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Abstract

Obesity and the increased postprandial glycaemic response (PPGR) are risk factors for type 2
diabetes. Few studies have explored the association of body weight with PPGRs. The study aimed
to investigate the PPGR between healthy adults with normal weight and overweight/obesity to two
commercially available breads (white and wholemeal) with different dietary fibre contents. In this
acute randomised crossover trial, 20 healthy adults (10 normal weight, 10 overweight/obese)
consumed two slices of white (100 g, fibre 3.6 g) or wholemeal bread (88 g, fibre 5.6 g) alongside
150 ml of orange juice and 10 g butter on separate visits in random order after fasting for 8-12
hours. The blood glucose concentration was measured fasted, 30 min, 60 min, 90 min and 120 min
postprandially by finger pricks. Information on age, gender, ethnicity, body mass index (BMI), and
body fat percentage were collected. Two-way repeated measures ANCOVA was used for
controlling for age, gender, ethnicity and body fat percentage, and results showed no significant
difference was observed in fasting blood glucose concentrations (F(1, 14)=2.968, P=0.107),
incremental areas under the curve (iIAUCs) (F (1, 14) = 0.702, P=0.416) and peak values (PVs) (F
(1, 14) = 0.507, P=0.488) between participants with normal weight and overweight/obesity, or in
fasting blood glucose concentrations (F(1, 14)=0.007, P=0.964), iAUCs (F (1, 14) = 0.008, P=0.929)
and PVs (F (1, 14) = 0.036, P=0.851) between white and wholemeal bread consumption. The BMI
or body fat percentage was not associated with iIAUCs or PVs regardless of bread type adjusted by
age, gender and ethnicity. Our results did not find that body weight is associated with PPGR in
healthy adults, and the wholemeal bread used in the current study did not deliver the health benefit
of attenuating PPGR compared with white bread consumption despite the higher dietary fibre

content.
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Postprandial glycaemic response (PPGR) is an independent risk factor for type 2 diabetes mellitus
(T2DM) (Abdul-Ghani et al., 2008) and a loss of postprandial glucose control is the first metabolic
alteration detectable in the progression of prediabetes to T2DM (Monnier, Lapinski & Colette,
2003). It is well-known that T2DM is a multifactorial disease, and overweight and obesity are major
risk factors for T2DM (Klein et al., 2022). Excessive fat content in adipose tissue will cause
lipolysis and result in the release of free fatty acids to the circulation which promotes muscle and
hepatic insulin resistance as well as impaired insulin secretion of the 3-cell in the pancreas
(DeFronzo et al., 2015; Shulman et al., 2014). However, previous evidence shows inconsistent
results regarding the association between body weight and PPGR. An acute crossover human trial in
healthy participants (Perdlé et al., 2011) found there was no significant difference in the incremental
area under the curve (IAUC) of PPGR up to 2 hours between normal weight and overweight/obese
participants regardless of low or high glycaemic index meal consumption. Another study with a
similar study design found that adults with central obesity (determined as a waist circumference
>102 cm or body mass index, BMI >30 kg/m?) had significantly higher PPGR presented as AUC
than lean adults particularly between 0-60 min after standardised breakfast consumption with either

preload of a whey protein or control drink (Smith et al., 2021).

Bread is a staple food in the UK, among which white bread is the most consumed bread in the UK
followed by wholemeal or wholewheat bread (Wunsch, 2022), although wholemeal bread is
regarded as healthier than white bread and recommended to the public over white bread due to its
higher dietary fibre content and nutrients such as phytochemicals and minerals including
magnesium, selenium and copper (Lockyer & Spiro, 2020). However, few studies have investigated
the relationship between body weight and PPGR after consuming these two common food items,
white and wholemeal bread. In addition, we were also very interested in whether in real life

wholemeal bread does reduce the PPGR compared with white bread consumption as expected.

The primary outcome of the study was to explore whether overweight and obese people had a
higher PPGR compared with people with normal weight after consuming commercially available
white and wholemeal breads in UK supermarkets. The secondary outcome was to investigate
whether the consumption of wholemeal bread could attenuate PPGR compared with white bread

consumption regardless of body weight.

M ethods
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This acute randomised crossover trial was approved by the Coventry University Ethics Committee
(Ref P136390) and conducted between May and July 2022 at the School of Life Sciences at
Coventry University, the United Kingdom. All participants provided written consent before

participating.
Participants

Twenty participants were recruited using purposive and convenience sampling via circulating
recruitment advert via email and word of mouth among the university staff and students. Normal
weight (BMI 18.5-24.9 kg/m?) and overweight/obesity (BMI > 25 kg/m?) were defined according to
NICE (2023).

The sample size (n=20) was referred to a similar study design to detect the significant di”Jerence in
PPGR among different breads with a level of a 0.05 and 3 0.08 (Zafar et al., 2020). The inclusion
criteria were healthy adults of 18-50 years. The exclusion criteria were participants with diabetes,
digestive system diseases, BMI < 18.5 kg/m?, coeliac disease, other chronic diseases, blood clotting
issues, and those who could not consume the study meals due to food allergy or other reasons. The

eligibility of the participants was screened via a health and lifestyle questionnaire.
Study design

Eligible participants had two visits (at least 48 hours of interval). On each visit, participants were
asked to fast for 8-12 hours starting from the night before their visit (only water is allowed).
Participants were provided meals with different types of bread, white bread (WB) and wholemeal
bread (WMB) in random order (participants drew lots to decide on bread consumption sequence on
their first visit). Participants consumed two slices of white or wholemeal bread alongside 150 ml of
pure orange juice and 10 g butter. All food and drink items were purchased from Tesco supermarket
(Welwyn Garden City, United Kingdom). The details of the meal composition and nutrient

information are shown in Table 1.

Postprandial blood glucose was measured at 0 (fasting), and 30, 60, 90 and 120 min by finger prick
performed by the researcher using Biosen Blood Glucose/Lactate Analyser (EKF Diagnostics,
Cardiff). Participants were asked to consume the meal within 10 min, keep sedentary, and not eat or
drink during the study period. Mobile alarms were used to ensure blood samples were collected on
time. The body height was measured by a stadiometer, and the body weight and fat percentage
were measured by Tanita MC-980MA PLUS (Tanita Company, Tokyo) before meal on the first

visit only. In addition, the participants were asked to avoid intensive physical activity and alcohol
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and have a good night's sleep the night before their visit day. The names, email addresses and
mobile numbers were collected for appointment purposes and the self-reported demographic

variables (age, gender and ethnicity) were collected and considered confounding factors.

The researcher who conducted the study and the participants were aware of what bread was

consumed for each visit (non-blinded).
Data analysis

Categorical data including gender (male and female), ethnicity (white Caucasian and non-white
Caucasian) and body weight categories (normal weight and overweight/obese) were presented as
frequency (n) and percentage (%). Continuous data including age, BMI, body fat percentage, blood
glucose concentration etc. were presented as mean + standard deviation (SD). The postprandial
glycaemic response was reported as iAUC and the peak value (PV) of the blood glucose
concentration after the meals for up to 2 hours. The iIAUC was calculated using approximated
trapezoidal numerical integration (Chlup et al., 2008), and only the incremental area above the

fasting level was included.

The IAUCs, PVs and the fasting blood glucose concentrations between body weight categories
(normal weight and overweight/obese) and between the two bread consumptions (white bread and
wholemeal bread) were analysed by two-way repeated-measures Analysis of Covariance
(ANCOVA), bread as a within-subjects variable, body weight categories as a between-subjects
variable, and age, gender, ethnicity, body fat percentage as covariates. Partial correlation was used
to analyse the association of BMI and body fat percentage with iIAUCs and PVs after white and
wholemeal bread consumption separately by considering age, gender and ethnicity as confounding
factors. Normality of the continuous data (fasting blood glucose concentration, iAUC, PV, BMI,
age, body fat percentage) were carried out using Kolmogorov-Smirnov test. All continuous

variables were normally distributed. The statistical significance was set up at P <0.05 two-tailed.
Results
Basic information about the participants

Figure 1 shows the participant flow chart. Twenty-two participants were screened among which
one had a BMI < 18.5 kg/m?, another had T2DM. Therefore, 20 participants were eligible and

recruited, and all completed the study.
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Table 2 shows the characteristics of the participants. There were 10 normal weight (BMI121.7 £2.8
kg/m?, body fat percentage 21.0 + 4.3 %) and 10 overweight/obese participants (BMI 28.9 + 3.5
kg/m?, body fat percentage 30.1 + 5.7 %), among whom 12 were females and 8 were males.
Thirteen participants were white Caucasians and 7 were non-white including 3 Chinese, 2 Indians,
and 2 black Africans. The mean age was 32.7 + 10.2 y (18-48 years); the mean BMI was 25.3 + 4.9
kg/m? (18.5-31.2 kg/m?), and the mean body fat percentage was 25.6 + 6.8 % (from 12.5 % -

40.5 %).

Fasting glucose concentrations

The mean fasting glucose concentration was 3.2 £ 1.0 mmol/L and 3.4 £ 1.0 mmol/L before
consumption of white bread and wholemeal bread meals respectively. There was no significant
difference in the fasting glucose concentrations between the body weight categories (between-
subject effect, F(1, 14)=2.968, P=0.107) nor between the two breads consumed (within-subject
effect, F(1, 14)=0.007, P=0.964) after controlling for age, gender, ethnicity and body fat percentage
(Table 3).

PPGRs between participants with normal weight and overweight/obesity and between two bread

consumptions

Figure 2 shows the PPGRs over the 2 hours between normal weight and overweight/obese groups
after white (Figure 2 A) and wholemeal bread consumption (Figure 2 B). There was no significant
difference in iIAUCs and PVs between the two body weight groups after controlling for age, gender,
ethnicity and body fat percentage (F (1, 14) = 0.702, P=0.416, and F (1, 14) = 0.507, P=0.488
respectively) (Table 4). There were no bread and body weight interactions for iIAUCs and PVs.

The PPGRs in all participants after consuming white and wholemeal bread was shown in Figure 2 C.
There was no significant difference in iIAUCs and PVs between white and wholemeal bread
consumptions (F (1, 14) =0.008, P=0.929 and F (1, 14) = 0.036, P=0.851 respectively) (Table 4).

There were no bread and body weight interactions for iAUCs and PVs.
Association of BMI and body fat percentage with iIAUCs and PVs

There were no significant associations of BMI or body fat percentage with iAUCs and PVs
regardless of white or wholemeal bread consumption after adjusting age, gender and ethnicity
(Tableb).

Discussion
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Our result did not find a significant difference in the fasting glucose concentrations or PPGRs to the
two commercially available bread consumptions, white and wholemeal (two slices each), between
normal weight and overweight/obese participants. Our results were supported by several studies
conducted in participants with normal glucose tolerance or with impaired glucose tolerance after
consuming high- and low-glycaemic index meals (Perald et al., 2011), in healthy lean and obese
participants after consuming an oral glucose load (van Vliet et al., 2020), and in healthy young
adults after consuming traditional and modified vegetarian meals (Raczkowska et al., 2019).
However, some other studies showed different results. In a study investigating the postprandial
effect of fresh and processed orange juice consumption on the glucose metabolism in lean and
obese participants, it found that lean participants but not obese participants showed reduced iIAUC
(0-300 min) after fresh or processed orange juice ingestion compared with control (isocaloric
sugar/acid-matched control orange-flavored drink), while obese participants secreted more insulin (>
75%) to deal with the same amount of sugar than did lean participants (Paiva et al., 2019). Another
study (Leohr &Kjellsson, 2022) found that the fasting glucose and insulin concentrations in obese
participants were significantly higher than in participants with normal weight, while only
postprandial glucose response (not insulin response) over 13 hours following a high-fat meal was
higher in obese than lean participants. However, this study lacks postprandial data between 0-4h.
Moreover, a study in India found that there was a significant positive correlation between BMI and
fasting blood glucose in 150 healthy adults (r=0.751, P <0.001) (Agrawall et al., 2017). The
inconsistent results might be due to different meals or drinks consumed that contain various nutrient

compositions and sugar contents, and different populations.

It is worth noting that fasting and postprandial insulin secretions seem better measures than fasting
and postprandial glucose tests to identify early dysfunctional glycaemic metabolism in obese people.
In the study by van Vliet et al. (2020), the 2-h plasma insulin AUC after glucose ingestion was
significantly greater in the obese than the lean healthy adults, though there was no significant
difference in 2-h plasma glucose AUC between obese and the lean groups (P = 0.09). In a study
investigating the predictors of postprandial glycaemia, insulinaemia and insulin resistance in a
pooled 108 healthy adolescents, the results show BMI was one of the significant predictors for
insulin resistance but could not explain the variance in blood glucose AUC (Williams et al., 2021).
Similar results were shown on childhood obesity that the correlation of glucose-based parameters
(oral glucose tolerance test, fasting glucose and glycated haemoglobin or HbA1lc) with BMI is poor,
while the insulin secretion is significantly higher in children with obesity than in normal-weight
children (Vinoy et al., 2023). This is also echoed by a debate article (Johnson, 2021) that illustrated

increased insulin levels in both the fasting and fed states are the most prevalent feature of pancreas

7


https://doi.org/10.1101/2025.01.04.25319987

medRxiv preprint doi: https://doi.org/10.1101/2025.01.04.25319987; this version posted January 5, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

beta cell dysfunction found in obesity before insulin resistance, and well before relative glucose-
stimulated insulin secretion is reduced when impaired glucose tolerance occurs. This may explain
why overweight/obese healthy participants did not have an increased fasting blood glucose
concentration and postprandial glycaemic response compared with participants with normal weight

observed in the current study and several other studies mentioned above.

The current study compared PPGR between two breads consumed, two slices of white bread and
wholemeal bread respectively that are commercially available in the UK supermarket and found no
difference in PPGR represented by iAUCs and PVs was found. Interestingly, apart from the higher
dietary fibre content in the wholemeal bread, the total of carbohydrates available in the wholemeal
bread is 12 g less than the white bread (88 g vs 100 g carbohydrates), which is supposed to be
advantageous for wholemeal bread in reducing its PPGR, however, it was not the case in our study,
indicating a weaker fibre story than commonly perceived. Previous evidence indicated that
increased fat or protein contents lead to a reduced but prolonged PPGR (Moghaddam et al., 2006),
but the fat and protein contents in the two test bread meals of the current study were very similar,
which made their influence neglectable. Belobrajdic et al. (2019) found similar results that no
difference in PPGR between wholemeal and refined bread consumptions (each bread weighed 121 g)
was found despite wholemeal bread having more than double the fibre content than the refined
bread in 20 healthy participants. In a randomised crossover study (Hannah, Mallard & Venn, 2014),
120 healthy young adults consumed commercially available white bread and whole grain bread
sandwiches that had low (49) and high (75) glycaemic indexes respectively due to different dietary
fibre contents but similar available carbohydrate contents per sandwich (26 g and 27 g respectively).
The results show no significant difference in the glycaemic responses (0-120 min) between white
and whole grain sandwiches, represented by iIAUC. A systematic review (Musa-Veloso et al., 2018)
including twenty randomised controlled trials found that the consumption of wholemeal wheat
including wholegrain bread and pasta, compared with white wheat, was not associated with a
significant reduction in blood glucose AUC (=6.7 mmol/L-min; 95% CI: -25.1, 11.7

mmol/L-min; P =0.477). Wholemeal mainly contains insoluble fibre (around 86%) (whole wheat
contains a total fibre of 11.6-17.0g/100g, among which 10.2 - 14.7g are insoluble fibre, while only
1.4 - 2.3g is soluble fibre (De Santis et al., 2018). Evidence has shown that soluble fibre,
particularly viscous soluble fibre, can increase the chyme viscosity to inhibit glucose absorption and
reduce the gastric emptying rate, hence significantly attenuating acute postprandial glucose
response (Giuntini et al., 2022), while insoluble fibre shows no effect on PPGR. For example, a
study in 19 healthy postmenopausal women (Juntunen et al., 2003) found there was no significant

difference in PPGR within 2 hours to three different rye breads with 50 g available carbohydrate but
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different fibre contents, 6.1 g for endosperm rye bread, 15.2 g for traditional rye bread, and 29.0 g
for high-fibre rye bread. The difference in the fibre contents of the three breads was mainly due to
different insoluble fibre contents (3.1 g, 10.9 g and 24 g respectively), while the soluble fibre
contents were very similar between the breads (3.0g, 4.3g and 4.8g respectively), indicating that the
insoluble components of cereal fibres are ineffective in the regulation of postprandial glycemia.
Similarly, another study (Ames et al., 2015) testing the effect of barley tortillas containing varying
amounts and types of fibre on PPGR within 2 hours in 12 healthy volunteers found that there was a
significant dose-dependent inverse effect of -glucan (a soluble fibre, at 4.5 g, 7.8 g and 11.6 g per
50 g of available carbohydrate) on the PPGR while no significant difference in the PPGR between
low and high insoluble fibre contents (7.4 g v. 19.6 g respectively). In addition, the microstructure
properties of whole wheat flour doughs and their breads were reported significantly different from
their refined version: the larger particle size and the widest spread of whole wheat bread make the
starch more accessible to a-amylase activity, thus, the higher hydrolytic products of starch and high

glycaemic response like white bread (Zafar et al., 2020).

Health professionals should be cautious when suggesting wholemeal bread over white bread to
people particularly those with diabetes, who may consider wholemeal bread as a better option over
white bread and thus consume it excessively without the expected health benefit of glycaemic
control (Zafar et al., 2020). Meanwhile, bakery industries need to make innovative bread products

that not only increase the dietary fibre content but also attenuate PPGR after consumption.

However, in contrast to the above results, a systematic review and meta-analysis (Marventano et al.,
2017) found that the 14 studies testing the acute effects of wholegrain foods (mainly wholegrain rye
bread) on PPGR showed significant reductions of the post-prandial iAUC (0-120 min) by —29.71
mmol min/L (95% CI: —43.57, —15.85 mmol min/L) compared to similar refined foods in healthy
subjects. Like wholegrain wheat, wholegrain rye contains mainly insoluble dietary fibre (around
75%) (rye contains 15.2-20.9 g dietary fibre per 100 g among which 11.1-15.9 g are insoluble fibre
and 3.7-4.5 g are soluble fibre (De Santis et al., 2018). The increased soluble fibre in wholegrain rye
(around 25%) compared with wholegrain wheat (around 16%) (De Santis et al., 2018) might explain

the difference in PPGR between wholegrain wheat and wholegrain rye bread consumption.

There is a trend to produce fibre-fortified innovative bread with the aim of increasing the dietary
fibre intake of the population and reducing the glycaemic index (Garcia et al., 2023). However,

while the addition of wheat fibre or wheat bran can increase the total dietary fibre content in the
bread, this does not necessarily deliver the health benefit of attenuating PPGR due to them being

mainly insoluble fibre.
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The current study used commercially available breads to represent commonly consumed staple
foods and verified that the chosen wholemeal bread may not always provide the benefits claimed,
especially regarding effects on blood glucose control. However, the result is only applicable to the
breads chosen in the current study in an acute randomised crossover trial, and not applicable to
other wholemeal breads or long-term consumption. In addition, this study had a small sample size
(n=20) with diversity in gender and ethnicities in normal weight and overweight/obese groups We
did not measure postprandial insulin; however, this would have been a useful tool for this study as
research suggests this is the earliest biomarker for diagnosing pre-diabetes, T2DM and increased
cardiovascular risk (DiNicolantonio et al., 2017). Further research should focus on the acute effect
of different types and amounts of dietary fibre enriched bread on PPGR together with postprandial
insulin response in a well-controlled population and/or long-term effect of bread consumption with

different contents and types of dietary fibre in cohorts or randomised controlled trials.
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Table 1. Details of meal components and nutrient contents of white and wholemeal bread meals

White bread meal Wholemeal bread meal

Bread (2 slices) (g) 100 88
Pure orange juice (ml) 150 150
Butter (g) 10 10
Total energy (kcal) 343.4 328.2
Carbohydrate (sugar) () 60 (17.8) 48 (17.4)
Total dietary fibre (g) 3.6 5.6
Protein (g) 9.2 111
Fat (9) 9.4 11.8

The breads and the orange juice were produces of TESCO (Welwyn Garden City, United Kingdom)
and butter was produced by Arla Foods Ltd. (Leeds, UK). All food and drink items were purchased
from local supermarkets. The nutrition content was obtained from the provided nutrition

information on the package.
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Table 2 Participants’ characteristics

Age (year) BMI (kg/m®)  Body fat (%)
Mean SD Mean SD  Mean SD
Total 20 (100%) 32.7 10.2 25.3 49 25.6 6.8

Participants n (%)

Female 12 (60%) 32.3 9.9 25.0 56 2738 6.6
Male 8 (40%) 331 111 257 3.8 223 5.9

White 13 (65%) 322 100 255 55 263 7.5
Non-white 7 (35%) 336 11.2 250 3.7 242 5.3

Normal weight 10 (50%) 30.3 9.8 21.7 28 210 4.3
Overweight/obese 10 (50%) 350 104 289 35 301 5.7

BMI, body mass index; n, number; SD, standard deviation.
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Table 3. Fasting glucose concentrations (mmol/L)
White bread Wholemeal bread

Group P value
Mean SD Mean SD
All participants (n=20) 3.2 1.0 3.4 1.0 Within-subject effect
(bread) 0.964
Normal weight (n=10) 3.1 1.1 3.4 1.1 Between-subject effect
Overweight/obese (n=10) 3.3 1.1 34 1.1 (body weight) 0.107

SD, standard deviation. Two-way repeated measures ANCOVA with bread as the within-subjects
variable and body weight as the between-subjects factors adjusted by age, gender, ethnicity and

body fat percentage as covariates.
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Table 4. Comparisons of iAUCs and PVs between participants with normal weight and

overweight/obesity

Normal weight  Overweight/obese
P value
Groups n=10 n=10

Mean SD Mean SD

IAUC-WB (mmol(imin/L) 1477 920 1370 1033 Body weight: 0.416

Bread: 0.929
iAUC-WMB P
. 1094 1216 1285 607 Bread*Body weight: 0.502
(mmolrTmin/L)
PV-WB (mmol/L) 55 1.0 58 0.8 Body weight: 0.488
Bread: 0.851
PV-WMB (mmol/L) 5.3 1.6 5.4 1.3 Bread*Body weight: 0.549

IAUC-WB, incremental area under the curve-white bread; iIAUC-WMB, incremental area under the
curve-wholemeal bread; PV-WB, peak value-white bread; PV-WMB, peak value-wholemeal bread;
SD, standard deviation. Two-way repeated measures ANCOVA adjusted by age, gender, ethnicity,

body fat percentage as covariates. The asterisk * means the interaction between factors.
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Table 5 Association of body fat composition or BMI with iAUCs and PVs

Body fat percentage BMI
WB-iAUC r=-0.042,P =0.874 =-0.043,P=0.871
WMB-iAUC r=-0.106, P = 0.687 r=-0.1786, P = 0.494
WB-PV r=0.033, P =0.900 r=0.115, P = 0.662
WMB-PV r=-0.181, P =0.486 r=-0.143, P = 0.5836

IAUC, incremental area under the curve; PV, peak value; WB, white bread; WMB, wholemeal
bread. Partial correlation adjusted by age, gender, and ethnicity.
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Screened 22 participants
Excluded n=2
BMI<18.5 kg/m? (n=1)
Type 2 diabetes (n=1)
Recruited 20 participants

(n=10 normal weight, n=10 overweight/obese)

White bread Wholemeal bread
n=8 n=12
White bread Wholemeal bread
n=12 n=8

Data analysis
n=20

Figure 1 Participant flow diagram
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A. PPGR for white bread (WB)
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Figure 2. Postprandial glycaemic response

A. after white bread consumption between normal weight (NW) and overweight/obese (OW); B.
after wholemeal bread consumption between normal weight (NW) and overwei ght/obese (OW); C.
after white bread and wholemeal bread consumptions including all participants.
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