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Abstract
We evaluated the effects of two low-energy diets with different glycaemic loads on arterial stiffness in adults with excess weight. This was a 45-
day parallel-group, randomised clinical trial including seventy-five participants (20–59 years; BMI 32 kg/m2). They were assigned to two similar
low-energy diets (reduction of ∼750 kcal.d−1) with macronutrient composition (55 % carbohydrates, 20 % proteins and 25 % lipids) but different
glycaemic loads: high-glycaemic load (HGL 171 g.d−1; n 36) or low-glycaemic load (LGL 67 g.d−1; n 39). We evaluated: arterial stiffness (pulse
wave velocity, PWV); augmentation index (AIx@75); reflection coefficient; fasting blood glucose; fasting lipid profile; blood pressure and body
composition. We found no improvements in PWV (P= 0·690) and AIx@75 (P= 0·083) in both diet groups, but there was a decrease in the
reflection coefficient in the LGL group (P= 0·003) compared with baseline. The LGL diet group showed reductions in body weight (Δ –4·9
kg; P= 0·001), BMI (Δ –1·6 kg/m2; P= 0·001), waist circumference (Δ –3·1 cm; P= 0·001), body fat (Δ –1·8 %; P= 0·034), as well as TAG
(Δ –14·7 mg/dl; P= 0·016) and VLDL (Δ –2·8 mg/dl; P= 0·020). The HGL diet group showed a reduction in total cholesterol (Δ –14·6 mg/
dl; P= 0·001), LDL (Δ –9·3 mg/dl; P= 0·029) but a reduction in HDL (Δ –3·7 mg/dl; P= 0·002). In conclusion, a 45-day intervention with
low-energy HGL or LGL diets in adults with excess weight was not effective to improve arterial stiffness. However, the LGL diet intervention
was associated with a reduction of reflection coefficient and improvements in body composition, TAG and VLDL levels.

Key words: Glycaemic index: Glycaemic load: Overweight: Obesity: Pulse wave velocity

Excess weight is often associated with a chronic inflammatory
state that may lead to endothelial dysfunction, increased arterial
stiffness and systemic arterial hypertension and thus increase
cardiovascular risk(1,2). Arterial stiffness is a predictor of major
cardiovascular events(3). Evidence shows increased arterial stiff-
ness in adults with obesity when compared with those with nor-
mal weight(4,5) and an association between weight gain and
progression of arterial stiffness(6).

Arterial stiffness can be assessed by pulse wave velocity
(PWV) and indirectly by the augmentation index (AIx)(7). A
1 m/s increase in carotid-femoral PWV has been associated with
a 14–15 % increase in the risk of cardiovascular death or all-cause
mortality(3). It is thus crucial to intervene as early as possible to
reduce cardiovascular disease risk factors in individuals with
excess weight and those with accelerated vascular aging(8).
Dietary intake of carbohydrate-containing foods with different
glycaemic loads may induce changes in the chronic inflamma-
tory state and improve vascular health.

Metabolic responses to the carbohydrate content of foods are
measured indirectly by glycaemic index (GI) and glycaemic load
(GL)(9,10). There is evidence of beneficial effects of long-term
dietary interventions (24–68 weeks of duration) with foods of
low GI-GL on fasting insulin and pro-inflammatory markers
and they may be effective for primary prevention of obesity(11).
In fact, GI-GL of foods have been regularly considered as part of
dietary strategies for weight loss in clinical practice(12–14).

To the best of our knowledge, a small number of randomised
clinical trials have evaluated arterial stiffness response to low-
energy diets with different glycaemic loads(6,15). Considering that
obesity is associated with increased arterial stiffness leading to
increased cardiovascular risk and that different carbohydrate
contents may help reduce arterial stiffness and the risk
associated, we conducted a randomised clinical trial to evaluate
the effects of low-energy diets with different glycaemic loads on
arterial stiffness parameters in adults with excess body weight.
Secondarily, we evaluated blood pressure (BP), body
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composition, glycaemic and lipid profiles in these participants.
We hypothesised that a short-term (45 d) dietary intervention
based on a low-energy low-glycaemic load (LGL) diet could
improve arterial stiffness parameters as well as body composi-
tion and glycaemic and lipid profiles in adults with excess body
weight when compared to a low-energy high-glycaemic load
(HGL) diet.

Methods

This is a randomised, parallel-group RCT of a dietary interven-
tion with a low-energy diet with different GLs. This research
project was approved by the Research Ethics Committee at
Instituto de Cardiologia do Rio Grande do Sul/Fundação
Universitária de Cardiologia (IC-FUC) (ID 5544–18) and regis-
tered on ClinicalTrials.gov (https://clinicaltrials.gov/; ID
NCT03918005). The study followed the principles of the
Declaration of Helsinki. All participants read and signed a free
informed consent form to participate in the study. This article
complies with the CONSORT requirements(16).

The primary outcome of this study is arterial stiffness assessed
by PWV and augmentation index corrected for a heart rate of 75
bpm (Aix@75). Secondary outcomes include central and periph-
eral BP, body composition (body mass, BMI, body fat (fat mass,
fat-free mass and the sum of skinfolds)), fasting glucose, insulin,
glycated haemoglobin (HbA1c) and lipid profile (total choles-
terol, non-HDL, HDL and TAG).

Study participants

Recruitment involved screening of potential participants at the
study site and via social media platforms including Facebook
and Instagram. Potential study volunteers approached the study
team by phone, WhatsApp or e-mail for pre-assessment of inclu-
sion and exclusion criteria. If they met all criteria and agreed to
participate, they were asked to attend a first visit for all
assessments.

The study sample comprised male and female
volunteers aged 20–59 years with excess body weight
(BMI≥ 25·0 kg/m2)(17) who were physically inactive (< 150
min/week or< 600 MET min/week) assessed by the
International Physical Activity Questionnaire – Short Form
(http://www.ipaq.ki.se/). There were excluded individuals with
prior diagnosis of diabetes mellitus (type 1 or 2), systemic arterial
hypertension and gastrointestinal, pancreatic, hepatic, renal and
thyroid conditions; use of medications and/or food supple-
ments; pregnancy or lactation in the last six months; cardio-
vascular events in the last six months; past history of bariatric
surgery; smoking(18) or alcohol abuse(19) and concomitant par-
ticipation in other intervention studies.

Sample size

The sample size was calculated using WinPepi, version 11·65,
based on 5 % alpha level, 90 % beta level and two-sided hypoth-
esis. The expected difference in PWV between both intervention
groups was 1·5 ± 2·0 m/s based on data available from the study
by Kasliwal et al.(20). The total number of participants was

seventy-six (thirty-eight per intervention group). The sample
was increased by 10 % to compensate for potential losses and
refusals, totaling eighty-four participants.

Randomisation and blinding

The study participants were assigned to two different interven-
tion groups: a low-energy high-glycaemic load diet (HGL, n 42;
thirty-nine women and three men) or a low-energy low-glycae-
mic load diet (LGL, n 43; thirty-seven women and six men).
Randomisation for the proposed interventions was performed
using a computer-generated random list (www.randomization.
org) with 1:1 coded distribution using random block sizes of
two for forty-two allocations. Allocation concealment was
assured by enclosing a randomisation list in opaque, sealed
envelopes stored in a secure place so that assignments would
not be known beforehand. A blinded investigator prepared
the allocation sequence of random numbers after participant
selection according to eligibility criteria. The sequence of num-
bers used for randomisation was kept confidential up to the start
of the intervention.

A nutritionist (LP) from the research team was not blinded to
the intervention allocation. In order to minimise bias, we used a
similar intervention strategy for both groups (low-energy diet
with the same macronutrient composition). The terms ‘glycae-
mic index’ and ‘glycaemic load’ were not mentioned during
any study visit or in any written material handed out to the vol-
unteers, but the different strategies were colour-coded
(HGL= blue; LGL= red). The participants were explained that
the study was designed to compare two weight loss diets with
different ‘types of carbohydrates’.

The evaluators carrying out arterial stiffness assessment, (cen-
tral and peripheral) BP measurements, biochemical tests and
bioimpedance were blinded to the intervention groups. A non-
blinded nutritionist (LP) performed anthropometric measure-
ments and physical activity assessment. A blinded
independent evaluator calculated total energy intake from
24-hour dietary recalls (24HR). Finally, the data analysis team
worked with data marked as ‘blue diet’ or ‘red diet’.

Study assessments

We collected, in the following order, blood samples for bio-
chemical tests, and obtained BP, arterial stiffness and anthropo-
metric measurements and bioimpedance data 24 h before day 1
of intervention and 24 h after the end of the intervention. All col-
lections were scheduled for 8 a.m. Volunteers were strongly
advised to fast for 12 h (including drinks such as black coffee
and teas) and not to consume alcohol and refrain from any physi-
cal exercise 24 h before the scheduled visit. Total evaluation time
was 2 hours and included all assessments, questions and inclu-
sion in WhatsApp and email groups. Volunteers were offered a
snack (sandwich or cereal bar and orange juice) at the end of
this visit.

Biochemical tests

Blood collections and biochemical analyses were undertaken at
the study hospital (Instituto de Cardiologia) clinical laboratory
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service by skilled personnel. Blood analyses (lipid profile, blood
glucose, insulin and HbA1c) were run as part of the laboratory’s
routine work flow. All test results were sent to the research team
in a report signed by a biomedical laboratory officer.

Briefly, blood samples were collected after 12-hour fasting
pre- and post-intervention. TAG, total cholesterol and HDL lev-
els were determined by an enzymatic colorimetric method. LDL
and very VLDL cholesterol levels were calculated using
Friedewald equation(21). Non-HDL cholesterol levels were calcu-
lated by the difference between total cholesterol and HDL-cho-
lesterol. Glucose levels were measured using an automated
enzymatic method and insulin levels were measured by electro-
chemiluminescence. HbA1c levels were measured using high-
performance liquid chromatography.

Insulin resistance was quantified using the homoeostasis
model assessment for insulin resistance with HOMA2
Calculator (http://www.dtu.ox.ac.UK/homacalculator/)(22).

Blood pressure and arterial stiffness

The volunteers were instructed to empty their bladder before this
assessment. They were allowed to rest in a quiet environment at
the study site for 5 min. They were then explained the procedure
and asked to keep quiet. The right mid-upper arm circumference
wasmeasured for choosing the appropriate cuff size. Central and
peripheral BP and arterial stiffness parameters were assessed by
an oscillometric method (Mobil-O-Graph 24hPWA Monitor
device (IEM, Stolberg, Germany) using the device’s ARC
Solver algorithm (Austrian Institute of Technology, Vienna,
Austria)(23–27).

Heart rate (HR), pulse pressure amplification, central and
peripheral systolic blood pressure and diastolic blood pressure,
mean blood pressure and pulse pressure were measured.
Arterial stiffness was assessed by determining pulse wave veloc-
ity (PWV), AIx corrected for a heart rate of 75 bpm (Aix@75),
reflection coefficient and augmentation pressure. Stroke vol-
ume, cardiac output, total vascular resistance and cardiac index
were also determined.

Anthropometric assessment

A skilled evaluator certified as International Society for the
Advancement of Kineanthropometry level 1 conducted all
anthropometric assessments. All measures were taken in tripli-
cate; we used the mean value of triplicate measures.

Body mass was assessed by a digital electronic scale (Welmy
W200) with an accuracy of 100 g and maximum measuring
capacity of 200 kg. Height measures were taken using a vertical
stadiometer attached to the scale with an accuracy of 0·1 cm and
maximum measuring capacity of 2 m. All measurements were
taken with the volunteers in an upright position, barefoot and
in light clothing as recommended(17).

We measured waist circumference using a stretch-resistant
tape (Cescorf) at the midpoint between the lower margin of
the least palpable rib and the top of the iliac crest at the midax-
illary line at the end of a normal expiration as recommended by
the WHO(17).

Skinfold measurements were taken with a medical skinfold
caliper (Innovare 4, Cescorf) following the International

Society for the Advancement of Kineanthropometry protocol(28).
We collected data from a total of six skinfolds (triceps, subscap-
ular, supraspinatus, abdominal, middle thigh and calf) and then
calculated the sum.

Bioimpedance

Body fat (percent, %; and absolute, kg) and lean mass (kg) were
estimated using a tetrapolar bioimpedance analyser
(Biodynamics 310E, Biodynamics Corporation, Seattle, USA)
according to the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommendations(29).

24-Hour dietary recall

The study nutritionists assessed food intake using the multiple
pass 24-hour dietary recall (24HR) technique(30) to better under-
stand their meal patterns. These assessments were carried out in
person at baseline and at the end of the study.

Intervention: low-energy diet with either low or high
glycaemic load

The participants were randomly assigned to two intervention
groups: a low-energy LGL diet or a low-energy HGL diet. The
intervention lasted 45 d (∼6·5 week).

The prescribed dietary contents were calculated based on the
method of macronutrient equivalents(31) and daily glycaemic
load using food composition tables(9,10). Both HGL and LGL diets
had the same energy contents and macronutrient composition
(55 % carbohydrates, 20 % proteins and 25 % lipids), but different
GL (Table 1).We estimatedGI of foods and daily GL(9,10) from the
FAO/WHO protocol(32) in Microsoft Excel 2018. There are no
recommended values for classifying daily GI and no reference
for classifying GI and GL of specific meals. Therefore, daily
GL was considered ‘low’ when< 80 g and ‘high’ when> 120
g(8). There were four dietary options with different total energy
values (TEV) for HGL and LGL: 1400 (TEV I), 1600 (TEV II), 1800
(TEV III) and 2000 (TEV IV) kcal/d (Table 2).

We calculated basal energy expenditure using the FAO/
WHO/UNUequation (1985)(33) multiplied by an activity factor(34)

for total energy expenditure. We also considered an energy defi-
cit of 500–1000 kcal/d from total energy expenditure as
described in the literature(31). Thus, energy deficit (kcal/d) was
defined as the greatest energy deficit between 500 and 1000 kcal
above basal energy expenditure for dietary plans (kcal/d) TEV I,
TEV II, TEV III and TEV IV. Projected energy deficits were calcu-
lated to all participants from their estimated daily energy require-
ments (Table 3, ‘Prescribed Nutritional Composition’).

The research team nutritionists created meal plans consisting
of base food items according to equivalent values of macronu-
trients and estimated GL (Table 1 and Table 2) as well as guid-
ance on factors affecting daily dietary GL (Chart S1, online
Supplementary Material – new file). Meal plans and any other
information were presented in person to each participant on
day 1 after the assessments (blood collections, BP, arterial stiff-
ness and anthropometric measurements, bioimpedance data
and 24HR). The participants in both dietary groups were also

Glycaemic loads and arterial stiffness 1861

https://doi.org/10.1017/S0007114523001022  Published online by Cam
bridge U

niversity Press

http://www.dtu.ox.ac.UK/homacalculator/
https://doi.org/10.1017/S0007114523001022


advised to reduce Na, caffeine and alcohol intake (without
amount restrictions).

In addition to individual face-to-face visits at baseline and at
the end of the study, all participants were individually followed
up via phone calls or WhatsApp as needed to increase protocol
compliance. We also used this same approach to assess 24HRs
through phone calls on days 15 and 30 to improve diet adher-
ence and follow-up. We did not assess 24HRs on atypical days
(weekends or holidays).

Dietary intake of macronutrients and micronutrients was
determined using Dietbox (https://dietbox.me/). Nutrient intake
from 24HRs was also determined using Dietbox. We assessed

total energy, carbohydrates, proteins, lipids, fibres, total glucose,
dietary cholesterol and saturated, MUFA and PUFA.

Statistical analysis

We tested data normality using the Shapiro–Wilk test. Data were
presented as mean ± standard deviation (SD) and/or 95 % con-
fidence intervals (95 % CI). The generalised estimating equation
(GEE) method was applied to test for differences between the
two diet interventions (group) over time using two factors
(group and time) as well as the interaction between them
(group × time). The Bonferroni test was used for multiple

Table 1. Base food items in low-energy diets with either high glycaemic load (HGL) or low glycaemic load (LGL)

HGL diet LGL diet

Carbohydrates Carbohydrates
White rice Brown rice and parboiled rice
White pasta, potato, cassava and polenta Sweetcorn
White bread and cake Whole-grain bread
Cereal bar Rolled oats
White sugar and fruit jelly Sweetener or sugar-free

Milk and dairy products Milk and dairy products
Fat-free yogurt with fruit pulp Fat-free natural yogurt
Low-fat white cheese, ricotta and cream cheese Fresh white cheese, ricotta cheese, low-fat yellow cheese and low-fat moz-

zarella cheese
Skim cow’s milk Skim cow’s milk

Fruits Fruits
Cavendish banana, kiwi, papaya, green grapes, raisins, watermelon,
pineapple and mango

Chunkey banana, orange, apple, papaya, strawberries, pear, peach and
grapes

Legumes Legumes
Beans Green peas, lentils and soyabeans

Vegetables Vegetables
Pumpkin squash, beetroot, onions, turnip, green beans and chayote Kale, yellow pepper, green pepper, cabbage, carrot, eggplant, tomato, zuc-

chini and cauliflower
Green leaves Green leaves

Meat Meat
Lean beef, skinless chicken and chicken egg Lean beef, skinless chicken and chicken egg

The prescribed diets were calculated by macronutrient equivalents (carbohydrates, proteins and lipids)(31) and daily glycaemic load(9,10).

Table 2. Planned nutritional composition of a low-energy diet with either high glycaemic load (HGL) or low glycaemic load (LGL)

HGL diet LGL diet

Energy (kcal/d)* 1400 (I) 1600 (II) 1800 (III) 2000 (IV) 1400 (I) 1600 (II) 1800 (III) 2000 (IV)
Carbohydrates
g/d 201·0 221·0 251·0 266·0 201·0 221·0 251·0 266·0
Total glucose (g/d) 20·5 20·5 29·8 29·8 20·8 20·8 20·5 20·8
% TEV 54·8 54·8 55·7 54·7 54·8 54·8 55·7 54·7

Proteins
g/d 76·0 81·0 87·0 97·0 76·0 81·0 87·0 97·0
% TEV 20·7 20·1 19·3 19·9 20·7 20·1 19·3 19·9

Lipids
g/d 40·0 45·0 50·0 55·0 40·0 45·0 50·0 55·0
MUFA (g/d) 13·9 15·0 17·0 17·0 13·7 16·4 16·6 17·0
PUFA (g/d) 9·9 12·2 16·9 16·9 10·0 16·9 17·0 17·4
SFA (g/d) 8·7 9·5 11·1 11·2 8·7 10·1 10·2 10·8
Dietary cholesterol (mg/d) 149·6 149·6 189·5 189·5 152·7 152·7 152·7 192·5
% TEV 24·5 25·1 25·0 25·4 24·5 25·1 25·0 25·4

Fibres (g/d) 29·0 35·4 37·1 37·9 28·8 34·6 34·5 35·6
Glycaemic index (%) 134 129 139 139 84 87 87 87
Glycaemic load (g/d) 161 169 190 175 55 62 74 80

The prescribed diets were calculated by macronutrient equivalents (carbohydrates, proteins and lipids)(31). The GI of foods was classified as being low (≤ 55%), medium (56–69%)
and high (≥ 70%) relative to glucose(9,10). Daily GL were estimated from the FAO/WHO protocol and manually calculated from GI and amount of carbohydrate of individual food
items(32). Daily GL was considered ‘low or high’ when< 80 g or> 120 g, respectively(8).
* Diets were developed and classified into four levels of total energy value (TEV): 1400 (TEV I), 1600 (TEV II), 1800 (TEV III) and 2000 (TEV IV) kcal/d.
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Table 3. Prescribed nutritional composition and dietary intake from 24-hour food recalls (24HRs) of a low-energy diet with either high glycaemic load (HGL) or
low glycaemic load (LGL)

HGL diet (n 36) LGL diet (n 39) P (group) P (time) P (interaction)

Energy (kcal/d) Mean ± SD 95% CI Mean ± SD 95% CI
Pre-intervention* 1944·5 692·2 1748·2, 2162·7 1949·0 751·7 1739·2, 2184·2 0·469 < 0·001 0·754
Prescribed nutritional composition|| 1637·0 146·9 1589·4, 1685·2 1647·0 169·5 1596·7, 1698·8 0·378 < 0·001 0·713
15 d of intervention 1261·4 475·0†,‡ 1117·3, 1424·1 1384·5 425·8†,‡ 1258·7, 1522·9
30 d of intervention 1224·7 380·4†,‡ 1108·1, 1353·6 1278·2 530·2†,‡ 1124·1, 1453·5
45 d if intervention 1311·7 457·9†,‡ 1172·2, 1467·7 1330·6 473·5†,‡ 1191·7, 1485·7

Carbohydrates (g/d)
Pre-intervention* 228·8 98·9 201·1, 260·4 231·7 112·9 200·6, 267·6 0·293 < 0·001 0·834
Prescribed nutritional composition|| 224·5 21·2 217·6, 231·4 225·9 23·7 218·7, 233·0 0·239 < 0·001 0·779
15 d of intervention 156·5 65·6†,‡ 136·7, 179·1 165·1 70·7†,‡ 144·6, 188·5
30 d of intervention 138·3 51·5†,‡ 122·7, 155·9 159·5 106·2†,‡ 129·8, 196·1
45 d if intervention 155·4 51·4†,‡ 139·7, 172·9 167·5 82·8†,‡ 143·7, 195·2

Total glucose (g/d)
Pre-intervention* 44·2 43·5 32·6, 60·0 49·3 57·2 35·0, 69·4 0·852 < 0·001 0·692
Prescribed nutritional composition|| 23·0 4·2 21·8, 24·4 20·7 0·1 20·6, 20·8 0·280 0·097 0·563
15 d of intervention 25·1 24·1† 18·2, 34·5 21·0 18·9† 15·4, 28·8
30 d of intervention 18·8 18·9† 13·3, 26·5 19·6 16·3† 14·8, 26·0
45 d if intervention 20·2 19·1† 14·7, 27·7 22·9 16·5† 18·2, 28·8

Proteins (g/d)
Pre-intervention* 90·0 45·5 77·4, 104·7 76·7 25·9 69·4, 84·8 0·775 0·058 0·109
Prescribed nutritional composition|| 82·1 5·8 80·2, 84·0 82·8 7·3 80·7, 85·0 0·238 0·002 0·585
15 d of intervention 72·0 31·3† 62·6, 82·8 80·8 32·0 71·5, 91·4
30 d of intervention 66·3 27·4†,‡ 58·0, 75·8 74·0 32·0 64·7, 84·6
45 d if intervention 72·3 34·8† 62·0, 84·4 72·6 29·2 64·1, 82·2

Lipids (g/d)
Pre-intervention* 74·9 34·7 65·2, 86·0 80·9 36·3 70·9, 92·4 0·905 < 0·001 0·194
Prescribed nutritional composition|| 45·4 4·5 44·0, 46·9 45·8 5·2 44·2, 47·3 0·625 0·493 0·220
15 d of intervention 40·4 20·6† 34·3, 47·6 45·1 13·9† 41·0, 49·6
30 d of intervention 46·9 22·0 40·3, 54·5 40·7 18·8† 35·3, 47·0
45 d if intervention 45·8 22·1† 39·2, 53·5 42·5 17·3† 37·4, 48·2

MUFA (g/d)
Pre-intervention* 22·7 11·4 19·5, 26·4 24·0 11·6 20·8, 27·6 0·661 < 0·001 0·103
Prescribed nutritional composition|| 15·3 1·2 14·8, 15·6 15·1 1·1 14·8, 15·4 0·423 0·004 0·100
15 d of intervention 12·3 6·3†,‡ 10·4, 14·5 14·1 5·4† 12·5, 15·8
30 d of intervention 14·9 8·0 12·5, 17·7 12·1 5·8†,‡ 10·4, 14·0
45 d if intervention 14·1 8·3† 11·6, 17·0 12·9 5·2† 11·4, 14·6

PUFA (g/d)
Pre-intervention* 20·6 13·8 16·8, 25·1 21·7 15·1 17·7, 26·7 0·591 < 0·001 0·040
Prescribed nutritional composition|| 12·9 2·7 12·0, 13·7 13·3 2·7 12·5, 14·1 0·456 0·140 0·039
15 d of intervention 11·0 5·1† 9·4, 12·7 12·8 4·2† 11·6, 14·1
30 d of intervention 13·3 8·4† 10·9, 16·3 10·6 5·0†,‡,§ 9·2, 12·3
45 d if intervention 12·7 5·9† 10·9, 14·7 11·0 5·4† 9·5, 12·8

SFA (g/d)
Pre-intervention* 23·2 11·2 20·1, 26·8 27·2 12·3 23·8, 31·1 0·012 < 0·001 0·618
Prescribed nutritional composition|| 9·8 1·0 9·4, 10·1 9·9 0·7 9·6, 10·2 0·020 < 0·001 0·152
15 d of intervention 13·0 11·1† 9·9, 17·1 19·3 13·9†,‡,§ 15·4, 24·1
30 d of intervention 13·2 6·3† 11·3, 15·4 15·6 10·1†,‡ 12·7, 19·1
45 d if intervention 14·7 7·8†,‡ 12·4, 17·4 17·9 12·5†,‡,§ 14·5, 22·3

Dietary cholesterol (mg/d)
Pre-intervention* 314·8 249·9 248·3, 399·1 260·8 155·4 218·7, 311·0 0·105 0·006 0·122
Prescribed nutritional composition|| 160·7 17·7 154·9, 166·5 158·7 15·7 154·2, 163·2 0·023 < 0·001 0·099
15 d of intervention 188·0 128·2† 150·9, 234·2 241·4 180·2‡ 191·6, 304·2
30 d of intervention 182·4 113·0† 149·7, 222·3 243·5 156·9‡ 199·6, 296·9
45 d if intervention 224·0 146·9† 181·6, 276·4 275·2 212·1‡ 216·7, 349·4

Fibres (g/d)
Pre-intervention* 17·6 9·8 14·9, 20·8 17·6 8·5 15·3, 20·3 0·574 0·124 0·939
Prescribed nutritional composition|| 34·2 3·4 33·1, 35·2 33·1 2·7 32·2, 34·0 0·628 < 0·001 0·691
15 d of intervention 18·1 6·6‡ 16·1, 20·4 18·9 6·5‡ 17·0, 21·0
30 d of intervention 18·2 9·4‡ 15·4, 21·5 20·2 18·0 15·3, 26·6
45 d of intervention 16·3 7·9‡ 13·9, 19·0 17·1 8·6‡ 14·6, 19·9

* Comparison among pre-intervention (baseline) v. 15, 30 and 45 d of intervention. Potential differenceswere tested by generalised estimating equations (GEE) followed byBonferroni
multiple comparisons.

† P< 0·05 v. pre-intervention (baseline) at same group.
‡ P< 0.05 v. prescribed nutritional composition in the same group.
§ P< 0·05 HGL group at same time.||Prescribed values in food plans for assessing dietary compliance (prescribed .v. actual intake at 15, 30 and 45 d of intervention). There were no
differences in prescribed values between the groups. Potential differences over time (prescribed nutritional composition .v. at 15, 30 and 45 d of intervention) were tested by gen-
eralised estimating equations (GEE) followed by Bonferroni multiple comparisons.
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comparisons when applicable. Baseline comparisons between
both groups were tested using Student’s t test for independent
samples or Pearson’s chi-square test. All statistical analyses were
performed using Statistical Package for the Social Sciences v20·0
for Windows (SPSS Inc.). A significance level of 5 % (P< 0·05)
was set for all statistical tests.

Results

This study was carried out at IC-FUC clinical research laboratory
from April to December 2019. After an initial screening, 158 vol-
unteers were selected. Seventy-three were considered ineligible
based on the inclusion criteria. There were included eighty-five
participants, but ten did not complete the study (HGL= 6 and
LGL= 4). Thus, the final sample consisted of seventy-five volun-
teers (Fig. 1).

Baseline characteristics

The female to male ratio was similar in both intervention groups
(HGL: 39/3 and LGL: 37/6; P= 0·308). They were also similar in
age (HGL: 34·3 ± 10·6 and LGL: 37·7 ± 10·8 years old; P= 0·154),
and physical and clinical characteristics, except for insulin levels
(Δ −2·6 μU/ml; P= 0·012) and homoeostasis model assessment
for insulin resistance (Δ−0·5; P= 0·005) being lower in LGL than
HGL group.

All participants reported low levels of physical activity with
no difference between the groups (HGL 252·8 ± 309·5 and
LGL 232·1 ± 279·0 MET-min/week; P= 0·526).

Dietary compliance

Table 3 shows dietary compliance, i.e. total amount of food con-
sumed from 24HRs compared with prescribed dietary plans.
Interestingly, both groups consumed less than prescribed in total
energy content (kcal/d; HGL: −22 %, P< 0·001; LGL: −19 %,
P= 0·001), carbohydrates (g/d, HGL: −33 %, P< 0·001;
LGL: −27 %, P< 0·001) and fibre (g/d, HGL: −49 %, P< 0·001;
LGL: −43 %, P< 0·001), but without any difference between
them. Saturated fat intake was higher than prescribed in both
groups (g/d; HGL: 30 % and LGL: 78 %; P< 0·001) and higher
in the LGL comparedwith the HGL group (Table 3). Despite that,
fat intake was reduced by 41 % from baseline (pre-intervention)
in the HGL and by 35 % in the LGL group; i.e. their intake was
higher than prescribed, but lower than their usual intake
(Table 3).

Briefly, of ten food items in the dietary plan (total energy in
kcal, carbohydrates, proteins, total lipids, total sugars, monoun-
saturated fat, polyunsaturated fat, saturated fat, dietary choles-
terol and fibres), six (proteins, total lipids, total glucose,
MUFA, PUFA and dietary cholesterol) were associatedwith good
compliance with prescribed dietary plans in both groups. Total
energy intake (kcal), carbohydrate intake and fibre intake were

Fig. 1. Flow chart of the study design.
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lower than expected, and saturated fat intake was higher than
expected in both groups.

Cardiovascular parameters – primary outcome

Regarding cardiovascular parameters (Table 4), HR was lower in
the HGL group (Δ −3·6 bpm, P= 0·024) post-intervention com-
paredwith baseline. Stroke volume reduced over time in the LGL
group (Δ −2·9, P= 0·031), but not in the HGL group. And there
was no significant change in PWV (P= 0·690) or AIx@75
(P= 0·083) in both groups post-intervention. However, the
reflection coefficient was lower in the LGL group (Δ −2·9 %;
P= 0·003) when compared with the HGL groups in response
to the dietary intervention.

Body composition, glucose and lipid profile – secondary
outcomes

As for body composition (Table 5), body mass was reduced (Δ
−3·0 kg, P= 0·026) in the LGL group to a greater extent than in
the HGL group. The intra-group analysis (baseline v. post-inter-
vention) showed a reduction in body weight only in the LGL
group (Δ −4·9 kg, P= 0·001) that was associated with lower
fat mass (Δ −3·2 kg, P= 0·004), lower lean mass (Δ −2·0 kg,
P= 0·001), reduced waist circumference (Δ −3·1 cm,
P< 0·001), as well as reduced sum of six skinfolds (Δ −14·5
mm, P< 0·001). But any of these changes was not seen in the
HGL group. Together, these changes in body composition led
to reduced BMI in the LGL group (Δ −1·6 kg/m2, P< 0·001),
but without significance difference and having no clinical rel-
evance compared with the HGL group (Table 5).

Interestingly, as for the lipid profile, a slight decrease in fast-
ing glucose was seen in the HGL group (Δ −3·1 mg/dl,
P= 0·030), but not in the LGL group (Table 5). However, it
was not enough to change the homoeostasis model assessment
for insulin resistance index, likely because insulin levels
remained unchanged over time (45 d). And, as expected, there
were no significant changes in HbA1c levels, possibly because of
intervention duration (45 d) was not long enough to significantly
change this parameter.

All parameters in the lipid profile were reduced over time,
except LDL (Table 5), in both groups. However, the intragroup
analysis showed reduced levels of TAG (Δ −14·7 mg/dl,
P= 0·019) and VLDL (Δ−2·8mg/dl, P= 0·025) in the LGL group.
In turn, there was a significant reduction in total cholesterol (Δ
−14·6mg/dl, P= 0·011), LDL (Δ−9·3mg/dl, P= 0·046) and non-
HDL levels (Δ −10·9 mg/dl, P= 0·025) in the HGL group despite
a reduction in HDL (Δ −3·7 mg/dl, P= 0·002) (Table 5).

Discussion

The main finding of the present study is that both low-energy
diets – either HGL or LGL – showed no effects on PWV and
AIx@75 over a 45-day follow-up. Yet the nutritional strategy of
low-energy LGL diet was associated with a lower reflection coef-
ficient. The low-energy LGL diet effectively reduced body mass
and fat mass, but this same effect was not seenwith the HGL diet.
The analysis by individual groups showed that the LGL diet was
effective in promoting positive changes in body composition and

TAG, while the HGL diet showed a beneficial effect in reducing
total cholesterol, LDL and non-HDL. Thus, we partially accept
our hypothesis that a low-energy LGL diet would improve
arterial stiffness parameters as well as secondary outcomes
(body composition and glycaemic and lipid profiles). It should
be noted that compliance with a prescribed dietary plan is a
key aspect. Intake was lower than expected in terms of total
amount of energy (kcal/d), carbohydrates and fibers, but with-
out any differences between the groups. It is thus very unlikely
that variations in the prescribed dietary plans had any influence
on the outcomes assessed in both groups.

Arterial stiffening significantly increases the incident pressure
wave (from central arteries into the peripheral circulation) gen-
erated in the aorta and tends to reduce the reflection coeffi-
cient(35). The incident pressure wave is affected not only by
arterial stiffness and stiffness gradient but also stroke volume
and left ventricular ejection-related variables including HR(35).
Body shape and height can also influence the magnitude and
timing of reflection waves as well as vascular impedance and
HR patterns(35–37). Our results are consistent with these reports
and points to a relationship between weight loss (reduction in
body weight and fat mass) and the reflection coefficient.

Interestingly, the HGL diet reduced fasting glucose. Although
there was no reduction in body weight and the glycaemic load
was higher (HGL v. LGL), there was a reduction in the amount of
energy consumed aswell as in the amount of carbohydrates with
the implementation of the diet, compared with what the partic-
ipants had been ingesting before. This fact may have been the
reason for the reduction in fasting blood glucose. However,
HGL showed no significant effect on PWV and Aix@75. One
study(38) demonstrated that a 6·4 % loss of body weight over a
12-month period was not associated with changes in brachial-
ankle PWV (−2·6 cm/s, P= 0·830). A meta-analysis(39) showed
that the relative risk of overall cardiovascular events was 1·318
(95 % CI 1·093, 1·588) for a 10 % absolute increase of AIx, corre-
sponding to a risk increase of 31·8 %. The reduction in AIx@75
with the HGL diet, though small, can lead to reduced cardio-
vascular risk among the participants of our study. Studies have
shown that acute dietary interventions can improve PWV in
healthy young adults(15,40). A meta-analysis including twenty
studies (totaling 1259 participants)(41) and some other stud-
ies(42–44) (duration of 4 weeks to 6 months; mean duration of
11·6 weeks) found improved PWV, though they did not assess
Aix@75. Therefore, the results for this artery segment cannot
be extrapolated to other segments of the same arterial tree. A
direct comparison with our results is not possible because of dif-
ferent study characteristics (design, follow-up duration and vary-
ing degrees of obesity among participants). In their meta-
analysis, Petersen et al.(41) examined twenty studies (totaling
1259 participants) and found that a small reduction in body
weight (8 % of baseline weight) reduced PWV by −0·32 (stand-
ardisedmean difference). However, their analysis had some lim-
itations including low quality of the studies (only three studies
were RCT) and non-reporting of randomisation procedures
and blinding. In addition, there was strong evidence of publica-
tion bias.

Syed-Abdul et al.(42) were the first to demonstrate that weight
loss improved carotid-femoral PWV as early as 4 weeks and that
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Table 4. Central and peripheral blood pressure, haemodynamic parameters and arterial stiffness at baseline and post-intervention with a low-energy diet with either high glycaemic load (HGL) or low glycaemic
load (LGL)

HGL diet (n 36) LGL diet (n 39)

Baseline Post Δ Baseline Post Δ

Mean SD 95% CI Mean SD 95% CI 95% CI Mean SD 95% CI Mean SD 95% CI 95% CI
P

(group)
P

(time)
P (interac-

tion)

Blood pressure
SBP (mmHg) 121·0 10·7 117·8, 124·2 121·2 11·6 117·5, 125·0 0·2 –2·9, 3·4 120·8 13·4 116·9, 124·8 119·6 13·0 115·6, 123·7 –1·2 –4·1, 1·8 0·716 0·671 0·52
DBP (mmHg) 75·8 10·6 72·7, 79·1 76·3 8·4 73·6, 79·0 0·4 –2·1, 2·9 75·6 9·6 72·8, 78·5 75·6 9·9 72·7, 78·8 0·1 –2·2, 2·5 0·83 0·753 0·872
MBP (mmHg) 96·5 9·7 93·6, 99·4 96·9 9·2 94·0, 99·9 0·4 –2·0, 2·9 96·2 10·4 93·2, 99·3 95·8 10·3 92·7, 99·0 –0·4 –2·6, 1·7 0·750 0·985 0·611
HR (bpm) 77·5 10·3 74·5, 80·6 73·9 7·7 71·5, 76·4 –3·6* –6·5, –0·6 72·7 9·6 69·9, 75·6 73·4 9·4 70·5, 76·3 0·7 –1·5, 2·9 0·145 0·137 0·024
cSBP (mmHg) 122·3 12·6 118·6, 126·1 123·1 14·2 118·7, 127·8 0·9 –3·5, 5·2 124·3 17·2 119·4, 129·5 121·8 14·5 117·3, 126·4 –2·6 –6·8, 1·6 0·905 0·577 0·266
cDBP (mmHg) 76·9 10·7 73·8, 80·2 77·5 8·9 74·7, 80·4 0·4 –2·1, 2·9 77·1 9·3 74·4, 79·9 77·1 9·7 74·1, 80·2 0·1 –2·2, 2·5 0·957 0·732 0·74
cPP (mmHg) 44·6 9·8 41·8, 47·7 45·1 8·8 42·3 48·0 0·4 –2·6, 3·5 46·8 11·9 43·4, 50·4 44·4 10·8 41·2, 47·9 –2·4 –5·3, 0·5 0·725 0·364 0·186

Haemodynamic
parameters
Stroke volume (ml) 65·7 12·1 62·1, 69·4 68·3 10·2 65·1, 71·6 2·6 –0·9, 6·1 69·5 12·7 65·9, 73·3 66·6 12·0 63·0, 70·4 –2·9 –6·4, 0·6 0·629 0·923 0·031
Cardiac output (l/
min)

5·0 0·5 4·8, 5·1 5·0 0·4 4·8, 5·1 0·0 –0·2, 0·2 5·0 0·6 4·8, 5·1 4·8 0·6 4·6, 5·0 –0·2 –0·4, 0·1 0·268 0·274 0·251

PVR (mmHg/ml) 1·2 0·1 1·1, 1·2 1·2 0·1 1·1, 1·2 0·0 0·0, 0·0 1·2 0·1 1·1, 1·2 1·2 0·1 1·1, 1·3 0·0 0·0, 0·1 0·219 0·335 0·400
Cardiac index (l/
min/m2)

2·6 0·3 2·5, 2·7 2·6 0·4 2·5, 2·8 0·0 –0·1, 0·1 2·6 0·3 2·5, 2·7 2·6 0·4 2·4, 2·7 0·0 –0·1, 0·1 0·304 0·783 0·845

Arterial stiffness
Reflection coeffi-
cient (%)

62·6 6·0 60·9, 64·5 64·8 6·9 62·6, 67·1 2·2 –0·2, 4·6 66·0 6·4 64·2, 67·9 63·1 9·4 60·3, 66·1 –2·9* –5·2, –0·7 0·545 0·681 0·003

AIx@75 (%) 21·8 8·9 19·3, 24·6 20·1 8·4 17·5, 22·9 –1·7 –4·3, 0·8 19·0 8·6 16·6, 21·8 21·1 9·6 18·3, 24·3 2·1 –1·4, 5·6 0·593 0·846 0·083
PWV (m/s) 5·8 0·9 5·5, 6·1 5·8 1·0 5·5, 6·1 0·0 –0·2, 0·2 6·0 1·0 5·7, 6·3 6·1 1·0 5·8, 6·4 0·1 –0·1, 0·2 0·233 0·587 0·690

SBP, systolic blood pressure (peripheral); DBP, diastolic blood pressure (peripheral); MBP,meanblood pressure; HR, heart rate; cSBP, central systolic blood pressure; cDBP, central diastolic blood pressure; cPP, central pulse pressure; PVR,
peripheral vascular resistance; Aix@75: augmentation index corrected for a heart rate of 75 bpm; PWV: pulse wave velocity. All values are presented asmeans ± SD and (95%CI). Differences were tested by generalised estimating equations
(GEE) followed by Bonferroni multiple comparisons.
* P< 0·05 for post-intervention v. baseline.
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Table 5. Body composition, blood glucose, insulin levels and lipid profile at baseline and post-intervention (45 d) with a low-energy diet with either High Glycaemic Load (HGL) or Low Glycaemic Load (LGL)

HGL diet (n 36) LGL diet (n 39)

Baseline Post Δ Baseline Post Δ

Mean SD 95% CI Mean SD 95% CI 95% CI Mean SD 95% CI Mean SD 95% CI 95% CI
P

(group)
P

(time)
P (interac-

tion)

Body mass
(kg)

83·9 14·8 79·5, 88·4 83·0 14·3 78·4, 87·7 –0·9 –3·3, 1·4 84·9 15·1 80·5, 89·5 80·0 13·5 75·9, 84·4 –4·9*,† –7·5, –2·3 0·747 0·001 0·026

BMI (kg/m2) 32·9 5·2 31·4, 34·5 32·5 4·9 30·9, 34·1 –0·5 –1·3, 0·4 32·6 5·8 30·9, 34·3 31·0 5·5 29·3, 32·7 –1·6* –2·5, –0·8 0·425 0·001 0·052
Waist circum-

ference
(cm)

92·3 10·3 89·3, 95·5 91·1 10·3 87·8, 94·5 –1·2 –3·1, 0·7 92·8 11·2 89·5, 96·2 89·7 11·0 86·4, 93·2 –3·1* –4·7, –1·4 0·843 0·001 0·154

Body fat (%) 36·1 6·8 34·1, 38·3 36·0 5·9 34·2, 38·0 –0·1 –1·0, 0·8 37·5 5·5 35·8, 39·1 35·7 5·5 34·0, 37·4 –1·8* –3·3, –0·3 0·719 0·034 0·057
Fat mass (kg) 30·5 9·3 27·8, 33·6 30·3 8·8 27·6, 33·3 –0·2 –1·1, 0·7 32·2 9·1 29·6, 35·1 29·0 8·2 26·5, 31·6 –3·2* –5·1, –1·4 0·958 0·001 0·004
Lean mass

(kg)
52·7 7·9 50·2, 55·2 52·6 7·5 50·2, 55·1 –0·1 –1·1, 0·9 53·1 9·1 50·4, 55·9 51·1 8·2 48·5, 53·7 –2·0* –3·9, –0·2 0·750 0·048 0·070

Sum of six
skinfolds
(mm)

228·8 57·8 212·2, 246·8 222·5 52·7 206·2, 240·2 –6·3 –15·0, 2·4 226·5 51·1 211·9, 242·1 212·0 44·3 198·6, 226·4 –14·5* –22·5, –6·4 0·555 0·001 0·160

Fasting glu-
cose
(mg/dl)

90·9 9·5 88·1, 93·7 87·7 9·3 84·7, 90·8 –3·1* –6·2, –0·1 89·6 11·0 86·4, 92·9 90·5 10·2 87·4, 93·7 0·9 –1·1, 2·9 0·696 0·230 0·030

HbA1c (%) 5·5 0·3 5·4, 5·6 5·5 0·4 5·4, 5·7 0·1 0·0, 0·2 5·5 0·5 5·3, 5·6 5·4 0·6 5·2, 5·6 –0·1 –0·2, 0·0 0·537 0·966 0·062
Insulin (μU/ml) 14·2 7·5 12·1, 16·7 14·3 6·7 12·3, 16·7 0·1 –2·0, 2·2 11·3 4·9† 9·9, 12·9 11·6 4·2 10·4, 12·9 0·3 –1·2, 1·8 0·012 0·752 0·844
HOMA2-IR 1·9 0·9 1·6, 2·2 1·9 0·8 1·6, 2·1 0·0 –0·3, 0·3 1·4 0·6† 1·3, 1·7 1·5 0·5 1·3, 1·7 0·1 –0·2, 0·2 0·005 0·828 0·736
TAG (mg/dl) 108·6 53·1 93·8, 125·7 100·9 50·8 85·6, 118·9 –7·7 –19·3, 3·9 121·1 72·0 101·6, 144·4 106·5 53·6 91·1, 124·4 –14·7* –29·0, –0·3 0·452 0·016 0·511
VLDL (mg/dl) 22·1 10·5 19·2, 25·5 20·6 10·3 17·5, 24·2 –1·5 –3·9, 0·8 24·6 14·5 20·7, 29·3 21·7 10·8 18·6, 25·4 –2·8* –5·7, 0·0 0·454 0·020 0·536
Total choles-

terol (mg/dl)
193·0 43·2 180·5, 206·3 178·4 40·1 165·7, 192·0 –14·6* –24·9, –4·3 197·8 36·7 187·2, 208·9 192·4 31·5 182·9, 202·4 –5·4 –11·7, 0·9 0·231 0·001 0·120

HDL (mg/dl) 57·0 14·9 52·7, 61·6 53·3 10·8 49·9, 56·9 –3·7* –6·7, –0·7 56·8 17·8 51·8, 62·4 54·8 16·4 49·9, 60·1 –2·1 –4·2, 0·0 0·831 0·002 0·361
LDL (mg/dl) 114·3 35·8 104·0, 125·5 105·0 37·5 93·4, 118·0 –9·3* –17·6, –1·0 116·7 30·8 107·9, 126·2 116·4 27·7 108·1, 125·3 –0·3 –5·9, 5·2 0·319 0·060 0·079
Non-HDL (mg/

dl)
136·0 37·9 125·1, 147·8 125·1 40·7 112·5, 139·1 –10·9* –19·7, –2·1 140·9 38·3 130·1, 152·7 137·6 33·1 127·7, 148·2 –3·3 –9·9, 3·2 0·267 0·012 0·164

non-HDL: non-high density lipoprotein; HbA1C: glycated haemoglobin; HOMA2-IR: homeostasis assessment model for insulin resistance. All values are presented as means ± SD and (95% CI). Differences were tested by generalised
estimating equations (GEE) followed by Bonferroni multiple comparisons.
* P< 0·05 for post-intervention v. baseline.
† P< 0·05 v. group at same time.
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a carbohydrate-restricted diet (energy deficit of 645 kcal/d) can
be an effective approach to reduce arterial stiffness in women.
All overweight participants, irrespective of gender, showed a
reduction in PWV by nearly 6 % associated with a 5 % reduction
in body weight along with significant reductions in TAG (34 %),
plasma insulin (34 %) and BP (6–8 %). Our results showed a
energy deficit (618 kcal) and similar body weight reduction
(5·8 %) and a major reduction in TAG (12·1 %) in the LGL group,
though no reductions in PWV. Thus, since the reduction in body
weight was similar between groups, only LGL group showed a
marked reduction in TAG and in the reflection coefficient, the
hypothesis that triglyceride reduction is more associated with
reductions in PWV (by reflection coefficient) than weight loss
should be better investigated in future studies.

Although the study by Nordstrand et al.(43) used moderate
energy restriction (1000 kcal/d) combined with moderate-to
high-intensity aerobic exercise (4–8 METs) and our study only
dietary intervention, an analysis of the results deserves attention.
The authors found a reduction in arterial stiffness (–0·6 m/s) in
individuals with morbid obesity after a 7-week intervention. A
low-energy diet (< 900 kcal/d) was shown to have no effect
on arterial stiffness (–0·2 m/s). Even after adjusting for age, gen-
der, baseline BP, baseline BMI, history of coronary artery dis-
ease, and baseline PWV, PWV reduction was greater in those
with moderate energy restriction (1000 kcal/d) than those on
a low-energy diet of< 900 kcal/d. Given the significant benefits
reported in this study, further research combining diet therapy
with other physical exercise modalities are needed.

Philippou et al.(44) evaluated 38men aged 35–65 years with at
least one risk factor for coronary artery disease and found no
superior efficacy of a LGL diet compared with HGL diets on
PWV after a 6-month intervention. They also reported a reduc-
tion in anthropometric parameters in each group over time, but
with no significant difference between them. Our results suggest
that PWV is apparently a less sensitive marker of short-term
changes, but a change in the reflection coefficient is more likely
to occur.

Our study found that the LGL diet intervention led to reduc-
tions from baseline in several anthropometric parameters,
including body mass, BMI, waist circumference, fat mass, lean
mass and skinfolds, in addition to TAG and VLDL. In this sce-
nario, reduced lean body mass can be regarded as an undesir-
able adaptation. However, this ‘side effect’ is quite common in
weight reduction programs based on energy restriction due to
a negative energy balance state(45,46). To minimise this effect,
one alternative is to include strength exercise as an adjuvant
to energy restriction(45–47). Weight loss can increase triglyceride
clearance and thus lead to a reduction in triglyceride levels(48). A
systematic review of RCTs(49) demonstrated that LGL diet may
have an important role in reducing triglyceride levels, which is
consistent with our finding. Low-to-moderate carbohydrate
Mediterranean diets and low-fat diets has also been shown to
reduce triglyceride levels(50). And unlike Mediterranean diets,
low GI-GL diets are not based on traditional foods mostly found
in Mediterranean countries and, as seen with the diet interven-
tion in our study, they may contain a wider selection of foods
with low GL and are appropriate for various environments(51).

Intentional weight loss in adults with obesity can be associ-
ated with a 15 % reduction of all-cause mortality (RR 0·85;
95 % CI 0·73, 1·00)(52). Weight loss diets that are usually low in
fat, particularly saturated fat, combined or not with dietary coun-
seling and exercise, may also be associated with a reduction of
premature all-causemortality in this population (RR 0·82; 95 %CI
0·71, 0·95)(53).

In our study, the HGL diet intervention demonstrated
improvements from baseline in total cholesterol and LDL, and
non-HDL cholesterol despite a reduction in HDL. One study(54)

concluded that reductions found in total cholesterol, LDL, and
HDL with a high GL diet could be due to slight differences in
the fatty acid profile of the diet compared to that of a lowGL load.
This may also partially explain our findings, considering that
HGL ingested less saturated fatty acids compared to LGL. A
reduction in HDL cholesterol— a negative health effect—can
be in part explained by energy restriction. Amulticenter study(55)

investigated an 8-week energy restriction intervention (810 kcal/
d) and found a reduction in bodyweight associatedwith an aver-
age HDL cholesterol decrease of 4·6 mg/dl. A plausible explan-
ation for these findings in that study as well as in ours is lower fat
intake as fatty acids are substrates for HDL cholesterol particles.

One further aspect is assessing dietary compliance with the
prescribed plans as well as comparing the prescribed dietary
plans with participants’ baseline dietary intake. Saturated fat
intake was higher than expected in the HGL group despite a
41 % reduction from baseline in this group and 35 % reduction
in the LGL group. As for the amount of saturated fat restricted
in the dietary plan, intake was 30 % and 78 % higher than
expected in the HGL and LGL groups, respectively. Non-compli-
ance with fat restrictions in the dietary plan may have contrib-
uted to unchanged levels of lipid parameters in the LGL
group. On the other hand, a change in the type of carbohydrate
in the dietary planmay in part explain reduced triglyceride levels
seen only in the LGL group.

Our study has strengths and some limitations. The main
strengths include an adequate sample size for a diet intervention,
rigorous randomisation and blinding and intervention standard-
isation. Yet there are some limitations. First, a longer intervention
duration would have allowed various follow-up time points.
However, the choice for a shorter intervention duration posi-
tively affected the dropout rate during follow-up (11·8 %) (Fig.
1). A higher proportion of the participants were women despite
randomisation and open call for volunteers. A possible explan-
ation is that women are more likely to participate in research
studies involving low-energy diets. In addition, a retrospective
quantitative assessment of food intake through the 24HR relies
on the participants’ recall and their food intake may be atypical.
But the 24HR is a valid instrument and provides a good estimate
of food intake. Since a single food recall cannot give an adequate
estimate of the usual diet, we collected 24HR data every 15 d
throughout the study. To avoid potential errors due to overesti-
mation or underestimation of food intake, we followed themulti-
ple-pass 24-hour recall(30). We also found it difficult to estimate
added salt in foods as most participants did not usually measure
the amount of salt added, though moderate salt intake was rec-
ommended at the beginning of the study(55). Dietary sodium
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intake can interfere with BP and arterial stiffness(56). It is note-
worthy that the glycaemic index alone is not considered ‘low’

in the LGL group. However, they are classified as low GL based
on the amount of carbohydrate of food items in the dietary plan
for this group (main characteristics of the intervention and cut-
offs for the groups). In clinical practice, however, prescribing
a dietary plan containing only low GI food items may result in
low dietary compliance because they are mostly less palatable.
Although this is not a study limitation , evaluating strict low-GI
diets if appropriate could provide further evidence to support
our results. Finally, there was a change in macronutrient intake
with the dietary intervention, in particular the amount and type
of carbohydrate. A qualitative and quantitative analysis of satiety
(not assessed in this study) could provide interesting insights on
the applicability of these dietary approaches in the long run.

We conclude that a 45-day diet intervention with either HGL
or LGL in adults with excess weight did not show improvements
in arterial stiffness parameters as pulse wave velocity and aug-
mentation index. However, the LGL diet intervention had a pos-
itive impact on the reflection coefficient, another arterial stiffness
parameter. As for body composition, the LGL diet intervention
effectively reduced body weight and fat mass when compared
to the HGL diet. A baseline comparison showed that the LGL diet
was effective in reducing all body composition parameters as
well as triglyceride levels, but the same was not seen with the
HGL diet. In contrast, the HGL diet was more likely associated
with changes in the lipid profile, although the group reduced
the consumption of saturated fatty acids. Together, our findings
indicate that diets with different GLs may have varying effects on
cardiovascular risk parameters such as body composition, lipid
profile and BP, over a short period of time.
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