake after HIIT in middle-aged sedentary
adults [18]. More research is needed on how high-intensity exercise influences total energy
intake and nutrient composition. In this secondary analysis of a randomized controlled trial
(RCT), we report the effects of 7 weeks of TRE, HIIT, or a combination (TREHIIT) versus a
control group (CON) on energy, macronutrient, and micronutrient intakes in women with
a body mass index (BMI) ≥ 27 kg/m2 [19].

2. Materials and Methods
2.1. Design and Participants

The protocol and primary results of the TREHIIT RCT have been published previ-
ously [19,20]. In brief, we recruited 131 women who were 18–45 years old and had a
BMI ≥ 27 kg/m2. The participants were randomly allocated (1:1:1:1) to 7 weeks of TRE
(n = 33), HIIT (n = 33), TRE and HIIT (TREHIIT, n = 32), or no intervention (CON, n = 33).
The study duration was 8 weeks, with 1 week of baseline recordings and a 7-week interven-
tion. All participants completed 1 week of baseline measurements (week 0) immediately
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after baseline laboratory assessments and randomization, before commencing the 7-week
intervention period or 7 weeks of no intervention in CON.

We used a random number generator to allocate participants, as previously de-
scribed [19]. Participants and study investigators were not blinded for group allocation.
All the participants provided written informed consent, and the study was approved by
the Regional Committee for Medical and Health Research Ethics in Middle Norway (REK
no. 2019/851). The study was conducted in accordance with the Declaration of Helsinki
and was registered at ClinicalTrials.gov (NCT04019860) on 15 June 2019.

2.2. Interventions

We instructed the participants allocated to TRE to limit their daily energy intake to
a self-selected ≤10-h eating window, finishing no later than 20:00 h. Participants were
allowed to consume non-energy-containing beverages during the fasting period (e.g., black
coffee, water). We did not give any further dietary advice (e.g., total energy intake or food
composition). Participants in the HIIT group performed three supervised exercise sessions
per week of which two sessions were 4 × 4 min HIIT with work-bouts performed at 90–95%
of maximal heart rate, and 1 session was 10 × 1 min HIIT, with work-bouts performed at
the maximum intensity the participants could sustain for 1 min. The exercise sessions were
performed on a treadmill or stationary bicycle in our laboratories. During the COVID-19
lockdown from March to August 2020, the exercise sessions were completed outside of
the laboratory as running or uphill walking. The participants allocated to the TREHIIT
group followed both protocols for TRE and HIIT. We instructed the participants in CON
to maintain their habitual diet and physical activity levels throughout the entire 8-week
study period. After completing post-assessments, we offered the participants in CON to
choose one of the study interventions as a delayed treatment and receive 7 new weeks of
follow-up. We did not collect any data from the delayed treatment period.

2.3. Dietary Intake Outcomes

We instructed the participants to register all energy intake in an electronic food diary
(https://www.kostholdsplanleggeren.no/, accessed on 12 August 2019) every day during
the first and last 14 days (week 0, week 1, week 6, and week 7) of the study. The online
electronic food diary is a free online tool developed by the Norwegian Directorate of Health
and The Norwegian Food Safety Authority. Users can search for and register food items
from the integrated database. The database allows amounts to be registered as grams, dL,
or portions. As such, participants could measure the amount of food using their preferred
method. In cases when direct measurement of food was not possible, the participants
were allowed to register estimated amounts. For food items not found in the database,
participants could either manually register the food item and corresponding energy and
nutritional content or choose an equivalent food item from the database. If we suspected
that a participant had provided incomplete food registrations, for example only recording
500 kcal one day, the participant was contacted and asked if the registration was correct.
The participants were allowed to send a new and updated diet diary if they had previously
sent an incomplete diet diary.

In the analysis, we included baseline data from records during week 0 as an estimate
of the participants’ habitual dietary intake and the average of recorded intake in weeks 6
and 7 as their intake during the intervention. The participants did not record their intake of
dietary supplements (e.g., multivitamins, iron supplements, etc.).

We obtained the following dietary parameters from the food diaries: total energy
intake (kJ and kcal), carbohydrates (g and energy percentage, E%), fiber (g), starch (g),
added sugar (g and E%), fat (g and E%), saturated fat (g and E%), total cholesterol (mg),

https://www.kostholdsplanleggeren.no/
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omega-3 fatty acids (g and E%), omega-6 fatty acids (g and E%), protein (g and E%), alcohol
(g and E%), vitamin A (retinol activity equivalents), vitamin D (µg), vitamin E (alfa-TE),
thiamine (mg), riboflavin (mg), niacin (mg), vitamin B6 (mg), folate (mg), vitamin B12 (µg),
vitamin C (mg), calcium (mg), iron (mg), sodium (mg), potassium (mg), magnesium (mg),
zinc (mg), selenium (µg), copper (mg), phosphorus (mg), and iodine (µg). Each dietary
parameter was calculated as the average daily intake in week 0 and week 6 + 7. To calculate
E%, we multiplied grams of fat, saturated fat, omega-3 fatty acids, and omega-6 fatty acids
by 9 kcal/g, divided by total kcal intake, and multiplied by 100%. For carbohydrate, added
sugar, and protein E%s, we multiplied grams by 4 kcal/g, divided by total kcal intake, and
multiplied by 100%, while alcohol E% was determined by multiplying by 7 kcal/g.

2.4. Nutrient Intake Adequacy in Relation to the 2023 Nordic Nutrition Recommendations

We compared group means and individual participant’s mean daily nutrient intakes to
reference values for healthy females aged 25–50 years provided in the 2023 Nordic Nutrition
Recommendations (NNR2023) [21]. We used the estimated average requirement (EAR) to
assess the risk of inadequate intake of micronutrients in the groups, as recommended by
the NNR2023. The EAR is the estimated average daily nutrient intake needed to meet the
requirements of half of the individuals in a specific life-stage group. We used the EAR as
the cutoff for the following nutrients: vitamin A, vitamin D, riboflavin, niacin, vitamin
B6, folate, vitamin C, calcium, iron, zinc, and copper. For nutrients for which the EAR
cannot be determined, the NNR2023 provide a provisional average requirement (PAR),
which is calculated by multiplying adequate intake (AI) by 0.8 [21]. We used the PAR as
the cutoff for vitamin E, vitamin B12, phosphorus, potassium, magnesium, iodine, and
selenium. For simplicity, we refer to both EAR and PAR as EAR from hereon. We defined a
mean daily intake below the EAR as inadequate. We also present reference values for the
recommended intake (RI) or AI. The RI is the average daily nutrient intake sufficient to meet
the requirements of 97–98% of individuals in a particular life-stage group in the general
population. AI is the observed or experimentally determined estimation of recommended
daily nutrient intake assumed to be sufficient for a group of healthy individuals and is used
when the RI for a nutrient cannot be established [21].

2.5. Statistics

We analyzed all participants in the TREHIIT trial following the intention-to-treat
principle, regardless of the completeness of diet records. We used linear mixed models to
investigate between-group differences in changes in mean nutrient intakes from baseline
(week 0) to the end of the intervention period (weeks 6 and 7). In the model, we included
time and the interaction between time and group (time × group) as fixed effects, while
participant was included as a random effect. We adjusted for the baseline values, assuming
no systematic effect on the group at baseline, as recommended by Twisk et al. [22], and in-
spected the normality of residuals by visually checking QQ plots. In cases of non-normality,
we used bootstrapping with 3000 samples and bias-corrected and accelerated confidence
intervals (CIs). Due to multiple comparisons, we considered two-sided p-values < 0.01 as
statistically significant. Although some nutrients were non-normally distributed in one
or more groups at baseline and/or at the end of the intervention, we present means and
standard deviations (SDs) for average nutrient intakes, rather than median and percentile
distributions, for clearer data presentation.

As inspired by Gardner et al. [23], we investigated the proportion of participants
within each group with a shift in the risk of micronutrient inadequacy. We categorized
participants who shifted from a micronutrient intake above the EAR at baseline (week 0) to
below the EAR at the end of the intervention period (weeks 6 and 7) as “intake decreased
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below the EAR”. Participants who had micronutrient intakes above the EAR at both time
points or below the EAR at both time points were categorized as “no change”, whereas
those who shifted from a micronutrient intake below the EAR at baseline to above the EAR
were categorized as “intake increased above the EAR”. We selected and display in a figure
all micronutrients for which ≥20% of the participants in one or more groups fell into the
category “intake decreased below the EAR”.

In the analysis of between-group differences in the proportions of participants falling
within each category, we merged the two latter categories into “no change/improved
micronutrient intake”. We used Fisher’s exact test to compare between-group differences
in proportions since there were more than 20% of cells with expected counts below 5 for
all micronutrients. For these comparisons, we present counts and percentages. For p-
values < 0.01, we performed post hoc pairwise comparisons of proportions, with Bonferroni
corrections. All statistical analyses were performed in IBM SPSS Statistics 29.0.1.0 and
Stata/MP 18, while tables and figures were generated in Microsoft ® Word Version 2404
and GraphPad Prism 9.

3. Results
3.1. Participants and Adherence to Interventions

We included 131 participants in the TREHIT trial, out of whom 21 were lost to follow-
up. Table 1 shows the baseline characteristics of the participants, with more characteristics
published previously [19]. Briefly, participants in TRE and TREHIIT reduced their eating
window by ~3 h/day during the intervention period compared with baseline and had a
≤10-h eating window on ~6 days/week, as described in detail previously [19]. Participants
in CON and HIIT did not alter their eating window and maintained a ~12-h eating window
throughout the entire study period. Participants in HIIT and TREHIIT completed >90% of
the 21 scheduled exercise sessions and completed the exercise sessions at >90% of individual
maximal heart rate [19].

Table 1. Baseline characteristics of all randomized participants according to group. Data are for n
participants in each group presented as descriptive means with standard deviations (SDs).

CON (n = 33) TRE (n = 33) HIIT (n = 33) TREHIIT (n = 32)

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Age, years 33 36.4 (6.2) 33 36.2 (5.9) 33 34.9 (7.0) 32 37.3 (5.7)

Weight, kg 33 95.0 (11.2) 33 91.0 (10.8) 33 91.3 (13.0) 32 88.2 (10.3)

BMI, kg/m2 33 33.1 (4.2) 33 31.8 (3.3) 33 32.5 (4.5) 32 31.4 (4.0)

Total energy intake,
kJ/day 28 8776.5

(1938.3) 27 8683.9
(2002.0) 30 8444.8

(1571.2) 27 8222.5
(1430.6)

Carbohydrates, E% 28 39.8 (4.9) 27 40.4 (20.4) 30 39.6 (5.0) 27 41.6 (4.7)

Fat, E% 28 38.0 (3.8) 27 38.0 (5.4) 30 38.6 (5.1) 27 37.0 (3.6)

Protein, E% 28 17.7 (3.1) 27 17.9 (3.0) 30 17.4 (2.6) 27 16.7 (2.6)

Alcohol, E% 28 2.2 (4.1) 27 1.6 (2.4) 30 1.9 (2.8) 27 2.5 (3.1)

BMI; body mass index, CON; control, E%; energy percentage, HIIT; high-intensity interval training, TRE; time-
restricted eating, TREHIIT; time-restricted eating and high-intensity interval training.

3.2. Total Energy and Macronutrients

There were no statistically significant between-group differences in total energy intake
or E% outcomes after the 7-week intervention period (Table 2). TRE and TREHIIT reduced
total energy intakes by 541 kJ (127 kcal) per day and 727 kJ (172 kcal) per day, respectively,
but these changes were not statistically significantly different from CON (p = 0.051).
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Table 2. Intention-to-treat analyses of dietary parameters and micronutrient intakes. Observed data
at baseline and at the end of the intervention for each group presented as descriptive means with
standard deviations (SDs). The difference (group × time) is the mean change in the intervention group
compared with the control group (CON), with estimate, corresponding 95% confidence intervals
(95% CI), and p-values by linear mixed model analyses.

Baseline
(Week 0)

End of Intervention
(Week 6 + 7)

Difference (Group × Time) Compared
with CON

Mean (SD) Mean (SD) Estimated
Effect 95% CI p-Value

Energy and macronutrients

Total energy intake, kJ/day

CON 8776.5 (1938.3) 8503.9 (2523.8)
TRE 8683.9 (2002.0) 7456.3 (1451.1) −540.7 −1260.0 to 178.4 0.139
HIIT 8444.8 (1571.2) 8280.9 (1521.5) 153.5 −561.9 to 868.9 0.672
TREHIIT 8222.5 (1430.6) 7262.6 (1181.5) −727.3 −1458.4 to 3.9 0.051

Total energy intake, kcal/day

CON 2093.6 (465.5) 2028.6 (602.5)
TRE 2072.5 (478.8) 1779.6 (346.7) −127.3 −299.0 to 44.5 0.145
HIIT 2016.1 (374.5) 1977.7 (363.2) 39.4 −131.5 to 210.3 0.649
TREHIIT 1962.1 (341.2) 1733.3 (281.5) −172.1 −346.7 to 2.6 0.053

Carbohydrates, g/day

CON 210.9 (61.0) 213.1 (70.0)
TRE 210.1 (53.5) 179.5 (37.5) −21.6 −43.0 to −0.1 0.049
HIIT 200.6 (50.6) 200.7 (46.4) −1.2 −22.5 to 20.2 0.913
TREHIIT 204.1 (42.6) 172.5 (37.3) −28.9 −50.7 to −7.0 0.010

Carbohydrates, E%

CON 39.8 (4.9) 41.8 (5.8)
TRE 40.4 (20.4) 41.0 (4.4) −1.5 −4.1 to 1.0 0.228
HIIT 39.6 (5.0) 40.8 (4.3) −1.3 −3.9 to 1.2 0.291
TREHIIT 41.6 (4.7) 40.1 (4.5) −2.5 −5.1 to 0.1 0.056

Fibre, g/day

CON 22.1 (5.3) 22.3 (6.1)
TRE 20.6 (5.8) 18.1 (4.4) −2.0 −4.3 to 0.3 0.085
HIIT 22.6 (8.8) 20.0 (4.4) −0.9 −3.1 to 1.4 0.459
TREHIIT 19.7 (3.9) 17.4 (4.3) −2.6 −5.0 to −0.3 0.027

Starch, g/day

CON 109.2 (46.3) 120.9 (48.0)
TRE 126.3 (46.4) 107.2 (27.0) −13.2 −28.1 to 1.8 0.083
HIIT 99.2 (35.0) 100.2 (32.1) −7.5 −22.3 to 7.4 0.322
TREHIIT 107.0 (28.2) 89.4 (22.6) −26.0 −41.2 to −10.8 <0.001

Added sugar, g/day

CON 33.2 (20.4) 30.6 (20.1)
TRE 30.7 (15.7) 28.4 (16.0) −1.9 −10.2 to 6.4 0.652
HIIT 28.0 (23.0) 31.9 (18.3) 4.2 −4.0 to 12.5 0.312
TREHIIT 38.8 (27.4) 31.3 (21.1) −1.8 −10.2 to 6.7 0.677

Added sugar, E%

CON 6.1 (3.2) 5.9 (3.1)
TRE 5.9 (2.6) 6.2 (2.7) −0.0 −1.5 to 1.5 0.994
HIIT 5.3 (3.4) 6.4 (3.4) 0.9 −0.6 to 2.3 0.247
TREHIIT 7.6 (4.3) 7.0 (4.0) 0.3 −1.2 to 1.8 0.671
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Table 2. Cont.

Baseline
(Week 0)

End of Intervention
(Week 6 + 7)

Difference (Group × Time) Compared
with CON

Mean (SD) Mean (SD) Estimated
Effect 95% CI p-Value

Fat, g/day

CON 88.1 (19.3) 85.0 (28.9)
TRE 88.1 (17.4) 76.2 (18.8) −4.5 −12.9 to 3.9 0.292
HIIT 86.1 (17.4) 85.2 (15.6) 1.8 −6.7 to 10.1 0.673
TREHIIT 81.3 (18.1) 75.0 (13.2) −4.9 −13.4 to 3.7 0.260

Fat, E%

CON 38.0 (3.8) 37.3 (5.4)
TRE 38.0 (5.4) 38.3 (4.7) 0.8 −1.5 to 3.0 0.496
HIIT 38.6 (5.1) 39.0 (3.6) 0.9 −1.4 to 3.1 0.438
TREHIIT 37.0 (3.6) 39.0 (4.0) 1.8 −0.5 to 4.0 0.117

Saturated fat, g/day

CON 32.0 (11.7) 29.9 (12.0)
TRE 33.5 (10.4) 27.5 (9.0) −2.2 −6.1 to 1.7 0.261
HIIT 31.4 (10.1) 32.4 (7.5) 3.0 −0.9 to 6.8 0.133
TREHIIT 30.0 (9.4) 27.3 (7.3) −0.5 −4.5 to 3.4 0.788

Saturated fat, E%

CON 13.6 (3.2) 13.1 (2.8)
TRE 14.5 (2.9) 13.7 (2.6) 0.0 −1.4 to 1.4 0.992
HIIT 14.0 (3.7) 14.8 (2.5) 1.3 −0.1 to 2.7 0.068
TREHIIT 13.6 (2.9) 14.2 (2.9) 1.2 −0.2 to 2.6 0.103

Cholesterol, mg/day

CON 292.0 (102.5) 241.2 (90.5)
TRE 292.0 (110.6) 241.3 (98.6) 3.1 −48.4 to 54.7 0.905
HIIT 276.7 (147.8) 260.1 (85.0) 37.6 −13.8 to 89.0 0.150
TREHIIT 278.8 (126.0) 282.7 (126.4) 44.2 −8.3 to 96.7 0.098

Omega-3, g/day *

CON 2.4 (1.4) 2.4 (1.2)
TRE 2.5 (1.2) 2.2 (0.9) −0.1 −0.6 to 0.3 0.583
HIIT 2.3 (1.4) 2.1 (0.9) −0.1 −0.6 to 0.4 0.736
TREHIIT 2.2 (0.9) 2.0 (1.4) −0.2 −0.9 to 0.4 0.483

Omega-3, E% *

CON 1.1 (0.8) 1.1 (0.5)
TRE 1.1 (0.5) 1.1 (0.4) 0.0 −0.2 to 0.2 0.844
HIIT 1.0 (0.6) 1.0 (0.4) 0.0 −0.3 to 0.2 0.749
TREHIIT 1.0 (0.4) 1.1 (0.8) 0.0 −0.3 to 0.4 0.878

Omega-6, g/day *

CON 9.1 (2.5) 9.8 (4.6)
TRE 10.1 (3.9) 8.8 (2.7) −1.3 −3.0 to 0.5 0.162
HIIT 8.9 (3.3) 8.8 (2.3) −0.7 −2.5 to 1.1 0.456
TREHIIT 9.4 (2.8) 7.9 (2.2) −2.1 −3.9 to −0.2 0.029

Omega-6, E% *

CON 4.0 (1.0) 4.4 (1.8)
TRE 4.4 (1.3) 4.4 (1.0) −0.1 −0.9 to 0.6 0.752
HIIT 4.0 (1.4) 4.0 (0.9) −0.3 −1.1 to 0.5 0.448
TREHIIT 4.3 (1.0) 4.2 (1.2) −0.3 −1.2 to 0.5 0.413
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Table 2. Cont.

Baseline
(Week 0)

End of Intervention
(Week 6 + 7)

Difference (Group × Time) Compared
with CON

Mean (SD) Mean (SD) Estimated
Effect 95% CI p-Value

Protein, g/day

CON 90.4 (15.8) 85.5 (22.7)
TRE 91.4 (19.4) 75.4 (16.4) −7.3 −15.1 to 0.5 0.068
HIIT 87.1 (18.4) 82.7 (16.1) 0.6 −7.2 to 8.4 0.875
TREHIIT 81.5 (16.7) 75.7 (15.5) −4.7 −12.6 to 3.3 0.248

Protein, E%

CON 17.7 (3.1) 17.4 (3.6)
TRE 17.9 (3.0) 17.1 (3.1) −0.5 −1.7 to 0.7 0.371
HIIT 17.4 (2.6) 16.9 (2.3) −0.4 −1.6 to 0.8 0.529
TREHIIT 16.7 (2.6) 17.5 (2.4) 0.4 −0.8 to 1.6 0.522

Alcohol, g/day *

CON 6.8 (13.8) 3.6 (4.5)
TRE 4.7 (6.9) 5.5 (8.5) 2.7 −1.2 to 6.5 0.172
HIIT 5.7 (8.8) 5.2 (6.8) 2.4 −1.1 to 5.8 0.183
TREHIIT 6.6 (8.4) 4.3 (5.1) 0.9 −2.2 to 3.9 0.573

Alcohol, E% *

CON 2.2 (4.1) 1.2 (1.3)
TRE 1.6 (2.4) 2.0 (2.9) 1.1 −0.1 to 2.4 0.069
HIIT 1.9 (2.8) 1.7 (2.0) 0.9 −0.1 to 1.9 0.075
TREHIIT 2.5 (3.1) 1.8 (2.3) 0.6 −0.5 to 1.7 0.309

Fat soluble vitamins

Vitamin A, RAE/day *

CON 904.4 (564.0) 789.2 (469.4)
TRE 629.2 (220.1) 572.9 (349.2) −104.8 −295.2 to 85.6 0.281
HIIT 845.0 (484.2) 761.6 (362.5) 40.0 −166.4 to 246.3 0.704
TREHIIT 814.1 (541.5) 662.3 (389.0) −95.1 −316.5 to 126.3 0.400

Vitamin D, µg/day* a

CON 4.8 (2.9) 3.8 (2.0)
TRE 4.6 (2.5) 3.7 (2.4) 0.3 −0.7 to 1.2 0.583
HIIT 3.8 (2.0) 4.2 (1.6) 1.3 0.4 to 2.2 0.004
TREHIIT 4.7 (4.1) 5.1 (4.4) 1.3 −0.1 to 2.5 0.038

Vitamin E, α-TE/day

CON 12.0 (3.0) 12.5 (5.7)
TRE 12.5 (4.3) 10.9 (3.2) −1.4 −3.2 to 0.4 0.127
HIIT 11.5 (3.9) 10.8 (3.4) −1.1 −2.9 to 0.7 0.222
TREHIIT 12.1 (3.7) 11.3 (4.5) −1.3 −3.2 to 0.5 0.158

Water soluble vitamins

Thiamine, mg/day

CON 1.4 (0.5) 1.4 (0.5)
TRE 1.6 (0.4) 1.3 (0.4) −0.2 −0.4 to 0.1 0.043
HIIT 1.3 (0.4) 1.2 (0.4) −0.1 −0.2 to 0.1 0.375
TREHIIT 1.3 (0.3) 1.2 (0.3) −0.2 −0.4 to 0.0 0.025

Riboflavin, mg/day

CON 1.6 (0.5) 1.5 (0.5)
TRE 1.5 (0.4) 1.2 (0.3) −0.1 −0.3 to 0.1 0.193
HIIT 1.4 (0.5) 1.3 (0.4) 0.1 −0.1 to 0.3 0.416
TREHIIT 1.5 (0.6) 1.4 (0.4) −0.1 −0.3 to 0.1 0.525



Nutrients 2025, 17, 218 9 of 22

Table 2. Cont.

Baseline
(Week 0)

End of Intervention
(Week 6 + 7)

Difference (Group × Time) Compared
with CON

Mean (SD) Mean (SD) Estimated
Effect 95% CI p-Value

Niacin, mg/day

CON 17.5 (6.7) 17.3 (6.3)
TRE 18.6 (5.5) 14.8 (4.4) −2.2 −4.8 to 0.5 0.109
HIIT 16.5 (4.7) 15.7 (3.8) −0.5 −3.1 to 2.2 0.724
TREHIIT 19.4 (8.2) 16.2 (4.4) −1.7 −4.4 to 1.0 0.207

Vitamin B6, mg/day

CON 1.5 (0.5) 1.5 (0.5)
TRE 1.7 (0.5) 1.2 (0.3) −0.3 −0.5 to −0.1 0.015
HIIT 1.5 (0.4) 1.4 (0.3) −0.1 −0.3 to 0.1 0.551
TREHIIT 1.7 (0.6) 1.4 (0.4) −0.1 −0.4 to 0.1 0.190

Folate, µg/day

CON 228.0 (65.5) 230.9 (81.5)
TRE 226.8 (68.0) 197.7 (51.7) −19.5 −47.2 to 8.2 0.165
HIIT 232.7 (109.7) 206.3 (54.4) 2.9 −24.6 to 30.4 0.832
TREHIIT 214.4 (57.9) 193.6 (58.7) −20.1 −48.2 to 18.1 0.160

Vitamin B12, µg/day

CON 5.4 (1.5) 5.0 (1.6)
TRE 4.9 (1.9) 4.2 (1.9) −0.3 −1.2 to 0.6 0.520
HIIT 5.0 (2.1) 4.9 (1.5) 0.2 −0.7 to 1.0 0.736
TREHIIT 5.0 (2.2) 4.8 (1.4) −0.1 −1.0 to 0.8 0.893

Vitamin C, mg/day *

CON 70.8 (39.8) 78.1 (55.2)
TRE 77.4 (33.5) 55.9 (24.5) −22.3 −43.0 to −1.7 0.034
HIIT 86.5 (59.4) 78.4 (42.9) 1.1 −22.9 to 25.2 0.926
TREHIIT 74.3 (27.7) 62.9 (33.7) −15.3 −36.3 to 5.7 0.154

Minerals

Calcium, mg/day

CON 819.3 (235.3) 801.8 (231.5)
TRE 849.9 (267.6) 701.4 (248.8) −75.1 −185.8 to 35.6 0.182
HIIT 781.6 (302.0) 810.1 (277.6) 39.4 −70.8 to 149.6 0.481
TREHIIT 762.0 (241.6) 640.9 (201.9) −112.8 −225.4 to −0.1 0.050

Iron, mg/day

CON 9.2 (2.3) 9.1 (3.1)
TRE 9.4 (2.2) 8.4 (2.3) −0.4 −1.5 to 0.6 0.442
HIIT 9.1 (3.2) 8.3 (2.5) −0.0 −1.1 to 1.0 0.979
TREHIIT 8.8 (2.2) 8.2 (2.1) −0.5 −1.6 to 0.5 0.331

Sodium, mg/day

CON 2711.0 (1005.0) 2691.5 (865.9)
TRE 3099.3 (922.0) 2457.7 (703.7) −320.2 −675.1 to 34.6 0.076
HIIT 2384.4 (872.1) 2509.7 (712.1) 63.3 −289.8 to 416.4 0.723
TREHIIT 2468.4 (720.0) 2271.6 (679.5) −181.9 −542.8 to 178.9 0.320

Potassium, mg/day

CON 3007.7 (816.1) 2996.0 (1002.2)
TRE 2995.0 (788.1) 2362.7 (585.7) −391.7 −661.9 to −121.6 0.005
HIIT 2803.7 (794.5) 2634.7 (690.0) 15.6 −252.8 to 284.0 0.909
TREHIIT 2740.9 (621.1) 2381.4 (617.5) −326.0 −600.3 to −51.7 0.020
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Table 2. Cont.

Baseline
(Week 0)

End of Intervention
(Week 6 + 7)

Difference (Group × Time) Compared
with CON

Mean (SD) Mean (SD) Estimated
Effect 95% CI p-Value

Magnesium, mg/day

CON 295.1 (80.8) 306.8 (108.6)
TRE 306.6 (86.5) 250.4 (69.6) −45.2 −75.0 to −15.5 0.003
HIIT 282.5 (101.8) 270.9 (60.9) −0.2 −29.7 to 29.3 0.989
TREHIIT 272.5 (50.5) 242.4 (59.4) −37.6 −67.8 to −7.4 0.015

Zinc, mg/day

CON 10.5 (2.0) 10.4 (2.9)
TRE 11.0 (2.9) 9.2 (2.0) −1.0 −2.2 to 0.2 0.093
HIIT 10.5 (3.3) 10.2 (2.4) 0.1 −1.1 to 1.3 0.913
TREHIIT 9.8 (2.3) 9.1 (2.3) −0.8 −2.1 to 0.4 0.180

Selenium, µg/day *

CON 46.8 (14.1) 43.2 (13.3)
TRE 53.6 (26.9) 45.3 (29.7) 1.0 −9.3 to 11.2 0.851
HIIT 45.7 (21.9) 53.4 (64.6) 10.6 −16.1 to 37.3 0.437
TREHIIT 43.0 (15.7) 39.7 (10.70) −3.1 −9.4 to 3.3 0.343

Copper, mg/day

CON 1.1 (0.3) 1.1 (0.4)
TRE 1.1 (0.3) 1.0 (0.3) −0.1 −0.2 to 0.0 0.161
HIIT 1.1 (0.5) 1.0 (0.2) −0.1 −0.2 to 0.1 0.440
TREHIIT 1.0 (0.2) 0.9 (0.2) −0.2 −0.3 to 0.0 0.026

Phosphorus, mg/day

CON 1484.0 (329.1) 1510.2 (430.0)
TRE 1571.9 (406.2) 1296.3 (344.8) −197.7 −326.8 to −68.7 0.003
HIIT 1414.1 (386.8) 1363.2 (296.1) −34.7 −162.9 to 93.6 0.593
TREHIIT 1351.1 (312.1) 1224.1 (279.0) −169.6 −300.7 to −38.6 0.012

Iodine, µg/day

CON 119.7 (55.2) 107.6 (38.4)
TRE 121.9 (60.3) 87.2 (43.1) −21.0 −43.6 to 1.7 0.069
HIIT 98.4 (48.5) 97.0 (41.1) −0.7 −23.3 to 21.9 0.953
TREHIIT 102.0 (41.9) 81.5 (25.0) −19.7 −42.8 to 3.4 0.094

Descriptive data at baseline are based on data from n = 28 in CON, n = 27 in TRE, n = 30 in HIIT, n = 27 in TREHIIT.
Descriptive data at the end of the study are based on data from n = 23 in CON, n = 24 in TRE, n = 24 in HIIIT, n = 22
in TREHIIT. The number of completely missing diet data (0 days registered) at baseline (week 0) was n = 5 in CON,
n = 6 in TRE, n = 2 in HIIT, and n = 6 in TREHIIT. The number of completely missing diet data (0 days registered)
in week 6 was n = 11 in CON, n = 9 in TRE, n = 9 in HIIT, n = 11 in TREHIIT, and n = 11 in CON, n = 13 in TRE,
n = 8 in HIIT, and n = 11 in TREHIIT in week 7. The number of missing days in the dietary records at baseline
(week 0) was 5 (2.6%) in CON (one participant with 4 missing days, one with 1 missing day), 2 (1.1%) in HIIT, and
5 (2.6%) in TREHIIT. The number of missing days during weeks 6 and 7 were 12 (3.7%) in CON, 7 (2.3%) in HIIT,
13 (4.0%) in TRE, and 14 (4.3%) in TREHIIT. Between-group analyses are based on all randomized participants in
the TREHIIT trial, regardless of missing data (n = 33 in CON, n = 33 in TRE, n = 33 in HIIT, n = 32 in TREHIIT).
CON; control, E%; energy percentage, HIIT; high-intensity interval training, kcal; kilocalories, kJ; kilojoules, RAE;
retinol activity equivalents, α-TE; α-tocopherol equivalents, TRE; time-restricted eating, TREHIIT; time-restricted
eating and high-intensity interval training. * 95% CI and p-values are from bootstrap with 3000 samples and
bias-corrected and accelerated confidence intervals due to non-normally distributed residuals.

There were indications of reduced carbohydrate intake in TRE (−21.6 g/day, p = 0.049)
and in TREHIIT (−28.9 g/day, p = 0.010), and reduced fiber intake in TREHIIT (Table 2). There
was a significant reduction in starch intake in TREHIIT (−26.0 g/day, p < 0.001). On average,
the proportion of total energy coming from carbohydrates was below the RI of 45–60 E% in all
groups at baseline and at the end of the intervention period, ranging between 40 and 42%.
The fat E%s were within the RI of 25–40% in all groups (range 38–39%). The protein E%s were
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between 17% and 18%, also within the RI of 10–20 E% (Figure 1). Mean fiber intake was below
the RI of ≥25–35 g/day in all groups (range 17–23 g/day) [21].
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Figure 1. Median energy and nutrient intakes by group in relation to the 2023 Nordic Nutrition 
Recommendations. Vertical bars represent observed medians with interquartile ranges at baseline 
(blank) and at the end of the study (shaded) for the intention-to-treat population, according to 
group. Circles represent individual data points. Green shaded areas and green lines represent rec-
ommended intakes (RI) established by the 2023 Nordic Nutrition Recommendations (NNR2023). 
Red lines represent the estimated average requirements (EAR) or provisional average requirements 
(PAR), and blue lines represent adequate intakes (AI). The PAR was used as the cutoff for the fol-
lowing micronutrients: vitamin E, vitamin B12, phosphorus, potassium, magnesium, iodine, and 
selenium. (A) Descriptive statistics for total energy, macronutrients, and macronutrient energy per-
centages (E%s) outcomes, (B) descriptive statistics for vitamin outcomes, (C) descriptive statistics 
for mineral outcomes. Descriptive data at baseline are based on data from n = 28 in CON, n = 27 in 
TRE, n = 30 in HIIT, n = 27 in TREHIIT. Descriptive data at the end of the study are based on data 
from n = 23 in CON, n = 24 in TRE, n = 24 in HIIIT, n = 22 in TREHIIT. CON; control group, E%; 
energy percentage, HIIT; high-intensity interval training, kJ; kilojoules, RAE; retinol activity equiv-
alents, α-TE; α-tocopherol equivalents, TRE; time-restricted eating, TREHIIT; time-restricted eating 
and high-intensity interval training. For clearer data visualization, one individual data point at y = 
352.7 in the HIIT group at the end of the intervention was removed from the selenium graph. 

3.3. Micronutrient Intakes 

In the TRE group, there were significantly reduced intakes of potassium, magnesium, 
and phosphorus at the end of the intervention period (all p < 0.01) and indications of re-
ductions in thiamine and vitamin B6 (Table 2). The participants in the TREHIIT group 
reduced their intakes of potassium, thiamine, magnesium, copper, and phosphorus at the 
end of the intervention period, but these changes were not statistically significant com-
pared with CON. The participants in HIIT increased their intake of vitamin D by 1.3 
µg/day (p = 0.004), compared with CON. There were no significant between-group differ-
ences in any of the remaining nutrients (Table 2). Figure 1 shows that all groups had me-
dian micronutrient intakes below the EAR at baseline and at the end of the study for vit-
amin D, folate, vitamin C, and selenium. All groups had median iodine intakes below the 

Figure 1. Median energy and nutrient intakes by group in relation to the 2023 Nordic Nutrition
Recommendations. Vertical bars represent observed medians with interquartile ranges at baseline
(blank) and at the end of the study (shaded) for the intention-to-treat population, according to group.
Circles represent individual data points. Green shaded areas and green lines represent recommended
intakes (RI) established by the 2023 Nordic Nutrition Recommendations (NNR2023). Red lines
represent the estimated average requirements (EAR) or provisional average requirements (PAR),
and blue lines represent adequate intakes (AI). The PAR was used as the cutoff for the following
micronutrients: vitamin E, vitamin B12, phosphorus, potassium, magnesium, iodine, and selenium.
(A) Descriptive statistics for total energy, macronutrients, and macronutrient energy percentages
(E%s) outcomes, (B) descriptive statistics for vitamin outcomes, (C) descriptive statistics for mineral
outcomes. Descriptive data at baseline are based on data from n = 28 in CON, n = 27 in TRE, n = 30 in
HIIT, n = 27 in TREHIIT. Descriptive data at the end of the study are based on data from n = 23 in CON,
n = 24 in TRE, n = 24 in HIIIT, n = 22 in TREHIIT. CON; control group, E%; energy percentage, HIIT;
high-intensity interval training, kJ; kilojoules, RAE; retinol activity equivalents, α-TE; α-tocopherol
equivalents, TRE; time-restricted eating, TREHIIT; time-restricted eating and high-intensity interval
training. For clearer data visualization, one individual data point at y = 352.7 in the HIIT group at the
end of the intervention was removed from the selenium graph.

3.3. Micronutrient Intakes

In the TRE group, there were significantly reduced intakes of potassium, magnesium,
and phosphorus at the end of the intervention period (all p < 0.01) and indications of
reductions in thiamine and vitamin B6 (Table 2). The participants in the TREHIIT group
reduced their intakes of potassium, thiamine, magnesium, copper, and phosphorus at the
end of the intervention period, but these changes were not statistically significant compared
with CON. The participants in HIIT increased their intake of vitamin D by 1.3 µg/day
(p = 0.004), compared with CON. There were no significant between-group differences
in any of the remaining nutrients (Table 2). Figure 1 shows that all groups had median
micronutrient intakes below the EAR at baseline and at the end of the study for vitamin D,
folate, vitamin C, and selenium. All groups had median iodine intakes below the EAR at
the end of the study and at baseline, except for TRE, which had a median intake slightly
above the EAR at baseline. At the end of the study, HIIT also had a median intake below
the EAR for iron, while both TRE and TREHIIT had intakes below the EAR for vitamin
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A, riboflavin, calcium, iron, and magnesium. TRE also had an intake below the EAR for
vitamin B6 at the end of the intervention.

The proportion of participants who changed from a micronutrient intake above the
EAR at baseline to below the EAR at the end of the study (i.e., had an increased risk of
micronutrient inadequacy) only differed between groups for vitamin A (p = 0.006). Post
hoc comparisons revealed that the proportion of participants with a vitamin A intake that
decreased below the EAR in TRE (43.5%) was different from CON (8.7%, p = 0.043) (Table 3).

Table 3. Between-group differences in the proportions of participants with a shift in the risk of
micronutrient inadequacy at the end of the study. Total number and percentage proportions of
participants with unchanged/increased and decreased mean nutrient intakes at the end of the study,
in relation to the estimated average requirements (EARs) provided in the 2023 Nordic Nutrition
Recommendations (NNR2023), according to group. We used the provisional average requirement
(PAR) as the cutoff for vitamin E, vitamin B12, phosphorus, potassium, magnesium, iodine, and
selenium. Participants who had no change in micronutrient intake or increased intake to above the
EAR (going from below the EAR at baseline to above at the end of the intervention) were categorized
together as “no change/intake increased above the EAR”, while participants who went from a
micronutrient intake above the EAR at baseline to below the EAR at the end of the intervention
period were categorized as “intake decreased below the EAR”. p-values are for Fisher’s exact tests.
Post hoc pairwise comparisons were only conducted for Fisher’s exact test p-values < 0.01.

Vitamins EAR No Change/Intake Increased
Above EAR, No. (%)

Intake Decreased
Below EAR, No. (%) p-Value Fisher’s Exact Test

Vitamin A, RAE/day 540.0 0.006

CON 21 (91.3%) 2 (8.7%)
HIIT 22 (91.7%) 2 (8.3%)

TRE 13 (56.5%) 10 (43.5%) 0.043 vs. CON
0.034 vs. HIIT

TREHIIT 14 (63.6%) 8 (36.4%)

Vitamin D, µg/day 7.5 0.112

CON 20 (87.0%) 3 (13.0%)
HIIT 24 (100%) 0
TRE 21 (91.3%) 2 (8.7%)
TREHIIT 22 (100%) 0

Vitamin E, α-TE/day 8.0 0.695

CON 21 (91.3%) 2 (8.7%)
HIIT 22 (91.7%) 2 (8.3%)
TRE 20 (87.0%) 3 (13.0%)
TREHIIT 18 (81.8%) 4 (18.2%)

Thiamine, mg/day 0.65 0.740

CON 22 (95.7%) 1 (4.3%)
HIIT 24 (100.0%) 0
TRE 23 (100.0%) 0
TREHIIT 22 (100.0%) 0

Riboflavin, mg/day 1.3 0.393

CON 19 (82.6%) 4 (17.4%)
HIIT 22 (91.7%) 2 (8.3%)
TRE 17 (73.9%) 6 (26.1%)
TREHIIT 17 (77.3%) 5 (22.7%)

Niacin, mg/day 12.0 0.213

CON 22 (95.7%) 1 (4.3%)
HIIT 23 (95.8%) 1 (4.2%)
TRE 18 (78.3%) 5 (21.7%)
TREHIIT 19 (86.4%) 3 (13.6%)
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Table 3. Cont.

Vitamins EAR No Change/Intake Increased
Above EAR, No. (%)

Intake Decreased
Below EAR, No. (%) p-Value Fisher’s Exact Test

Vitamin B6, mg/day 1.3 0.128

CON 16 (69.6%) 7 (30.4%)
HIIT 19 (79.2%) 5 (20.8%)
TRE 12 (52.2%) 11 (47.8%)
TREHIIT 18 (81.8%) 4 (18.2%)

Folate, µg/day 250.0 0.887

CON 21 (91.3%) 2 (8.7%)
HIIT 22 (91.7%) 2 (8.3%)
TRE 20 (87.0%) 3 (13.0%)
TREHIIT 19 (86.4%) 3 (13.6%)

Vitamin B12, µg/day 3.2 0.221

CON 20 (87.0%) 3 (13.0%)
HIIT 23 (95.8%) 1 (4.2%)
TRE 18 (78.3%) 5 (21.7%)
TREHIIT 21 (95.5%) 1 (4.5%)

Vitamin C, mg/day 75.0 0.420

CON 21 (91.3%) 2 (8.7%)
HIIT 21 (87.5%) 3 (12.5%)
TRE 17 (73.9%) 6 (26.1%)
TREHIIT 18 (81.8%) 4 (18.2%)

Minerals

Calcium, mg/day 750.0 0.651

CON 19 (82.6%) 4 (17.4%)
HIIT 21 (87.5%) 3 (12.5%)
TRE 17 (73.9%) 6 (26.1%)
TREHIIT 17 (77.3%) 5 (22.7%)

Iron, mg/day 9.0 0.596

CON 20 (87.0%) 3 (13.0%)
HIIT 22 (91.7%) 2 (8.3%)
TRE 20 (87.0%) 3 (13.0%)
TREHIIT 17 (77.3%) 5 (22.7%)

Potassium, mg/day 2800.0 0.501

CON 19 (82.6%) 4 (17.4%)
HIIT 21 (87.5%) 3 (12.5%)
TRE 16 (69.6%) 7 (30.4%)
TREHIIT 17 (77.3%) 5 (22.7%)

Magnesium, mg/day 240.0 0.015

CON 20 (78.3%) 3 (13.0%)
HIIT 22 (79.2%) 2 (8.3%)
TRE 17 (69.6%) 6 (26.1%)
TREHIIT 12 (54.5%) 10 (45.5%)

Zinc, mg/day 8.1 0.638

CON 18 (78.3%) 5 (21.7%)
HIIT 22 (91.7%) 2 (8.3%)
TRE 20 (87.0%) 3 (13.0%)
TREHIIT 19 (86.4%) 3 (13.6%)
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Table 3. Cont.

Vitamins EAR No Change/Intake Increased
Above EAR, No. (%)

Intake Decreased
Below EAR, No. (%) p-Value Fisher’s Exact Test

Selenium, µg/day 60.0 0.929

CON 22 (95.7%) 1 (4.3%)
HIIT 21 (87.5%) 3 (12.5%)
TRE 21 (91.3%) 2 (8.7%)
TREHIIT 20 (90.9%) 2 (9.1%)

Copper, mg/day 0.7 0.402

CON 20 (87.0%) 3 (13.0%)
HIIT 23 (95.8%) 1 (4.2%)
TRE 21 (91.3%) 2 (8.7%)
TREHIIT 18 (81.8%) 4 (18.2%)

Phosphorus, mg/day 420.0 -

CON 23 (100%) 0
HIIT 24 (100%) 0
TRE 23 (100%) 0
TREHIIT 22 (100%) 0

Iodine, µg/day 120.0 0.568

CON 19 (82.6%) 4 (17.4%)
HIIT 18 (75.0%) 6 (25.0%)
TRE 15 (65.2%) 8 (34.8%)
TREHIIT 15 (68.2%) 7 (31.8%)

The analyses are based on data from participants with complete dietary data: n = 23 in CON, n = 24 in TRE, n = 24
in HIIIT, n = 22 in TREHIIT. CON; control, the EAR; estimated average requirement, HIIT; high-intensity interval
training, RAE; retinol activity equivalents, α-TE; α-tocopherol equivalents, TRE; time-restricted eating, TREHIIT;
time-restricted eating and high-intensity interval training.

Figure 2 shows micronutrients for which ≥20% of participants in one or more groups
had a micronutrient intake shifting from above the EAR at baseline to below the EAR
at the end of the intervention period. There were 10 micronutrients for which ≥20%
of participants had intakes that decreased below the respective EARs at the end of the
intervention in TRE, 7 micronutrients in TREHIIT, 2 in HIIT, and 2 in CON. The highest
prevalence of an intake decreasing below the EAR was observed in TREHIIT for magnesium,
in which 45.5% of the participants shifted from above the EAR to below the EAR.
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groups went from a mean intake above the EAR at baseline to below the EAR at the end of the study
(intake decreased below the EAR). The red line shows the 20% cut-off. The horizontal bars show
the percentage proportions of participants who shifted from a micronutrient intake above the EAR
at baseline to below the EAR at the end of the study (dark blue) and the proportions who had no
change/increased intake from below to above the EAR (light blue). Fisher’s exact test revealed a
significant (p = 0.010) difference between groups for the proportions of participants with an intake
decreasing below the EAR for Vitamin A. Post hoc group comparisons showed that the proportion
with a Vitamin A intake decreasing below the EAR was greater in TRE (43.5%) compared with CON
(8.7%, p = 0.043) and compared with HIIT (8.3%, p = 0.034). CON; control group, HIIT; high-intensity
interval training, TRE; time-restricted eating, TREHIIT; time-restricted eating and high-intensity
interval training.

4. Discussion
We investigated the effects of 7 weeks of TRE, HIIT, or a combination (TREHIIT) on

nutrient intakes in women with a BMI ≥ 27 kg/m2. The interventions had no statistically
significant effect on total energy intake or the distribution of macronutrients but affected
the intake of some micronutrients. Participants allocated to TRE reduced their intake of
potassium, magnesium, and phosphorus at the end of the intervention compared with
participants in CON. There were additional indications of reduced intake of some other mi-
cronutrients in both the TRE and TREHIT groups, with a higher proportion of participants
going from above to below the EARs.

All groups had mean intakes below the EAR throughout the study for vitamin D,
folate, vitamin C, selenium, and iodine. Vitamin D deficiency is one of the most common
micronutrient deficiencies among people with excess adiposity, with prevalence rates of
>90% in adults with obesity, and is associated with an increased risk of type 2 diabetes [4,5].
The low folate intake across all groups is also of concern since the participants were women
between 18 and 45 years. Folate deficiency in pregnant and reproductive-aged women
increases the risk of infertility, cardiovascular disease, depression, and fetal neural tube
defects [6]. Sources rich in folate are leafy green vegetables, legumes, and fortified grains [6].
A potential explanation for the low folate intake is the relatively high proportion of total
energy coming from dietary fat, as higher-fat diets (>30 E%) are associated with decreased
folate intake [24,25]. As such, all groups in our study had average fat E% intakes in the
upper limit of the RI of 25–40 E%, ranging from 37 to 39 E% at baseline. Furthermore,
all groups had saturated fat intakes above the RI, which is commonly observed in low-
carbohydrate-high-fat diets [26].

Indeed, the amount of energy from carbohydrates was below the RI (45–60 E%) in
all groups throughout the study. Our findings of lower-than-recommended carbohydrate
intake, a high saturated fat intake, and up to 7.6 E% of added sugar on average, along with a
low fiber intake, are in accordance with dietary patterns observed in the general Norwegian
population. Almost 70% of women (69%) in the general Norwegian population reported
carbohydrate intakes below the RI, a mean added sugar intake of 7.3 E%, and fiber intake
below 25 g/day [27]. Low-carbohydrate-high-fat diets have received widespread popularity
in the media as a weight-loss diet, which could potentially explain the macronutrient
distributions observed in our study population, as well as in the general Norwegian
population. Although low-carbohydrate diets induce weight loss and can improve glycemic
control in individuals with insulin resistance or type 2 diabetes, there is a lack of evidence
supporting that the overall benefits of a low-carbohydrate-high-fat diet outweigh the health
effects of a diet higher in carbohydrates and lower saturated fat intake [26]. Diets low in
carbohydrates are often deficient in fiber (which is found in fruits, vegetables, and whole
grains), folate, potassium, calcium, magnesium, iron, vitamin A, and iodine [6,28]. The
somewhat reduced intake of fiber, potassium, and magnesium in TREHIIT, as well as
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significant decreases in potassium and magnesium intakes in TRE, might thus partly be
explained by reduced carbohydrate intakes in these groups. The lower carbohydrate intake
in TRE might also underly the significantly larger proportion of participants with reduced
vitamin A intake in TRE compared with CON.

Altering the daily eating window can influence the consumption of typical time-of-
day-dependent foods despite allowing ad libitum intake during TRE [11,29,30]. In our
study, participants in TRE and TREHIIT self-selected an eating window starting at 10:10 h
and ending at 19:20 h on average [19], which may have reduced the intake of typical
foods consumed for breakfast. Bread and cereals are common breakfast foods and are
key carbohydrate sources in the Nordic countries [31]. While we did not analyze whether
TRE affected specific food choices, it is possible that a delayed or skipped breakfast in the
TRE and TREHIIT groups could partly explain the reduced intakes of carbohydrates and
associated micronutrients.

Similar to our findings, an Australian study of individuals with type 2 diabetes who
adhered to a 4-week ad libitum TRE intervention with the eating window from 10:00 h
to 19:00 h reduced their intakes of carbohydrates, fiber, and potassium [30]. Another
study from Turkey reported reduced intakes of several micronutrients (potassium, phos-
phorus, vitamin E, vitamin B2, vitamin B6, folate, vitamin C, and zinc) in women with
BMI ≥ 25 kg/m2 after 8-h ad libitum TRE [32]. Other studies on late TRE have also reported
reduced carbohydrate and added sugar intakes in American populations [33,34]. How-
ever, they did not report micronutrient intakes. Future studies are needed to understand
how different timings of the eating window affect micronutrient intake, as carbohydrate
sources typically consumed early in the day (e.g., fortified whole grains/cereals) might
have different nutrition profiles than carbohydrate sources consumed in the late evening
(e.g., pasta/rice). Notably, the influence of ad libitum TRE on macro- and micronutrient
intakes might differ across cultures and countries due to differences in dietary patterns. For
example, in Mediterranean countries, lunch accounts for a higher proportion (~38–45%) of
the daily energy intake, compared with ~16–26% in countries in central and northern Eu-
rope. In central and northern European countries and in the U.S.A., dinner and after-dinner
snacks account for the largest proportion of the daily energy intake [35,36].

Magnesium was also significantly reduced at the end of the intervention period for
participants in the TRE group in our study. A substantial proportion, 26% of participants in
TRE and 46% of those in TREHIIT changed their magnesium intake from above the EAR at
baseline to below the EAR at the end of the intervention. Inadequate magnesium intake
is prevalent among individuals with above-normal BMI, and reports show an inverse
association between magnesium intake and excess adiposity [7]. Magnesium is involved in
glucose oxidation pathways and influences the synthesis of triglycerides and low-density
lipoprotein cholesterol. Additionally, magnesium plays an important role in vitamin D
synthesis and helps optimize vitamin D status. As such, inadequate magnesium intake
can exacerbate excess adiposity and increase the risk of dyslipidemia, metabolic syndrome,
and type 2 diabetes [7]. Whole grains, nuts, seeds, legumes, and dark green vegetables are
rich in magnesium, but supplementation might be necessary to meet the recommended
intake of magnesium. Magnesium supplementation can improve blood pressure, lipid
profile, and glycemic control in patients with type 2 diabetes and metabolic syndrome [7].
As such, maintaining an adequate intake of magnesium through dietary alterations or
supplementation might be an important point of attention during energy restriction.

Engaging in exercise can affect energy intake and induce changes in food preferences
through several physiological and behavioral mechanisms, which could subsequently
affect nutrient intake. On the one hand, exercise can acutely suppress appetite hormones
and improve appetite regulation, while on the other hand, some individuals may have an
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increased hedonic drive and reward value of energy-dense foods after completing exercise
sessions [37,38]. While cumulative evidence does not show compensatory increases in
energy intake after exercise, there are large inter-individual variations regarding exercise
effects on eating behavior, which could result in overcompensation and lack of weight loss
in some individuals after exercise interventions [38].

We reported unaltered appetite and unchanged total energy intake in the HIIT group,
indicating no dietary compensation during the HIIT intervention in our study [19]. Our
findings are in line with systematic reviews and meta-analyses reporting no change in
energy intake after HIIT or other exercise interventions in individuals with overweight
or obesity [15,39]. However, the participants in the HIIT group increased their vitamin D
intake, suggesting a potential positive shift in dietary patterns. In contrast, a 12-week HIIT
intervention induced negative changes in dietary quality in middle-aged sedentary adults,
with increased intake of energy-dense foods and reduced fiber intake [18].

4.1. Clinical Implications

Ad libitum TRE can induce unintended reductions in total energy intake and concomi-
tant weight loss. However, a poor baseline diet and poor dietary knowledge might limit
the effectiveness of TRE and, in the worst case, exacerbate micronutrient inadequacy [40].
We observed that eating ad libitum within a ≤10-h time-restricted window can potentially
worsen nutrient inadequacy, but it is not known whether the benefits of TRE outweigh the
risk of nutrient inadequacy and associated health risks in adults with overweight or obesity.
Notably, the risk of micronutrient inadequacy is not unique to TRE but is common with
several energy-restrictive weight-loss diets [6,41]. While energy restriction is crucial for
weight loss and for improving cardiovascular and metabolic health, it has been proposed
that dietary interventions resulting in more gradual weight loss through portion control,
the Mediterranean diet, or a low-glycemic-index diet, might be more appropriate to avoid
worsening micronutrient deficiencies [41]. As such, there might be a potential synergic
effect when integrating recommendations on what to eat with when to eat, but it is also
important to consider how it affects long-term adherence. Allowing individuals to main-
tain their usual dietary preferences and not being required to monitor energy intake when
undertaking TRE are some of the main facilitators of TRE adherence [40]. Future studies
are needed to determine the feasibility of prescribing TRE in conjunction with existing
dietary strategies and nutritional recommendations [11].

Phillips et al. [2021] conducted a study on 12-h ad libitum TRE versus a standard
dietary advice group who received 10 min nutritional counseling at the beginning of the
study in community-based adults with BMI ≥ 20 kg/m2 [42]. While they did not report
micronutrient outcomes, they reported a reduced dietary proportion of ultra-processed
foods and an increased proportion of unprocessed foods after 6 months in the standard
dietary advice group versus the TRE group. In that study, they employed self-selected
12-h TRE, which might have been a too wide eating window to have a substantial effect
on dietary composition and discretionary foods [42]. In another study on adults with
type 2 diabetes, both an 8-h ad libitum TRE group (1200–2000 h) and a continuous caloric
restriction group received regular dietary counseling, with advice on healthy food choices
conforming to the American Diabetes Association nutrition guidelines. The study duration
was 6 months, and the authors reported no difference over time or between groups in
dietary intake and macronutrient composition, but they did not report micronutrient
intakes. Nonetheless, adherence was higher in the TRE group (87% of days) compared with
the continuous caloric restriction group (68% adhered to their prescribed kilocalorie goals),
indicating that concomitant dietary advice might not have a major impact on long-term
adherence to TRE [43]. Others have also provided nutritional counseling along with ad
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libitum TRE and reported relatively high adherence rates to the prescribed eating windows
along with reductions in carbohydrate and added sugar intakes over 12 weeks [33,34]. The
studies are limited by small sample sizes and did not report micronutrient intakes. As
such, larger and more rigorous studies are needed to discern whether dietary counseling
during a TRE intervention has an impact on dietary quality, long-term adherence, and
health outcomes.

4.2. Strengths and Limitations

A strength of our study is that our participants recorded their intakes for 7 days at
baseline and 14 days at the end of the study period, providing a large amount of data
for estimating mean intakes, whereas many studies only collect data for a limited period
(e.g., two weekdays and one weekend day). However, it can also be a limitation in that an
increased participant burden can result in incomplete registrations. There are also other
limitations related to the data collection method in our study. Participants recorded their
daily dietary intake in an online food diary. The accuracy of the dietary data relies on
the validity of the dietary database in the online food diary, and self-reporting is prone
to under-reporting or incomplete registrations. Furthermore, inconsistencies in methods
for estimating the amount and portions of food can affect the accuracy of the data. Some
participants might have weighed and measured dietary intakes, while others may have
visually estimated portion sizes. Additionally, reactivity is reported as an issue with
dietary record keeping, i.e., changing usual dietary patterns to ease daily recording or
to report foods perceived as healthy [44]. Another limitation is that some participants
completed the study during the COVID-19 pandemic and lockdown periods, which also
could have affected their dietary patterns. Participants could choose the timing of their first
energy intake, provided their last energy intake was no later than 20:00 h and the eating
window was ≤10 h/day. As such, variations in eating window timing within and between
participants may have influenced the intake of time-of-day-dependent foods.

Other limitations are the lack of a separate sample size calculation to detect statistical
differences between the groups for secondary outcomes and the risk of type 1 error due to
multiple hypothesis testing. Furthermore, we used the EARs provided by the NNR2023 as
cutoffs to evaluate nutrient adequacy in the groups. Mean group intakes below the EAR
indicate less than 50% probability of adequate nutrient intake. However, intakes above the
EAR do not indicate a high probability of adequate intake [21]. Therefore, there is a risk of
underestimating nutrient inadequacy using these cutoff values. Regarding the evaluation of
micronutrient inadequacy, a limitation of our study is that we did not obtain data on dietary
supplement intake. Lastly, due to sociodemographic and cultural influences on dietary
habits, our results might not be generalizable to other study populations or countries.

5. Conclusions
In this secondary analysis of dietary data from an RCT comparing 7 weeks of TRE, HIIT,

a combination (TREHIIT), or a control group (CON), we found that ≤10-h TRE reduced
intakes of certain micronutrients (potassium, magnesium, and phosphorus) compared with
CON. HIIT alone did not have any significant negative effect on energy or micronutrient
intakes. At the end of the study, there was an overall greater proportion of participants with
an increased risk of micronutrient inadequacy in the TRE and TREHIIT groups compared
with HIIT and CON. Our findings suggest that altering the timing of the daily eating
window can have an impact on food composition and that integrating existing nutritional
guidelines with TRE interventions might be important to mitigate the risk of micronutrient
inadequacy in individuals with overweight or obesity.
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