The Effect of Concentrating Carbohydrates to Dinner on
Metabolic Syndrome: A Systematic Review of Randomised
Controlled Trials

Andreas Tsiartas (Supervisor - Dr Janet Kyle)
School of Medicine, Medical Sciences and Nutrition, University of Aberdeen, Scotland

Page 10f 33



Andreas Tsiartas

Abstract

Background

Obesity, type-2 diabetes mellitus and cardiovascular disease are at pandemic levels. An important
precursor and link between them is metabolic syndrome. This review aimed to assess the effect of a
unique eating pattern, concentrating carbohydrates to dinner, on the components of metabolic
syndrome and other reported health outcomes.

Methods

MEDLINE, EMBASE, CENTRAL and CAB abstracts were systematically searched through May 2021. Key
search terms included metabolic syndrome,insulin resistance, blood glucose, dietary
carbohydrates, dinner and meal-timing. Results were presented in a narrative form, and a vote-
counting procedure of effects was conducted.

Results

Six studies were included, with 311 participants aged of 44.6 (7.2) years (mean (SD)). Notable findings
were positive effects on fasting blood glucose, HOMA-IR and lipid profiles. However, the definition of
concentrating carbohydrates to dinner, biomarkers measured, and study designs, including
interventions, varied significantly between studies. Consequently, a meta-analysis was not possible.

Conclusion

Concentrating carbohydrates to dinner leads to measurable biological effects. However, further
research is needed as the evidence is mixed, and a standard definition of concentrating carbohydrates
to dinner is needed. Furthermore, the concurrent consideration of several biomarkers and methods
appears promising while considering the components of metabolic syndrome. These include the
simultaneous measurement of postprandial glucose peaks using continuous glucose monitoring;
inflammatory markers, including C-reactive protein, tumour necrosis factor-a, Interleukin-6; diet
satisfaction, hunger and satiety, including through the analysis of leptin, ghrelin and adiponectin;
energy metabolism and energy expenditure and possible effects on sleep.

Keywords: Metabolic syndrome, carbohydrates, macronutrients, dinner, timing
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Introduction

Non-communicable diseases (NCD’s) including obesity,*? cardiovascular disease (CVD)3>”, and type 2
diabetes mellitus (T2DM)® 13 are reaching pandemic proportions. They affect humerous health
outcomes'* 8 and are among the leading causes of death and disability worldwide.>*2 They are also
the costliest diseases,%1%22 affecting individuals, families, healthcare systems and economies with
serious repercussions.>*2 Metabolic syndrome (MetS) is a precursor and link between them.?%

MetS, or insulin resistance (IR) syndrome, is the simultaneous presence of at least three of five health
conditions: elevated waist-circumference (WC), elevated triglycerides, reduced HDL-cholesterol,
elevated blood pressure and elevated fasting blood glucose (FBG).25?% |t doubles CVD risk and
increases all-cause mortality by a factor of 1.5.%7 It is estimated that around 25% of those with
impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) progress to T2DM in 3-5 years. 2%~
30T2DM, in turn, is a significant risk factor for developing CVD,3133 |eading to a vicious cycle. Diet has
shown promise in breaking this cycle of disease.?#34-38

Dietary patterns, meal-timing and, more specifically, macronutrient-intake timing3%%° can either be
beneficial or detrimental for health.**? This effect, known as chrononutrition,* may relate to
circadian rhythms (CR's), the way our bodies work in tandem with the rhythms of nature.** CR’s are
primarily controlled by the effects of the cycles of light and darkness through photosensitive retinal
ganglion cells via the optic nerve on the suprachiasmatic nucleus in the hypothalamus of the brain.**
6 The feeding and fasting cycle, however, also plays a significant role through its effect on peripheral
oscillators*=>° found throughout the body and especially throughout the gastrointestinal tract.>! Food
intake, therefore, can either beneficially reinforce natural CR's or decouple them with significant
effects on NCD’s.**47:52

The timing of carbohydrate consumption specifically has been shown to influence several components
of MetS® and other important determinants of health, including sleep.*>>®* Concentrating
carbohydrates to dinner (CCtoD) is a dietary pattern in which carbohydrates are consumed mostly at
dinner.?%>*>57 Overall macronutrient ratios remain similar to international recommendations,*® but
carbohydrates are largely excluded from breakfast and lunch. These meals, therefore, are similar to
those consumed on a low-carbohydrate®5! or ketogenic-type diet.®? Dinner is what could be defined
as a high-carbohydrate,”*®! low-protein, low-fat meal. Research suggests it may improve several
metabolic markers of disease risk,®® lead to greater weight loss and improve components of MetS.*%54
%6 This effect was not previously systematically reviewed.

The purpose of this review was to evaluate the evidence on the effect of CCtoD systematically.

Furthermore, it aimed to elucidate potential pathways involved in the impact of CCtoD on the
components of MetS and other reported health outcomes.
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Methods

Information sources and search strategy
The review was conducted according to the PRISMA Guidelines,®* and the search strategy was
developed based on the PICOSS model (Table 1).

Table 1. PICOSS

Population Adults over the age of 18.

Intervention Any interventions controlling the intake and timing of macronutrients in
which carbohydrates are eaten mostly, or are concentrated to, dinner.

Comparator Stated interventions compared to any other intervention controlling the
timing of the consumption of macronutrients or no intervention.

Outcomes Any positive or adverse effect of any of the components of metabolic

syndrome, cardiovascular disease or type 2 diabetes mellitus, any of their
related biomarkers or other observed health-based outcomes from the
intervention.

Study Design Randomised controlled trials (RCT's).

Setting Any setting; conducted anywhere worldwide.

Four electronic databases (MEDLINE, EMBASE, CENTRAL and CAB abstracts) were systematically
searched through the online database Ovid by one reviewer and cross-checked by a second from
inception to May 26" 2021.

The search strategy included the following key search terms: metabolic syndrome, insulin
resistance, blood glucose, dietary carbohydrates, dinner, evening, evening-meal, meal-timing (full
search strategy in appendix).

Eligibility criteria

Retrieved records were screened for the following criteria: (1) studies were RCT’s (2) written in English;
(3) involving human subjects of any gender, ethnicity, educational or socioeconomic status at any
location, aged 18 or over; (4) where: (a) one of the interventions included CCtoD (b) macronutrient
composition of breakfast and lunch were documented (c) the impact on at least one of the
components of MetS, CVD or T2DM or any of their related biomarkers or risk factors was measured.
Articles were excluded if: (1) subjects had any other complex health conditions; (2) involved pregnant
or lactating women; (3) involved diagnosed eating disorders such as anorexia nervosa or bulimia
nervosa.

Study selection and data extraction

Retrieved search results were first screened for duplicates using the Zotero referencing software
(version 5.0.96.3). A list of titles and abstracts was generated and sorted alphabetically for initial
screening based on the inclusion criteria. A shortlist of full-text articles was then screened based on
the inclusion and exclusion criteria. Reference lists of included studies were also searched for relevant
studies. The study selection was performed by one reviewer, and a random selection of 10% of the
studies and all the final selected studies were cross-checked for validity by a second. Any discrepancies
were discussed until a consensus was reached.

A modified Cochrane data-extraction form was used.®® Items extracted included, study-type,
participant characteristics, interventions and outcome measures (full form in appendix Table S2).
Narrative descriptions of results were collected in the main form and quantitative-data, including any
numerical-data and tables, were extracted into a Microsoft Excel spreadsheet.
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Evidence quality appraisal
All studies were assessed for risk-of-bias using the Cochrane risk-of-bias assessment.%® Authors of all
studies were contacted for any necessary clarifications.

Data-analysis and narrative synthesis

Heterogeneity of the studies was assessed based on clinical diversity, methodological diversity and
statistical heterogeneity,%¢"2>7:323 to determine if a meta-analysis was feasible. Demographics, study-
design and characteristics and biological outcome measures were considered. Wherever possible
weighted mean and standard deviation (SD) was calculated. A narrative synthesis and a vote-counting
assessment of effects was decided based on Cochrane guidelines.®6(328)

Results

Study selection

The complete search identified 436 articles; of these, 72 duplicates were removed. After title and
abstract screening, 30 articles' full-text was evaluated for inclusion (Figure 1). Six articles were
included in the review.

Records identified through database searching (n=436)

(Medline (n =333) Cochrane Library (n = 43) Embase (n = 40) CAB
(n=20)

l

Duplicates removed (n = 72)

v

Records screened by means of
titles/abstracts (n=364)

Records excluded
(n=334)

A

Full text articles assessed for Full text articles excluded
eligibility (n = 30) (n = 24)

» Reason: Not
concentrating
carbohydrates to dinner

[ Eligibility] [ Screening ][Identification]

Studies included (n = 6)

Figure 1. PRISMA flow chart for study selection.
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Study characteristics

All articles were RCT's published from 2008 to 2021 (Table 2). Two used a crossover-design®”*°, and
three used a parallel-design.>*®3%° Two articles®**° represented one RCT; therefore, they were handled
as one study. The studies were conducted in Australia, Israel, Brazil, Spain, Germany and Iran. The
included sample was 311 participants (male = 199, female = 97, combined with unclear segregation =
15). The weighted-mean age and SD of participants was 44.6 + 7.2. and the duration of interventions
ranged from three to 180 days. Participants had normal glucose tolerance (NGT), IFG, IGT or T2DM.

67,68

Two studies®*®® had one intervention and control arm, adopted different designs, parallel** and cross-
over,®® and intervention periods of 24°* and 1807° days. Two studies®®’® Included two intervention
arms and a control group, with differing durations of 567° and 70%° days, respectively. However,
participants in the former had no health conditions while those in the latter had T2DM. Finally, one
study®’ was three days in duration and included three interventions and one control (Tables 2 and 3).
Additionally, the definition of CCtoD varied significantly. As a percentage of energy for each meal, two
studies®*’® had an average of 16%, 12% and 64% carbohydrates for breakfast, lunch and dinner
respectively, compared to 42%, 38% and 59% for the remaining studies®’° (Figure 2). Biological
outcome measures between studies also differed (Table 4).
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Table 2. Main characteristics of included studies
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Maximum Participant Characteristics
Author, Study Duration | Duration of N o Age
Year, Country Design of Study Single participants range Risk of Bias
Reference (RCT) (Days) | Intervention (years)s Health Status
(Days) Total | Male | Female
Single-
Pearce et . blinded, " 62.6 + All participants had type .
al., 2008%” Australia Crossover 12 3 24 8 16 9.3 2 diabetes High
Trial
Sofer et al., Single- .
20115 and | Israel blinded, 180 180 78 | 321t | 311t | 4375 | NNoUnderlying Health High
. Conditions - BMI > 30
2013 parallel
Brazil Single- .
Alves et al., . No Underlying Health .
+
20147° ANP blinded, 56 56 84 84 0 3074 Conditions - BMI 26 - 35 High
Spain parallel
Single- . .
. No Major underlying
+
e G e e = 84t 28 29 | 29 0 45.9% |\ alth conditions - BMI High
al., 2017 Crossover 2.54
. 22-34.9
Trial
Nouripour Single- 538+ Type 2 diabetes,
etal,, Iran blinded, 70 70 96 46 50 7.6_ BMI =22 and High
2021%° parallel ' <35

§ mean and standard deviation; *Crossover every 3 days; 156 days separated by a 28-day washout phase before crossover t1sum
of male and female differs from total as data on gender was only provided for participants with follow up data
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Table 3. Comparison of interventions included in review

Study Abbreviation Description
Pearce et al. CARB-E Carbohydrate evenly distributed across the day
2008 CARB-B Carbohydrates were loaded at breakfast
CARB-L Carbohydrates were loaded at lunch
CARB-D Carbohydrates were loaded at dinner
Sofer et al. 2011 Experlment_al Group: Low-calorie Dlgt - Carbohydrates
EG mostly at dinner - No carbohydrate-rich food consumed
& 2013 L
until dinner
CG Control Group: Standard low-calorie diet - even
distribution of carbohydrates throughout the day
Sofer et al. 2013 Same as Sofer 2011
Diurnal Carbohydrates Nocturnal Protein - High-
Alves et al. 2014 DCNP carbohydrate/low-protein lunch, high-protein/low-
carbohydrate dinner
Nocturnal Carbohydrates Diurnal Protein - High-
NCDP protein/low-carbohydrate lunch and a high-
carbohydrate/low protein dinner
CcT Control Diet macronutrient-balanced lunch and dinner
Kessler et al. HC/HF diet Carbohydrates eaten mostly at breakfast and lunch
2017 HF/HC diet Carbohydrates eaten mostly at afternoon snack and dinner
Nouripour etal. ST Standard Evening Meal
2021 HC High-Carbohydrate Evening Meal
HP High Protein Evening Meal
80%
70%
60%
&
E 50% -
(] (]
‘5 40% E
X [S]
© 30% =
o 2
20% 2
L
10% I © I
g
0% O =
Pearce etal. Soferetal. 2011 Alves et al. Kessler et al.  Nouripour et al.

M Breakfast M Lunch Dinner

*Data for Sofer et al. 2011 were estimated from the provided sample meal menu in the study; Data
for breakfast was not provided for the Alves et al. study.

Figure 2. Variability of carbohydrate content as a percentage of energy for intervention meals
when CCtoD
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Evidence quality appraisal

Though all studies demonstrated a low risk-of-bias regarding funding, conflicts of interest, and ethical
standards, overall, they were assessed as having a high risk-of-bias, as per Cochrane guidelines (Table
S1, appendix). Furthermore, due to lack of information, risk-of-bias remained unclear for several fields
of two studies.>*”°

Narrative synthesis

As heterogeneity was substantial between studies (Tables 2 and 3, Figure 2) meta-analysis was not
performed. Instead, a vote-counting®3?® gssessment of outcome measures was conducted (Table 4),
and the studies’ main findings were narratively summarised (Table 5).

The vote-counting assessment of effects led to several insights. All studies measured FBG (Table 4).
When comparing CCtoD with other interventions, non-significant improvements in FBG were
observed by one.® The shortest study in duration,®” found no significant change. One® found differing
glucose responses when comparing healthy and glucose intolerant participants with non-significant
improvements in the former but detrimental effects in the latter. Finally, two®*”° found significant
benefit from CCtoD over other interventions.

The three studies®**7% that measured WC all found a reduction from CCtoD. Only two measured blood
pressure; one found improvements,® the other found no change.” Non-significant improvements in
triglyceride levels were found in three studies®*®>’° and remained unchanged in one.® Finally, one®
found significant improvements in HDL-Cholesterol but three studies®*®®% found no change.

Inflammation, hunger, satiation and diet-satisfaction, BMI, homeostasis model assessment-estimated
insulin resistance (HOMA-IR), HbAlc, lipid-profiles postprandial glucose peaks (PPGP) and energy-
metabolism were studied revealing several trends. Notably, four studies®7%%% found an
improvement in overall lipid profiles (total cholesterol, LDL-Cholesterol, HDL-Cholesterol) when
CCtoD.

Consuming most carbohydrates at dinner led to a reduction in BMI in three studies®*®¥7° with no
change in one.®® The same studies,*®>7% also found improvements in HOMA-IR, with Nouripour et
al.,*® also finding improvements in HbA1C.% However, Kessler et al.,® found no effect on HOMA-IR in
healthy individuals but a detrimental effect in those with IGT or IFG. They®® also found that CCtoD led
to higher PPGP in both NGT and IFG/IGT individuals. In contrast, using continuous glucose monitoring
(CGM), Pearce at al.®’” found that it led to lower PPGP.

Alves et al.,”® was the only study to assess energy-metabolism and energy-expenditure by measuring
the incremental area under the curve (iAUC) of energy-expenditure. They found significantly increased
diet-induced-thermogenesis (DIT) and overall energy-expenditure.

Sofer et al.,>* measured inflammation and found improvements in C-reactive protein (CRP), tumour
necrosis factor-a (TNF-a), and interleukin-6 (IL-6). CCtoD also benefitted hunger and satiety,>
measured using a modified version of hunger-satiety scales described by Paul E. Garfinkel,7X(Pp343-346)
and using leptin, ghrelin and adiponectin.®® In contrast, using a questionnaire and a simple scale of 1
to 5 (1=completely-unsatisfied, 5=completely-satisfied), Nouripour et al.,*® found that it decreased
diet-satisfaction.®®
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Student ID: 51990087

Table 4. Effects of CCtoD on components of MetS and other measured effects*

Components of Metabolic Syndrome Other Measured Health Effects
Study WC SBP DBP FBG TGR HDL-C INF HS DS BMI HOMA-IR HbA1lc LP PPGP EM
Pearce et al., 2008 - - - & - - - - - - - - - 4 -
CRP 4
Sofer et 2a(l).i;ml and 0 i i o 0 N TNE-a o 0 i 0 o i g i i
IL-6 4
Alves et al., 2014 4 & & 4 4* & - - - 4 4 - L - 1
Kessler NGT - - - 4 & & - - - & & - 4 i -
etal., 2017 IGT/IFG - - - i) & & - - - & & - 4 i) -
Nouripour et al., 2021 4 0 4 0 4 & = - 0 4 0 1 1 - -

W(C = Waist-Circumference; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; FBG = Fasting blood glucose; TRG = Triglycerides; HDL-C = HDL cholesterol; INF =
Inflammation; HS = Hunger/satiety; DS = Diet satisfaction; BMI = Body mass index; HOMA- IR = Homeostatic Model Assessment for Insulin Resistance; HbAlc= Haemoglobin
Alc; LP = Lipid Profile (total cholesterol, LDL-Cholesterol, HDL-Cholesterol); PPGP = postprandial glucose peak; EM = Energy metabolism (diet-induced thermogenesis
assessed using indirect calorimetry); CRP = C-Reactive Protein; TNF-a = Tumour necrosis factor; IL-6 = Interleukin 6; NGT = Subjects with normal glucose tolerance; IGT/IFG =
Subjects with impaired glucose tolerance/impaired fasting glucose

1t = increase in marker; {{= decrease in marker; < = non change in marker; - = Not measured or data not available

*The magnitude and significance of effects was not included due to inconsistency and variance of the effect measures and type of data reported between studies
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Overall, the impact of CCtoD was mixed (Table 5). Two studies®”®® involving participants with T2DM
found non-significant benefits. One>* found no significant change in NGT individuals but detrimental
effects on those with IFG or IGT. Finally, two studies®*’° found several significant benefits in individuals
who were overweight or obese. The studies also provide several insights regarding the timing of
carbohydrate consumption.

Table 5. Summary of main findings of concentrating carbohydrates to dinner studies

Pearce et In individuals with T2DM:
al.®’ 2008 o . .

1. Even distribution of carbohydrates is not favourable. Consuming most
carbohydrates at lunch or dinner provides lower excursions of glucose
compared to at breakfast. This is evident from the lower postprandial
glucose peaks.

2. CCtoD might lead to delayed and sustained postprandial glucose.

- This is important because hyperglycaemic spikes have been found to
contribute to atherosclerosis.”>7®
Sofer et al. In individuals with a BMI greater than 30 and no other underlying health conditions,
2011 and CCtoD led to:
2013 .

1. Greater weight loss.

2. Asignificant decrease in waist circumference.

3. Improved FBG.

4. Increased insulin sensitivity (measured by HOMA-IR).

5. Improved lipid profiles.

6. Reduction in inflammatory markers (CRP, TNF-a, IL-6).

7. Decreased hunger and improved satiety.

8. CCtoD led to greater satiety and decreased hunger. It specifically increased
satiety during the day through its effect on, leptin, ghrelin and adiponectin.

Alves et al.”’ | Inindividuals with a BMI between 26 and 35 and no other underlying health
2014 conditions CCtoD led to:
1. Nocturnal Carbohydrates and Diurnal Protein led to:
a. Improved atherogenic indexes.
b. Improved energy metabolism.
¢. Improved glucose tolerance.

2. Eating carbohydrates mostly at lunch led to negative effects on glucose
homeostasis.

3. Diurnal carbohydrates nocturnal protein better preserved fat-free mass.

Kessler et 1. Individuals with NGT have different metabolic responses to carbohydrates
al.®® 2017 compared to those with IFG and IGT.

2. Consuming carbohydrates mostly at dinner has an unfavourable impact on
the glycaemic control of individuals with IFG or IGT.

3. Consuming carbohydrates at breakfast is preferable for those with IFG or
IGT.
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Nouripour et | In individuals with T2DM:
al.*® 2021 o o .

1. Abalanced, low-calorie diet (based on individual caloric needs), regardless
of the pattern of protein and carbohydrate distribution among the meals,
may improve glycaemic control, lipid profiles, blood pressure and
anthropometric measurements.

2. Even distribution of macronutrients among the meals was accompanied by
higher diet satisfaction.

3. Consuming protein mainly at dinner may have fewer favourable effects than
CCtoD and even distribution of macronutrients.

Discussion

To the best of our knowledge, this is the first systematic review considering the impact of CCtoD on
MetS and other health outcomes. Though all included studies were assessed as having a high risk-of-
bias, this was largely due to the nature of nutrition research rather than lack of methodological quality.
The findings of each study are varied and often conflicting revealing complex underlying mechanisms
and various influences, perhaps for reasons including clinical and methodological heterogeneity.
Inconsistent distribution of carbohydrate intake across the day and variable content at dinner (Figure
2) may have contributed significantly to the mixed findings.

Indeed, the studies that found the most significant benefit CCtoD most strictly.>#>>7° This is a point
acknowledged by Nouripour et al.®® who opted for less-strict isolation of carbohydrates to dinner due
to concerns over diet-adherence but noted that this difference might explain the more significant
improvements observed by Alves et al.”? in fasting insulin and HOMA-IR.

Several effects may underlie this finding. These included the impact of CCtoD on energy-expenditure,
by impacting both DIT and physical activity, CR’s, including wakefulness and sleep, and altered
macronutrient-utilisation, possibly resulting from depleted glycogen reserves.

Alves et al.”® found that CCtoD increased energy-expenditure by significantly increasing DIT. This may
have resulted from the high-protein, low-carbohydrate lunch due to the high energy-cost of protein
metabolism,””””° and has been observed in other research.®

Though these were not measured in any of the studies, CCtoD may also impact several
neurotransmitters that affect both wakefulness and sleep. Avoidance of carbohydrates while eating
protein-rich meals during the day may increase tyrosine absorption into the brain, affecting
catecholamine production, including dopamine.®? Wakefulness,? daytime-activity, motivation and
consequently energy-expenditure may, therefore, also be impacted.t® Conversely, carbohydrates-
rich meals may increase fatigability®® and sleepiness and reduce subjective alertness.?>®8 These effects
may be undesirable during the day but are usually desirable at night. Mechanisms underlying this may
relate to increased tryptophan absorption in the brain.®*®8 Tryptophan impacts serotonin
production and acts as an intermediary in the production of the pineal-gland hormone melatonin.®
Melatonin secretion, triggered by the absence of light, is also closely related to CR’s and sleep.*®
Therefore, consuming carbohydrates at dinner may impact sleep,’>* which in turn, is known to affect
the risk of obesity®>®, energy-expenditure,®® glycaemic-control,” IR,%%° MetS,'® the risk of
hypertension,® T2DM% and CVD.2%192 Fyrthermore, improved sleep may lead to increased physical
activity. Increases in physical activity, even light, non-sedentary movement,® can improve insulin
sensitivity.104-107
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Importantly, research also indicates that low-carbohydrate and ketogenic-type diets improve
glycaemic-control and IR.1%®1% Entry into ketosis strongly depends on the depletion of glycogen
stores!'! which occurs to a large degree after an overnight fast,'2 and is likely to be accentuated by
next day physical activity in the absence of carbohydrate consumption until the dinner meal. It has
indeed been suggested that intermittent-energy and carbohydrate-restriction may lead to better
insulin sensitivity than energy-restriction alone.?*® This effect would only occur with strict isolation of
carbohydrates to dinner and may have impacted the findings of three studies.®”%°

In essence, MetS'** is a state of IR in which hyperinsulinemia is needed to maintain normal blood-
glucose.'*>!1¢ |t is determined using five surrogate biomarkers.?%2°9 HOMA-IR'' is a widely used and
more direct method of ascertaining levels of IR in research. It is, therefore, noteworthy that CCtoD
had a positive impact on HOMA-IR in three studies®*7%% (Table 4). IR impairs glucose disposal from
the blood,'*® and, therefore, also has an important effect on PPGP.%

Pearce et al.®” found positive effects on PPGP from CCtoD, while Kessler et al.®® found adverse effects;
both studies were of crossover-design but measured glucose in different ways. Pearce et al.,*” used
CGM whereas Kessler et al.,’® measured FBG in the morning and twice during the day (at 09.00 and
15.40). The ability of CGM to provide detailed data (with readings every 10 seconds) for the
ascertainment of the effects of carbohydrate metabolism and the nuances of glycaemic patterns
offers many advantages and addresses shortcomings, even of gold-standard measures such as
HbA1C.112 This is especially true for measuring postprandial glucose responses.

Increasing evidence suggests that high PPGP contribute significantly to atherosclerosis and CVD risk,
especially in individuals with IFG, IGT and T2DM.’?7% Links between atherosclerotic plaque
formation,?? IR and inflammation have long been understood,*?®* and may relate to oxidative stress
and endothelial inflammation.'?*12¢ |nflammation may be an important risk factor in CVD and
T2DM.1?712 Therefore, the finding by Sofer et al.>* that CCtoD significantly improved several
biomarkers of inflammation merits further investigation. Given the possible connections between IR,
PPGP, inflammation and carbohydrate-timing, their simultaneous investigation may be promising.
Even though the nature of CGM makes its use impractical in longer-term studies, its strategic inclusion
and use in future studies will offer unique insights.

Finally, research suggests that an increased physiological sensation of hunger is a primary reason for
the failure of weight-loss efforts and diet adherence.’®*'%! |t is therefore noteworthy that two
studies®*>>%° considered hunger, satiety and diet satisfaction reached different conclusions. Sofer et
al.,>*** found that CCtoD led to leptin (an anorexigenic, satiation-hormone) staying higher for longer,>®
while ghrelin (a main orexigenic-hormone) peaked in the evening rather than the afternoon.> These
hormones are fundamental in the homeostatic regulation of both appetite and body weight. 13113
Notably, adiponectin, widely thought to connect MetS to IR and obesity and to increase insulin
sensitivity, 3138 increased significantly leading to significant reductions in the sensation of hunger and
increased satiety. Conversely, Nouripour et al., ®® found that diet satisfaction was maximised with even
distribution of carbohydrates. Given the widespread difficulties in weight-loss efforts and diet-
adherence, and the importance of hunger,3%-1% this effect merits further investigation.

Study Limitations

An important limitation of this review is that a meta-analysis was not possible due to the
heterogeneous nature of the included studies; a common problem in systematic reviews with few
relevant studies.’*® Though a vote-counting procedure was employed indicating the direction of
effects, the differences between interventions and studies did not allow for meaningful comparison
of p-values. Consequently, the significance of the findings could not be assessed or compared.®®(PP321-
347) Reaching clear conclusions regarding CCtoD was, therefore, impossible.
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Several other considerations also merit mention. First of all, the review did not consider food
selection. Though the timing of macronutrient consumption is important,®® their source is a
fundamental determinant of their effect on MetS and overall health.1441%

Moreover, though chrononutrition considers the timing of food or macronutrient intake, this review
focused on the general notion of breakfast, lunch, and dinner without considering the time these
meals were consumed. The actual time of meals is significant,*® with shift work being the most
prominent example of detrimental effects.2*¢%° Individual differences in chronotype may also be a
factor.>

Finally, the timing of calorie consumption is significant. This is perhaps best illustrated by the adage
attributed to philosopher Maimonides (1135—-1204), “Eat breakfast like a king, lunch like a prince and
dine like a pauper”, the wisdom of which is supported by modern research 310

Conclusion

This review investigated the effect of CCtoD on MetS and other health outcomes. The varied and often
conflicting findings reveal complex underlying mechanisms and various influences. The clinical and
methodological diversity of the studies may have played a significant role in the divergent findings.
Differing quantities of carbohydrates used in the studies when CCtoD, varying characteristics of study
participants, and the duration of the studies are likely to have impacted the findings significantly.
Therefore, no clear conclusions regarding the effects of CCtoD could be reached.

Nevertheless, a common thread through all the studies is that the timing of carbohydrate
consumption led to measurable effects on several health biomarkers. Therefore, further investigation
into the impact of CCtoD is merited. A standard definition of CCtoD is needed. Furthermore, the
simultaneous consideration of several biomarkers and methods appears promising. Specifically, while
measuring the components of MetS, concurrently considering HOMA-IR, PPGP using CGM,
inflammation, energy-expenditure, sleep and hunger and satiety through the analysis of leptin, ghrelin
and adiponectin.

Funding

No external funding.

Conflicts of interest
No conflicts of interest to declare.

Ethical considerations

The study protocol was published on PROSPERO on 21st June 2021.
https://www.crd.york.ac.uk/prospero/display record.php?RecordID=259591
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Appendix

Search Strategy
MEDLINE, EMBASE, CENTRAL and CAB abstracts) were systematically searched through the online
database Ovid with the following search terms:

Metabolic Syndrome/

Insulin Resistance/

Insulin/bl [Blood]

Blood Glucose/me [Metabolism]

exp Dietary Carbohydrates/ or exp Carbohydrates/
dinner.tw.

evening.tw.

evening meal.tw.

LN R WNE

meal timing.tw.
.lor2or3or4
.6or7or8o0r9
.5and 10 and 11
. limit 12 to (English language and humans)

o O S N Y
» W N R O

. limit 13 to (meta analysis or randomised controlled trial)
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Table S1. Risk of Bias of Studies
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Pearce et al., 2008

Sofer et al.,

Alves et al., 2014

Kessler et al., 2020

Nouripour et al., 2021

Ethical standards)

2011 & 2013
Domain Risk of bias Risk of bias Risk of bias Risk of bias Risk of bias
Low High  Unclear| Low High  Unclear| Low High  Unclear| Low High  Unclear| Low High  Unclear

Random sequence
generation X ] L] ] Ll Ll L] X ] L] X ] ]
(selection bias)
Allocation
concealment ] X ] ] ] ] ] X ] ] ] X ]
(selection bias)
Blinding of

articipants and
el D ® O | O O O O O K OO ® O
(performance bias)
Blinding of outcome
assessment L] X L] L] L] L] L] X L] L] X Ll L]
(detection bias)
Incomplete
outcome data X ] [l ] X L] Ll X ] X ] ] [l X [l
(attrition bias)
Selective outcome
reporting? ] X ] ] Ll Ll ] X ] L] X ] ]
(reporting bias)
Other bias (Funding,
Conflicts of interest,| [X ] ] X ] ] X ] ] X ] ] X ] ]
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Table S2. Data Extraction Form
Eligibility Assessment Form?
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Review title or ID

Study ID (surname of first author and year first full
report of study was published e.g. Smith 2001)

Report ID

Report ID of other reports of this study including
errata or retractions

Notes

General Information

Date form completed (dd/mm/yyyy)

Name/ID of person extracting data

Reference citation

Study author contact details

Publication type (e.qg. full report, abstract, letter)

Notes:

Study eligibility

Study
Characteristics

Eligibility criteria

(Insert inclusion criteria for each

Eligibility criteria met?

Location in text or
source (pg &

characteristic as defined in the Protocol) Yes No  Unclear /fig/table/other)
Type of study Randomised controlled trial ] ] ]
Quasi-randomised controlled trial ] ] ]
Participants Is the study a human intervention study? ] ] ]
Are participants aged 18 years or over? ] ] ]
Types of - Is at least qne of the intervention§ O O O
intervention concentrating carbohydrates to dinner?
Types of Is the macronutrient composition of 0 0 ]
comparison breakfast and lunch documented?

! Modified from Cochrane data extraction form - Accessed June 18, 2021. https://dplp.cochrane.org/data-

extraction-forms
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Types of
outcome
measures

Was the impact on at least one of the
components of MetS, CVD or T2DM or any
of their related biomarkers or risk factors
measured?

IF ANY OF THE ANSWERS ABOVE IS NO DO NOT PROCEED

EXLUSION
CRITERIA

Does the study involve any complex health
conditions other than MetS, CVD or
Diabetes?

Does the study involve pregnant or
lactating women?

Does the study involve any diagnosed
eating disorders, anorexia nervosa or
bulimia nervosa?

INcLUDE X

EXCLUDE []

Reason for
exclusion

Notes:

IF STUDY IS ELIGIBLE, PROCEED TO DATA EXTRACTION FORM

Characteristics of included studies

Methods

Descriptions as stated in report/paper

Location in text
or source (pg &
9/fig/table/other)

Aim of study (e.g.

efficacy, equivalence,

pragmatic)

Design (e.g. parallel,
crossover, non-RCT)

Start date

End date
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Duration of
participation (from
recruitment to last

follow-up)
Ethical approval ] ] ]
needed/ obtained for
study Yes No Unclear
Notes:
Participants
Description Location in text or

Include comparative information for each intervention or
comparison group if available

source (pg &
9/fig/table/other)

Population description
(from which study
participants are drawn)

Baseline characteristics
of population

Setting (including
location and social
context)

Inclusion criteria

Exclusion criteria

Method of recruitment
of participants (e.g.
phone, mail, clinic
patients)

Informed consent
obtained

O o O

Yes No Unclear

Withdrawals and
exclusions (if not
provided below by
outcome)

Age

Sex

Race/ethnicity

Severity of illness
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Co-morbidities

Other relevant
sociodemographics

Notes:

Intervention groups
Copy and paste table for each intervention and comparison group

Intervention Group 1

What were the
interventions?

How many
individuals were
assigned to each
intervention group?
(specify whether no.
people or clusters)

Theoretical basis
(include key
references)

Description (include
sufficient detail for
replication, e.qg.
content, dose,
components)

Duration of
treatment period

Timing (e.g.
frequency, duration
of each episode)

Delivery (e.g.
mechanism,
medium, intensity,
fidelity)

Co-interventions

Integrity of delivery

Compliance
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Notes:

Outcomes

Copy and paste table for each outcome.

Key conclusions of study
authors; implications of
findings

Notes:

Other

Study funding sources

(including role of funders)

Possible conflicts of

interest (for study authors)

Notes:

Risk of Bias assessment-COMPLETED IN SEPARATE EXCEL FILE

(See Handbook Chapter 8. Additional domains may be added for non-randomised studies.)

Domain

Risk of bias

Low High Unclear

Support for judgement

(include direct quotes where available with

explanatory comments)

Location in text
or source (pg &
9/fig/table/other)

Random sequence
generation (selection
bias)

Allocation
concealment (selection
bias)

Blinding of participants
and personnel
(performance bias)

Outcome group: All/

(if separate judgement
by outcome(s)
required)

Outcome group:
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Blinding of outcome
assessment (detection
bias)

] O [] |Outcome group:All/

(if separate judgement
by outcome(s)
required)

1 [ ] Outcome group:

Incomplete outcome
data (attrition bias)

] O ] Outcome group: All/

(if separate judgement
by outcome(s)
required)

1 O ] Outcome group:

Selective outcome
reporting? (reporting
bias)

Other bias

Notes:

Other information

Description as stated in report/paper

Location in text or source
(pg & 9/fig/table/other)

References to other
relevant studies

Correspondence
required for further
study information
(from whom, what
and when)

Notes:
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