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Abstract

Aims/hypothesis Subclinical inflammation confers an in-
creased risk of type 2 diabetes, cardiovascular disease,
neurodegenerative disorders and other age-related chronic
diseases. Physical activity and diet can attenuate systemic
immune activation, but it is not known which individual
components of a comprehensive lifestyle intervention are
most effective in targeting subclinical inflammation.
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Methods We used data from the baseline examination and
the 1 year follow-up of a subsample of 406 of 522
participants of the Finnish Diabetes Prevention Study
(DPS) to estimate the effect of individual components of
lifestyle intervention on C-reactive protein (CRP) and IL-6
levels, which represent the best characterised proinflamma-
tory risk factors for type 2 diabetes. Changes in metabolic
markers, dietary patterns and exercise were analysed to
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determine which were most strongly associated with the
anti-inflammatory effect of lifestyle changes.

Results Lifestyle intervention reduced circulating levels of
CRP (»<0.001) and IL-6 (p=0.060). Increases in fibre
intake and moderate to vigorous leisure time physical
activity (LTPA), but not total LTPA, predicted decreases in
CRP and/or IL-6 and remained associated even after
adjustment for baseline BMI or changes in BMI during
the first year of the study. Changes in carbohydrate or fat
intake were either weakly or not linked to reductions in
CRP and IL-6.

Conclusions/interpretation The present study assessed the
individual effects of dietary and physical activity measures
on low-grade inflammation in individuals at high cardiome-
tabolic risk. Our results underline the importance of
moderate to vigorous LTPA and a diet rich in natural fibre,
and this should be emphasised in lifestyle recommendations.

Trial registration: ClinicalTrials.gov NCT00518167
Funding: The study was funded by the European Founda-
tion for the Study of Diabetes, the German Federal Ministry
of Health, the Ministry of Innovation, Science, Research
and Technology of the State of North Rhine-Westphalia, the
German Diabetes Foundation (Deutsche Diabetes-Stiftung),
the Department of Internal Medicine II—Cardiology at the
University of Ulm, the Academy of Finland, the Juho
Vainio Foundation, the Finnish Ministry of Education, the
Novo Nordisk Foundation, the Yrjo Jahnsson Foundation,
the Finnish Diabetes Research Foundation and EVO funds
from Tampere and Kuopio University Hospital.

Keywords Anti-inflammatory - C-reactive protein -
Diabetes - Fibre - Finnish Diabetes Prevention Study - IL-6 -
Inflammation - Lifestyle intervention - Physical activity -
Prevention

Abbreviations

CRP  C-reactive protein

DPP  Diabetes Prevention Program

DPS  Diabetes Prevention Study

IGT Impaired glucose tolerance

KIHD Kuopio Ischaemic Heart Disease Risk Factor
Study

LTPA  Leisure time physical activity

MET  Metabolic equivalent

Introduction

Type 2 diabetes has become one of the most important
chronic public health problems worldwide. Major risk
factors include dietary imbalance, physical inactivity and
obesity, which are typical of a Westernised lifestyle [1, 2].

@ Springer

The impact of dietary patterns and exercise is emphasised
by lifestyle intervention studies, which have shown that
disease onset can be delayed or even prevented in a
substantial proportion of at-risk individuals [3-7].

Prospective studies have demonstrated that elevated
circulating concentrations of several acute-phase proteins,
cytokines, chemokines and soluble adhesion molecules
precede the development of type 2 diabetes by many years
[8—14]. Among these immune mediators, C-reactive protein
(CRP) and IL-6 have been investigated for potential
associations with incident type 2 diabetes in most prospec-
tive studies. In the Finnish Diabetes Prevention Study (DPS),
CRP was associated with an increased risk of progression
from impaired glucose tolerance (IGT) to type 2 diabetes in
the absence of intensive lifestyle intervention [15].

Lifestyle intervention attenuates subclinical inflammation
[16, 17], and it is reasonable to assume that the protection
from type 2 diabetes afforded by lifestyle changes can, at
least in part, be attributed to anti-inflammatory effects.
However, it is not clear which components of comprehen-
sive lifestyle interventions are most closely related to
attenuation of low-grade inflammation. Dietary patterns,
physical activity and weight loss have all been reported to
be associated with reduced circulating levels of acute phase
proteins and cytokines [16, 18, 19], but have not been
analysed in parallel for their relative contribution and
relevance to reductions in proinflammatory markers.

In addition to type 2 diabetes, subclinical inflammation
is also a risk factor for cardiovascular disease, neurodegen-
erative disorders, depression and some cancers [20-24],
which means that the identification of the mechanisms that
modulate and attenuate systemic immune activation has
widespread implications.

Since participants in the Finnish DPS underwent exten-
sive phenotyping, including anthropometric, metabolic and
lifestyle factors at baseline and at follow-up visits [25-27],
data from this study allows us to assess the effect of lifestyle
changes on proinflammatory mediators in more detail
compared with data from most other studies. Therefore,
using data from the Finnish DPS, focusing specifically on
CRP and IL-6, we investigated (1) whether lifestyle inter-
vention affected these markers of subclinical inflammation,
(2) whether changes in circulating levels of CRP and IL-6
were associated with changes in anthropometric and meta-
bolic measures, and (3) which changes in dietary intake,
exercise or weight were most strongly associated with the
anti-inflammatory effect of the lifestyle intervention.

Methods

Participants The Finnish DPS is a multicentre, randomised,
controlled trial that was designed to investigate whether a
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lifestyle intervention aimed at increasing physical activity,
improving diet and decreasing body weight reduces the risk
of developing type 2 diabetes in high-risk individuals. The
study design has been described in detail elsewhere [25,
27]. Briefly, the study population consisted of 522 men and
women aged 40—65 years who were overweight or obese
(BMI>25 kg/m?) and had IGT (2 h OGTT plasma glucose
7.8-11.0 mmol/l [140-200 mg/dl] and fasting plasma
glucose <7.8 mmol/l [<140 mg/dl] at baseline). The study
protocol was approved by the ethics committee of the
National Public Health Institute in Helsinki, Finland, and
all study participants gave written informed consent.

The present study is based on a subsample of 406 partici-
pants. Sixteen of the 522 participants did not attend the 1 year
follow-up appointment and can be considered as dropouts
for this study. A further 100 participants were excluded
because of missing baseline or 1 year serum samples.

Intervention Study participants were randomly assigned to
either the intervention group (n=265) or the control group
(n=257) [4, 27]. Participants in the intervention group were
given detailed advice on how to achieve the goals of the
intervention, which were: (1) moderate to vigorous exercise
for >30 min/day, (2) a reduction in intake of fat to <30% of
total energy intake, (3) a reduction in intake of saturated fat
to <10% of total energy intake, (4) an increase in fibre
intake to >15 g per 4,186 kJ (1,000 kcal), and (5) a
reduction in body weight of >5%. They were individually
guided to increase their overall level of physical activity.
This guidance was given by the nutritionist during the
dietary counselling sessions and highlighted by the study
physicians at the annual visits. Endurance exercise was
recommended to increase aerobic capacity and cardiorespi-
ratory fitness. Supervised, progressive, individually tai-
lored, circuit-type, moderate intensity resistance training
sessions to improve the functional capacity and strength of
the large muscle groups of the upper and lower body were
also offered, free of charge, beginning 4-6 months after
randomisation. At baseline, the control group was given
general information about lifestyle and diabetes risk. This
was done either individually or in a group session, and
printed material was delivered.

Anthropometric, clinical and lifestyle assessments Mea-
surements of height, weight, waist circumference and blood
pressure have been described in detail previously [25]. At
baseline and at each annual visit, all participants underwent
a2 h OGTT and completed the validated Kuopio Ischaemic
Heart Disease Risk Factor Study (KIHD) 12 month Leisure
Time Physical Activity (LTPA) Questionnaire [28, 29] and
a 3 day food diary [30]. The 12 month LTPA questionnaire
is a detailed quantitative questionnaire that allows the
estimation of frequency, duration and intensity of the

participants’ most common lifestyle and structured LTPA
as recalled over the previous 12 months. Amounts of total
LTPA and moderate to vigorous LTPA were calculated and
expressed as hours per week. Moderate to vigorous LTPA
was defined as >3.5 metabolic equivalents (METs), where
1 MET represents metabolic expenditure at rest, corre-
sponding to an oxygen uptake of 3.5 ml O,/kg [28]. The
3 day food diary was completed using a picture booklet
showing the portion sizes of typical foods. Nutrient intakes
were calculated using a dietary analysis program developed
in the National Public Health Institute (Helsinki, Finland)
[31]. Importantly, dietary data collection was performed by
identical methods in both groups, to avoid a bias in the
reporting of nutritional habits.

Blood sampling and laboratory measurements Blood sam-
ples, taken from the antecubital vein with the participant in
a sitting position, were allowed to clot at room temperature
for 30—60 min. After centrifugation at 8,000-11,000 xg for
15 min at room temperature (20-25°C), the serum layer
was removed and stored at —70°C for future analyses
although for logistic reasons, storage at —20°C was allowed
for a maximum of 3 months. Serum concentrations of CRP
were assessed by an immunonephelometric assay (Dade
Behring, Marburg, Germany) [15]. Serum IL-6 concen-
trations were determined by ELISA using recombinant IL-
6 and an antibody pair from Sanquin (Amsterdam, the
Netherlands) [15]. Concentrations of plasma glucose,
serum insulin, total cholesterol and LDL-cholesterol were
assessed by means of standard methods in the central
laboratory in Helsinki as described in detail previously [4,
25]. Insulin resistance measured by homeostasis model
assessment was calculated as follows: HOMA-IR =fasting
glucose (mmol/l) x fasting insulin (pmol/l)/135.

Statistical analysis Data at study baseline and 1 year are
presented as means+SD, except for CRP and IL-6 (given as
median and interquartile range), and were compared with
paired Student’s # tests (two-tailed). Changes from baseline
at 1 year are shown as means (95% CI). Differences in
changes from baseline at 1 year between control and
intervention groups were compared using unpaired Stu-
dent’s ¢ tests (two-tailed). Correlations between changes in
immunological markers (concentration at 1 year—concen-
tration at baseline) and corresponding changes in other
variables were assessed by using Spearman’s coefficients of
correlation. Nominal p values are shown without adjust-
ment for multiple comparisons. Partial Spearman correla-
tion and its p value were used to assess the association
between changes in two variables when adjusting for other
covariates. All correlation analyses were performed in both
control and intervention groups combined. Associations
with p values of <0.05 were considered statistically
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significant. Statistical analyses were performed using Stata
Statistical Software Package, Release 8.0 (StataCorp,
College Station, TX, USA).

Results

Lifestyle intervention attenuates systemic low-grade inflam-
mation The present study comprised 406 participants for
whom data and serum samples from baseline and 1 year
were available (control group: #n=199 [67 men, 132
women], intervention group: n=207 [74 men, 133 women]).
A dropout analysis showed that the 116 individuals who
were not included in this study did not differ from the 406
participants in age, BMI, waist circumference, fasting
glucose, fasting insulin, HOMA-IR, CRP or IL-6 levels at
baseline (data not shown).

There was a significant decrease in serum concentra-
tions of CRP during the first study year in the inter-
vention group (mean change: —1.24 mg/l, p<0.001;
control group —0.38 mg/l, p=0.12; p=0.053 for the
difference between the groups) (Fig. la,b). Likewise IL-6
concentrations tended to decrease in the intervention
group (—0.40 pg/ml, p=0.060) but not in the control
group (+0.22 pg/ml, p=0.27) (Fig. 1c,d), and the between-
group difference was statistically significant (p=0.033).
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Fig. 1 Changes at 1 year in serum concentrations of CRP and IL-6 in
the control group (n=199) and the intervention group (n=207). a
Median and interquartile range of CRP levels at baseline (white bars)
and after 1 year (grey bars); p=0.0003 for levels at 1 year vs baseline
for the intervention group. b Mean and 95% CIs of CRP changes
between study baseline and 1 year; p=0.060 for intervention vs
control. ¢ Median and interquartile range of IL-6 levels at baseline
(white bars) and after 1 year (grey bars); p=0.053 for levels at 1 year
vs baseline for the intervention group. d Mean and 95% Cls of IL-6
changes between study baseline and 1 year 1; p=0.033 for
intervention vs control
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There was a significant correlation between baseline
levels of CRP and IL-6 (»=0.358, p<0.001), and changes in
CRP and IL-6 were also significantly correlated (r=0.196,
»<0.001). IL-6 levels explained 12.8% of the variance in
baseline CRP levels and vice versa. Adjustment for age and
sex or for age, sex and BMI reduced the explained variance
to 11.9% and 7.3%, respectively.

Changes in CRP and IL-6 levels and anthropometric and
metabolic variables at 1 year Participants in the interven-
tion group showed more pronounced reductions in mea-
sures of obesity, fasting and OGTT 2 h glucose, insulin
resistance and blood pressure (Table 1). Decreases in CRP
levels were associated with weight loss, reductions in waist
circumference, systolic and diastolic blood pressure and
fasting glucose levels, and improvements in HOMA-IR
(Electronic Supplementary Material [ESM] Table 1).
Adjustment for age, sex, baseline BMI and treatment group
attenuated the correlation between changes in CRP and
HOMA-IR, whereas the other associations remained rela-
tively stable. Since CRP levels were strongly associated
with BMI, we determined variables that changed with
decreasing CRP levels independently of any reductions in
weight. For this purpose, we additionally adjusted for
changes in BMI and found that only changes in diastolic
blood pressure occurred in parallel with alterations in CRP
levels independently of weight loss.

The pattern of associations between changes in IL-6 and
changes in anthropometric and metabolic variables was
similar to that for CRP, but the associations were generally
less pronounced (ESM Table 1). Decreases in IL-6 were
significantly associated with decreases in weight, waist
circumference, fasting insulin and diastolic blood pressure,
but were not associated with changes in fasting glucose,
HOMA-IR or systolic blood pressure. Adjustment for age,
sex, baseline BMI and treatment group reduced the
strength of the associations for these variables, and they
were no longer significant after also adjusting for changes
in weight.

Changes in CRP and IL-6 levels and lifestyle variables at
1 year Significant changes in lifestyle variables occurred
over the first year of the trial to permit the investigation of
an association with changes in low-grade inflammation.
Participation in the control group led to dietary changes: a
lower energy intake and modest changes in food composi-
tion (Table 2). The dietary changes were more pronounced
in the intervention group, who also showed a significant
increase in the amount of moderate to vigorous LTPA
(Table 2). The correlation was high (r=0.77) between
changes in fat and saturated fat intake, moderate (r=-0.22)
between changes in fat and fibre, and non-significant
between changes in physical activity and fat intake.
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Table 3 Correlation of changes at 1 year from baseline in concentrations of systemic immune mediators with changes in LTPA and dietary

components over the same period

Variable Changes in CRP Changes in IL-6
Unadjusted Adjusted for Adjusted for Unadjusted Adjusted for Adjusted for

age, sex, group age, sex, group, age, sex, group age, sex, group,

and baseline baseline BMI and baseline baseline BMI

BMI and ABMI BMI and ABMI

r P r p r p r p r p r P
value value value value value value

LTPA
Total (h/week) -0.048 0.35 -0.032 0.54 0.017 0.74 -0.042 041 -0.047 036 -0.022 0.67
Moderate to vigorous (h/week) -0.130 0.011 —0.124 0.015 -0.092 0.074 -0.164 0.001 —0.152 0.003 -0.135 0.008
Energy (kJ/day) 0.122 0.015 0.098 0.051 0.070 0.16 —0.034 0.50 -0.047 035 -0.061 0.22
Carbohydrates (E%) -0.075 0.14 -0.052 0.31 -0.033 0.52 -0.022 0.67 —0.003 0.96 0.006  0.90
Carbohydrates (g) 0.092 0.068 0.072 0.15 0.055 0.28 —0.051 0.31 -0.058 0.25 -0.067 0.19
Fat
Total (E%) 0.074 0.004 0.039 044 -0.003 0.96 0.029 0.56 0.010 0.85 —0.007 0.88
Saturated (E%) 0.145 0.004 0.106 0.035 0.078 0.12 0.039 0.44 0.015 0.77 0.001 0.99
Monounsaturated (E%) 0.076  0.13 0.048 0.34 0.015 0.77 0.060 0.23 0.044 0.39 0.029 0.57
Polyunsaturated (E%) -0.065 0.20 -0.039 044 -0.056 026 -0.014 0.78 0.005 0.93 —0.003 0.96
Alcohol (E%) -0.065 020 -0.054 029 -0.075 0.14 -0.059 024 -0.061 0.23 -0.070 0.17
Alcohol (g) -0.041 042 -0.028 0.57 -0.050 0.32 -0.049 033 —0.051 0.32 —-0.060 0.23
Fibre (g) -0.093 0.064 —0.090 0.073 -0.080 0.11 -0.143 0.004 —0.137 0.006 -0.132 0.008
Fibre (g/4,186 kJ [1,000 kcal]) -0.184 <0.001 —0.154 0.002 -0.122 0.015 -0.089 0.075 -0.068 0.18 -0.052 0.31
Water-soluble (g) -0.059 024 -0.062 0.22 -0.051 031 -0.136 0.006 —0.132 0.010 -0.126 0.012
Water-soluble (g/4,186 kJ [1,000 kcal]) —0.147  0.003 —0.122 0.015 -0.089 0.082 -0.108 0.031 -0.091 0.071 -0.075 0.14
Water-insoluble (g) —0.100 0.045 —0.102 0.042 -0.093 0.065 -0.134 0.007 -0.129 0.010 —0.125 0.013
Water-insoluble (g/4,186 kJ -0.192 <0.001 —0.168 0.001 -0.139 0.006 -0.088 0.078 —0.069 0.17 —0.054 0.29

[1,000 keal])

Data are for intervention and control groups combined, n=406
Correlations are given as (partial) Spearman correlation coefficients, »
E%, proportion of total energy derived from the nutrient in question

The decrease in systemic CRP concentrations over the
first year was associated both with an increased amount of
moderate to vigorous LTPA and with changes in dietary
pattern (i.e. decreased total energy intake, decreased
proportions of total energy derived from fat and saturated
fat and increased amount of fibre) (Table 3). The associa-
tion with fibre was independent of body weight (Table 3).

Changes in IL-6 were also found to be associated with
an increased amount of moderate-to-vigorous LTPA, but
among the dietary components, only an increased fibre
intake (total, water-soluble and water-insoluble) was found
to be associated (Table 3). All associations were indepen-
dent of weight loss.

Sensitivity analysis To exclude an influence of acute
infections or other proinflammatory conditions at baseline
or the 1 year follow-up visit on our results we excluded all
study participants with CRP levels of >10 mg/l at one or
both examinations (n=26) and repeated the analyses shown
in Table 3 and ESM Table 1. Associations between immune

marker changes and changes in other variables either remained
stable or were only slightly attenuated, and all associations
with a p value of <0.031 in the original analysis remained
significant in this sensitivity analysis (data not shown).

Discussion

This study represents the first comparison of the effect of
increased LTPA and improved diet quality on low-grade
inflammation in individuals at high risk of type 2 diabetes.
Since subclinical inflammation increases the risk of
cardiovascular disease, disability, neurodegenerative disor-
ders and cancers [20-24], it is important to identify efficient
ways to modulate low-grade immune activation. Lifestyle-
based interventions are one option as they have been
proved to exert anti-inflammatory effects in many studies
[17, 32]. The decrease in CRP and IL-6 levels in response
to lifestyle intervention in the Finnish DPS reported here is
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similar to the effects observed in other studies. In the
Diabetes Prevention Program (DPP), lifestyle intervention
achieved median reductions in CRP levels of 33% and 29%
between baseline and 1 year in men and women, respec-
tively [16], compared with a median relative reduction in
CRP of 27% in the intervention group of the Finnish DPS.
When estimating CRP changes per unit of weight loss, a
systematic review based on 33 studies showed that, for
each kg of weight loss, mean CRP levels declined by
0.13 mg/1 [17], whereas a longitudinal study from the UK
reported a linear association between CRP levels and
weight gain over 9 years (CRP +0.09 mg 1™' kg ') [33].
We report mean CRP reductions and weight loss of
1.24 mg/l and 4.63 kg, respectively, in the intervention
group, which resulted in a CRP change of —0.27 mg 1" [kg
weight loss] . Bearing in mind that weight loss is not the
only determinant of changes in CRP, the strength of the
association between early changes in CRP and weight loss
appears to be similar or even greater in the Finnish DPS
than in the previously conducted intervention studies.

In the Finnish DPS, almost all investigated anthropo-
metric and metabolic markers showed favourable changes
in the intervention group. However, only some of these
changes were associated with changes in CRP or IL-6
during the first study year. We found that the strongest
associations of reductions in CRP and IL-6 were with
improvements in indexes of obesity (BMI, weight and waist
circumference; all p<0.01).

Significant associations between changes in CRP and/or
IL-6 with markers of glucose metabolism were present in
the unadjusted analysis, but were attenuated when baseline
BMI and changes in BMI during the first study year were
included in the model. In addition, we found a robust
association of CRP changes (less so for changes in IL-6)
with changes in diastolic blood pressure, but not with
changes in lipid levels.

The lack of associations between changes in immune
mediators and changes in lipid levels may be due to the fact
that the effect of the intervention on lipids was rather small
in the Finnish DPS. As shown in Table 1, there were no
significant differences in changes in total cholesterol, HDL-
cholesterol or LDL-cholesterol when the control and inter-
vention groups were compared. Therefore, a lack of variation
of lipid changes could have made it more difficult to find an
association in the present study than in a study that was
primarily designed to alter the lipid status of the participants.

These data extend findings from the DPP, in which
associations of changes in CRP with changes in BMI and
waist circumference were strong, whereas associations with
changes in glucose, insulin and HOMA-IR were weaker
(partial Spearman coefficients of between 0.09 and 0.11,
adjusted for age, sex, race and treatment group) [16].
Changes in blood pressure or lipids were not included in the
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DPP analyses. As lifestyle intervention in both the DPS and
DPP resulted in considerable protection from the development
of type 2 diabetes, it is not quite clear why changes in
subclinical inflammation and insulin resistance were not more
strongly related in the two studies. One explanation could be
that intraindividual variation in immunological variables may
be higher than the variation in anthropometric and metabolic
markers, such that serial measurements of immune mediators
at baseline and during follow-up would allow a more precise
assessment of the effect of any intervention on immune status.
Alternatively, it may be that the inflammatory markers studied
are not those most closely linked to the disease process, or that
the influence of subclinical inflammation on insulin resistance
is smaller than that estimated based on numerous previous
studies (reviewed in [20]).

Like the anthropometric and metabolic markers analysed
here, most measures of diet and LTPA also showed
favourable changes in the intervention group. Again, only
some of these changes predicted reductions in CRP and/or
IL-6. The lifestyle changes robustly associated with
reductions in CRP and IL-6 levels were increases in time
spent partaking in moderate to vigorous LTPA and
increases in fibre intake. Importantly, most of these
associations remained significant even after adjustment for
baseline BMI and changes in BMI. Thus, our data expand
current knowledge on the relationship between lifestyle and
inflammation, which up to now has mainly been based on
correlation analyses in cross-sectional studies.

An important major finding was the strong association
between changes in subclinical inflammation and changes
in time spent doing moderate to vigorous LTPA, although
changes in low-intensity as well as in total LTPA were at
least as good as predictors of diabetes incidence as changes
in time spent doing moderate to vigorous LTPA [28]. This
indicates that a higher intensity of physical activity may be
necessary to reduce systemic low-grade inflammation than
is needed to prevent or delay the incidence of type 2
diabetes in individuals at high risk of the disease, and
points towards inflammation-independent effects of low-
intensity LTPA. It is also important to note that the
associations between increases in LTPA and reductions in
CRP and IL-6 were only slightly affected when adjusted for
weight loss (p=0.074 and p=0.008, respectively). This
suggests an obesity-independent component of the relation-
ship between moderate to vigorous LTPA and subclinical
inflammation, which seems reasonable as it is known that
obesity and physical activity are independent risk factors
for type 2 diabetes, cardiovascular disease and mortality
[34, 35]. Moreover, our findings emphasise that the
association between physical activity and subclinical
inflammation is rather complex, as regular exercise seems
to lower circulating levels of cytokines such as IL-6,
whereas medium- to high-intensity exercise induces the
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acute release of IL-6 from muscle tissue [36]. According to
our current understanding of the role of IL-6, although it
exerts beneficial effects locally (i.e. in muscle), elevated
expression of the gene encoding IL-6 in adipose tissue and
leucocytes is a hallmark of obesity, the metabolic syn-
drome, type 2 diabetes and cardiovascular disease risk [10,
21, 37-40].

Our study extends previous reports indicating that higher
fibre intake is associated with reduced subclinical inflam-
mation in cross-sectional [41, 42], prospective [43] and
intervention studies [44, 45], as it identifies changes in both
water-soluble and water-insoluble fibre intake as dominant
contributors to the reduction in systemic inflammation in a
complex lifestyle intervention setting. In particular, the
associations between changes in IL-6 and changes in fibre
intake were independent of weight loss and therefore point
towards an obesity-independent beneficial effect of fibre on
health. This is supported by previously published data
demonstrating that high fibre intakes predict decreased
diabetes risk independently of body weight change in the
Finnish DPS [46]. It has been hypothesised that dietary
fibre decreases lipid oxidation and thereby attenuates sub-
clinical inflammation [47]. In addition, a diet rich in natural
fibre may contain components other than fibre per se that
could contribute to the health benefit of fibre-rich diets.

An interesting finding from our study was that changes
in CRP and IL-6 showed different associations with lifestyle
changes. IL-6 is the main inductor of CRP production in the
liver [48], and so similar effects on these two immune
mediators would be expected. However, a correlation between
CRP and IL-6 levels at baseline of »=0.358 means that only
12.8% of variance in CRP levels was explained by IL-6 and
vice versa, and adjustment for age and sex or for age, sex
and BMI reduced the explained variance even further. This
indicates that measurements of CRP and IL-6 do not provide
identical information and points towards substantial differ-
ences in the regulation of the two immune mediators.

This study has certain limitations that should be
mentioned. Our sample consisted of individuals with IGT,
i.e. at high risk of cardiometabolic disease, and is therefore
not representative of the general population. In addition,
our sample size was not sufficiently large to allow
meaningful stratified analyses to be conducted or to test
for effect modifications by age, sex, obesity or other
variables. Evaluation of diet and LTPA was based on
memory and/or self-reports; therefore, more objective
measurements may have resulted in more pronounced
associations with low-grade inflammation. Food diaries
are considered a reliable method for dietary studies, but
under- or misreporting can occur. Mean changes in some
lifestyle components, such as intake of polyunsaturated fat,
were small; consequently, it is possible that beneficial
effects on inflammation were not seen that would have been

apparent in an intervention trial that focused on single
dietary components. However, the aim of this study was to
compare the anti-inflammatory potential of different life-
style factors and their components in the same study, which
means that this study limitation was unavoidable.

In conclusion, our analysis of the anti-inflammatory
effects of the intensive lifestyle intervention in the Finnish
DPS revealed that changes in moderate to vigorous LTPA
and changes in fibre intake were the two lifestyle variables
most strongly associated with reductions in CRP and IL-6
in individuals at high cardiometabolic risk. Since sub-
clinical inflammation confers an elevated risk of many age-
related and chronic diseases in addition to type 2 diabetes
and cardiovascular disease, the importance of the intensity
of LTPA and of a diet rich in natural fibre should be
emphasised in lifestyle recommendations.
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