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Abstract

Objective/design: Theinfluence of diet and exercise on metabolic syndrome is controversial since
fit individuals might also eat healthier foods. We evaluated the association of diet/exercise variation
with reductions in metabolic variables and C-reactive protein (CRP) values in the experimental and
control arms of a 1-year randomized lifestyle intervention trial performed in patients with multiple
metabolic abnormalities. Methods: A prospective study of 169 cases and 166 controls after a
lifestyle intervention was performed.

Results: Intheintervention group, 15/169 (8.9%), 63/169 (37.3%), 70/169 (41.4%) reached only
dietary, only exercise, dietary/exercise targets, respectively. Reductions in weight, BMI, and waist
were significant only in patients who increased exercise.

Most controls did not reach any target (131/166, 78.9%), while only few patients reached only
dietary (13/166, 7.8%), only exercise (5/166, 3.0%), and dietary/exercise targets (17/166, 10.2%).
Weight, BMI, and waist reduction was more pronounced in those reaching the exercise target.

In the whole cohort, increased exercise was inversely associated with weight, BMI, waist, and CRP,
increased saturated fat was directly associated with weight, BMI, waist, and diastolic pressure
variations, while increased fiber intake was inversely associated with glucose valuesin amultiple
regression model. After adjusting for waist changes, the associations between exercise and CRP
(3=-0.023; 95%CI —0.028 -0.017;p<0.001) and the associ ations between fiber and glucose (3=
-0.022;—0.031 -0.013;p<0.001) remained significant.

Conclusions: Independent of weight reduction, exercise level and fiber intake are inversely
associated with CRP, and fasting glucose values, respectively. Changein lifestyle may lower

inflammation and prevent metabolic deterioration.
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Introduction

Intensive programs of lifestyle interventions have significantly reduced or delayed the progression
to diabetes in subjects at high metabolic risk [1-3]. The metabolic syndrome, a constellation of risk
factors associated with a high diabetes and cardiovascul ar risk [4-5], isincreasing to an epidemic
prevalence. Thereis great interest in identifying the best lifestyle approach for these patients to
reduce the clinical and economical impact of metabolic disorders.

In randomized trials, lifestyle interventions reduced the prevalence of the metabolic syndrome by
40-80% in the intervention groups [6-12]. However, the respective influence of nutrient intake and
exercise on the metabolic syndrome prevalence is difficult to disentangle since more fit individuals

might also eat a healthier diet.

We have recently evaluated the prevalence of the metabolic syndrome in a cohort of adults
representative of the general population [13], and have demonstrated with arandomized trial that a
lifestyle intervention based on general recommendations effectively reduced
metabolic/inflammatory abnormalities within a subgroup of patients taken from this cohort and
affected by multiple metabolic/inflammatory abnormalities [11]. In particular, the intervention
group significantly reduced the intake of total and saturated fat, and increased the intake of
polyunsaturated fat, fiber, and the level of physical activity after the intervention, while no
significant variation was reported in the controls [11]. Furthermore, weight, waist circumference,
body mass index (BMI), diastolic blood pressure, fasting glucose, triglyceride, and C-reactive
protein (CRP) values significantly decreased in cases, while most variables worsened in the controls
[11]. The prevalence of the metabolic syndrome declined from 70.4% to 34.9% after the

intervention.
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The aim of the present paper was to eval uate the relative contribution of diet and exercise on
metabolic and inflammatory alterations within the experimental and control arms of the randomized
lifestyleintervention trial [11].

Subjects and methods

The prevalence of the metabolic syndrome was evaluated in a representative sample of adults from
Asti (Northwestern Italy) between 2001-2003 [13]. Briefly, all subjects aged 45-64 (n=1877) from
six family physicians, representative of the local Health Districts were contacted. For the 1658
subjects who agreed to participate by written informed consent (88.3%), we carried out a metabolic
screening, including an interview on personal data, weight, waist circumference, and blood pressure
measurement, as well as blood determination of fasting glucose, HDL-cholesterol, triglyceride,
insulin, and CRP values.

The participants and the non-participants were both similar to the total resident population of the
corresponding age-group in the same area with respect to the percentage of males, level of
education, prevalence of known diabetes, and percentage living in arural area[13].

Lifestyle intervention

Three hundred eighty-three subjects of the total cohort (23.1%) had metabolic syndrome, according
to the National Cholesterol Education Program -Adult Treatment Panel 111- (NCEP-ATPIII) [14].
After excluding patients with diabetes, cardiovascular diseases, chronic liver or kidney disease, and
advanced cancer, 335 patients from this cohort showed either the metabolic syndrome or two
components of the syndrome plus CRP serum values >3mg/l, the cut-off point that differentiates
high-risk groups for future cardiovascular events. They were randomized to alifestyle intervention
program [11].

From December 2004 to December 2005, these 335 patients were randomized to receive either a
lifestyle intervention program according to recommendations carried out by trained professionals
(intervention group, n=169), or standard counseling given by the family physician (control group,

n=166) [11]. This randomized, prospective open trial was approved by the local Ethica Committee,
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all patients gave their written informed consent, and procedures conformed to the Helsinki
Declaration principles.

All subjects received verbal information about diet and exercise from their family physicians,
emphasizing the importance of a healthy lifestyle according to their usual clinical practice. No
further specific individualized programs were offered to the controls and they were re-evaluated
only at the end of the follow-up period [11]. The intervention group received both the previously
stated information and detailed verbal and written individualized dietary and exercise
recommendations from trained professionals during dedicated sessions. Five sessions of at least 60-
minutes, covering diet, exercise and behavior modifications, were held; the first of these wason a
one-to-one basis, followed by group sessions. An individually prescribed diet was given, in line
with existing guidelines [11]. Recommended daily caloric distribution was as follows: 50-60%
carbohydrates, 15-20% proteins, <30% fat, <10% saturated fat, up to 10% polyunsaturated fat, and
20-30 g fiber. Similarly, advice on exercise was individualized, mainly by suggesting moderate-
intensity activity, such as brisk walking for at least 150-minutes/week [15]. The group sessions
were based on behavioral counseling to implement lifestyle recommendations.

Before and after the study, patients completed a validated semi-quantitative food-frequency
guestionnaire [16] and the Minnesota-L eisure-Time-Physical-Activity questionnaire [17].

A dietician blindly checked all questionnaires for completeness, internal coherence, and plausibility.
Both in December 2004 and one year later, weight, waist circumference (measured by a plastic tape
meter at the level of the umbilicus), blood pressure and blood glucose, HDL -cholesterol,
triglyceride, insulin, and CRP values were measured in all patients of both groups, after an
overnight fast.

Systolic and diastolic blood pressures were measured twice with a standard mercury
sphygmomanometer in a sitting position, after at least 10 min of rest. The reported values are the
mean of the two determinations.

Laboratory methods have been previously described [13, 18].
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Definition

The metabolic syndrome was defined by the presence of at least three of the following five criteria
fasting serum glucose >6.1 mmol/I; arterial blood pressure >130/85 mmHg; plasmatriglycerides
>1.69 mmol/l; HDL-cholesterol <1.29 mmol/I (females), <1.04 mmol/l (males); waist >88 cm
(females), >102 cm (males)] [14].

Insulin resistance was cal culated from the Homeostasis Model Assessment-Insulin Resistance
model (HOMA-IR) according to the published algorithm [19].

The physical activity level was calculated as the product of duration and frequency of each activity
(in hours/week), weighted by an estimate of the metabolic equivalent of the activity, and summed
for the activities performed.

Satistical analyses

Since the frequency distributions of CRP, HOMA-IR score, and triglyceride values were positively
skewed, their values were log-transformed, thus approximating anormal distribution. In all
analyses, the log-transformed values of these variables were then used.

A multiple regression model was fitted, using changes in metabolic endpoints as dependent
variables, and changesin values in exercise and dietary components, as independent variables. To
reduce therisk of type | statistical error, due to multiplicity of comparisons, only associations with
p<0.01 were considered as statistically significant.

A logistic regression analysis was used to eval uate the association between the preval ence of
metabolic syndrome at the end of the follow-up and changes in lifestyle components, after
adjustments for age, sex and actual BMI.

Results

The characteristics of patients who participated in the lifestyle trial are reported in Table 1, as
previously reported [11].

Polyunsaturated fat up to 10%, total fat <30%, saturated fat <10%, fiber >20g/day, and exercise

>=20METS h/week (i.e., about the mean value in the whole cohort) were identified as lifestyle
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targets. In the intervention group, at |east one target was reached by 148/169 (87.6%) of the
patients; 63/169 (37.3%) reached only dietary targets (at |east one), 15/169 (8.9%) reached only
exercise target, and 70/169 (41.4%) reached both dietary and exercise targets. Weight, BMI, and
waist circumference reductions (absol ute difference of the variable: end-of-study minus baseline
values) were statistically significant both in patients who reached only the exercise objective and in
those reaching both diet and exercise targets. Corresponding variations in subjects achieving only
dietary targets were negligible (Table 2).

In the control group, most patients did not reach any target (131/166, 78.9%), while only few
individuals reached only dietary (13/166, 7.8%), only exercise (5/166, 3.0%), and dietary/exercise
targets (17/166, 10.2%). Weight, BMI, and waist reduction was more pronounced in those reaching
the exercisetarget (Table 2).

In both groups, positive changes in exercise levels (expressed in METS) were inversely associated
(p<0.01) with weight, BMI, waist circumference, and CRP variations, increased saturated fat intake
was significantly associated with increase in BMI, waist circumference, and diastolic pressure,
while increased fiber intake was inversely associated with glucose values at multiple regression
analyses. Therefore, the analyses were performed in the whole cohort (intervention and control
groups, n=335) (Table 3). After adjusting for waist changes, the associations between METS and
CRP (3= -0.023; 95%CI —0.028 -0.017;p<0.001), and fiber and glucose (3= -0.022; —0.031
-0.013;p<0.001) remained statistically significant.

Neither changes in exercise and nutrient intake showed statistically significant relationships with
the prevalence of metabolic syndrome (Table 3), nor other (not reported) nutrient changes with the
metabolic variables. Finally, no significant interaction between diet and exercise was found
(p>0.20).

Discussion

In the intervention and control groups of alifestyle intervention trial, statistically significant

reductions in weight and waist circumference occurred in patients who increased their exercise
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level. In these subjects, inverse associations between exercise and CRP values and between fiber

intake and fasting glucose concentrations were a so found.

The impact of physical inactivity was suggested by the metabolic deterioration in the so-called
control groups of some intervention studies [11-12, 20]. Accordingly, in the STRRIDE study, which
investigated the effects of different amounts of exercise on metabolic risk factors, the inactive group
gained approximately 1% body weight after 6 months, whereas all the exercise groups lost weight
in a dose-responsive manner in the absence of reduced caloric intake [20]. Thus, avery modest
amount of exercise may prevent weight gain, even with no decreasein calorie intake [20]. Exercise
determined in obese men a more important reduction in fat mass than diet [21], and, even without
weight loss, proved useful for reducing abdominal fat and preventing further increase in obesity

[21].

Data on the associations between exercise and metabolic abnormalities are conflicting. In post-hoc
analyses of the Finnish Diabetes Prevention Study, individuals who increased their leisure time
physical activity were about 70% less likely to devel op diabetes [22] and metabolic syndrome [23].
When adjusted for changesin diet, the risk reduction was attenuated [22-23]. Exercise without
weight loss was associated with an improvement in glucose uptake, but the association did not
remain significant after controlling for the associated visceral fat reduction [21, 24]. An appreciable
improvement in insulin sensitivity and hyperglycemia was determined only by a substantial increase
in physical activity but not by exercise levels according to current recommendations [25], being in
the latter case total and visceral fat more important contributors than exercise [26-28]. We did not
find a significant relationship between exercise levels and the metabolic syndrome, in accordance
with studies performed in patients with some metabolic abnormalities at baseline [21, 24-28], while
strong relationships were found in healthier cohorts [29-30]. It could be hypothesized that in healthy

subjects environmental factors play a more important role than in dysmetabolic patients. In the
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latter, indeed, the reduction in abdominal fat might be the main determinant for insulin sensitivity

improvement [21, 24-28].

One of the hypothesized mechanismsto explain the independent beneficial role of physical activity
may be the anti-inflammatory effect of exercise. The association between low-grade systemic
inflammation and the metabolic syndrome has been supported by many studies[13,18, 31].
Inflammatory cytokines might act by impairing insulin-mediated glucose uptake, inhibiting insulin
signaling, and increasing the release of free fatty acids from adipose tissue [31]. Regular training
suppressed the production of CRP and pro-inflammatory cytokines [31-33]. Accordingly, we found
significant inverse relationships between exercise levels and CRP values. Weight |oss reduces CRP
levels [34]; thus, the exercise-induced changes in weight might explain the inverse association
between physical activity and CRP concentrations. In our cohort, however, relationships remained
significant even after adjusting for BM1 or waist circumference variations. Thus, it might be

hypothesized that exercise may have a direct effect on CRP, independent of any change in weight.

In our patients, total and saturated fat intake were associated with changesin weight, BMI, waist
circumference and diastolic blood pressure, but not (or slightly) with metabolic variables. This
differs from other studies that found a correlation with insulin resistance [35-36], but isin line with
the results of many prospective or intervention trials [25, 27-28, 37]. Furthermore, beneficial effects
were found for diets low in fats but aso high in fiber, whole grain, and micronutrients [ 38-39],
according to the reported protective effect for increased dietary fiber, particularly whole grains, on
reducing diabetes and cardiovascular risk factors[40-42]. Fiber intake has shown to improve
insulin sensitivity by a delayed rate of carbohydrate absorption, weight gain prevention, and
decrease in inflammation and oxidative stress. Accordingly, fiber intake in our patients was
inversely correlated with fasting glucose values, independent of weight change.

Limitations
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The intervention led to multiple changesin lifestyle patterns, and it is therefore difficult to attribute
variations in a biomarker to a single component of the intervention. Participants were not
randomized to receive different components of the intervention, and this could result in residua
confounding. A randomized controlled trial with atwo-per-two factorial design (diet-per-exercise)
would be necessary. Nevertheless, though such trials are not available and few studies on thistopic
have been conducted so far, our data could contribute to the existing knowledge.

We acknowledge that the small number of participantsin each group have underpowered the study,
masking true differences within each group. The relationships observed were indeed robust and the
significance limit was set at p<0.01 to avoid inflated type 1 error caused by multiple tests.

Lifestyle variables are difficult to measure since they are subject to recall and misclassification bias.
However, data were consistent in the two groups, and thereis also biological plausibility in our
results. Nevertheless, our findings should be considered hypothesis-generating only and need to be
confirmed in larger cohorts.

The metabolic syndrome represents a surrogate endpoint, whose clinical value has been extensively
criticized [43]. However, metabolic abnormalities co-occur in an individual more often than might
be expected by chance, and combinations of sub-clinical abnormalities confer a significant surplus
of cardiovascular risk not predicted by the classical risk engines[44]. The NCEP-ATPIII definition
for metabolic syndrome was used, and, while newer definitions have been proposed, it resulted in a
better predictions for diabetes risk [45].

Finally, while the cut-off for exercise level (>=20METS h/week) is arbitrary, it isvery similar to
that used in the large Nurses’ Health Study cohort to define the reference group of physically active
individuals (>=21.8 METS h/week) [26].

Conclusion

Exercise levels are inversely associated with CRP concentrations, and fiber intake is negatively

related to fasting glucose values independent of weight change. If confirmed in larger cohorts,
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changein lifestyle may be an effective non-pharmacological strategy for lowering concentrations of

inflammatory markers and for preventing metabolic deterioration.
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Table 1. Baseline characteristics of patients participating to the lifestyle intervention trial

Variables Patients enrolled in the trial
Intervention group Control group P

Number 169 166
Age (year) 55.7+£5.7 55.7+5.6 94k
Males (%) 41.4 42.2 .89§
Primary school (%) 78.7 79.5
Secondary school (%) 14.2 17.5
University (%) 7.1 3.0 19§
Non smokers (%) 78.1 78.3 96§
Metabolic equivalent of activity 18.9£13.3 18.1£16.0 S9#*
(hr/week)
Total calories (kcal/day) 1978.6+692.5 1993.1£633.8 84%%
Total fat (% energy) 35.3+5.2 35.045.8 O7H%
Saturated fat (% energy) 12.3+2.6 12.0+2.6 5%
Polyunsaturated fat (% energy) 4.3+1.3 4.1+£1.2 1%
Carbohydrate (% energy) 48.247.1 48.7£7.0 ST**
Protein (% energy) 16.51£2.3 16.3+2.4 3097k
Fiber (g/day) 19.246.4 19.4+7.8 L82%*
Weight (kg) 81.7+14.9 81.3+13.5 6%
Waist circumference (cm) 99.6 +11.6 99.8 +10.6 90**
BMI (kg/m?) 29.7+4.1 29.8+4.6 87H*
Systolic pressure (mmHg) 142.6 £ 14.1 1415152 A6
Diastolic pressure (mmHg) 88.2+8.8 87.8+9.5 A ko
Fasting glucose (mmol/l) 58%0.8 5.8%0.7 86F*
Total cholesterol (mmol/l) 58+1.1 6.0+1.1 O
HDL-cholesterol (mmol/l) 1.4+0.3 14+0.3 ATHE
Triglycerides (mmol/l)* 1.9 (0.9) 1.9 (0.9) S54%*
Fasting insulin (pmol/l)* 20.4 (24.0) 21.3 (31.2) 92 %*
HOMA-IR (mmol/IxpU/ml)’ 0.81 (1.11) 0.84 (1.33) 95%*
CRP (mg/l)’ 3.5 (4.6) 3.1 (3.6) A3**

MeanstSD or percentage

*median (inter-quartile range) for non-normally distributed values
**p-values were determined by Student’s #-test
§p-values were determined by chi-square test
Data previously published [see also ref. 11]
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Table 2. Clinical and laboratory characteristic changes according to dietary and exercise

targets after the intervention.

Intervention group

No dietary/exercise targets Only dietary Only exercise  Diet and exercise
Target target targets
Number 21 63 15 70

Delta weight*
Delta BMI*

Delta waist circumference*
Delta systolic pressure*
Delta diastolic pressure*

Delta fasting glucose*
Delta HDL-cholesterol*
Delta log-triglycerides*

Delta log-HOMA-IR*

Delta log-CRP*

1.92 (0.05 3.79)
0.70 (0.03 1.37)
0.69 (-0.65 2.03)
0.05 (-6.81 6.90)
1.12 (-1.54 3.77)
-0.03 (-0.25 0.19)
0.03 (-0.06 0.11)
-0.14 (-0.31 0.03)
0.38 (0.005 0.75)
0.02 (-0.27 0.31)

-0.05 (-1.33 1.24)
-0.02(-0.46 0.42)
-0.32(-1.61 0.98)
-3.13(-7.47 1.20)
-3.30(-5.91 -0.69)
-0.22(-0.41 —0.02)
0.01(-0.02 0.04)
-0.15(-0.24 —0.06)
-0.05(-0.30 0.20)
-0.20(-0.38 —0.02)

22,00 (-3.26 -0.74)
0.77(-1.25 -0.29)
3.33(-4.33 -2.34)
-1.13(-12.0 9.72)
“1.17(-3.87 1.54)
-0.16(-0.45 0.13)
0.04(0.01 0.06)
-0.10(-0.20 0.005)
-0.27(-0.82 0.29)
-0.64(-1.07 —0.22)

191 (:3.11 -0.72)
0.73(-1.16 -0.29)
-5.36(-6.48 —4.23)
-1.76(-6.71 3.19)
-3.31(-5.58 ~1.04)
-0.39(-0.52 —0.26)
0.01(-0.02 0.05)
-0.14(-0.23 —0.05)
-0.24(-0.48 0.00)
-0.47(-0.66 —0.27)

Control group

No dietary/exercise targets Only dietary Only exercise Diet and exercise
Target target targets
Number 131 13 5 17
Delta weight* 2.76 (2.00 3.53) -1.28 (-3.72 1.16) -2.80(-5.46-0.14) -3.63 (-7.44 0.18)
Delta BMI* 1.03 (0.74 1.32) -054 (-1.55 0.46) -1.02 (-1.89-0.14) -1.25(-2.59 0.09)

Delta waist circumference*
Delta systolic pressure*
Delta diastolic pressure*

Delta fasting glucose*
Delta HDL-cholesterol*
Delta log-triglycerides*

Delta log-HOMA-IR*

Delta log-CRP*

3.55 (2.70 4.40)
4.80 (1.95 7.65)
0.004 (-1.60 1.61)
0.17 (0.07 0.27)
-0.07 (-0.10 -0.04)
0.007 (-0.05 0.06)
1.00 (0.82 1.16)
0.32(0.22 0.43)

2.77 (-7.09 1.55)
0.88 (-13.2 11.4)
6.46 (-14.0 1.11)
-0.48 (-0.93 —0.02)
-0.10 (-0.17 0.02)
-0.30 (-0.42 -0.18)
1.00 (-0.51 1.49)
0.40 (-0.04 0.83)

4.20 (-12.4 4.05)
19.0 (-2.7 40.7)
2.00 (-19.2 15.2)
0.21 (-0.51 0.93)
-0.13 (-0.30 0.04)
-0.11 (-0.53 0.31)
1.33 (-0.61 2.06)
-0.61 (-1.57 0.36)

4.82(-10.2 0.52)
4.94 (-3.10 13.0)
279 (-2.55 8.14)
-0.30 (-0.55 —0.05)
-0.002 (-0.12 0.11)
-0.23 (-0.43 —0.04)
0.95 (-0.55 1.35)
-0.11(-0.49 0.26)

*delta= absolute difference of the variable (end-of-study minus baseline values) with 95% confidence intervals.
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Table 3. Associations among variations in exercise/nutrient intake and

metabolic/inflammatory endpoints in a multiple regression model in the whole cohort.

A METS A Total fat A Saturated fat A Fiber
Dependent
variables*
B » B » B B .
95%CI 95%CI 95% C1 95% C1
. 0.12 0.09 0.30 20,04
Aweight k@)™ 16" 008 <00 go1017 2 016044 <V 12004 38
- -0.04 0.04 0.12 -0.02
ABMI(kg/m)™ 06" 002 <00 9007007 O 007017 <V 05 001 24
. 0.14 0.14 0.55 -0.06
AWaist cm)** 519 909 <001 504004 9B g3z 072 <O 46 0.04 22
A Systolic 0.07 0.18 0.07 -0.05
pressure (mmHg)§ 008 022 003045 2 oas057 70 032022 72
A Diastolic 0.03 0.07 0.47 -0.10
pressure (mmHg)s  -005 0.11 ¥ 008021 3 02007 <01 25005 18
A Fasting glucose -0.004 0.002 0.02 -0.02
(mmol/1)§ 00090001 0008 001 %7 0002000 9B 003000 <001
Alog-Triglycerides -0.0003 84 -0.001 70 0.003 4 -0.004 1
(mmol/l)§ 0,003 0002 20,006 0.004 0007 001 0009 0001
A HDL cholesterol 0.002 ol 20,0003 . 20,002 46 0.001 45
(mmol/1)§ 00010003 00020002 20,006 0.003 0001 0003
A log-HOMA-IR 20,0003 o4 0.017 05 0.03 " 20,008 s
(uU/mixmmol/H§ ~ 0.009 0.009 - 00 034 0.003 006 002 0009
A log-CPR -0.024 0.02 0.02 001
(mg/D§ 003 002 9T 005003 % 0001 004 1% 0020002 O
OR$ p OR p OR p OR p
95%CI 95%CI 95% C1 95% C1
Metabolic 0.98 1.03 1.04 0.98
syndrome® 0.95 1.02 29 099 1.06 20 g8 110 20 0.95 1.02 29

* end of study — baseline values

**multiple regression model after adjusting for age and sex

§multiple regression model after adjusting for age, sex, and actual BMI
° The metabolic syndrome was defined by the presence of >3 of the following five criteria: fasting glucose

>6.1mmol/l; blood pressure >130/85mmHg; triglycerides >1.69mmol/l; HDL-cholesterol <1.29mmol/l

(females) and <1.04mmol/l (males); waist circumference >88cm (females) and >102cm (males) [14]
$logistic regression analysis evaluating the prevalence of the metabolic syndrome at the end of the follow-
up, after adjustments for age, sex and actual BML



