ISSN: 2347-467X, Vol. 12, No. (3) 2024, Pg. 1261-1271

Current Research in Nutrition and Food Science

e

www.foodandnutritionjournal.org

Early-Day Protein Intake Influences the Transition of
Metabolic Health Phenotypes among Adults with Obesity

FATIN HANANI MAZRI*, TI MEI JUN, ANAS AHMED ABDULLAH AL-MASWARY,
DIVAASHNI KANNAN, NURUL HAZIMAH ABDUL LATIF,
JOSEFINA RAMACHANDRAN, FATIN UMAIRAH MOHD KERI,
MARAM BESAISO and ZAHARA ABDUL MANAF

Faculty of Health Sciences, Dietetic Program and Centre for Healthy Ageing and Wellness,
Universiti Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz, Kuala Lumpur, Malaysia.

Abstract !
Metabolically healthy obesity (MHO) represents a subset of obesity
characterized by a lower risk of cardiometabolic syndrome than individuals

with metabolically unhealthy obesity (MUO). This study aimed to (1) describe | Article History
the transition of metabolic health phenotypes in adults with obesity and (2) | Received: 05 September
identify the differentiating factors associated with this transition following the 2024
12-week weight reduction program. This study recruited 91 adults with obesity | Accepted: 07 November
(Age: 39.616.3 years; 74.7% women; body mass index (BMI): 31.2+4.5 kg/ 2024
m?). The weight reduction intervention incorporates multiple lifestyle domains,
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including dietary modifications, physical activity, behavioural strategies, and
chrono-nutrition, which encompasses temporal eating patterns, meal timing
and sleep. At pre-intervention, 55% of participants (n=50) were classified as
MHO: BMI=25kg/m? with fewer than three metabolic abnormalities, while
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Protein;

Temporal Eating Pattern.

45% (n=41) were classified as MUO: BMI=25kg/m? with three or more
metabolic abnormalities. Post-intervention, about 24% of the participants
(n=22) exhibited positive changes, transitioning from MUO to MHO or
from MUO/MHO to metabolically healthy normal weight (MHN). The MUO
proportion decreased to 31% (n=28), and 45% (n=41) remained as MHO.
Participants who demonstrated positive changes were characterized with
highest increase in energy intake from protein sources (+5.2% vs +1.1%,
p=0.004), particularly during the earlier part of the day (+4.3% vs +1.1%,
p=0.029), greater body weight loss (-7.0% vs -3.2%, p=0.022), body fat loss
(-3.4% vs -1.3%, p=0.013) and visceral fatloss (-1.3 vs -0.5, p=0.013) as well
as a higher proportion of morning chronotype (72.7% vs 35.7%, p=0.033),
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in addition to weight reduction.

than the participants who showed negative changes. These results imply
that, the timing of protein intake and chronotype may play significant roles in
mitigating the risk of cardiometabolic syndrome among adults with obesity,

Introduction

Obesity has emerged as a global health crisis due
to the excessive accumulation of body fat, which
has a detrimental impact on the metabolic health
of individuals. A multitude of factors contribute
to obesity, including dietary factors such as the
overconsumption of energy-dense foods and
limited physical activity.' The prevalence of obesity
has skyrocketed worldwide, reaching pandemic
proportions and posing a formidable public health
challenge.??® The World Health Organization (WHO)
reports that the prevalence of obesity worldwide has
almost tripled since 1975. The WHO predicts that
by 2025, an estimated 167 million people, including
both adults and children, will become less healthy
due to obesity or being overweight.*

Metabolically healthy obesity (MHO) and
metabolically unhealthy obesity (MUO) are two
distinct phenotypes that have garnered significant
attention in recent research.>¢ MHO is characterized
by the presence of obesity in the absence of
metabolic disturbances, such as hypertension,
impaired glycaemic control, systemic inflammation,
adverse lipid profiles, and insulin resistance.?
Conversely, MUO refers to obese individuals who
exhibit these metabolic abnormalities.” This concept
of metabolic health state has emerged as critical area
of research in the context of obesity. The definition
of MHO has been a subject of debate due to the
need for more consensus. However, it is generally
agreed that individuals with MHO may have a more
favourable fat distribution, lower visceral fat, and a
more favourable inflammatory profile compared to
their MUO counterparts.®8

Cross-sectional studies has reported that MUO
was associated with poorer dietary intake patterns
and less healthy lifestyle compared to MHO
individuals.®*® A recent study conducted among
Japanese males discovered that MHO individual
had greater physical activity expenditure than
MUOQ individual.® Previously, we also demonstrated
potential modifiable risk factors for being classified

as MUO in a cross-sectional association study5.
Nonetheless, few research has investigated the
transition of metabolic health phenotypes and the
dietary factors that may influence this transition.
Hence, in this current study, we aimed to (1) describe
the transition of metabolic health phenotypes adults
with obesity who do not work shifts and (2) identify
the differentiating factors associated with this
transition following the weight reduction program.
Despite the increasing prevalence of obesity and
the recognition of MHO and MUO, there is a lack
of comprehensive studies investigating these
transitions and their influencing factors. Therefore,
this study is needed to fill this gap in the literature
and contribute to the development of more effective
obesity management strategies. The findings of this
study could have significant implications for public
health policies and individualized treatment plans
for obesity.

Materials and Methods

Study Design

This study is a secondary data analysis of a quasi-
experimental weight reduction intervention study
among non-shift workers with obesity at Klang
Valley, an urbanized region in the heart of Malaysia.®
The 12-week weight reduction intervention was
carried out from October 2019 to December 2019,
weekly session. The weight reduction intervention
incorporates multiple lifestyle domains, including
dietary modifications, physical activity, behavioural
strategies, and chrono-nutrition, which encompasses
temporal eating patterns, meal timing and sleep.
Participants were prescribed daily energy intakes of
1,600 to 1,800 kcal for men and 1,200 to 1,500 kcal
for women. In terms of chrono-nutrition component,
energy intake distribution was tailored to each
participant’s chronotype — morning and evening
chronotype. Specifically, those with a morning
chronotype received a greater proportion of energy
intake earlier in the day, compared to those with an
evening chronotype. Details of dietary prescription
and intervention framework has been described in
a previous publication.®
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The criteria for inclusion in this study are adults aged
20-59 years old with a body mass index (BMI) of 25.0
kg/m? or higher, who reside and work in Putrajaya,
have non-shift employment, and do not suffer from
the following chronic diseases; cancer, renal disease,
or heart disease. Additionally, participants should be
at least in the contemplation stage of behaviour
change. The exclusion criteria for this study include
pregnant or lactating mothers, individuals with
uncontrolled diabetes or hypertension, current
recipients of bariatric surgery, those consuming any
medications or weight loss products, individuals with
a diagnosis of chronic disease, engaged in any kind
of weight loss program in the last three months, and
those with serious joint problems.

The sample size calculation is detailed in a previous
publication.® Briefly, the sample size was determined
using GPower version 3.1, based on the effect size
from a prior study, with an alpha level of 0.05, 80%
power, and a 20% anticipated dropout rate, resulting
in a target of 105 participants. All participants
provided informed consent, and this research was
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done in line with the Declaration of Helsinki and
authorized by the Research and Ethical Committee
of Medical Research of Universiti Kebangsaan
Malaysia (UKM PPI/111/8/JEP- 2017-656).

Transition of Metabolic Health Phenotypes

The classification of metabolic heath phenotypes
was based on the five cardiometabolic syndrome
which is (1) a fasting blood glucose level of at least
5.6 mmol/L, or the use of diabetic medication;
(2) fasting triglycerides of at least 1.7 mmol/L, or
medication; (3) fasting HDL-C levels below 1.29
mmol/L for women and below 1.03 mmol/L for men;
(4) waist circumference of at least 80 cm for women
and at least 90 cm for men; and (5) blood pressure
with a systolic pressure of at least 130 mmHg and a
diastolic pressure of at least 85 mmHg, or the use of
antihypertensive medication.'® Metabolically healthy
obesity (MHO) was defined as having no more than
two of the five metabolic syndrome components,
whereas metabolically unhealthy obesity (MUQO) was
characterized by the presence of three or more of
these components.™

| ‘Weight reduction intervention |

v v v
Post-intervention Positive change | Maintenance | Negative change
group group
Y
| MHO » MHN | | MHO = MHO | | MUO =MUO |

MHO » MUO

Fig.1 Transition in metabolic health phenotypes. At pre-intervention, participants were
categorized into MHO and MUO groups. Post-intervention, transitions in metabolic health
phenotypes was observed and participants were subsequently classified into positive
change, maintenance or negative change groups based on changes in their metabolic health.
Abbreviation: MHO, metabolically healthy obesity; MHN, metabolically healthy normal weight;
MUO; metabolically unhealthy obesity.

Following the weight reduction intervention, a
transition in metabolic health phenotypes was
observed, resulting in positive, maintenance or
negative changes (Figure 1). The positive change
group included participants who transitioned from
MUO or MHO to metabolically healthy normal

weight (MHN). The maintenance group consisted of
MHO participants whose metabolic status remained
unchanged after the intervention. In contrast, the
negative change group comprised participants who
transitioned from MHO to MUO or remained in the
MUO state.
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Sociodemographic Background

Before the intervention program, the following
variables were determined: age, sex, ethnicity,
educational background, marital status, monthly
household income, and self-reported medical
conditions.

Adiposity Parameter

Adiposity was analysed using bioelectrical
impedance for body weight and body fat (TANITA
DC-360, Tanita Corporation of America, Arlington
Heights, IL, USA), to the nearest 0.1 kg. Height was
assessed using a stadiometer (Seca 213, Hamburg,
Germany).

Dietary Intake and Temporal Eating Pattern

A validated dietary history questionnaire assessed
participants' dietary consumption.'? This tool also
facilitated the determination of chrono-nutrition
habits, include meal timing and temporal pattern of
energy and macronutrients intake. Qualified dietitians
and nutritionists conducted the interviews. The data
were assessed using Nutritionist Pro Software and
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the Malaysian Food Composition Database. The
temporal pattern of energy intake was assessed
based on the midpoint of eating timing.® The midpoint
of eating represents the midpoint between the first
and last mealtime. Thus, the eating window was
categorized into an early window, encompassing
meals consumed before the midpoint of eating, and
a late window, including meals consumed after the
midpoint of eating.

Sleep Habit

The Munich Chronotype Questionnaire was
employed to evaluate chronotype and sleep habits,
which included sleep—wake timing, sleep duration,
and circadian misalignment in sleep — social
jetlag.”™ The Malay language validated version was
employed in this study.™

Physical Activity

Physical activity levels were determined using the
validated Malay version of the Global Physical
Activity Questionnaire.'

| Positive change group | | Maintenance group | | Negative change group |
MHO » MHN MHO = MHO MUO = MUO
4.5% (n=4) 45% (n=41) 25% (n=23)
MUO » MHN MHO » MUO
4.5% (0=4) 6% (n=5)
MUO » MHO
15% (n=14)

Fig.2 Transition in metabolic health phenotypes following weight reduction program.
Abbreviation: MHO, metabolically healthy obesity; MHN, metabolically healthy normal weight;
MUO; metabolically unhealthy obesity

Statistical Analysis

Statistical analysis was conducted using the
Statistical Package for the Social Sciences (SPSS),
version 29.0, with a significance level of p < .05.
Histograms and computations of skewness and
kurtosis were employed to evaluate normalcy.
The Chi-square test was employed to examine
categorical variables, while the Fisher exact test
was used for dichotomous variables. For continuous
variables related to socio-demographic data and
participant attendance, a One-way ANOVA was
conducted. One-way ANOVA was used to assess
changes between metabolic health phenotype

transition groups, with factors including adiposity,
dietary intake, meal timing, temporal eating pattern,
sleep habit and physical activity. The analysis was
conducted using intention-to-treat data.

Results

Figure 2 shows the transition of metabolic health
phenotypes following the weight reduction
program. In the positive change group, there were
4 participants each from MHO and MUO transit
to metabolically healthy normal weight (MHN). In
addition, 14 participants improved from MUO to
MHO. Meanwhile, 41 participants were classified
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as MHO maintenance state whereby they are
maintaining their MHO status. In the negative change
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group, 23 participants remained as MUO, and 5

participants transit from MHO to MUO.

Table 1 Sociodemographic characteristic and medical history

of metabolic health phenotype groups

Parameter Positive change Maintenance Negative change p-value
(n=22) (n=41) (n=28)

Gender @

Men 6 (27) 7(17) 10(35) 0.210

Women 16 (73) 34 (83) 18(65)

Age (years) ® 40.3+6.0 39.2+72 39.5+5.2 0.828

Marital Status @

Single 2(9) 12 (29) 5(17) 0.153

Married 20 (91) 29 (71) 23 (83)

Education level 2

Secondary 3(13.6) 4(9.8) 3(10.7) 0.894

Tertiary 19 (86.4) 37 (90.2) 25 (89.3)

Monthly household income @

Low 2(9) 7(17) 1(3) 0.558

Middle 16 (72) 24 (58) 21 (75)

High 4 (19) 10 (25) 6 (22)

Type 2 diabetes mellitus 2

Yes 1(5) 0 (0) 5(17) 0.012

No 21 (95) 41 (100) 23 (83)

Hypertension @

Yes 1(5) 1(2) 9 (32) <0.001

No 21 (95) 40 (98) 19 (68)

Hyper cholesterol 2

Yes 2(9) 5(12) 4(14) 0.855

No 20 (91) 36 (88) 24 (86)

Smoking status 2

Yes 1(5) 1(2) 3(11) 0.326

No 21 (95) 40 (98) 25 (89)

Alcohol @

Yes 0 (0) 0 (0) 0 (0) N/A

No 22 (100) 41 (100) 28 (100)

Chronotypes

Morning type 16 (72.7) 20 (48.8) 10 (35.7) 0.033

Evening type 6 (27.3) 21 (51.2) 18 (64.3)

Attendance to intervention ? 106+22 10.1+2.3 89+35 0.074

@ Data are presented as number (%) using Chi-square test

b Data are presented as mean + standard deviation using One-way ANOVA

¢ Data are presented as number (%) using Fisher exact test
Statistical significance is denoted by a bold p-value (p<0.05)

Table 1 shows that the majority of the participants
were women, married, had tertiary education and
came from middle-income groups. The negative

change group had a higher prevalence of individuals
with type 2 diabetes mellitus and hypertension
compared to positive change and maintenance
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groups. Interestingly, the positive change group  to the weight reduction program, all three metabolic
had the greatest proportion of morning chronotype  health transition groups had similar frequency.
compared to the other groups. In terms of attendance

Table 2 Factors associated with metabolic health phenotype transitions
following weight reduction intervention

Parameter Positive change Maintenance Negative change p-value
(n=22) (n=41) (n=28)

Adiposity

Weight loss (kg) -5.4 (-7.3, -3.6) -3.9(-5.3, 2.5) -2.8(-4.4,-1.2) 0.113
Weight loss (%) -7.0 (9.0, -5.0)2 -4.9 (-6.4, 3.3) -3.2 (-5.0, -1.4)? 0.022
Fat loss (%) -3.4 (-4.4,-2.3)? -1.8 (-2.5, 1.0) -1.3(-2.2,-0.3)? 0.013
Fat free mass loss (kg) -1.0 (-1.6, -0.5) -1.0 (-1.4, 0.6) -0.8 (-1.3, -0.3) 0.744
Visceral fat loss -1.3(-1.7,-0.8) @ -0.8 (-1.1, -0.5) -0.5(-0.9,-0.1) @ 0.030

Dietary intake
Total energy intake (kcal/day) -531 (-709, -354) -487 (-617, -357) -401 (-558, -243) 0.525

Total CHO (%) +0.5 (-2.3, 3.4) -0.2(-2.3,1.9) +2.2 (-0.3, 4.8) 0.348
Total protein (%) +5.2 (3.3, 7.0)® +3.8 (2.4,5.1)p +1.1(-0.5, 2.8)2 b 0.004
Total fat (%) -5.5(-8.5, -2.6) -3.4 (-5.6,-1.2) -3.3(-5.9,-0.7) 0.448
Meal timing

First mealtime (min) -11.7 (-25.7, 2.2) -2.6 (-12.8,7.7) -2.7 (-15.1,9.7) 0.532
Last mealtime (min) 6.1 (-32.5, 44.8) -27.4 (-55.8,0.9) -19.8(-54.1,14.5)  0.376

Midpoint of eating timing (min) -2.1 (-22.3, 18.0) -15.1 (-29.8,-0.3)  -12.2(-30.1, 5.6) 0.584
Total eating duration (min) 17.9 (-24.3, 60.0) -24.9 (-55.7,6.0)  -17.1(-54.5,20.2) 0.259
Temporal eating pattern - Early eating window

% Total E +2.9 (-2.0,7.8) +2.6 (-1.0, 6.1) +2.7 (-1.7, 7.0) 0.994
% E CHO +1.6 (-1.7, 5.0) +2.1 (-0.3, 4.7) +3.9 (1.0, 6.9) 0.535
% E protein +4.3 (2.5,6.1) 2 +2.6 (1.3, 3.8) +1.1(-0.5,2.7)2 0.029
% E fat -3.0 (-5.5,-0.4) -2.4 (-4.3, -0.5) -2.5(-4.7,-0.2) 0.933
Temporal eating pattern - Late eating window

% Total E -2.9(-7.8,2.0) -2.6 (-6.1, 1.0) -2.7(1.7,7.0) 0.994
% E CHO -1.1(-3.9,1.7) -2.3(-4.4,-0.3) -2.2(-4.7,0.3) 0.766
% E protein +0.9 (-0.2, 2.0) +1.2 (0.4, 2.0) +0.04 (-0.9, 1.0) 0.183
% E fat -2.6 (-5.1,0.1) -1.0 (-2.9, 0.9) -0.8 (-3.1, 1.5) 0.557
Sleep habit

Sleep onset (hour) -0.2 (-0.5, 0.2) -0.1(-0.4,0.1) -0.3 (-0.7, -0.01) 0.630
Sleep offset (hour) -0.03 (-0.3, 0.2) -0.05 (-0.2, 0.1) -0.1 (-0.3, 0.1) 0.880
Sleep duration (hour) +0.1 (-0.3, 0.6) +0.1 (-0.2, 0.4) +0.2 (-0.1, 0.7) 0.778
Social jetlag (min) -4.0 (-18.4, 10.5) -16.8 (-27.4,-6.2) +0.6 (-12.1, 13.5) 0.095
Physical activity (MET) +2423.6 (1332.5, +1855.0 (1045.8, +909.9 (-57.3, 0.110

3514.7) 2664.2) 1877.0)

Data are shown as changes in mean + 95% confidence interval. Statistical significance is denoted by a
bold p-value using One-way ANOVA. Abbreviations: CHO, carbohydrate; % E, percentage energy; NES,
night eating score; Min, minute. a = significant differences between positive and negative change groups
b = significant differences between maintenance and negative change groups

Table 2 presents the potential factors related to the  the weight reduction intervention. For adiposity
transitions in metabolic health phenotypes following  parameters, the positive change group had the
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greatest reduction in weight loss % (-7.0 = 6.6 vs
-3.2+ 3.9, p=0.022), body fat % (-3.4 £ 3.7vs -1.3
2.1, p=0.013) and visceral fatloss (-1.3 £ 1.5vs -0.5

Distribution of %E During EW
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+ 0.8, p=0.030) compared to the negative change
group following the weight reduction intervention.

Distribution of %E During LW

[Z] Positive Change
Maintenance
EH Negative Change

Change in %E

& (3b)

Fig. 3 (a) and (b) illustrate the change in percent E derived from each macronutrient
during the early and late window. Abbreviation: %E, percent energy intake;
EW, early window; LW, late window

For total dietary intake, all metabolic health
phenotype groups experienced a similar trend in
the reduction in overall caloric intake, carbohydrate,
and fat consumption following the weight reduction
intervention. However, the positive change group
had the highest increment in total protein intake
compared to the maintenance and negative
change groups (p=0.004). Consequently, based
on the temporal eating pattern, positive change
groups had greatest increase in energy intake from
protein during the early eating window compared
to the remaining groups. Post hoc analysis shows
that the positive change group had the greatest
increase in energy intake from protein during early
eating window compared to negative change group
(+4.3+3.8vs +1.1 £4.9, p=0.024). The distribution
of percent energy intake was also illustrated in Figure
3(a) and (b).

Following the weight reduction intervention, there
were no differences between the metabolic health
phenotype groups in meal timing, sleep habits and
physical activity.

Discussion
This study demonstrated the transition of metabolic
health phenotypes following a weight reduction

intervention among adults with obesity, specifically
between MHO, MUO and MHN individuals. This
study highlighted the potential role of body weight
and fat loss, protein intake and its temporal pattern
as distinguishing factors between these metabolic
health phenotype groups. Additionally, chronotypes
could be another essential factor to be considered.
The positive change group demonstrated a
significant increase in protein intake as compared
to the maintenance and negative change groups
following the weight reduction program. A high-
protein diet promotes feelings of fullness and aids
in regulating appetite hormones. Research has
shown that high-protein diets can acutely suppress
appetite and promote fat mass loss while preserving
lean mass.'® A randomized controlled trial reported
that the group of participants who were fed a
diet rich in protein had significantly reduced body
weight, BMI, waist circumference and metabolic
markers, including insulin resistance, inflammatory
marker and systolic blood pressure compared to
the participants receiving low protein diet."” A high-
protein diet reduces the production of the hunger
hormone ghrelin and increases the production of
the satiety-promoting peptide YY hormone, which
can reduce the incidence of snacking, particularly
on high-energy foods such as those from fat.'®
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In addition, our study showed that the positive
change group had a greater increase in protein
intake earlier in the day than the negative change
group. Thus, greater protein intake during the early
part of the day could be beneficial for metabolic
health. Emerging studies are demonstrating that
consuming a higher protein intake at the beginning
of the day can possibly help regulate satiety and
control appetite, preventing overfeeding later in
the day.’®2° A previous study had shown that an
isoenergetic breakfast with egg had a significant
increase in subjective satiety as well as satiety,
hormone peptide YY and GLP-1 compared to
an isoenergetic breakfast with steamed bread.®
Supporting this finding, an updated meta-analysis
of randomized controlled trials concluded that
consumption of protein-rich breakfast could reduce
subsequent energy consumption and thus aid in
weight reduction.?" Another possible mechanism
of high protein breakfast in weight reduction and
metabolic health could be linked to the sparing
fat-free mass effect.?2% Prior research indicated
that mice consuming a branched-chain amino acid
(BCAA)-enriched diet in the early active phase
(breakfast) exhibited superior skeletal muscle
hypertrophy than those given a BCAA-supplemented
diet in the late active phase (dinner), highlighting the
potential impact of protein intake timing on muscle
growth.?2This underscores the need for studies that
explore not only the quantity of protein intake but
also the timing of its consumption.

The buildup of significant volumes of visceral adipose
tissue is a key factor contributing to the elevated
risk of cardiometabolic illness linked to abdominal
obesity.?* Obesity was linked with low-grade
chronic inflammatory state, which was triggered
from homeostatic stress due to continuous positive
energy balance state.?® In respond to positive energy
balance, adipocytes increase in size (hypertrophy)
and number (hyperplasia) to allow more lipid storage
which would also result in increase in cytokine
secretion, oxygen depletion, necrosis, activation
of immune cells, and lead to further inflammatory
response.?® The current study findings emphasize
the importance of reduction in body weight and
adiposity to improve metabolic health whereby, the
positive change group had demonstrated the highest
weight reduction, especially reduction in body fat
and visceral fat. Align with a previous study, obese
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adults with metabolic syndrome had higher visceral
fat and at the same time had higher inflammation
markers than those without metabolic syndrome.®

Furthermore, a prospective study demonstrated
that the transition of MHO to MUO over 10 years
was independently associated with accumulation in
visceral fat area.?® Since MHO is a transient state,
intervention is necessary to prevent its progression
to the MUO state, targeting visceral fat as a potential
strategy.

Interestingly, our study showed that the positive
change group had a greater proportion of morning
chronotypes, while the negative change group
had a greater proportion of evening chronotypes.
Evening chronotypes have been associated with
having higher BMI, insulin resistance and elevated
plasma ghrelin levels than morning chronotypes.?”
Moreover, evening chronotypes tend to consume
more unhealthy foods and engage in behaviours that
could hinder weight reduction.?® In contrast, morning
chronotypes are more likely to adopt circadian
rhythm-friendly eating patterns, with greater energy
intake earlier in the day compared to evening
chronotypes.? Therefore, future intervention studies
should consider individual chronotypes as potential
confounding factors that could significantly influence
metabolic health transitions.

The results of the weight reduction program revealed
a clear distinction between pre- and post-intervention
physical activity levels, with all metabolic health
transition groups showing increased physical
activity level. However, no notable variations in
physical activity were observed between the groups.
This finding aligns with a study indicating that the
interventions delivered were effective in increasing
participation in physical activity. Moreover, even
participants who engaged in less than 150 minutes
per week experienced a decrease in the likelihood
of metabolic syndrome.*® The present investigation
did identify any significant relationship between
sleep duration and sleep circadian misalignment
— specifically social jet lag with the transition
of metabolic health phenotype groups among
overweight/obese non-shift workers. Individual
differences in sleep patterns and dietary habits may
have played a role in the absence of an observed
association.
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Conclusion

In conclusion, this current research reveals that
high protein intake, particularly during the early
part of the day, weight reduction — especially in
body fat and visceral fat — and chronotypes are
significant factors associated with transitional
changes in metabolic health phenotypes. These
findings highlight the significance of meal timing
and macronutrient distribution in dietary strategies
for managing obesity. By integrating high protein
intake into morning meals, healthcare professionals
and dietitians can promote better metabolic health
outcomes

However, the specific mechanisms by which these
factors influence metabolic health remain unclear.
Given the small and predominantly women sample
size, these findings should not be generalized to
the entire overweight or obese population. Further
research is required to investigate other contributing
factors and their effects on the transition of metabolic
health phenotypes.
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