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Abstract: Low-caloric formula diets can improve hemodynamic parameters of patients with type
2 diabetes. We, therefore, hypothesized that persons with overweight or obesity can benefit from a
high-protein, low-glycemic but moderate-caloric formula diet. This post-hoc analysis of the Almased
Concept against Overweight and Obesity and Related Health Risk- (ACOORH) trial investigated
the impact of a lifestyle intervention combined with a formula diet (INT, n = 308) compared to a
control group with lifestyle intervention alone (CON, n = 155) on hemodynamic parameters (systolic
and diastolic blood pressure (SBP, DBP), resting heart rate (HR), and pulse wave velocity (PWV)) in
high-risk individuals with prehypertension or hypertension. INT replaced meals during the first
6 months (1 week: 3 meals/day; 2–4 weeks: 2 meals/day; 5–26 weeks: 1 meal/day). Study duration
was 12 months. From the starting cohort, 304 (68.3%, INT: n = 216; CON: n = 101) participants
had a complete dataset. Compared to CON, INT significantly reduced more SBP (−7.3 mmHg
95% CI [−9.2; −5.3] vs. −3.3 mmHg [−5.9; −0.8], p < 0.049) and DBP (−3.7 mmHg [−4.9; −2.5] vs.
−1.4 mmHg [−3.1; 0.2], p < 0.028) after 12 months. Compared to CON, INT showed a pronounced
reduction in resting HR and PWV after 6 months but both lost significance after 12 months. Changes
in SBP, DBP, and PWV were significantly associated positively with changes in body weight and fat
mass (all p < 0.05) and resting HR correlated positively with fasting insulin (p < 0.001) after 12 months.
Combining a lifestyle intervention with a high-protein and low-glycemic formula diet improves
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hemodynamic parameters to a greater extent than lifestyle intervention alone in high-risk individuals
with overweight and obesity.

Keywords: blood pressure; insulin; lifestyle intervention; formula diet; cardiac autonomic regulation;
pulse wave velocity; heart rate

1. Introduction

Patients with type 2 diabetes or metabolic syndrome are characterized by an increased
accompanying risk for hypertension [1], cardiac autonomic neuropathy [2], and/or arterial
stiffness [3]. Although intensively treated with antidiabetic, antilipidemic, and antihy-
pertensive pharmacotherapy, patients with type 2 diabetes or metabolic syndrome are
inherently at an increased risk for cardiovascular disease (CVD) as well as events (CVE) [4],
and life expectancy is decreased [5]. A hypercaloric-high-carbohydrate dietary pattern,
leading to hyperinsulinemia and ultimately to obesity, has been associated with this detri-
mental glucometabolic and cardiovascular state [6,7]. Increased chronic insulin stimulation,
together with the accompanying lipogenesis and ectopic fat formation also leads to dis-
advantageous remodeling processes in organs, as well as in the vascular and nervous
system [8].

Numerous studies and reviews have shown that cardiovascular risk factors can be
improved by lifestyle modification [9,10]. A recently published weight management study
incorporating a low-caloric formula diet demonstrated that patients with type 2 diabetes
can benefit from weight loss in the long term with respect to reduction in blood pressure
and antihypertensive medications [11]. The extent to which this benefit occurs in persons
with overweight or obesity and at least one further co-morbidity of the metabolic syndrome
is yet unknown. Equally, the impact of elevated fasting insulin levels as a possible initial
cause of obesity and type 2 diabetes has not been considered in the context of cardiovascular
risk factors and meal replacement-based interventions.

The multicenter, international and randomized controlled ‘Almased Concept against
Overweight and Obesity and Related Health Risk’ (ACOORH)-trial was initiated to inves-
tigate the additional effect of a low-carbohydrate formula diet on top of a low-intensity
lifestyle intervention in comparison to a lifestyle intervention alone in a larger cohort of
high-risk individuals with overweight or obesity and at least one further co-morbidity of
the metabolic syndrome. Previously published works of the ACOORH trial have already
shown a beneficial effect on the prediabetes conversion rate to normoglycemia [12], weight
loss [13] and nutritional behavior [14], as well as glucometabolic and inflammatory mark-
ers [15]. The present study analyzed the changes in hemodynamic parameters after 6 and
12 months.

2. Materials and Methods
2.1. Study Design and Population

Study design and population has been described in detail elsewhere [12,13]. Briefly,
volunteers (n = 463, age = 51 ± 10 years, sex [male] = 36%, BMI = 31.6 ± 2.4 kg/m2) were
randomized with a ratio of 1:2 into either a low-intensive lifestyle intervention group
(CON, n = 155) or a low-intensive lifestyle intervention group which was combined with a
structured meal replacement regime (INT, n = 308). Study duration was 12 months and the
intensive meal replacement intervention phase was conducted within the first 6 months and
follow-up was after 6 months. This international trial received ethical approval (registered
at drks.de; ID: DRKS00006811) for each participating center. Study reporting adhered to
CONSORT guidelines. All participants provided written informed consent. Inclusion and
exclusion criteria have been described in detail elsewhere [13]. Briefly, participants were
included when they were free of diabetes; aged 21–65 years; had a BMI of 27–35 kg/m2;
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waist circumference ≥88 cm (≥102 cm) for females (males); in addition, at least one further
co-morbidity of the metabolic syndrome had to be present.

2.2. Intervention and Meal Replacement Regimen

A detailed description of the intervention program and meal replacement regimen
has been published elsewhere [13]. Briefly, at the beginning of the study, both CON
and INT were provided with information about a healthy lifestyle (e.g., healthy cooking,
physical activity, a guideline booklet for behavior changing) during a lifestyle counselling
session and were encouraged to lose weight. Additionally, both groups were provided
with telemetric scales (smartLAB scale W; HMM Holding AG, Dossenheim, Germany) and
pedometers (smartLAB walk P+; HMM Holding AG, Dossenheim, Germany). Prior to each
study visit, participants completed a 4-day, unweighed diet record. All behavioral records
(i.e., diet and physical activity) were discussed at each study visit.

INT underwent an accompanying high-protein, low-glycemic, and moderate-caloric
meal replacement regimen with a liquid soy-yogurt-honey-based formula diet (Almased-
Vitalkost®, Almased-Wellness-GmbH, Oberding, Germany [16]) during the first 6 months
of the intervention. This formula diet-based meal replacement regimen was paralleled with
a stepwise reintroduction of regular foods typically of a low-carbohydrate dietary approach.
Management of the formula diet regime has been described in detail elsewhere [13].

2.3. Measurements

All measurements were performed at baseline as well as after 6, and 12 months.
Laboratory data (fasting insulin, fasting glucose, and HbA1c) were collected as described
in detail elsewhere [13]. Body composition (fat mass, fat-free mass, BMI, and weight) was
determined by using a medical body composition analyzer (Seca medical Body Composition
Analyzer® (seca-mBCA 115), Hamburg, Germany [17]). Hemodynamic parameters (systolic
blood pressure (SBP), diastolic blood pressure (DBP), resting heart rate (HR), and pulse
wave velocity (PWV)) were measured by using a validated device (Mobil-O-Graph PWA;
I.E.M. GmbH, Stolberg, Germany [18]) with an appropriately sized cuff. First-phase systolic
and fifth-phase diastolic Korotkoff blood pressure were auscultated from the right arm of
each participant, after resting 5 min and sitting upright. Two measurements were performed
and the average of these measurements were used as the final result for blood pressure,
resting HR, and PWV. An external monitor supervised and reviewed documentation
regarding adverse and serious adverse events [19].

2.4. Statistics

Sample size calculation and inherent assumptions have been described in detail
elsewhere [13]. The primary outcome of the original ACOORH study was the change
in body weight between INT and CON following the intervention [13]. In this post-hoc
analysis, the primary outcome was the change in hemodynamic parameters (SBP, DBP, HR,
and PWV) after 6 and 12 months. Risk groups for these four parameters were defined as
follows. SBP and DBP were redefined according to the current guidelines for grading blood
pressure into hypertensive (≥140 mmHg; ≥90 mmHg), prehypertensive (121–139 mmHg;
81–89 mmHg) and normotensive stages (≤120 mmHg; ≤80 mmHg) [20]. Resting HR
and PWV risk groups were defined by stratifying patients into tertiles and the upper
2 tertiles were assumed to have an inherent higher risk in comparison to the lowest tertile.
All performed intra and intergroup comparisons focused on the predefined high-risk
groups and based on multivariable linear regression analyses. Furthermore, hemodynamic
parameters were analyzed for associations with anthropometric and laboratory parameters
to determine any physiological interrelationships. Statistical analysis was performed by an
independent institute (ACOMED statistik®, Leipzig, Germany) and a detailed description
about handling parametric and non-parametric data, missing values ((per-protocol (PP)
and intention-to-treat (ITT) analysis, last-observation-carried-forward (LOCF) method),
and applied software can be found elsewhere [13]. All statistical tests were two-sided,
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significant results were assumed to be p < 0.05 and if not otherwise stated, ITT analysis
findings were reported.

3. Results

Three hundred and seventeen of 463 participants (68.3%, INT: n = 216; CON: n = 101)
completed the study after 12 months. Baseline characteristics of the whole cohort (n = 463)
can be found elsewhere [13]. A complete set of data were available for n = 304 participants
(65.7%, INT: n = 205; CON: n = 99) (Figure 1) in the present study.

Figure 1. Flowchart. ACOORH, Almased Concept against Overweight and Obesity and Related
Health Risk; CON, control group; INT, intervention group; ITT, intention-to-treat analysis; PP, per
protocol analysis.

Anthropometric, laboratory and hemodynamic parameters at baseline are displayed
in Table 1. Reasons for dropouts have been presented elsewhere [13]. Frequencies of
antihypertensive drugs did not differ between INT and CON at baseline (Supplementary
Materials Table S1) and remained unaltered during the 12-months study period. A post-hoc
reallocation into risk subgroups is displayed in Supplementary Materials Figure S1 and
was performed in order to identify hemodynamic parameter-based high-risk groups.
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Table 1. Baseline characteristics of the participants completing the whole study.

INT-Group (n = 205) CON-Group (n = 99)

Clinical parameters

Sex (% male) 35.2 40.6
Age (years) 51 ± 10 50 ± 9
Weight (kg) 92 ± 14 94 ± 12

BMI (kg/m2) 31.5 ± 2.3 31.5 ± 2.4
Fat mass (kg) 36.6 ± 6.6 37.2 ± 6.5

Fat-free mass (kg) 54.9 ± 11.7 56.4 ± 11.5
Fasting insulin (µU/mL) 15.9 ± 10.3 15.1 ± 8.7
Fasting glucose (mg/dL) 94 ± 12 93 ± 11

HbA1c (%) 5.50 ± 0.34 5.47 ± 0.38

Hemodynamic parameters

SBP (mmHg)
Normotension (≤120 mmHg) 113 ± 6 (n = 86) 112 ± 6 (n = 44)

Prehypertension (121–139 mm Hg) 129 ± 6 (n = 91) 128 ± 5 (n = 40)
Hypertension (≥140 mmHg) 152 ± 11 (n = 28) 156 ± 11 (n = 15)

DBP (mmHg)
Normotension (≤80 mmHg) 64 ± 15 (n = 59) 64 ± 18 (n = 26)

Prehypertension (81–89 mm Hg) 85 ± 2 (n = 53) 85 ± 2 (n = 31)
Hypertension (≥90 mmHg) 99 ± 8 (n = 93) 97 ± 5 (n = 42)

Resting HR (bpm)
1st tertile 60 ± 6 (n = 68) 60 ± 5 (n = 39)
2nd tertile 71 ± 3 (n = 70) 71 ± 2 (n = 24)
3rd tertile 84 ± 7 (n = 67) 83 ± 7 (n = 36)

PWV (m/s)
1st tertile 6.4 ± 0.7 (n = 68) 6.3 ± 0.6 (n = 34)
2nd tertile 7.7 ± 0.3 (n = 67) 7.7 ± 0.3 (n = 35)
3rd tertile 8.9 ± 0.6 (n = 70) 8.9 ± 0.7 (n = 30)

Data are presented as means ± standard deviations, or percentages. BMI, body mass index; DBP, diastolic blood
pressure; HR, resting heart rate; PWV, pulse wave velocity; SBP, systolic blood pressure.

3.1. Intra and Intergroup Differences in Hemodynamic Parameters after 6 and 12 Months Focusing
on Risk Groups

Prehypertensive and hypertensive participants of INT significantly improved SBP and
DBP after 6 and 12 months. CON participants with prehypertension and hypertension
primarily reduced SBP and DBP after 6 months, but this significance diminished after
12 months (Table 2). Intergroup comparisons showed a significant difference in DBP (INT:
−4.6 mmHg 95% CI [−5.7; −3.2] vs. CON: −1.6 mmHg 95% CI [−3.3; −0.1], p < 0.009)
after 6 months and in SBP (INT: −7.3 mmHg 95% CI [−9.2; −5.3] vs. CON: −3.3 mmHg
95% CI [−5.9; −0.8], p < 0.049) and DBP (INT: −3.7 mmHg 95% CI [−4.9; −2.5] vs. CON:
−1.4 mmHg 95% CI [−3.1; 0.2], p < 0.028) after 12 months, indicating a moderate effect for
the INT group (Supplementary Materials Figure S1).

Resting HR was significantly reduced in both groups, particularly in INT, after 6 and
12 months (Table 2). Compared to CON, INT showed a significant reduction in resting HR
after 6 months. This intergroup difference diminished after 12 months.

Compared to CON, INT showed a significant reduction in PWV after 6 months and
this improvement remained significant after 12 months (Table 2). However, the intergroup
difference diminished after 12 months.
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Table 2. Intra and intergroup changes in the INT and CON-group after 6 and 12 months compared to baseline focusing on individual risk groups.

Baseline 6 Months 12 Months

INT CON INT CON P (INT vs. CON) INT CON P (INT vs. CON)

SBP (mmHg) ‡

ITT (n = 180 vs. 89) 134 ± 11 133 ± 10 −8.6 [−11.1; −7.3] *** −7.9 [−10.9; −5.4] *** 0.652 −7.3 [−9.2; −5.3] *** −3.3 [−5.9; −0.8] * 0.049
PP (n = 119 vs. 55) 134 ± 12 133 ± 11 −10.6 [−11.4; −9.6] *** −9.9 [−13.7; −6.3] *** 0.534 −8.8 [−11.4; −6.1] *** −4.0 [−7.9; −0.1] * 0.031

DBP (mmHg) †

ITT (n = 225 vs. 117) 94 ± 10 92 ± 8 −4.6 [−5.7; −3.2] *** −1.6 [−3.3; −0.1] * 0.009 −3.7 [−4.9; −2.5] *** −1.4 [−3.1; 0.2] 0.028
PP (n = 146 vs. 73) 94 ± 9 92 ± 7 −5.8 [−7.0; −4.1] *** −2.1 [−4.1; −0.2] * 0.003 −4.4 [−5.8; −3.0] *** −1.5 [−3.4; 0.5] 0.019

Resting HR (bpm) $

ITT (n = 208 vs. 94) 78 ± 8 77 ± 8 −4.0 [−5.3; −2.7] *** −1.6 [−3.5; 0.4] 0.045 −2.7 [−4.0; −1.4] *** −2.4 [−4.3; −0.4] * 0.783
PP (n = 137 vs. 60) 77 ± 8 78 ± 8 −5.0 [−6.6; −3.4] *** −3.6 [−6.3; −1.2] ** 0.353 −3.4 [−4.9; −1.6] *** −4.5 [−6.9; −2.3] *** 0.240

PWV (m/s) $

ITT (n = 194 vs. 98) 8.4 ± 0.7 8.2 ± 0.7 −0.18 [−0.28; −0.08] *** −0.07 [−0.20; 0.13] 0.043 −0.10 [−0.18; −0.03] * −0.01 [−0.11; 0.10] 0.110
PP (n = 137 vs. 65) 8.3 ± 0.7 8.3 ± 0.8 −0.25 [−0.36; −0.16] *** −0.11 [−0.27; 0.15] 0.049 −0.09 [−0.18; 0.01] 0.02 [−0.12; 0.16] 0.200

Data are shown as mean ± SD and mean [95% CI]. *** p < 0.001 vs. baseline; ** p < 0.01 vs. baseline; * p < 0.05 vs. baseline. ‡ hypertensive and prehypertensive participants (>120 mmHg)
were considered; † hypertensive and prehypertensive participants (>80 mmHg) were considered; $ upper two tertiles (with highest values); Differences in changes after 6 and 12 months
between both groups were analyzed using ANCOVAs adjusting for baseline values. DBP, diastolic blood pressure; HR, heart rate; ITT, intention to treat; PP, per protocol; PWV, pulse
wave velocity; SBP, systolic blood pressure.
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3.2. Association of Changes in Hemodynamic Parameters with Clinical Parameters

According to the whole cohort with a complete dataset, changes in SBP were signifi-
cantly positively correlated with changes in body weight and fat mass after 6 and 12 months
(all p < 0.001), even after Bonferroni correction for multiple testing and adjustment for
age, sex and BMI (Table 3). Changes in DBP were also significantly associated positively
with changes in body weight and fat mass after 6 (both p < 0.001) and 12 months (both
p < 0.05) of intervention. These associations lost significance after Bonferroni correction
and adjustment for age, sex, and BMI. Changes in resting HR were significantly positively
associated with changes in fasting insulin after 6 and 12 months of intervention (both
p < 0.001), and these associations remained significant even after Bonferroni correction and
adjustment for age, sex, and BMI (Table 3). Changes in PWV were significantly positively
correlated with changes in body weight and fat mass after 6 months of intervention. This
correlation remained only significant in body weight when adjusted for multiple testing
and the covariables of age, sex, and BMI (p < 0.001) (Table 3).

Table 3. Correlation of changes of hemodynamic and clinical parameters after 6 and 12 months of
intervention from all participants completing the study (n = 304).

Hemodynamic
Parameters

Clinical
Parameters

Systolic Blood Pressure Diastolic Blood Pressure Resting Heart Rate Pulse Wave Velocity

∆ 6
Months

∆ 12
Months

∆ 6
Months

∆ 12
Months

∆ 6
Months

∆ 12
Months

∆ 6
Months

∆ 12
Months

∆ Weight r +0.336 +0.206 +0.260 +0.132 +0.186 +0.144 +0.255 +0.198
[kg] p <0.001 <0.001 <0.001 0.025 0.002 0.015 <0.001 <0.001

∆ Fat mass r +0.290 +0.207 +0.253 +0.155 +0.172 +0.163 +0.213 +0.155
[kg] p <0.001 <0.001 <0.001 0.008 0.003 0.006 <0.001 0.008

∆ Fat-free mass r +0.179 +0.170 +0.117 +0.030 +0.019 +0.021 +0.092 +0.180
[kg] p 0.003 0.004 0.049 0.611 0.748 0.723 0.190 0.002

∆ Fasting insulin r +0.128 +0.110 +0.036 +0.002 +0.229 +0.220 +0.111 +0.132
[µU/mL] p 0.030 0.062 0.541 0.878 <0.001 <0.001 0.062 0.025

∆ Glukose r +0.123 +0.069 +0.123 +0.046 +0.057 +0.014 +0.119 +0.066
[mg/dL] p 0.030 0.248 0.039 0.440 0.335 0.809 0.045 0.264

∆ HbA1c r +0.067 +0.121 +0.052 +0.098 +0.128 +0.134 +0.030 +0.047
[%] p 0.259 0.175 0.380 0.098 0.031 0.003 0.616 0.426

Bold p values indicate significance after Bonferroni correction for multiple testing (p = 0.001). Underlined p-values
represent significance after adjustment for age, sex, and BMI. HbA1c, hemoglobin A1c.

The aforementioned associations were even stronger for the INT group when con-
sidering group allocation (Figure 2). In particular, the association of (1) SBP with body
weight (r = 0.291) or fat mass (r = 0.239); and (2) DBP with body weight (r = 0.237) or fat
mass (r = 0.219) indicated stronger correlations after 6 months between INT and CON;
(3) Correlation of resting HR with fasting insulin (r = 0.232) showed pronounced effect sizes
for INT compared to CON after 6 and 12 months.

Further subgroup analyses revealed that in particular reductions in SBP and DBP
were attributed to changes in weight loss showing large effect sizes in the prehypertensive
and hypertensive groups (Supplementary Materials Table S2). INT and CON showed
significant body weight reductions from baseline (T0) to 6 (T1) and 12 (T2) months in
hypertensive (INT: T0: 94 ± 17 kg, T1: 85 ± 16 kg, T2: 88 ± 17 kg; CON: T0: 91 ± 10 kg,
T1: 85 ± 11 kg, T2: 86 ± 12 kg) and prehypertensive participants (INT: T0: 93 ± 13 kg,
T1: 85 ± 13 kg, T2: 88 ± 14 kg; CON: T0: 95 ± 13 kg, T1: 91 ± 13 kg, T2: 92 ± 14 kg)
(Supplementary Materials, Table S2).

From a clinical perspective, without considering group allocation, a clinically relevant im-
provement of hemodynamic parameters (e.g., reduction in SBP or DBP of ≥2 mmHg [20,21])
occurred when participants lost more than 2 kg body weight or more than 2% fat mass
following the intervention (Figure 3).
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Figure 2. Correlation of changes in clinical parameters with changes in (A) SBP, (B) DBP, (C) resting
HR, and (D) PWV after 6 and 12 months of intervention. Effect size and significance are shown for
INT and CON. ∆6 = change after 6 months; ∆12 = change after 12 months. CON, control group; DBP,
diastolic blood pressure; HbA1c, hemoglobin A1c; HR, resting heart rate; INT, intervention group;
PWV, pulse wave velocity; SBP, systolic blood pressure.

Figure 3. Clinically relevant blood pressure reduction due to weight and fat mass loss after 6 and
12 months. Data are shown as mean or percentages. ** p < 0.01; * p < 0.05. CON, control group; DBP,
diastolic blood pressure; INT, intervention group; SBP, systolic blood pressure.
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4. Discussion

The results of this post-hoc analysis of the ACOORH trial indicate larger reduc-
tions in systolic and diastolic blood pressure as well as improvements in resting heart
rate and pulse wave velocity after a 12-month intervention with a high-protein, low-
glycemic, and moderate-caloric formula diet in high-risk individuals with overweight or
obesity and accompanied cardiovascular risk factors compared to a low-intensity lifestyle
intervention alone.

These findings are in line with other studies investigating the impact of weight loss
due to different dietary and lifestyle approaches on cardiovascular risk factors in various
populations [9,22,23]. For example, calorie restricted diets [22] or time-restricted eating
approaches [23] have led to significant reductions in blood pressure and improvements of
endothelial dysfunction. Furthermore, a recently published meta-analysis demonstrated
comparable improvements in cardiovascular risk factors following weight loss intervention
with diets of different macronutrient composition [9], pointing towards a more pronounced
effect for improving systolic and diastolic blood pressure following a lower carbohydrate
diet (e.g., Atkins diet). Moreover, adding a moderate-caloric restrictive diet to an aerobic
exercise intervention demonstrated superior improvements in proximal aortic stiffness in
older adults with obesity compared to exercise alone [24].

Although high-risk individuals of the INT group demonstrated moderate but clinically
meaningful improvements in hemodynamic parameters, CON participants also showed
clinically relevant changes. These small differences between both groups might have been
derived from the dietary composition throughout the study. As recently published [25],
both groups differed primarily in protein consumption which was embedded in a pre-
scribed low-carbohydrate dietary lifestyle for both intervention groups. This explanation
can be supported by a recently published meta-analysis showing the beneficial effects of
higher compared to lower protein diets on cardiometabolic risk factors [26]. The mecha-
nistic link behind this finding might have been derived from bioactive peptides that can
inhibit the activity of the renin-angiotensin converting enzyme which is a key regulator for
systemic hypertension [27].

Findings of the correlation analyses of the whole cohort pointed towards physiological
interrelationships between changes in fat mass and body weight with blood pressure and
pulse wave velocity as well as interactions of fasting insulin and resting heart rate. These
different associations may derive directly or indirectly from one pathophysiological mecha-
nism of hyperinsulinemia or higher insulin levels leading to several further physiological
maladaptive changes, for example: (1) sympathetic nervous system overactivity [28]; (2) en-
hanced renal sodium reabsorption [8]; (3) overstimulated renin-angiotensin-aldosterone
system [8]; (4) proinflammatory processes and hypertrophy of vascular smooth muscle cells
(or endothelial dysfunction and increased arterial stiffness) [28]; and finally (5) increases
in body weight and obesity-associated hypertension [29]. One further key player in this
context is insulin resistance, which in combination with hyperinsulinemia, may promote
hypertension and atherogenesis. During insulin resistance, nitric oxide (NO) production is
impaired while the supportive effect of insulin on calcium ion influx and vasoconstriction
is still present [8]. Furthermore, adipokines—segregated by adipose tissue, impair the
regulation of blood pressure, lipid and glucose metabolism [30] and changes in adipokine
levels might have contributed to the improvement of hemodynamic parameters in the
present study.

The strong positive correlation of resting HR with fasting insulin levels in the present
study is in line with other studies demonstrating that insulin itself (even in different entities
such as: fasting insulin, intact proinsulin, split proinsulin, or acute insulin response [31])
can influence the cardiac autonomic nervous system by reducing parasympathetic function
and potentiating sympathetic drive in patients with [32] and without diabetes [33].

When discussing the sustainability of the intervention effects, changes of SBP and
DBP, which were primarily associated with changes in weight and/or fat mass, seem to
be more long-lasting than resting HR and PWV. Resting HR was, especially, probably
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more related to short-term physiological changes of insulin, which have been shown
to be present in particular during the intensive phase of the study [15]. The primary
intervention was within the first 6 months (intensive phase) and the last 6 months were
characterized as a maintain phase (less intensive phase). The decline in treatment intensity
maybe led to this immediate physiological adaption of insulin, also influencing negatively
the sympathetic nervous system while weight loss and/or fat mass reduction was more
sustainable, and, therefore, SBP and DBP were significantly different between both groups
even after 12 months of intervention. The landmark studies of DiRECT [11] and DIADEM-
1 [34] have already shown in patients with type 2 diabetes that, in particular, weight-loss
mediates the reduction of blood pressure.

Frequency of antihypertensive medication use was not affected by the intervention
in either group. One possible explanation for these findings is, that, on the one hand,
compared to very-low or low-caloric diet interventions with partial abandonment of
antihypertensive medication [11,35], the present study applied a moderate-caloric diet
(≈1300–1500 kcal per day) approach, with the aim of increasing study and treatment ad-
herence and reducing the risk for adverse outcomes in the long-term [36]. On the other
hand, reduction of antihypertensive medication was not targeted and not all participants
were hypertensive or prehypertensive with an accompanying antihypertensive therapy.

The strengths of the present post-hoc analysis comprise a large sample size of only
high-risk participants with overweight or obesity and at least one additional co-morbidity
of the metabolic syndrome, the international, multicenter and randomized controlled
setting of the study, and a relatively long study period over 12 months. Although study
participants were comprehensively characterized, information about smoking status as
well as kidney-related data (e.g., creatinine levels or urinary sodium excretion) were not
included, which should be considered when interpreting the data. A recently published
meta-analysis demonstrated that a reduction in dietary sodium can have beneficial effects
on blood pressure levels in different populations [37]. Moreover, it has been shown that
cardiorespiratory fitness also has a marked impact on the autonomic nervous system in
patients with and without diabetes [38,39]. In particular, parasympathetic drive increases
with enhancing cardiorespiratory fitness. This aspect was not part of the investigation
and should be considered when interpreting the data. Further limitations of the present
study include that there was no constant diet monitoring. Based on the issue of biased
dietary records with systematic errors, we chose to omit monitoring the participants’
diets [40]. However, 4-day diet diaries prior to each study visit were required from all
participants to support the lifestyle counseling. Furthermore, although sophisticated
imputation methods for missing values are currently indicated, we consciously chose the
LOCF procedure for a more conservative statistical approach to prevent overestimating
the present results of this post-hoc analysis. Another aspect which needs to be considered,
especially when discussing the changes to the resting HR data, is that there is a possibility
of an unconscious habituation towards the examination procedure which might have
influenced the measurements. However, randomization into one of the two groups should
have abolished any potential habituation effect, particularly because baseline characteristics
of both groups were not different. On the other hand, the strong interrelation between
fasting insulin and resting HR at any time point, particularly for the INT group, indicates
rather a physiological adaption of resting HR due to the intervention.

5. Conclusions

Taken together, a low-intensity lifestyle intervention combined with a high-protein,
low-glycemic, and moderate-caloric formula diet led to a clinically relevant outcome
regarding hemodynamic parameters in high-risk individuals with overweight and obesity
and at least one further factor of the metabolic syndrome. The present therapeutic approach
combining lifestyle interventions with an accompanying formula diet regimen should be
considered as a valid option for the management of cardiovascular risk factors which are
related to overweight and obesity. From a clinical perspective, health care providers should
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encourage patients with hypertension to lose weight greater than 2 kg and also follow a
lifestyle that prevents chronic elevated insulin levels and cardiac autonomic dysregulation.
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