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ABSTRACT

Aims: To assess the comparative effects of glucagon-like peptide-1 receptor agonists (GLP-1RA), 4-dipeptidyl
peptidase inhibitors (DPP-4I), and metformin treatment during one year on metabolic syndrome (MetS) com-
ponents and severity in MetS patients.

Methods: Prospective study (n = 6165 adults) within the frame of PREDIMED-Plus trial. The major end-point was
changes on MetS components and severity after one- year treatment of GLP-1RA, DPP-4I, and metformin.
Anthropometric measurements (weight, height and waist circumference), body mass index (BM), and blood
pressure were registered. Blood samples were collected after overnight fasting. Plasma glucose, glycosylated
hemoglobin (HbAlc), plasma triglycerides and cholesterol were measured. Dietary intakes as well as physical
activity were assessed through validated questionnaires.

Results: MetS parameters improved through time. The treated groups improved glycaemia compared with un-
treated (glycaemia A untreated: —1.7 mg/dL(+ 13.5); A metformin: — 2.5(+ 23.9) mg/dL; A DPP-4I: — 4.5(+
42.6); mg/dL A GLP-1RA: — 4.3(+ 50.9) mg/dL; and HbAlc: A untreated: 0.0(+ 0.3) %; A metformin: — 0.1(+
0.7) %; A DPP-4I: — 0.1(+ 1.0) %; A GLP-1RA: — 0.2(+ 1.2) %. Participants decreased BMI and waist
circumference. GLP-1RA and DPP-4I participants registered the lowest decrease in BMI (A untreated: —0.8(+
1.6) kg/m% A metformin: — 0.8(+ 1.5) kg/m?; A DPP-4I: — 0.6( 1.3) kg/m? A GLP-1RA: — 0.5(+ 1.2) kg/m?.
and their waist circumference (A untreated: —2.8(+ 5.2) cm; A metformin: — 2.6(+ 15.2) cm; A DPP-41: — 2.1(+
4.8) cm; A GLP-1RA: — 2.4(+ 4.1) cm.

Conclusion: In patients with MetS and healthy lifestyle intervention, those treated with GLP-1RA and DPP-4I
obtained better glycemic profile. Anthropometric improvements were modest.

1. Introduction

Incretin peptides, gastric inhibitory polypeptide (GIP) and glucagon-
like peptide (GLP)—1 are secreted by enteroendocrine cells K and L,
respectively [1,2]. They are part of an endogenous system involved in
the physiological regulation of blood glucose. In patients with type 2
diabetes mellitus, a reduction in GLP has been observed, but not in GIP
[3]. There is evidence that GLP-1 reduces inflammation, and GIP induces
bone formation [1,4]. 4-Dipeptidyl peptidase (DPP-4) is a trans-
membrane glycoprotein aminopeptide that is widely expressed on
several tissues, and can be measured in plasma [5]. DPP-4 inactivates
GIP and GLP-1, which explains the short half-life of these in plasma [6].

Glucagon-like peptide-1 receptor agonists (GLP-1RA), which are
resistant to degradation by the enzyme DPP-4, and 4-dipeptidyl pepti-
dase inhibitors (DPP-41) or gliptins are a new drugs to treat type 2
diabetes mellitus in adults, belonging to the therapeutic group of
incretin-mimetics. GLP-1RA mimics the effects of the incretin hormone
GLP-1 with a longer duration of action and a greater potency to reduce
glucose [7]. Traditionally, all GLP-1RA were administered subcutane-
ously due to their low oral bioavailability. However, the Food and Drug
Administration (FDA) lately approved an oral formulation of semaglu-
tide [8]. In 2014 the FDA and in 2015 the European Medicines Agency
(EMA) approved the use of liraglutide at doses of 3.0 mg for the phar-
macological treatment of obesity or in the case of overweight patients
with associated comorbidities [9].

DPP-4I increases the concentration of GLP-1 and GIP by inhibiting
the activity of the DPP-4 enzyme, thus leading to an increase in insulin
secretion from beta cells and a reduction in blood glucose [10].
Administered orally [11], it has a low incidence of hypoglycemia, de-
creases glycosylated hemoglobin (HbAlc) and it has neutral effect on
body weight [10-13].

Metabolic syndrome (MetS), according to the International Diabetes
Federation and the American Heart Association and National Heart,
Lung and Blood Institute [14] is a condition in which a person sows three
or more of the following factors: high glycaemia levels (>100 mg/dL),
hypertension (>130/85 mmHg), raised triglyceride levels (>150
mg/dL), low high-density lipoprotein cholesterol levels (<40 mg/dL in
men; <50 mg/dL in women), and abdominal obesity (waist circumfer-
ence of >102 cm in men; >88 cm in women). Several pharmacologic
treatments have been approved for some of the abovementioned con-
ditions; however, up to date, no pharmacologic treatment has been
approved to treat MetS as a whole. Main and most recommended
treatment for MetS as a whole is a healthy lifestyle [15,16]. In addition
to a lifestyle intervention, it is necessary to establish different pharma-
cological treatments for the management of MetS, so the use of drugs
with multiple effects can be interesting to reduce possible drug in-
teractions and expenses.

Lately there have been published reviews that have focused on the
effect of GLP-1RA and DPP-4I on MetS [17,18]. However, there are
limited studies on the efficacy of these drugs in the overall treatment of
MetS in individuals with lifestyle intervention who had already insti-
tuted treatment before the start of such intervention.

The aim of this study was to assess the comparative effects of GLP-
1RA, DPP-4l, and metformin treatment during one year on MetS com-
ponents and severity in MetS patients.

2. Materials and methods
2.1. Study design

This is a prospective cohort analysis of data obtained between
baseline and 1 year, within the frame of PREDIMED-Plus trial, a 6-year
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parallel-group multicenter randomized trial. One of the two in-
terventions was randomly assigned to each participant. Briefly, in-
terventions were energy reduced Mediterranean diet with physical
activity promotion and intensive behavioral support, centered around
weight loss, and usual care as energy unrestricted Mediterranean diet
without physical activity and less intensive behavioral support, without
any aim on weight loss. Number 89898870 was assigned to the trial
when it was registered at the International Standard Randomized
Controlled Trial in 2014 (ISRCT; http://www.isrctn.com/ISRCT
N89898870). Further information on study protocol can be found else-
where [19] and at http://predimedplus.com/. The major endpoint of the
current observational study was changes on MetS components and
severity after one- year treatment of GLP-1RA, DPP-41, and metformin.

2.2. Participants, recruitment, randomization, and ethics

Eligible participants were community-dwelling adult men aged
55-75 and women aged 60-75. Inclusion criteria were body mass index
(BMI) between 27 and 40 kg/mz, with at least 3 criteria of metabolic
syndrome, according to the updated harmonized definition of the In-
ternational Diabetes Federation and the American Heart Association and
National Heart, Lung and Blood Institute as previously mentioned [14].
Exclusion criteria, as published elsewhere [19], were: a) inability or
unwillingness to give informed consent, b) history of documented CVD,
¢) active cancer or a history of malignant tumors in the last 5 years; d)
Inability to continue the recommended diet or PA; e) low predicted
probability of changing eating habits (Prochaska and Hardly criteria); f)
inability to follow scheduled visits; g) weight loss (> 5 kg) 6 months
prior to visit selection; h) history of surgery to lose weight or intend to
undergo bariatric surgery in the following 12 months; i) history of in-
testinal resection, inflammatory bowel disease, cirrhosis or liver failure;
j) obesity of endocrine origin (with the exception of treated hypothy-
roidism); k) food allergy to MedDiet components; 1) serious psychiatric
disorders, m) severe condition with less 24 mo life expectancy, n)
dependence on illicit drugs; and o) medication for weight loss in the last
6 months.

Between September 2013 and October 2016, 9677 adults were
contacted, of which 6874 were eligible, included and randomized into
the study, in a 1:1 ratio. Further details on randomization are available
elsewhere [19]. Fig. 1 summarizes flow chart of study participants.

The study protocols followed the Declaration of Helsinki ethical
standards and were approved by ethics committees of all participants,
and within them, the Ethics Committee of Research of Balearic Islands
(ref. CEIC-IB2251/14PI). All participating institutions approved the
study protocol and procedures according to Declaration of Helsinki’s
ethical standards. All participants provided written informed consent.
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2.3. Anti-diabetic drug intake assessment

Drug intake was asked to participants (including active pharma-
ceutical ingredient and dose). Moreover, participant’s report was
confirmed by clinical history. This information was obtained at baseline,
6 months and 1 year.

Antidiabetic treatment consistency during the first year was an in-
clusion criterion for the current study. For this purpose, 4 treatments
were considered: 1) Permanent absence of diabetic treatment during the
first year; 2) Permanent metformin treatment not combined with other
drugs; 3) Permanent anti-diabetic treatment with DPP-4I alone or
combined with other anti-diabetic drugs; 4) Permanent anti-diabetic
treatment with GLP-1RA alone or combined with other anti-diabetic
drugs. Participants were classified into one of the mentioned treat-
ments. Concomitant antidiabetic treatments for the DPP-41 and GLP-
1RA were mainly metformin, insulin, and sulfonylurea drugs.

Participants who, for the studied period (baseline, 6 months and 1
year), did not maintain their treatment within one of the above-
mentioned categories were excluded. Treatment was asked directly to
participants, and further confirmed by clinical history. For example,
participants entering the study taking metformin alone that changed
their treatment at 6 months (or 1 year) by GLP-1RA alone or stopped
taking drugs for diabetes were excluded from the study. Neither dosage
changes nor changes in active principle within described categories
were exclusion criteria for the present study.

Due to this criterion, 709 participants were excluded. Final sample
size was of 6165 participants, which distributed into: (a) 4963 partici-
pants that did not take any drugs for diabetes management, because they
were not diabetic; (b) 756 participants treated for diabetes with met-
formin; (c) 397 participants treated for diabetes with DPP-4I alone or
combined with other antidiabetic drugs; and (d) 49 participants treated
for diabetes with GLP-1RA alone or combined with other antidiabetic
drugs. Effects of GLP-1RA and DPP-41I should be present even when they
are combined with other drugs [20-22].

2.4. Metabolic Syndrome assessment

Anthropometric measurements were performed in duplicate by
registered and trained dietitians. A wall-mounted stadiometer and high-
quality electronic calibrated scales were used to measure height and
weight, respectively. Height was measured as previous guidelines [23].
Body Mass Index (BMI) was calculating dividing weight in kilograms by
the square of height in meters. Waist circumference (WC) was measured
halfway between the iliac crest and the last rib, using an anthropometric
tape.

A validated semi-automatic oscillometer (Omron HEM-705CP, Lake
Forest, IL, USA) was used to assess blood pressure. Measures were taken
in triplicate, after 5-minute siting rest. One minute was waited between

People contacted
(n=9677)

A4

>| excluded before randomization (n=2803)

Participants randomized
(n=6874)

v

gl changed drug treatment (n=709) |

Final simple analyzed
(n=6165)

Fig. 1. Flow chart of study participants.
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measurements. Cuff was adjusted to the circumference of the upper arm.
Measurements were performed in the arm registering the highest dia-
stolic blood pressure in the first selection visit. All measurements of a
participant were performed in the same arm for the whole study.

Blood samples were collected after overnight fasting (at least 8 h)
and analyzed in local laboratories. Standard enzymatic methods were
used to perform biochemical blood sample analysis. Fasting plasma
glucose, glycosylated hemoglobin (HbA1c), fasting plasma triglycerides,
HDL and total fasting cholesterol were measured. LDL cholesterol was
calculated through the Friedewald formula. Further information on
blood sample analysis is available elsewhere [19].

Metabolic syndrome severity score is obtained through blood tri-
glycerides, HDL-cholesterol, blood glucose, waist circumference and
systolic and diastolic blood pressure [24].

2.5. Other lifestyle related variables (sociodemographic, diet and physical
activity data)

Dietary intake was obtained by registered dietitians at baseline, 6
months and 1 year follow up. For that purpose, a previously validated
for the Spanish population semi quantitative 143-item food frequency
questionnaire [25] was used.

Mediterranean diet adherence was obtained from the 17-item Med-
iterranean diet questionnaire by registered dietitians. It is a modified
version of the previously validated questionnaire used in the PREDIMED
trial [19].

Physical activity was assessed by the validated Minnesota-REGICOR
short physical activity questionnaire [26], while sedentary behaviors
were assessed by the validated Spanish version of the nurses’ health
study questionnaire [27].

All participants provided sociodemographic information.

2.6. Statistical analyses

SPSS statistical software package version 27.0 (SPSS Inc., Chicago,
IL, USA) was used to perform statistical analysis. Data are shown as
mean and standard deviation (SD). Prevalence is shown as sample size
and percentage. Differences among groups for baseline age were tested
with one-way ANOVA, with Bonferroni’s post-hoc analysis. Differences
in baseline prevalence among groups were tested using y2 (all p-values
are two-tailed).

Changes on lifestyle related variables, metabolic syndrome compo-
nents and metabolic syndrome severity score according to anti-diabetic
drugs intake during the first year of the intervention were analyzed by
the Generalized Linear Model (GLM). The effect of the interaction was
examined by using repeated-measures ANCOVA with 2 factors: time
(baseline, 6 months and 1 year) as repeated measure, group (3 groups
abovementioned) and their interactions, with gender and changes in
BMI. Adherence to Mediterranean Diet and physical activity analysis
were furthermore adjusted by change in energy intake. Metabolic syn-
drome related variables were furthermore adjusted by adherence to
Mediterranean Diet and each component specific drug intake (for
overweight, hypertension or dyslipidemia). BMI and waist circumfer-
ence analysis were adjusted by change in energy intake, rather than
changes in BMI. Differences in the effects of each group within and
between groups were obtained through the Bonferroni post-hoc test.
Furthermore, differences among groups at 6 and 12 months (dependent
variable) were assessed by one-way ANCOVA, after additional adjust-
ment by the baseline values of the same variable (data not shown). If p-
value (2 tailed) was lower than 0.05, results were considered statistically
significant.

Generalized Lineal Model through linear regression models were
fitted to assess the association between evolution of metabolic syndrome
components and antidiabetic drug intake (dependent variable). The
group not pharmacologically treated for diabetes was established as the
reference. Analysis was adjusted by gender, age, specific drug intake (for
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overweight, hypertension or dyslipidemia) and changes in energy intake
and expenditure. Data on linear regression are shown as 3 coefficient (95
% confidence intervals). P-value lower than 0.05 was considered sta-
tistically significant.

3. Results
3.1. Sociodemographic characteristics of the participants

Table 1 shows sociodemographic characteristics and prevalence of
metabolic syndrome components among participants. No differences in
sociodemographic characteristics were found except for gender distri-
bution. More men than women were treated for diabetes, in either of the
treated groups.

All participants (100 %) in the 3 treated groups were diabetic ac-
cording to the Joint Interim Statement definition of MetS [14]. No dif-
ferences in prevalence of high blood pressure and abdominal obesity
were found among groups. However, a higher prevalence of dyslipide-
mia (triglyceridemia and low HDL-cholesterolemia) was found in
GLP-1IRA treatment, compared to the other groups.

Treatment with DPP-41 and GLP-1RA could be provided as a mono-
therapeutic treatment or combined with other drugs. Drugs used
together with DPP-41 and GLP-1RA were similarly used among both
groups.

3.2. Changes in lifestyle factors through the first year of the trial

Changes in lifestyle factors through the first year of the trial are
available in Table 2. As much as all groups reduced their energy intake
during the first 6 months and maintained their caloric intake after that,
no time*group interactions were fund for energy intake (A untreated:
—188.2 Kcal/day (+ 574.7); A metformin: 188.8 Kcal/day (+ 552.4); A
DPP-41: — 144.6 Kcal/day (& 567.6); A GLP-1RA: — 171.0 Kcal/day
(£ 551.0).). On the other hand, Mediterranean diet adherence, while it
improved for all participants through time, the improvement was lower
in the metformin-treated group (A Untreated: 3.3 (+ 3.3); A metformin:
2.9 (£ 3.2); A DPP-4I: 3.3 (£ 3.0); A GLP-1RA: 3.7 (+ 2.7).). Physical
activity increased through time in the whole cohort, except in GLP-1RA
treated participants, who maintained their physical activity through the
period studied. No time*group interactions have been found. However,
the group treated with GLP-1RA and DPP-4I registered the lower
physical activity levels at 1 year follow up (A untreated: 523.4
(£ 2501.2); A metformin: 593.6 (& 2492.5); A DPP-4: 364.5
(+ 2207.3); A GLP-1RA: 76.6 (4 1834.1).

3.3. Six months and One-year changes in Metabolic Syndrome
components and in overall metabolic syndrome severity score

Table 3 shows 6 months and 1-year changes in MetS components and
in overall MetS severity score. The not treated group registered the
lowest improvements on glycemic profile (glycemia A untreated:
—1.7 mg/dL (£ 13.5); A metformin: — 2.5 mg/dL (+ 23.9); A DPP-4I:
—4.5mg/dL (£+42.6); A GLP-1RA: —4.3mg/dL (+50.9). and
HbAlc: A untreated: 0.0 % (& 0.3); A metformin: — 0.1 % (£ 0.7); A
DPP-41: — 0.1 % (& 1.0); A GLP-1RA: — 0.2 % (+ 1.2).). All participants
decreased their BMI and waist circumference through the period stud-
ied. However, participants in the GLP-1RA and DPP-4I group registered
the lowest decrease in their BMI (A untreated: —0.8 kg/m2 (+ 1.6); A
metformin: — 0.8 kg/rn2 (£ 1.5); A DPP-4I: — 0.6 kg/m2 (+£1.3); A
GLP-1RA: — 0.5 kg/rn2 (£ 1.2).) and their waist circumference (A un-
treated: —2.8 cm (& 5.2); A metformin: — 2.6 cm (& 15.2); A DPP-4I:
—21cm (+4.8); A GLP-1RA: —2.4cm (+4.1).). Improvements
through time in systolic and diastolic blood pressures were registered,
however, no time*group interactions were found. Through all the
studied period (baseline 6 and 12 months), total, LDL and HDL choles-
terol levels were higher while triglyceride levels were lower in the
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Table 1
Baseline sociodemographic characteristics according to antidiabetic drug intake.
No treatment § Metformin treatment § DPP-4I treatment § GLP-1RA treatment § p-value %
(n = 4963) (n =756) (n=397) (n = 49)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Basal age (years) 64.9 (4.9) 65.2 (4.8) 65.0 (5.0) 63.6 (4.9) 0.116
n(%) n(%) n(%) n(%)
Gender (female) 2504 (50.5) 337 (44.6) 173 (43.6) 21 (42.9) 0.002
Group (hypocaloric MedDiet) 2521 (50.8) 363 (48.0) 203 (51.1) 26 (53.1) 0.526
MetS components
High blood pressure 4550 (91.7) 700 (92.6) 369 (92.9) 45 (91.8) 0.708
Hyperglycaemia 3315 (66.8) 756 (100.0) 397 (100.0) 49 (100.0) < 0.001
Hypertriglyceridemia 2809 (56.6) 371 (49.1) 219 (55.2) 33(67.3) < 0.001
Low HDL-cholesterol 2070 (41.7) 306 (40.5) 197 (49.6) 35 (71.4) < 0.001
Abdominal obesity 4763 (96.0) 727 (96.2) 388 (97.7) 49 (100.0) 0.167
Smoking habit 0.210
Current smoker 605 (12.2) 92 (12.2) 47 (11.9) 7 (14.3)
Former smoker 2112 (42.7) 350 (46.4) 177 (44.9) 27 (55.1)
Never smoked 2230 (45.1) 312 (41.4) 170 (43.1) 15 (30.6)

Abbreviations: MedDiet. Mediterranean Diet. SD. Standard deviation. § Treatment for diabetes: 1) no pharmacological treatment for diabetes. 2) Metformin treat-
ment. 3) DPP-4I treatment 4) GLP-1RA treatment. } Living alone regardless of marital status. Hyperglycaemia according to the Joint Interim Statement definition of
MetS (fasting glucose >100 mg/dL). *Differences in means between groups were tested by one-way ANOVA and Bonferroni’s post-hoc. Differences in prevalence’s

across groups were examined using y>.

Table 2
Lifestyle related variables according to antidiabetic drug intake.
No treatment § Metformin treatment § DPP-4I treatment § GLP-1RA treatment § Time* group
(n=4963) (n =756) (n=397) (n=49)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Energy Baseline 2435.2 (635.1)* 2350.8 (572.2)* 2387.5 (572.1) 2331.5 (608.7)
intake 6 months 2252.5 (486.1) ** 2181.3 (451.3) **¢ 2226.5 (461.6) * 2106.4 (502.5) *¢
(Kcal/day) 1 year 2246.0 (483.7)* 2177.4 (462.5)% 2237.5 (503.7) 2175.0 (517.3)
A -188.2 (574.7) # -188.8 (552.4) # -144.6 (567.6) # -171.0 (551.0) 0.885
17 item Baseline 8.4 (2.7) 9.0 (2.6) 8.5 (2.6) 8.1 (2.3)
MedDiet 6 months 11.5(2.9) * 11.6 (2.7) * 11.52.7) * 10.7 (2.9) *
1 year 11.7 (2.9) % 11.8 (2.8) 11.7 (2.7) 11.6 (2.5) ¥
A 3.3(3.3) &8 2.9 (3.2) A48 3.3(3.0) & 3.7 (2.7) & < 0.001
Total PA { Baseline 2488.6 (2310.1) 2413.1 (2183.3) 2303.5 (2187.2) 2370.6 (2794.5)
(METs) 6 months 2930.8 (2457.6) * 2953.2 (2538.5) * 2821.3 (2343.3) * 2259.0 (2284.4)
1 year 3050.5 (2496.4) ;‘,b 3014.1 (2459.1) 2708.2 (2266.3)" 2471.1 (2469.6)
A 523.4 (2501.2) # 593.6 (2492.5) # 364.5 (2207.3) # 76.6 (1834.1) 0.527

Abbreviations: A. Change between baseline and 1 year. 17 item MedDiet. 17-item Mediterranean dietary questionnaire. PA. Physical activity. MET. Metabolic
equivalent of task. SD. Standard deviation. § Treatment for diabetes: 1) no pharmacological treatment for diabetes. 2) Metformin treatment. 3) DPP-4I treatment 4)
GLP-1RA treatment. Data analysed by two-way repeated measures ANCOVA adjusted by gender and change in BMI. Adherence to MedDiet and physical activity
analysis were furthermore adjusted by change in energy intake. Different letters indicate statistically significant differences (p < 0.05) between groups (a, b, c, d, e, f),
between time (*Baseline-6 months; 6 months-1 year; #%Baseline-1 year.) and between time*group interaction (g, h, i, j, k, 1) by the Bonferroni post-hoc test (p < 0.05).

untreated group than in the other groups. On the other hand, triglyc-
eride levels were higher and total, LDL and HDL cholesterol levels were
lower in the GLP-1RA and DPP-4I treated groups. MetS severity reduced
similarly for all groups. Neither statistical nor clinically relevant dif-
ferences were found in metabolic syndrome severity among groups.

3.4. Association of metabolic syndrome components and antidiabetic drug
intake

Table 4 shows beta-coefficients (B) (95 % confidence interval) for
associations between drug intake and changes in metabolic syndrome
components and MetS severity adjusted by potential confounders. All
treatments related to improvements in glycemic profile (HbAlc: met-
formin: —0.07 (—0.12 to 0.03); DPP-4I: — 0.10 (—0.15 to 0.04); GLP-
1RA: — 0.18 (—0.33 to 0.04); glycaemia: metformin: — 0.83 (—2.51,
0.84); DPP-41: — 2.27 (—4.50 to 0.03); GLP-1RA: — 2.90 (—8.77, 2.97)).
However, DPP-4I treatment registered the less desirable anthropometric
evolution, as they registered lower decreases in anthropometric vari-
ables, when they compared to the untreated group (BMI: metformin:
—0.04 (—0.16, 0.09); DPP-4I: 0.19 (0.03, 0.35); GLP-1RA:0.32 (—0.12,
0.77); waist circumference: metformin: 0.23 (—0.18, 0.64); DPP-41: 0.67
(0.13, 1.22); GLP-1RA:0.24 (—1.23, 1.71)). No statistically significant

results were obtained for the other metabolic syndrome components or
in the MetS Severity Score.

4. Discussion
4.1. Changes in lifestyle factors through the first year of the trial

The results of the current study showed that all groups decreased
their energy intake at six months and maintained it at one year. How-
ever, no significant time*group interactions were observed. From the
clinical point of view, it should be noted that the subjects who decreased
their energy intake the least at one year of the intervention were those
treated with DPP-4I. In this sense, Rotondo et al. [28] in their study on
healthy adults observed that vildagliptin (DPP-4I) did not decrease food
intake or total caloric intake compared to placebo. DeFronzo et al. [29]
compared the effects on gastric emptying and caloric intake of sitagliptin
(DPP-4I) and exenatide (GLP-1RA) in patients with type 2 diabetes
mellitus treated with metformin. The authors concluded that only exe-
natide slowed gastric emptying and reduced total caloric intake.
Therefore, in the current study, reduction of total caloric intake
observed in the group treated with DPP-41, although lower than in the
other groups, could be due exclusively to the lifestyle modification
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Table 3
Metabolic syndrome components and metabolic syndrome severity score according to antidiabetic drug intake.
No treatment § Metformin treatment § DPP-4I treatment § GLP-1RA treatment § Time* group
(n = 4963) (n = 756) (n=397) (n = 49)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Glucose + Baseline 104.2 (16.4)*>¢ 126.1 (23.6)%¢ 151.7 (43.2)>¢ 147.6 (47.3)%°
(mg/dL) 6 months 102.0 (15.5) *»>< 124.0 (23.8) *&de 147.0 (45.4) *>d 146.5 (55.4)°
1 year 102.4 (16.1)»>¢ 123.5 (26.9)>%¢ 146.4 (41.5)>4 143.2 (40.5)%¢
A 1.7 (13.5) &P 2.5 (23.9) & -4.5 (42.6) AP -4.3 (50.9) 0.002
HbA1c (%) Baseline 5.8 (0.5)>P< 6.5 (0.7)>%¢ 7.2 (1.2)P¢ 7.4 (1.3)%¢
6 months 5.8 (0.5) *»P¢ 6.4 (0.8) *®%e 7.0 (1.2) *>4 7.3 (1.2) *°
1 year 5.8 (0.5)>P< 6.4 (0.8)>%¢ 7.1 (11> 7.3 (1.1)%¢
A 0.0 (0.3) A&Ni 0.1 (0.7) 48 -0.1 (1.0) &M 0.2 (1.2) &' < 0.001
BMI Baseline 32.5 (3.4)° 32.6 (3.5)° 32.4 (3.4)f 34.8 (3.2)%%f
(kg/m?) 6 months 31.7 (3.6) *¢ 32.0 (3.6) *¢ 31.8 (3.5) *f 34.2 (3.2) *oof
1 year 31.6 (3.6) §° 31.8 (3.7) §° 31.8 (3.6)f 34.3 (3.2)°%f
A -0.8 (1.6) & 0.8 (1.5) &K -0.6 (1.3) &/ -0.5 (1.2)% 0.001
Waist Baseline 106.9 (9.7)>P¢ 108.6 (9.5)™¢ 109.1 (8.7)>F 117.9 (8.4)%%f
circumference 6 months 104.4 (9.8) *»P< 106.6 (9.8) *»¢ 107.3 (9.0) *>f 115.1 (8.9) *o&f
(cm) 1 year 104.0 (10.0) 3> 106.0 (9.8) 3¢ 106.9 (9.2)"f 115.7 (8.5)%%f
A -2.8 (5.2) &" 2.6 (5.2) & -2.1 (4.8) &M 2.4 (4.1) & 0.015
Systolic blood Baseline 139.2 (16.8) 140.0 (16.5) 140.3 (17.5) 138.6 (12.1)
pressure 6 months 136.7 (16.8) * 137.5 (16.8) * 139.3 (16.9) 136.6 (12.1)
(mmHg) 1 year 136.0 (16.5) % 136.5 (16.6) 138.6 (15.5) 134.3 (15.1)
A -3.3 (15.5) & -3.2(14.3) -1.6 (14.5) -4.4 (14.3) 0.685
No treatment § Metformin treatment § DPP-4I treatment § GLP-1RA treatment § Time* group
(n = 4963) (n=756) (n=397) (n = 49)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Diastolic Baseline 81.1 (9.9)° 80.8 (10.2)° 79.7 (9.6)f 76.0 (9.8)%%f
blood 6 months 79.6 (9.8) *¢ 79.2 (9.8) * 78.7 (9.4) * 76.3 (8.6)°
pressure 1 year 79.2 (9.8) ¢ 78.6 (9.7)¢ 78.4 (8.8) 75.0 (10.2)%¢
(mmHg) A -1.9 (8.5) & -2.2(8.2) & -1.4 (7.8) & -0.2 (9.3) 0.763
Triglycerides + Baseline 149.6 (74.0)"¢ 147.2 (68.5)%¢ 166.7 (95.5)>%f 210.0 (133.5)%%f
(mg/dL) 6 months 139.3 (66.6) *>° 144.6 (75.3)° 159.3 (97.0)>f 199.5 (110.2)%%f
1 year 140.9 (69.7)>¢ 142.8 (69.6)%¢ 161.5 (93.8)>%f 190.0 (105.4)%%f
A -8.0 (67.5) &8 -3.5 (60.3)8 -4.8 (78.7) -22.7 (68.1) & 0.011
Total Baseline 203.5 (36.5)>¢ 180.6 (33.1)*4 175.6 (33.6)™4 168.8 (38.2)°
cholesterol + 6 months 202.1 (36.0) *®b«< 180.8 (33.7)*4 172.2 (32.7)>¢ 172.8 (35.6)°
(mg/dL) 1 year 200.8 (35.8) "¢ 178.9 (34.9) 172.9 (42.2)° 172.3 (37.6)°
A -2.6 (32.0) & -1.4 (30.1) -1.7 (39.8) 3.3 (28.5) 0.544
HDL- Baseline 49.0 (11.9)>>< 46.9 (10.9)>¢ 44.7 (11.4)>F 39.1 (10.2)%%f
cholesterol + 6 months 50.4 (12.1) *»>¢ 48.4 (11.8) *»¢ 45.9 (11.6) *>f 39.8 (8.4)%%f
(mg/dL) 1 year 50.5 (11.9)>>¢ 47.8 (11.5)¢ 46.2 (11.9)>" 40.7 (9.8)%%f
A 1.5 (7.5) & 1.1 (6.6) & 1.2 (6.7) & 1.3 (5.4) 0.811
LDL- Baseline 125.3 (31.6)*>¢ 105.1 (28.4)>%¢ 98.9 (27.8)¢ 89.7 (31.9)°
cholesterol + 6 months 124.4 (31.4)>P¢ 104.5 (29.4)*4 94.5 (25.4)P¢ 93.8 (32.8)°
(mg/dL) 1 year 122.8 (31.1) &> 103.7 (30.2)*¢ 94.7 (26.5)>¢ 91.7 (29.9)°
A -2.4 (27.6) & -1.4 (26.0) -3.8 (24.2) 2.9 (23.6) 0.712
Metabolic Sdr Baseline 3.2 (1.3)»P¢ 3.7 (1.4)»4 4.5 (1.5)>%f 5.0 (1.5)%%f
Severity 1 year 2.8 (1.4)*>¢ 3.3 (1.4)% 4.1 (1.5)°4 4.6 (1.5)%¢
Score A -0.4 (1.2) & 0.4 (1.2) & -0.4 (1.4) & -0.4 (1.4) & 0.846

Abbreviations: A. Change between baseline and 1 year. BMI: Body mass index. HbAlc. glycosylated haemoglobin. HDL-cholesterol. High density lipoprotein
cholesterol. LDL-cholesterol. Low density lipoprotein cholesterol. MetS. Metabolic Syndrome. SD. Standard deviation. § Treatment for diabetes: 1) no pharmaco-
logical treatment for diabetes. 2) Metformin treatment. 3) DPP-4I treatment 4) GLP-1RA treatment. + Measured on overnight fasting peripheral blood samples. Data
analysed by two-way repeated measures ANCOVA adjusted by gender, Mediterranean diet adherence, change in BMI, and specific drug intake (for overweight, hy-
pertension or dyslipaemia). BMI and waist circumference analysis were adjusted by change in energy intake, rather than changes in BMI. Different letters indicate
statistically significant differences (p < 0.05) between groups (a, b, c, d, e, f), between time (*Baseline-6 months; 6 months-1 year; #Baseline-1 year.) and between

time*group interaction (g, h, i, j, k, 1) by the Bonferroni post-hoc test (p < 0.05).

program applied. Furthermore, the scientific literature showed homo-
geneous results of GLP-1RA on the reducing effects of appetite, eating
pleasure and total caloric intake [30-32]. In the current study, subjects
treated with GLP-1RA showed a slightly smaller reduction in total
caloric intake than those not treated and those treated with metformin.

Adherence to the Mediterranean diet improved in all groups, with
significant time*group interactions observed. The most improved
adherence to the Mediterranean diet was observed in participants
treated with GLP-1RA, and the one those treated with metformin. This
has clinical relevance, as greater adherence to the Mediterranean diet,
there was better glycemic control in diabetic patients [33].

Physical activity increased over time across the cohort, except for
participants treated with GLP-1RA, who maintained their level of
physical activity throughout the study period. No time*group in-
teractions were found. This aspect is also important from a clinical point

of view, since regular physical activity is a main component in the
treatment of type 2 diabetes. [33].

It should be noted that the subjects treated with GLP-1RA were those
with higher BMI and waist circumference at the beginning of the study.
This may partly explain the fact that they were those who lower
decreased their overall energy intake, and lower increased their physical
activity from baseline.

4.2. Six months and One-year changes in Metabolic Syndrome
components and in overall metabolic syndrome severity score

4.2.1. Effects on glycemic profile

All participants in the current study improved their glycaemia levels,
with the smallest decrease in the untreated group. Although HbAlc
levels improved in all groups except the untreated, improvements were
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Table 4

Association of metabolic syndrome components and antidiabetic drug intake.
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§No treatment
(n = 4963)
B (95 % CI)

Metformin treatment §
(n=756)
B (95 % CI)

DPP-4I treatment §
(n=397)
B (95 % CI)

GLP-1RA treatment §
(n=49)
B (95 % CI)

Glucose (mg/dL) 0.00 (ref.) -0.83 (—2.51, 0.84)
HbAlc (%) 0.00 (ref.) -0.07 (-0.12,—0.03)*
BMI (kg/mz) 0.00 (ref.) -0.04 (—0.16, 0.09)
Waist (cm) 0.00 (ref.) 0.23 (—0.18, 0.64)
SBP (mmHg) 0.00 (ref.) 0.06 (—1.18, 1.30)
DBP (mmHg) 0.00 (ref.) -0.26 (—0.95, 0.42)
Triglycerides (mg/dL) 0.00 (ref.) 3.57 (-0.38, 7.51)
Total chol. (mg/dL) 0.00 (ref.) 1.63 (—0.98, 4.25)
HDL-chol. (mg/dL) 0.00 (ref.) -0.32 (—0.94, 0.30)
LDL-chol. (mg/dL) 0.00 (ref.) 1.25 (-1.08, 3.58)
MetS Severity Score 0.00 (ref.) -0.03 (-0.13, 0.08)

-2.27 (—4.50,—0.03)*
-0.10 (—-0.15,-0.04)*
0.19 (0.03-0.35)*
0.67 (0.13-1.22)*
1.31 (-0.33, 2.94)
0.48 (-0.42, 1.38)
0.97 (—4.34, 6.29)
-1.28 (—4.80, 2.24)
-0.40 (—1.23, 0.44)
-1.09 (—4.23, 2.05)
0.06 (—0.08, 0.20)

-2.90 (-8.77, 2.97)
-0.18 (—0.33,-0.04)*
0.32 (-0.12, 0.77)
0.24 (-1.23, 1.71)
-1.25 (—5.64, 3.14)
1.66 (—0.76, 4.08)
-6.17 (—20.94, 8.60)
2.52 (-7.25, 12.30)
0.31 (—2.01, 2.62)
3.34 (-5.37, 12.06)
-0.03 (—0.38, 0.33)

Abbreviations: . p coefficient. CI. Confidence Interval. BMI: Body mass index. HbAlc. glycosylated haemoglobin. SBP. Systolic blood pressure. DBP. Diastolic blood
pressure. Total-chol. Total cholesterol. LDL-chol. Low density lipoprotein cholesterol. HDL-chol. High density lipoprotein cholesterol. MetS. Metabolic Syndrome.
§Treatment for diabetes: 1) no pharmacological treatment for diabetes. 2) Metformin treatment. 3) DPP-4I treatment 4) GLP-1RA treatment. *p-value < 0.05.
Analysis was adjusted by gender, age, specific drug intake (for overweight, hypertension or dyslipidaemia) and changes in energy intake and expenditure.

modest. The subjects who most decreased plasma glucose levels and
HbAlc were those treated with DPP-4I or GLP-1RA. Significant time*-
group interactions were observed. A similar reduction in plasma glucose
and HbA1lc was observed in participants treated with either GLP-1RA or
DPP-4I.

The scientific literature showed that the presence of MetS may in-
fluence the glycemic response to DPP-4I. Thus, a clinical trial conducted
by Fadini et al. [34], in which patients treated with exenatide (GLP-1RA)
or DPP-41 were prospectively followed, dividing subjects into two
groups according to the presence or not of MetS, patients receiving
exenatide showed a greater reduction in HbAlc if they had Mets, while
patients receiving DPP-41 showed a smaller reduction if they had MetS.
Accordingly, clinical trials in MetS patients treated with liraglutide
(GLP-1RA) showed a significant reduction in glucose levels. [35].

Regarding the effects of the interaction between intervention on
lifestyle/pharmacotherapy on glycemic control in patients with type 2
diabetes mellitus., clinical trials conducted by Apovian et al. [36] and
Moretto et al. [37] showed better glycemic control when a lifestyle
modification program was combined with GLP-1RA. However, these
clinical trials lasted six months and the participants did not have phar-
macological treatment for diabetes mellitus before the intervention.

Hemmer et al. [38] conducted a clinical trial on the evolution of
HbAlc over a four-year period in patients with type 2 diabetes mellitus
treated with exenatide concluded that the beneficial effects of GLP-1RA
on HbAlc reached a plateau after the first year of treatment; these
benefits were maintained for the next four years in only one-third of
patients. However, these results [38] regarding HbAlc should be
interpreted with caution, since a high percentage of subjects abandoned
the GLP-1RA treatment, and only a subgroup of 40 patients were fol-
lowed for four years, out of the 131 that formed the final sample. A
systematic review conducted by Esposito et al. [39] in which clinical
trials with a minimum duration of 19 months were included, showed
that the decrease in HbAlc at the end of DPP-4I treatment was signifi-
cantly lower than intermediate points. This may partly explain the re-
sults of the current study, which shows the greatest decrease in HBAlc in
the first six months of treatment.

4.2.2. Effects on body mass index and waist circumference

All participants decreased their BMI and waist circumference
throughout the current study period, and significant time*group in-
teractions were observed. Subjects treated with GLP-1RA showed
greater decrease in waist circumference than those treated with DPP-4I;
while in the BMI the reduction was similar in the two groups.

A previous clinical trial [36] in overweight or obese patients with
type 2 diabetes mellitus introduced a lifestyle modification program plus
exenatide (GLP-1RA) versus lifestyle modification program plus

placebo, showed greater weight reduction in subjects receiving exena-
tide plus lifestyle modification. However, in this trial the follow-up of
patients was done for six months, while in the current study, patients
were followed for one year. In this sense, in the clinical trial conducted
by Hemmer et al. [38], the results showed that, in the total sample, that
is, both in the subjects who continued with the pharmacological treat-
ment with GLP-1RA and those who abandoned it, the reduction in
weight and BMI continued up to four years after the start of follow-up.

Regarding DPP-4I, the data available reflect a null effect of these
drugs on body weight [40]. In a previous clinical trial [41], in which
patients with type 2 diabetes mellitus and coronary artery disease were
followed for six months, with the aim of comparing the effects of
dapagliflozin (SGLT2 inhibitor) with those of vildagliptin (DPP-4I) on
cardiometabolic parameters, the authors reported a decrease in weight
and BMI significant in the SGLT2 inhibitor group, while in the DPP-41
group there was a significant increase in these parameters, with no
differences in waist circumference observed in either group.

Several clinical trials compared the efficacy of GLP-1RA and DPP-41
on weight reduction, consistently showing better GLP-1RA performance.
[42]. A study conducted with a cohort of U.S. patients who were pre-
scribed these drugs in the clinic, and in which one-year follow-up was
made, those patients with greater adherence to GLP-1RA treatment lose
more weight, but in the case of DPP-4I weight loss was independent of
adherence to pharmacological treatment [43].

On waist circumference, there were clinical trials showing that GLP-
1 RA were more effective than DPP-4I, showing the latter negligible
effects on waist circumference and BMI while resulting in slight weight
gain [44]. Therefore, BMI and waist circumference reduction in DPP-4I
could be directly related to the applied lifestyle intervention.

4.2.3. Effects on the lipid profile

Triglyceride levels decreased in all groups, and was greatest in par-
ticipants treated with GLP-1RA. Total cholesterol and LDL cholesterol
decreased in all groups, except in the GLP-1RA treated which increased
slightly. HDL cholesterol increased in all groups. Thirty-three GLP-1RA
users of current study had hypertriglyceridemia, and it should be
considered that DDP-4 inhibitors and GLP-1 agonists were associated
with increased risk of acute pancreatitis [45], despite achieving normal
triglyceride levels is important to prevent recurrent episodes of acute
pancreatitis [46].

Regarding the effects of GLP-1RA on HDL cholesterol, an analysis of
a cohort of patients with type 2 diabetes mellitus and associated
comorbidities on GLP-1RA treatment showed minimal change in HDL
cholesterol [47]. Also, a meta-analysis on the effects of GLP-1RA on lipid
profile in patients with type 2 diabetes mellitus did not find improve-
ment in HDL-cholesterol levels [48]. Regarding the effects of GLP-1RA
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on total cholesterol and LDL cholesterol, findings of the existing scien-
tific literature match with those obtained in the current study, but not in
relation to triglycerides [18], although it is noteworthy the fact that, in
the current study, the subjects treated with GLP-1RA showed higher
triglyceride levels at the beginning of the study.

In a meta-analysis whose objective was to compare the effects on the
lipid profile of the different pharmacological treatments in patients with
type 2 diabetes mellitus, the results showed that DPP-4I and standard
therapy had no significant effect on lipid levels. [49]. Current results
contrast with the meta-analysis, as they show an improvement on lipid
profile among DPP-4I treated participants.

4.2.4. Effects on blood pressure

Participants in the current study recorded improvements overtime in
systolic and diastolic blood pressures. However, no time*group in-
teractions were found. The GLP-1RA participants had a higher systolic
blood pressure reduction, compared to the other groups.

The existing scientific history shows that GLP-1RA in hypertensive
patients with type 2 diabetes mellitus showed decreased systolic and
pulse pressure, and an increase in heart rate [17], while in the case of
DPP-41 there were controversial data on its antihypertensive effects,
although they could decrease vascular stiffness and hypertension by
improving endothelial function [18]. Phrommintikul et al. [22] found
no significant changes in systolic and diastolic pressures in patients with
vildagliptin (DPP-4I).

5. Strengths and limitations

The current study included many participants (n = 6165); however,
the difference in the number of participants in the different groups,
being the group of subjects treated with GLP-1RA (n = 49) and DPP-41
(n = 397), which collected the lowest number of participants is an
issue itself, and may have influenced the results obtained.

It is important to note that the subjects included in the current study
already established the pharmacological treatment for diabetes mellitus
before the start of the study and, therefore, before starting the inter-
vention with a healthy lifestyle; so, the environment in which the cur-
rent study was carried out may differ from that of the published clinical
trials. That itself is a limitation of the study. Moreover, this could also
led to an indication bias, as practitioners freely provided the treatment,
and some drugs could have been prescribed for difficult/easier cases or
under special conditions as doctors willing to update. Changes in
treatment dosage were not considered in the current study, which might
be a limitation and should be furtherly studied. However, strength of the
current study is that the subjects included in the different groups
maintained the same treatment throughout the study period.

Food and tobacco consumption data were collected using the survey
method, so an error arising from self-declaration may have been intro-
duced. However, validated questionnaires for the study target popula-
tion were used in the current study. In addition, subjects were previously
trained and quality control was followed to minimize bias.

Finally, under ethical consideration, a limitation may be considered
as comparison was made between treated patients with diabetes (3
groups) vs. untreated patients without diabetes instead of vs. untreated
patients with diabetes, which obviously is out of ethical rules.

6. Conclusions

In patients with MetS and established and stable pharmacological
treatment for diabetes, when a healthy lifestyle intervention was
applied, those treated with GLP-1RA and DPP-4I obtained a better gly-
cemic profile, but anthropometric improvements were modest. Further
studies are needed on the long-term effects of these drugs on the healthy
lifestyle setting and in the presence of Mets.
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