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This review aimed to evaluate, through randomized controlled trials, the 
effects of lifestyle interventions on the evolution of cardiovascular risk factors 
in adult patients with type 2 diabetes. An electronic search was performed in 
PubMed and list of references from 2016 until May 2021 was made. Studies 
were eligible if 1) participants had type 2 diabetes; 2) mean age < 65 years 
old; 3) at least 3 cardiovascular risk factors measured before and after lifestyle 
intervention; 4) the study design was a randomized controlled trial. This 
review demonstrates that lifestyle interventions were effective in high-scale 
(more than 50% of interventions success) on the significant reduction of body 
mass index, waist circumference and glycated hemoglobin and in low-scale 
(less than 50% of interventions success) on the significant reduction of systolic 
blood pressure and diastolic blood pressure and on significant increase of high 
density lipoprotein. No lifestyle interventions effects were found regarding the 
decrease of low density lipoprotein mean values.

Abstract

Keywords: Randomized controlled trials; lifestyle interventions; cardiovascular risk factors; adults; type 2 
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1. Introduction

 Type 2 diabetes (T2D) is a chronic metabolic disorder characterized by long term high 
blood glucose levels due to deficiency in insulin production by pancreas and insulin resistance 
from body cells [1].

 Its prevalence is increasing worldwide, with 462 million individuals with T2D in the year 
of 2017 [2] being a major concern in public health due to the macrovascular and microvascular 
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complications associated with this disease. The main cause of death of individuals with T2D 
is cardiovascular disease. According to Lorber et al. [3], it is urgent to minimize the risk of 
cardiovascular disease, with the control of its risk factors: hyperglicemia, obesity, hypertension and 
dyslipidemia. However, it remains a though task for these patients [4], which is directly associated 
with the lack of health promotion programs that increase their self-management abilities [5].

 The adoption of lifestyle interventions with the purpose of modify physical activity 
and eating behaviors are considered the cornerstone of T2D management [3]. There is a 
meta-analysis conducted by Chen et al. [6] that concluded that lifestyle interventions showed 
significant benefit in cardiovascular risk factors in patients with type 2 diabetes, with mean 
age of participants ranging between 51.3 and 67.3 years old. There is a positive association 
between age and glycemic control in patients with type 2 diabetes with individuals with < 65 
years old had worse glycemic control when compared to individuals with ≥ 65 years old [7].

 Thus, the aim of this review is to evaluate, through randomized controlled trials (RCTs), 
the effects of lifestyle interventions on the evolution of cardiovascular risk factor in adult 
patients with type 2 diabetes

2. Methods

2.1. Search strategy

 A search was carried out by one author [CV] in the electronic database “PubMed”, 
from the year of 2016 until May 2021, to identify articles assessing the effects of a lifestyle 
interventions on the evolution of cardiovascular risk factors in adults with type 2 diabetes. For 
database search, the following keywords were used: (lifestyle intervention [Title]) AND (type 
2 diabetes [Title]). 

2.2. Selection of the studies

 One author [CV] reviewed the search results and screened publications provided by 
database (Pubmed), according to the following steps: 1) articles were selected by the information 
from title and abstract; 2) full text analysis of potentially relevant articles was made to check 
their eligibility for this review. 

 Studies were considered eligible if: 1) participants were individuals with type 2 diabetes; 
2) mean age < 65 years old; 3) at least 3 cardiovascular risk factors measured before and after 
lifestyle intervention; and 4) the study design was a randomized controlled trial.

 Studies were excluded according to the following criteria: 1) participants at risk of type 
2 diabetes; 2) mean age ≥ 65 years old; 3) studies that do not evaluate the evolution of at least 
3 cardiovascular risk factors; 4) the study design was not a randomized controlled trial; 4) 
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studies with no access to full text.

2.3. Data extraction

 Each selected article was evaluated by author to extract information regarding: (1) study 
characteristics (first author, year of publication, country); (2) study participants (including 
sample size, mean age ± standard deviation and gender information of intervention and 
control group); (3) time of intervention; (4) intervention and control groups (description of 
interventions); and (4) main results regarding the evolution of cardiovascular risk factors.

2.4. Data analysis

 For each study, the differences in the evolution of cardiovascular risk factors between 
intervention and control group were analyzed. Body mass index (BMI); waist circumference 
(WC); systolic blood pressure (SBP), diastolic blood pressure (DBP); low density lipoprotein 
(LDL), high density lipoprotein (HDL) and glycated hemoglobin (HbA1c) were considered as 
cardiovascular risk factors.

3. Results

3.1. Study selection

 A total of 90 references were identified in the initial search. After screening for title and 
abstract, 70 papers were excluded because of: 1) not assessing at least 3 cardiovascular risk 
factors; 2) non-randomized controlled trials studies and 3) patients at risk of type 2 diabetes. 
After full-text reading, 13 more papers were removed due to: 1) no access to full text and 2) 
non-randomized controlled trials. Thus, in final analysis 7 studies were included in this review.

3.2. Study characteristics

 The characteristics of the studies included in this review are presented in Table 1.
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Authors /
Country Objective

Participants 
(N); mean age 
(years ± SD); 
females (%)

Length of 
lifestyle 
program

Intervention group Control group Outcomes 
measured

Chee et al. 
(2017) (8) 
/ Malaysia

Evaluate the 
effectiveness of a 
diabetes lifestyle 
program on the 
evolution of glycated 
hemoglobina in 
individuals with type 
2 diabetes

INT 1: N = 58;  
55±8 years old; 
67.2%

INT 2: N = 57;
55±8 years old; 
87.4%

CON: N =115;
54±8 years old; 
48.7%

6 months

1) Physical activity prescription of 
at least 150 min. of physical activity 
per week
2) Structured low-calorie meal plan 
(1200 or 1500 kcal/day) plus 14-day 
meal plans
3) Nutrition and physical activity 
education through flip-charts
The difference between the two 
intervention groups was the type 
of counseling (INT1: motivational 
interviewing principles vs. INT2: 
conventional counseling techniques)

Advice to 
follow a 
conventional 
low-calorie 
diet plan (1200 
or 1500 kcal/
day).

At baseline 
and 6 
months, 
BMI, WC, 
SBP; DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

Johansen 
et al. 
(2017) (9) 
/ Denmark

Test whether a 
12-month intensive 
lifestyle intervention 
results in equivalent 
glycemic control 
compared with 
usual care in type 2 
diabetes patients

INT: N = 64;
 53.6 ± 9.1 
years old; 48%
CON:  N = 
34; 56.6 ± 8.1 
years old; 47%

12 months

5 to 6 weekly aerobic training 
sessions (duration 30-60 minutes), 
of which 2 to 3 sessions were 
combined with resistance training. 
Participants were also encouraged 
to be physically active in their 
leisure time ≥ 10000 steps per day). 
Besides, they received dietary plans 
with the purpose of attaining a body 
mass index of 25 or less.

Usual care at 
baseline and 
every 3months 
for 12 months.
.

At baseline 
and 12 
months, 
BMI, SBP; 
DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

Kempf et 
al. (2017) 
(10) / 
Germany

Evaluate the efficacy 
of a Telemedical 
Lifestyle 
Intervention Program 
in the improvement 
of metabolic control 
in type 2 diabetes 
patients

INT: N = 93
59.0 ± 9.0 
years old; 45%
CON: N = 74;
60.0 ± 8.0 
years old; 47%

3 months

Intervention group received a self-
management guide, weighing scales 
and step counters and received 
telemedical coaching  including 
dietary intervention and target 
agreements about diet and physical 
activity for 3 months.

The control 
group got 
weighing 
scales and step 
counters and 
remained in 
routine care for 
3 months.

At baseline 
and 3 
months, 
BMI, SBP; 
DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

Larsen et 
al. (2019) 
(11) / 
Denmark

Averiguate whether 
a 12-month lifestyle 
intervention induces 
partial or complete 
type 2 diabetes 
remission type 2 
diabetes patients.

INT: N = 62
53.5 ± 9.2 
years old; 47%
CON: N = 31;
56.7 ± 8.3 
years old; 45%

12 months

During 12 months, supervised 
resistance and aerobic exercise for 
30 to 60 minutes, on 5 or 6 days per 
week and individual dietary plans 
aiming for body mass index ≤ 25 kg/
m2. No interventions were addressed 
at the follow-up period (between 
month 12 and month 24)

Standard care

At baseline 
and 24 
months, 
BMI, SBP; 
DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

Lynch et 
al. (2019) 
(12) / 
USA

Determine whether a 
lifestyle
intervention would 
result in sustained
improvements in 
glycemic control in 
low-income African-
American type 2 
diabetes patients

INT: N = 106
55.1 ± 11.5 
years old; 
70.8%
CON: N = 105;
54.8 ± 9.0 
years old; 
69.5%

12 months

The intervention was delivered in 28 
group sessions over 12 months. The
intervention had four main 
components: (1) culturally tailored 
diabetes nutrition education; (2) 
physical activity advice; (3) self-
monitoring of blood glucose, and (4)
social support.

Diabetes self-
management 
education in 
two 
group sessions 
in the first 6 
months of the 
study period

At 
baseline, 
12 and 18 
months, 
BMI, SBP; 
DBP and 
HbA1c 
were 
evaluated

Table 1: Main characteristics of each study that met the inclusion criteria.
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Matushita 
et al. 
(2020) 
(13) / 
Japan

Determine the 
effectiveness of a 
lifestyle program on
glucose metabolismo
 in type 2 diabetes 
patients

INT: N = 792
53.9 ± 0.4 
years old; 
29.4%
CON: N = 
3645;
51.6 ± 0.1 
years old; 8.5%

12 months

1) Lectures about Nutritional aspects 
based on Dietary Guidelines for 
the Japanese and Physical Activity 
(adequate exercise intensity, 
methods for walking safely and self-
training at home)
2) Experience-oriented diet and 
Exercise program (combination 
of aerobic and resistance exercise 
based on the Exercise and Physical 
Activity Guide for the Health 
Promotion)

Continued with 
usual care

At baseline 
and 24 
months, 
BMI, WC, 
SBP; DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

Taheri et 
al. (2020) 
(14) / 
Qatar

Assess whether an 
intensive lifestyle 
intervention would 
lead to significant 
improvement on
glycaemia in young 
individuals with 
early type 2 diabetes.

INT: N = 70
41.9 ± 5.4 
years old; 30%
CON: N = 77;
42.3 ± 5.8 
years old; 25%

12 months

1) Nutritional intervention: a 12-
week total diet replacement phase, 
in which it was given to participants 
a low-energy formula (800–820 
kcal/day) diet meal replacement 
products (57% carbohydrate, 14% 
fat, 26% protein, and 3% fibre). In 
the following 12-weeks, structured 
food reintroduction phase was made. 
Thereafter, participants managed 
their own energy restricted food 
intake and lifestyle changes for 6 
months.
2) Physical activity intervention: 
Physical activity support initially 
focused on walking (with an aim 
of at least 10 000 steps per day), 
followed by the recommendation of 
increasing unsupervised activity to 
at least 150 min/week. Participants 
were provided with an accelerometer 
and were directed to smartphone 
apps to monitor food intake and 
activity.

Usual diabetes 
medical care

At baseline 
and 12 
months 
WC, SBP; 
DBP; 
LDL; HDL 
and HbA1c 
were 
evaluated

 The number of patients per study ranged widely from 31 to 3645 patients. The mean age 
is associated with adulthood, ranging from 41.9 to 60.0 years. The proportion of patients that 
were female had a wide range (from 8.5% and 87.4%). The length of studies ranged from 3 to 
12 months, with 5 studies with 12-month duration. The time of post-intervention evaluations 
ranged from 3 to 24 months. Related to diet intervention, in 5 studies it was applied diet 
prescription [8, 9, 11, 13, 14] and in 4 studies diet education [8, 10, 12, 13]. Regarding physical 
activity interventions, in 6 studies it was applied physical activity advice [8-10, 12-14] and in 
4 studies participants integrated an exercise program (supervised exercise) [8, 9, 11, 13].

3.3. Comparison of cardiovascular risk factos between groups 

In the study of Chee et al. (2017) [8], authors found that at 6 months: 

1) BMI decreased significantly in IG1 (−2.3 ± 0.4 kg/m2, p < 0.001) and IG2 (−2.0 ± 0.4 kg/
m2; p < 0.001) but not in CG (−0.1 ± 0.2 kg/m2; p = 0.702); 

2) WC decrease significantly in IG1 (−4.0 ± 1.1 cm, p=0.002) but not in IG2(−2.7 ± 1.0 cm, 
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p=0.062) and CG (−0.5±0.5 cm, p=0.960); 

3) SBP decreased significantly in IG1 (−9 ± 2 mm Hg, p<0.001) and IG2 (−9 ± 2 mmHg, 
p=0.001), but not in CG (−1 ± 2 mm Hg, p=1.000); 

4) DBP significantly lowered in IG2 (−6 ± 2 mm Hg, p=0.008), but not in the IG1 (−3 ± 1 mm 
Hg, p=0.442) and CG (−1 ± 1 mm Hg, p=0.980); 

5) LDL did not reach significant differences in IG1 (−0.08 ± 0.08 mmol/L, p=0.980) and in 
IG2 (−0.18 ± 0.09 mmol/L, p=0.386). On the opposite way, LDL reach a significant decrease 
on CG (−0.26 ± 0.07 mmol/L, p=0.005); 

6) HDL did not reach significant differences in IG1 (0.01 ± 0.03 mmol/L, p=1.000), IG2 (0.05 
± 0.04 mmol/L, p=0.888) and CG (0.002 ± 0.03 mmol/L, p = 1.000); 

7) HbA1c decreased significantly in IG1 (−1.1 ± 0.1%, p < 0.001) and IG2 (−0.5 ± 0.1%; p = 
0.001) but not in CG (−0.2 ± 0.1%; p = 0.231)

In the study of Johansen et al. (2017) [9], results at 12 months were:

1) the mean values of BMI decreased in both groups (-2.01 kg/m2 in IG and -0.69 kg/m2 in 
CG; between group difference of -1.32 kg/m2). Intervention group significantly decrease mean 
values of BMI when compared to CG (p = 0.001).

2) the mean values of SBP decreased in both groups (-1.5 mmHg in IG and -3.7 mmHg in CG; 
between group difference of 2.2 mmHg), but non statistical significance was found between 
groups (p = 0.37).

3) the mean values of DBP decreased in both groups (-1.4 mmHg in IG and -3.4 mmHg in CG; 
between group difference of 2.0 mmHg), but non statistical significance was found between 
groups (p = 0.28).

4) the mean values of LDL decreased in both groups (12.8 mg/dl in IG and 11.2 mg/dl in CG; 
between group difference of 1.6 mg/dl), but non statistical significance was found between 
groups (p = 0.79).

5) the mean values of HDL decreased in both groups (8.3 mg/dl in IG and 5.4 mg/dl in CG; 
between group difference of 2.9 mg/dl), but non statistical significance was found between 
groups (p = 0.13).

6) the mean values of HbA1c decreased in both groups (-0.31% in IG and -0.04% in CG; 
between group difference of -0.26%), but non statistical significance was found between 
groups (p = 0.15).
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 In the study of Kempf et al. (2017) [10], differences on cardiovascular risk factos 
between intervention and control group at 3 months was:

1) BMI reduction at 3 months was significantly higher in the Intervention group (-2.0 kg/m2 
vs. -0.3 kg/m2; p < 0.0001).

2) SBP reduction at 3 months was significantly higher in the Intervention group (-6.0 mmHg 
vs. 1 mmHg; p < 0.05).

3) DBP reduction at 3 months was not significantly higher in the Intervention group (-13.0 
mmHg vs. -1 mmHg; p value not presented).

4) LDL change during the 3 months 3 months was not significantly higher in the Intervention 
group (-3.0 mg/dl vs. -1.0 mg/dl; p value not presented ).

5) HDL change during the 3 months 3 months was not significantly higher in the Intervention 
group (1.0 mg/dl vs. 1.0 mg/dl; p value not presented ).

6) HbA1c reduction at 3 months was significantly higher in the Intervention group (-1.1% vs. 
-0.2%; p < 0.001).

 In the study of Larsen et al. (2019) [11], the evolution of cardiovascular risk factos at 24 
months was:

1) in BMI, decrease of 0.45 kg/m2 on intervention group and 0.31 kg/m2 on control group, with 
no statistically differences between groups (p=0.74).

2) in SBP, no differences in its evolution on intervention group and an increase of 1.3 mmHg 
on control group, with no statistically differences between groups (p=0.59).

3) in DBP, decrease of 0.45 mmHg on intervention group and na increase of 1.0 mmHg on 
control group, with no statistically differences between groups (p=0.57).

4) in LDl, increase of 0.5 mmol/L on intervention group and 0.4 mmol/L on control group, 
with no statistically differences between groups (p=0.71).

5) in HDL, increase of 0.1 mmol/L on intervention group and no differences in its evolution on 
control group, with no statistically differences between groups (p=0.19).

6) in HbA1c, increase of 2.7 mmol/mol on intervention group and 3.2 mmol/mol on control 
group, with no statistically differences between groups (p=0.80).

 In the study of Lynch (2019) [12], cardiovascular risk factos were evaluated at 12 and 
18 months and the findings were:
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At 12 months:

 1) BMI decreased 0.7 kg/m2 on intervention group and 0.2 kg/m2 on control group, with 
no statistically differences between groups (p value non stated).

 2) SBP decreased 0.9 mmHg on intervention group and 0.1 mmHg on control group, 
with no statistically differences between groups (p value non stated).

 3) DBP decreased 0.3 mmHg on intervention group and increased 0.6 mmHg on control 
group, with no statistically differences between groups (p value non stated.).

 4) HbA1c decreased 0.58% on intervention group and 0.33% on control group, with no 
statistically differences between groups (p value non stated).

At 18 months:

 1) BMI decreased 0.5 kg/m2 on intervention group and 0.8 kg/m2 on control group, with 
no statistically differences between groups (p value non stated).

 2) SBP increased 1.7 mmHg on intervention group and decreased 3.9 mmHg on control 
group. Statistical differences were noticed in favour of control group (p < 0.05).

 3) DBP mantained with equal mean values on intervention group and decreased 0.7 
mmHg on control group, with no statistically differences between groups (p value non stated).

 4) HbA1c decreased 0.58% on intervention group and 0.33% on control group, with no 
statistically differences between groups (p value non stated).

 In the study of Matushita et al. (2020) [13],  the main results of cardiovascular risk 
factos in both groups in the 24-mont follow-up period were:

1) BMI decrease 0.6 kg/m2 on intervention group and increase of 0.1 kg/m2 on control group, 
with statistically differences between groups (p < 0.001).

2) WC decrease 1.5 cm on intervention group and increase of 0.4 cm on control group, with 
statistically differences between groups (p < 0.001).

3) SBP increase 0.1mmHg on intervention group and 0.7 mmHg on control group, with no 
statistically differences between groups (p=0.643).

4) DBP decrease 0.5 mmHg on intervention group and increase of 0.5 mmHg on control group, 
with no statistically differences between groups (p=0.658).

5)  LDL, decrease 5.5 mg/dl on intervention group and 1.6 mg/dl on control group, with no 
statistically differences between groups (p=0.084).
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6) HDL increase 1.7 mg/dl on intervention group and 1.0 mg/dl on control group, with 
statistically differences between groups (p < 0.001)

7) HbA1c decrease 0.04% on intervention group and increase 1.02% on control group, with 
statistically differences between groups (p < 0.001).

In the study of Taheri et al. (2020) (14), results were:

1) WC decrease 11.4 cm on intervention group and 4.0 cm on control group, with statistically 
differences between groups (p < 0.0001).

2) SBP decrease 5.6 mmHg on intervention group and 2.2 mmHg on control group, with no 
statistically differences between groups (p=0.827).

3) DBP decrease 0.5 mmHg on intervention group and increase of 0.5 mmHg on control group, 
with no statistically differences between groups (p=0.177).

4) LDL increase 0.30 mmol/L on intervention group and decrease 0.366 mmol/L on control 
group, with statistically differences between groups  (p < 0.0001).

5) HDL increase 0.05 mmol/L on intervention group and 0.03 mmol/L on control group, with 
statistically differences between groups (p = 0.033)

6) HbA1c decrease 0.89% on intervention group and 0.35% on control group, with statistically 
differences between groups (p = 0.020).

 The main results of this review were that lifestyle interventions addressed to T2D 
patients were effective in the significative reduction of 1) BMI mean values in 66.6% of RCTs 
(4 out of 6); 2) WC mean values in 100% of RCTs (3 out of 3); 3) SBP mean values in 28.6% of 
RCTs (2 out of 7); 4) DBP mean values in 14.3% of RCTs (1 out of 7); 5) HbA1c mean values 
in 57.1% of RCTs (4 out of 7) and in the significant increase of 6) HDL mean values in 33.3% 
of RCTs (2 out of 6). Lifestyle interventions was not effective in the significative reduction of 
LDL mean values.
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Table 2. Detailed data regarding the evolution of cardiovascular risk factors on intervention group(s).

RCT /Country
Body mass 

index
(kg/m2)

Waist 
Circumference 

(cm)

Systolic blood 
pressure
(mmHg)

Diastolic blood 
pressure
(mmHg)

LDL- C
(mmol/L) HDL- C

(mmol/L) HbA1c %)

Chee et al. 
(2017) (8) / 
Malaysia

INT 1
Baseline:
31.8 ± 0.9
6 months:
29.5 ± 0.9

INT 2
Baseline:
30.5 ± 0.6
6 months:
28.5 ± 0.7

INT 1
Baseline:

102.9 ± 1.9
6 months:
98.9 ± 1.8

INT 2
Baseline:

101.8 ± 1.4
6 months:
99.1 ± 1.6

INT 1
Baseline:

134.0 ± 2.0
6 months:

124.0 ± 2.0

INT 2
Baseline:

136.0 ± 2.0
6 months:

127.0 ± 2.0

INT 1
Baseline:
77.0 ± 1.0
6 months:
74.0 ± 1.0

INT 2
Baseline:
79.0 ± 1.0
6 months:
73.0 ± 2.0

INT 1
Baseline:
2.72 ± 0.1
6 months:
2.63 ± 0.1

INT 2
Baseline:
2.94 ± 0.1
6 months:
2.76 ± 0.1

INT 1
Baseline:

1.31 ± 0.04
6 months:

1.32 ± 0.04

INT 2
Baseline:

1.23 ± 0.04
6 months:

1.28 ± 0.05

INT 1
Baseline:
8.0 ± 0.1
6 months:
6.9 ± 0.1

INT 2
Baseline:
8.1 ± 0.1
6 months:
7.6 ± 0.2

Johansen et 
al. (2017) (9) / 

Denmark

Baseline:
31.4 ± 3.9
12 months:

-2.0 (change)

Not evaluated
Baseline:
127± 14

12 months:
-1.5 (change)

Baseline:
79.0 ± 8.0
12 months:

-1.4 (change)

*
Baseline:

92.7
12 months:

+12.8 
(change)

*
Baseline:

47.3 ± 13.2
12 months:

+8.3 
(change)

Baseline:
6.7 ± 0.8

12 months:
-0.3 (change)

Kempf et al. 
(2017) (10) / 

Germany

Baseline:
35.3 ± 5.9
3 months:
33.3 ± 6.0

Not evaluated

Baseline:
139 ± 16
3 months:
133 ± 15

Baseline:
93 ± 10

3 months:
80 ± 9

*
Baseline:
115 ± 40
3 months:
112 ± 36

*
Baseline:
46 ± 12

3 months:
47 ± 13

Baseline:
8.4 ± 1.3
3 months:
7.3 ± 1.1

Larsen et al. 
(2019) (11) / 

Denmark

Baseline:
31.5 ± 3.9
24 months:

-0.45 (change)

Not evaluated

Baseline:
127.0 ± 14.0
24 months:

0.0 (change)

Baseline:
79.0 ± 9.0
24 months:

-0.1 (change)

Baseline:
2.4 ± 3.9

24 months:
+0.5 (change)

Baseline:
1.2 ± 0.3

24 months:
+0.1 

(change)

**
Baseline:
49.1 ± 9.1
24 months:

+2.7 (change)

Lynch et al. 
(2019) (12) / 

USA

Baseline:
34.6*

12 months:
-0.7 (change)
18 months:

-0.5 (change)

Not evaluated

Baseline:
130.5*

12 months:
-0.9 (change)
18 months:

1.7 (change)

Baseline:
79.3*

12 months:
-0.3 (change)
18 months:
0.0(change)

Not evaluated Not 
evaluated

Baseline:
8.6

12 months:
-0.63 (change)

18 months:
-0.58 (change)

Matushita et al. 
(2020) (13) / 

Japan

Baseline:
25.8 ± 0.1
24 months:
25.2 ± 0.2

Baseline:
89.5 ± 0.4
24 months:
88.0 ± 0.4

Baseline:
126.2 ± 0.6
24 months:
126.3 ± 0.6

Baseline:
78.7 ± 0.4
24 months:
78.2 ± 0.5

*
Baseline:

131.6 ± 1.2
24 months:
126.1 ± 1.2

*
Baseline:
57.3 ± 0.6
24 months:
59.0 ± 0.6

Baseline:
6.09 ± 0.03
24 months:
6.05 ± 0.03

Taheri et al. 
(2020) (14) / 

Qatar
Not evaluated

Baseline:
113.2 ± 12.5
12 months:

102.9 ± 14.0

Baseline:
131.1 ± 14.6
12 months:

124.7 ± 11.9

Baseline:
83.7 ± 8.9
12 months:
79.5 ± 8.4

Baseline:
3.01 ± 0.9
12 months:
3.29 ± 0.9

Baseline:
1.10 ± 0.4
12 months:
1.15 ± 0.3

Baseline:
6.95 ± 1.4
12 months:
5.96 ± 0.8

4.4. Data of cardiovascular risk factors on intervention groups

Table 2 described the detailed data regarding cardiovascular risk factors on intervention groups.

*Results presented in mg/dl; ** Results presented in mmol/mol
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4. Discussion

 This review summarizes the effects of lifestyle interventions on cardiovascular risk 
factors in adults with type 2 diabetes. In general, these studies indicated a benefit of lifestyle 
interventions on risk factors of cardiovascular disease in T2D patients. However not all findings 
were consistent across all studies. Lifestyle interventions were effective in high-scale (more 
than 50% of interventions success) on the significant reduction of BMI, WC and HbA1c and 
in low-scale (less than 50% of interventions success) on the significant reduction of SBP, DBP 
and significant increase of HDL. No lifestyle interventions effects were noticed regarding the 
decrease of LDL mean values. 

4.1. Body Mass Index

 World Health Organization (2021) [15] classifies individuals with BMI ≥ 30 kg/m2 as 
obese. According to Ortega et al. (2016) [16], obesity has a positive association with higher 
risk of cardiovascular disease incidence and mortality. In almost all studies from this review 
that evaluated BMI mean values (5 out of 6), intervention group had baseline values ≥ 30 kg/
m2.

 Interventions regarding the improvement of eating habits and physical activity behaviors 
are considered the cornerstone of obesity management [17].

 Although it is not simple for T2D patients to lose weight (18), in 60% of those 5 
RCTs [8-10], lifestyle interventions were effective in the significant reduction of BMI mean 
values, but in only 40% of RCTs [8, 9] that value reach values below 30 kg/m2. The fact that 
these 2 studies used at least 3 strategies to improve diet and physical activity behaviors (diet 
prescription; physical activity advice and exercise program) may have contributed to these 
results. 

4.2. Waist circumference

 There is a direct association between abdominal obesity and risk of type 2 diabetes. Risk 
of type 2 diabetes duplicates with high values of abdominal obesity [19].

 Abdominal obesity is considered an independent cardiovascular risk factor [20]. Waist 
circumference is the outcome most used to assess abdominal obesity as it provides a measure 
of both intra-abdominal and subcutaneous abdominal adipose tissue [21].

 In all studies from this review that evaluated WC [8, 13, 14], lifestyle interventions 
were effective in the significative reduction of this outcome. As the optimal values for waist 
circumference differ by gender, it is difficult to discuss our results, as it were not separated by 
gender [22].
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4.3. Blood pressure

 Hypertension, classified as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, is an independent 
cardiovascular risk factor [23].

 Hypertension and Diabetes are two diseases frequently related, as most patients with 
Hypertension exhibit insulin resistance. Prevalence of hypertension in patients with diabetes 
is two times higher when compared with patients without diabetes [24].

 In this review, in neither study that evaluated SBP mean values (0 out of 7), intervention 
group had baseline values above 140 mmHg, which means a good hypertension management 
from participants that integrated theses studies. In 28.6% of RCTs [8, 10] , lifestyle interventions 
were effective in the significant reduction of SBP mean values.

 In what concerns DBP, on only 14.3% of RCTs that evaluated DBP mean values (1 
out of 7 studies) [8], intervention group had baseline values above 90 mmHg, which is a 
positive indicator of hypertension control. In this RCT [8], lifestyle intervention allowed a 
significative reduction of DBP mean values below 90 mmHg in one of the intervention groups 
when compared with control group. On the other 6 studies, where baseline values of DBP were 
already below 90 mmHg, it was found no significant decrease in this outcome in the group 
exposed to lifestyle intervention when compared to control group.

4.4. Cholesterol

 Dyslipidemia is one of the main cardiovascular risk factors in T2D patients. High LDL 
and low HDL concentrations are two characteristic features of these patients [25].

 According to the Expert Panel on Detection, Evaluation and Treatment of High Blood 
Cholesterol in Adults [26], optimal LDL values are considered to be less than 100 mg/dl or 2.6 
mmol/L and low HDL values under 40 mg/dl or 1.02 mmol/L.

 In our review, in 66.7% of RCTs that evaluated LDL mean values (4 out of 6), participants 
from intervention group had baseline values above 100 mg/dl or 2.6 mmol/L. In neither of 
those RCTs, lifestyle intervention was effective on the significative reduction of LDL mean 
values. On the other 2 studies, where baseline values of LDL were already below 100 mg/dl 
or 2.6 mmol/L, in 1 study [14] there was a significant decrease in this outcome in favour of 
control group. This indicates a failure of the lifestyle intervention used in this study to reduce 
LDL mean values.

 Regarding HDL mean values, in neither study (0 out of 6), participants from intervention 
group had baseline values below 40mg/d or 1.02 mmol/L, which is a positive indicator on 
patients that are customed to have low levels of this lipoprotein [27]. Only in 33.3% of RCTs (2 
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out of 6) that had baseline values of HDL above 40mg/d or 1.02 mmol/L, lifestyle intervention 
was effective in the significative increase of this outcome [13, 14].

4.5. Glycated hemoglobin

 HbA1c is the gold standard outcome of long-term glycemic control [28] and is used as 
the main diagnostic test for the detection of diabetes (HbA1c ≥ 6.5%). 

 In 85.7% of RCTs that evaluated HbA1c mean values (6 out of 7), participants from 
intervention group had baseline values above 6.5% or 47.5 mmol/mol, which indicates a poor 
long-term glycemic control. In only 33.3% of those RCTs (8, 14), lifestyle interventions were 
effective in the significant reduction of HbA1c mean values below 6.5% or 47.5 mmol/mol.

 Studies presented in this review varied widely in what concerns the duration of 
interventions, ranging from 3 to 12 months, with 2 studies [11, 14] having a follow-up 
period. Steinsbeck et al. [29], in a systematic review of self-management education in T2D 
patients, concluded that interventions held between 6 and 10 months achieved the best results 
in cardiovascular risk factors. Loveman et al. [30] adds that longer-interventions  (higher 
than 6 months) with a shorter duration between the end of the intervention and the follow-up 
evaluation had higher benefits.

 Regarding exercise interventions, literature indicates higher benefits when supervised 
exercise was used instead of non-supervised exercise [31-33]. Thus whenever possible 
interventions should apply supervised exercise for the improvement of cardiovascular risk 
factors on type 2 diabetes patients. According to a narrative review by Mendes et al. [34] 
scientific organisations recommended: 1) a minimum of 150 min of moderate-to-vigorous 
intensity aerobic activity (walking and/or jogging), spread over a minimum of 3 days a week; 2) 
resistance exercise for major muscle groups at least 2 days a week; and 3) flexibility exercises. 
Thus future interventions should follow these recommendations regarding physical activity 
intervention.

 In what concerns diet interventions, there is not a “one size fits all” eating pattern, as 
different macronutrients distributions can improve cardiovascular risk factors in type 2 diabetes 
patients [35]. Thus it is extremelly difficult to prescribe the ideal diet for this population. 
Nutrition education for the improvement of disease self-management is also crucial. Aspects 
such as the decrease of total energy intake, preference for unsaturated fats, total fat intake below 
30% of total energy intake, saturated fatty acids intake below 10% of total energy intake, fiber 
intake of 14g/1000kcal, eating at least three servings of vegetables and up to three servings of 
fruit every day should integrate the advices referred on nutrition education programs [35,36].
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4.6. Strengths

 As strengths of this review we can refer the compilation of only randomized controlled 
trials, the review of recent published studies (between 2016 and 2021); the focus on adulthood 
and the presence of at least 3 cardiovascular risk factors in each one of the studies.

4.7. Limitations

 The main limitations of this review were: the search was made in only one Database, 
few number of studies that meet the inclusion criteria, heterogeneity of the characetristics of 
lifestyle interventions; little detail in some of the lifestyle interventions.

5. Conclusions

 In general, these studies indicated a benefit of lifestyle interventions on risk factors of 
cardiovascular disease in T2D patients. However not all findings were consistent across all 
studies. Lifestyle interventions were effective in high-scale (more than 50% of interventions 
success) on the significant reduction of BMI, WC and HbA1c and in low-scale (less than 50% 
of interventions success) on the significant reduction of SBP, DBP and significant increase 
of HDL. No lifestyle interventions effects were noticed regarding the decrease of LDL mean 
values. 

 Future lifestyle interventions with the aim of improving cardiovascular risk factors in 
type 2 diabetes patients should have 6 to 10 months of duration with short pause between the 
end of the intervention and the follow-up evaluation, and be based on actual exercise and diet 
recommendations for this population.
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