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Abstract

Objective—Cardiovascular risk remains high despite statin use. Overweight/obese diabetic
persons usually have normal/low LDL-cholesterol but high C-reactive protein (CRP) levels. We
aimed to examine the effects of intensive lifestyle intervention for weight loss (ILI) on CRP levels
in overweight/obese diabetic individuals by statin use.

Design and Methods—Look AHEAD was a randomized trial in overweight/obese type 2
diabetic individuals testing whether ILI would reduce cardiovascular mortality, when compared to
usual care. We evaluated CRP changes in 1,431 participants with biomarker levels, who remained
on or off statin treatment for 1-year.
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Results—The reduction in CRP levels with ILI at 1 year in men and women on statins was —44.9
and —42.3 %, respectively, compared to —13.7 and —21.0 % for those on statins and usual care
(p<0.0001). At 1 year, median CRP levels were: 1.8 mg/L in participants randomized to ILI on
statin therapy; 2.6 mg/L for those on statins randomized to usual care and 2.9 mg/L for
participants not on statins but randomized to ILI. Weight loss was associated with 1-year CRP
reduction (p<0.0001) in statin and non-statin users.

Conclusions—Our findings suggest that in overweight/obese diabetic persons, ILI and statin
therapy may have substantial additive anti-inflammatory benefits.

INTRODUCTION

Cardiovascular disease (CVD) is the major cause of morbidity and mortality in persons with
type 2 diabetes. Statin therapy is standard of care in the majority of diabetic adults for the
primary and secondary prevention of cardiovascular events (CVE) (1,2). However, the
residual risk of a CVE remains high even after the implementation of statin therapy in those
with and without diabetes (3). Atherosclerosis progresses in about a third of individuals
despite use of the most aggressive statin regimens (4). Treatment strategies aimed at
decreasing CVD risk with the use of a second pharmacological agent, in addition to statin
therapy, are used in clinical practice and have been the subject of multiple intervention trials
(5-8), with potential benefits in certain individuals (7). On the other hand, the addition of
intensive lifestyle intervention to a statin regimen remains underutilized in clinical care (9)
and its benefits unexplored in clinical trials.

C-reactive protein (CRP) is a marker of chronic subclinical inflammation and is associated
with atherosclerosis progression (10). It has been identified as a useful indicator of
cardiovascular risk (11-13). CRP levels may be particularly useful in identifying individuals
at risk for CVE in whom LDL-cholesterol (LDL-C) levels are not elevated (14-17). Persons
with type 2 diabetes have characteristic low/average LDL-C levels but CRP levels that are
significantly increased (18-20). Lifestyle intervention for weight loss reduces CRP levels in
obese persons with and without type 2 diabetes (22-24), but its effects in addition to statin
therapy have not been established. In this study we hypothesized that in individuals with
type 2 diabetes and obesity, a combination regimen of intensive lifestyle intervention for
weight loss (ILI) and statin would result in lower levels of CRP than either ILI or statin
alone and that weight loss would remain a significant determinant of CRP change,
regardless of statin use.

METHODS AND PROCEDURES

Study Design

We evaluated a subset of 1,431 individuals, generally corresponding to the first half of Look
AHEAD (Action for Health in Diabetes) participants from 15 of 16 clinic sites, who had
CRP and fitness data at baseline and 1 year, and who remained on or off statin therapy for
the duration of the study. Look AHEAD was a randomized clinical trial evaluating whether
a behavioral lifestyle intervention for weight loss would reduce CVE in overweight/obese
subjects with type 2 diabetes.

Obesity (Slver Soring). Author manuscript; available in PMC 2013 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Belalcazar et al.

Page 3

A description of Look AHEAD, its design and subject characteristics, has been published
(23-24). Briefly, subjects were randomized to ILI, aiming for a 7% weight loss from
baseline, or to a usual care (Diabetes support and education [DSE]) arm, which served as
control. ILI participants attended group and individual sessions (3 group sessions and 1
individual encounter per month during the first 6 months of the study, followed by 2 group
sessions and 1 individual appointment per month thereafter) in support of behavioral change
to increase physical activity to 175 weekly minutes of moderate-intensity exercise and
reduce caloric and saturated fat intake. The activity program relied on at home exercise,
which for most participants consisted of brisk walking. Energy intake goal for persons <114
kg was 1200 —-1500 kcal/day and 1500-1800 kcal/day for those = 114 kg. DSE participants
received 3 group health information sessions during the year. Participants in both groups
continued clinical care with their primary providers. The institutional review boards of the
participating centers approved Look AHEAD and this ancillary study.

Laboratory, Anthropometric and Fitness Determinations

CRP was measured using a high-sensitivity latex particle-enhanced immunoturbidimetric
assay by Denka Seiken, C. Ltd. Intra- and interassay coefficients of variation were 3.5% and
5.6%, respectively, as previously reported (20,25). Fitness was measured in Look AHEAD
using a graded exercise treadmill test following standard criteria from the American College
of Sports Medicine. At baseline, the test was terminated when individuals reached > 85% of
age-predicted maximal heart rate (if on no beta blocker therapy) or when the rating of
perceived exertion (RPE) reached 18, if on a beta-blocker. At 1-year, the treadmill test was
performed at the same walking speed used at baseline, and terminated when participants
achieved 80% of their maximal heart rate or an RPE of 16, as appropriate. To estimate
change in fitness, the change in METS (mL/kgemin)/3.5 L/kgemin) achieved at sub-maximal
effort (80% of maximal heart rate or an RPE of 16) from baseline to year 1 was determined
(26). Procedures for obtaining anthropometric measures, hemoglobin Alc (HbAZ1c), glucose
and lipids in Look AHEAD have been previously described (27).

Statistical Analysis

Descriptive statistics, including median and inter-quartile range (IQR), were determined for
CRP levels at baseline and for their change from baseline to 1-year. Differences between the
ILI and DSE arms in change variables over the first year were evaluated using either the
two-sample t-test or the Wilcoxon rank sum test. The effects of changes in weight, waist and
fitness by statin use on CRP change were evaluated in the overall group using multivariable
regression analyses, with change in CRP (1 year minus baseline levels, log-transformed) as
outcome. The models included a dichotomous indicator for treatment effect (IL1 vs DSE)
and adjusted for baseline CRP levels, age, gender, race/ethnicity, diabetes duration,
smoking, cardiovascular disease, use of thiazolidinediones, insulin, hormone replacement
therapy (HRT) in women and changes in HbAlc, HDL-cholesterol and triglycerides. The
effects of gender, race/ethnicity and of HRT in women on the associations under study were
evaluated with the use of interaction terms (ILI * gender, ILI* Race/ethnicity and ILI*HRT).
Type | error rate was fixed at 0.05 for all analyses. Analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC).
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RESULTS

Baseline Characteristics

Participants were middle-aged, obese and sedentary (See Table 1). CRP levels (median
[IQR]) were elevated in the overall group at baseline, with significantly higher levels in non-
statin users, when compared to those on statin therapy (5.1 [2.4 to 10] and 3.1 [1.4, 7.0]
mg/L, respectively). The differences in CRP levels between men and women, previously
reported (20), remained despite statin use, with women having higher levels than men (2.7
[1.5t0 5.4] and 1.9 [1.0 to 4.3] mg/L, in female and male statin users, respectively). As
expected, subjects on statin therapy represented a higher-risk group than those on no statin
therapy, with more participants on statins having a positive history of CVD and a longer
duration of diabetes than those not on statins. Participants on statin therapy were of slightly
older age and included more males than those not treated with statins. There were also more
Caucasians on statin therapy.

Changes in statin and non-statin users after one year of intervention

ILI participants had improvements in adiposity, fitness, HDL-cholesterol (HDL-C),
triglycerides, triglyceride/HDL-C ratio and in glucose control at 1 year, regardless of statin
use, when compared to DSE (Table 2; p <0.0004 for ILI versus DSE; p=0.09 for difference
in statin effects for IL1 and DSE participants). A significant reduction in LDL-C levels with
ILI was observed in non-statin participants (p=0.004), whereas changes in LDL-C did not
significantly differ by treatment arm in statin users. Relative and absolute reductions in CRP
levels with ILI were greater than those achieved with DSE, in men and women (Table 3; all
p<0.0001), regardless of statin use. Relative reductions in CRP levels with ILI, of ~40%
from baseline, were observed in statin and non-statin users and in men and women (Table
3). The absolute reduction of CRP levels with ILI did not differ by statin use in men (Table
3, p=0.89 for statin effect for ILI). However, in women, there were greater absolute
reductions of CRP levels with ILI in those not on statin therapy (median [IQR]) of — 2.1
[-5.0, —0.4] mg/dL), when compared to those on statins (—1.3 [-3.0, 0.0] mg/L; statin effect
for ILI p<0.03).

CRP levels at 1-year post-randomization

Overall, only participants on statin therapy in the ILI arm reached a 1-year median CRP
level under 2.0 mg/L (Figure 1). When evaluating by gender, achievement of this goal was
observed mainly in men, who started at lower baseline levels than did women, reaching a 1-
year median level of 1.2 mg/L on combined ILI and statin therapy. In women, the 1-year
median level of CRP with combination of ILI and statin was 2.6 mg/L, lower than the 1-year
medians of 3.7 and 6.7 mg/L, observed in the DSE group on statin and on no statin therapy,
respectively (Table 4).

Association of weight loss, and changes in waist and fitness with CRP change by statin
use

Multivariable regression analyses showed that, after adjusting for multiple variables
including fitness change, both change in weight and change in waist were significantly
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associated with CRP in subjects not on statin therapy (Table 5, p <0.0001), with weight
change and waist change contributing similarly to the variance in CRP change. In
participants on statins, weight change (p<0.0001), but not change in waist circumference
(p=0.11), remained significantly associated with change in CRP. Like change in waist,
change in fitness was a significant determinant of CRP change only in participants not on
statin therapy (Table 5, p<0.047). No significant interaction effects were observed for
gender or race/ethnicity in any of the models tested (Table 5, Models A and B, table legend).
The interaction for ILI* HRT in women was also tested and found to be non-significant
(Table 5, Models A: p= 0.83 in statin users and 0.96 in participants not on statin therapy;
Models B: p= 0.97 in statin users and 0.71 in participants not on statin therapy).

DISCUSSION

In this large sample of obese diabetic participants, ILI led to further reduction of CRP levels
when added to statin therapy and usual care (DSE). The combination of statin and IL1I, in the
overall group, achieved a median CRP level at 1-year under 2.0 mg/L, whereas statin
therapy or ILI alone did not. Relative changes in CRP with ILI were similar in men and
women, regardless of statin use, but absolute changes in CRP were greater in women.
Women started with higher baseline levels than did men and men achieved lower absolute
levels at 1 year. Weight loss was significantly associated with a reduction in CRP levels in
both statin and non-statin users, independently of demographics and medical history,
baseline CRP levels and changes in other metabolic variables, including fitness.

CRP may be considered in the assessment of CVD risk and in the decision algorithm of
statin initiation in individuals in the intermediate risk category (12). The indication of statin
therapy in persons at increased risk is not usually questioned. However, in these individuals,
CRP may provide useful information on the effectiveness of the intervention to prevent
CVD events and delay atherosclerosis progression. Reductions in CRP levels with statins in
persons with established coronary disease have been associated with a decrease in
progression, and even with regression, of atherosclerotic disease (10). Patients with acute
coronary syndrome who lowered their CRP levels with statin therapy below a median of 2.0
mg/L, had a decreased incidence of recurrent cardiovascular events when compared to those
in whom the CRP level remained above 2.0 mg/L (11). Almost a fifth of participants in
these trials had diabetes, suggesting that the benefits of CRP reduction could apply to them.

In this study, median CRP at baseline in participants treated with statins was 3.1 mg/L, with
25% of male and 50% of female statin users having CRP levels well above 4.0 mg/L. Those
on no statins at baseline started at much higher levels, with a median of 2.7 mg/L in men and
of 7.2 mg/L in women. At 1-year, ILI led to similar weight loss and improvements in fitness
and glucose control in statin and non-statin users. The relative reduction in CRP, ~ 40%,
was also similar in statin and non-statin users, and in men and women. In the overall sample,
the combination of statin and ILI brought the 1-year median CRP level to 1.8 mg/L, whereas
statin therapy and IL1 alone achieved levels of 2.6 and 2.9 mg/L, respectively. A quarter of
men and of women on ILI and statin combination were able to decrease median CRP levels
to < 1.0 mg/L.
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Despite the use of the most aggressive statin regimens available, atherosclerosis progresses
in about a third of individuals (4) and the relative risk of a cardiovascular event is reduced
only approximately by a third (3,9). This residual risk points to the need of identifying
alternative treatment approaches, targeting mechanisms independent of HMG-CoA
reductase inhibition. Clinical efforts have focused on adding a second agent to a statin,
aiming for further reduction of LDL-cholesterol or for an improvement in HDL-cholesterol
or triglyceride levels (7,8) with a suggestion of benefit in those with low HDL- cholesterol
and elevated triglycerides (7).

Modification of lifestyle behaviors to achieve moderate weight loss improves adipose tissue
function and leads to a significant reduction in CRP levels (20-22). A decrease in CRP
levels has been shown to occur in persons with type 2 diabetes in association, not only with
reduced adiposity, but also with improvements in fitness, glucose and lipid control (20]. The
mechanisms through which lifestyle behavior change influence adipose tissue are multiple
and affect tissue macrophage and lymphocyte recruitment, macrophage activation and the
balance of pro and anti-inflammatory adipocytokine production (28-31). In this study we
show that the association of weight loss with CRP change is present in obese individuals
with diabetes, regardless of statin use and that increased fitness and waist reduction relate to
CRP change, in individuals on no statin therapy.

We speculate that the greater reduction in CRP levels obtained when ILI and statin therapy
are combined may be consequent to distinct and complementary effects of statins and ILI on
CRP production. Although statins may have a predominant effect on hepatic production of
CRP (32) and ILI a potentially greater impact on adipose-derived CRP in the setting of
obesity (33,34), it is possible that statin use and ILI affect production at both sites (35-38).
The fact that waist and fitness changes did not reach statistical significance in their
association with CRP change in statin users does not exclude the possibility that greater
changes in waist or in fitness, or similar changes in less obese individuals treated with
statins, may be associated with a lowering of CRP levels. A differential effect of statins on
visceral and subcutaneous adipose depots, could also contribute to the observed differences
in the association of waist change and CRP change by statin use. Additional studies
evaluating the effects of statins on adipose tissue function are needed.

This study is unique in that it uses a large randomized lifestyle intervention trial to address a
question of clinical significance to a growing population of overweight/obese individuals
with diabetes. Our results suggest that ILI and statin therapy may result in further
improvement of subclinical inflammation, when compared to statin therapy or ILI alone.
However, due to its design, certain limitations need to be addressed: Although statin use was
clearly documented during the year of follow-up and was used to determine eligibility to this
study, information on statin dose and/or type and on medication adherence was not available
and could not be accounted for. This limitation is mitigated by the fact that Look AHEAD
participants in both treatment arms (IL1 and DSE) were under the care of their primary
physician, with freedom to adjust statin doses, statin type and to support adherence.
Furthermore, the significant changes in LDL-C from baseline to year-1 observed in statin
users in the DSE arm, but not in ILI participants, suggest that statin therapy was adjusted
more aggressively in statin users in the DSE arm than in the ILI arm, potentially making our
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observations on the added benefit of ILI on CRP change even more significant. In addition,
due to sample size limitations in certain race/ethnic groups when stratifying by statin use, we
are unable to confirm that the study’s results are applicable to non-Caucasian populations.

Our findings from Look AHEAD suggest that in overweight/obese diabetic persons, ILI and
statin therapy may have substantial additive anti-inflammatory benefits and that weight loss
is significantly associated with CRP lowering regardless of statin use. Analyses of
cardiovascular outcome data from Look AHEAD by statin use will inform on the
implications of our findings on incident events.
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Appendix 1

Look AHEAD Statin-CRP study sample

5,145 Look AHEAD participants

4,

2,031 with

v

v

™. 340 did not consent to
participate in ancillary study
76 withdrew from the study
9 died in the first year

720

\ 2,689 participants from 2™ half of
enroliment at each study site and who were
not asked to provide dietary data
y
CRP data
253 participants who started or
discontinued statins during study
116 with missing year 1 statin data

1,662
231 participants with missing fitness or
other study covariates at baseline or 1-year

1,431 participants

7\

829 on no statin therapy
during year 1

/N

4] DSE
n=443 n=386

Appendix 2. Clinical Sites

602 on statin therapy
during year 1

/N

L4 DSE
n=317 n=285
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What isknown about this subject
1. The residual risk of heart disease remains high despite the use of statins

2. Elevated CRP levels are associated with an increased risk of cardiovascular
disease

3. Statins lower CRP and reduce cardiovascular disease risk
4. CRP levels are elevated in obese individuals with diabetes
What thisstudy adds

1. Intensive lifestyle intervention for weight loss may significantly reduce CRP
levels in overweight/obese diabetic men and women regardless of statin use,
when compared to usual care

2. Greater reductions in CRP levels are seen in obese diabetic persons who receive
statin therapy and participate in an intensive lifestyle intervention for weight
loss, when compared to individuals who receive either statin therapy or weight
loss intervention alone.
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Figure 1.
Baseline and 1-year CRP levels by treatment arm and statin use.

hs-CRP: high sensitivity C-reactive protein; ILI: intensive lifestyle intervention for weight
loss; DSE: Diabetes, Support and Education. Values depicted next to each box plot represent
median hs-CRP levels.
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Participants on statin therapy (n=602) | Participantsnot on statins (n=829) | p-value
Age, years 58.6+7.3 56.7+7.1 <0.0001
Women, No. (%) 312 (52%) 521 (63%) <0.0001
Caucasian, No. (%) 453 (75%) 506 (61%) <0.0001
Diabetes Duration, years 72+6.7 59+58 <0.0001
History of CVD, No. (%) 129 (21%) 42 (5%) <0.0001
Current smokers, No. (%) 20 (3%) 25 (3%) 0.74
On insulin, No. (%) 105 (17%) 100 (12%) 0.004
On thiazolidinediones, No. (%) 181 (30%) 182 (22%) 0.0005
Women on estrogen, No. (%) 187 (60%) 288 (55%) 0.19
Weight, kg 101.7 +18.7 101.8 +19.6 0.99
Waist, cm 1144 +143 1143+ 140 0.94
BMI, kg/m? 358+5.38 36.4+6.2 0.062
Fitness, submaximal METS 52+16 51+1.6 0.39
HbAlc, % 7311 73+13 0.26
LDL-C, mg/dL 101.3+26.5 118.3+31.2 <0.0001
HDL-C, mg/dL 42.3+10.7 43.1+£119 0.43
Triglycerides, mg/dL (median [IQR]) 159.5 [110, 227] 153 [106, 222] 0.13
Triglyceride/HDL-C ratio (median [IQR]) 4.0[25,6.0] 3.6[2.3,6.0] 0.08
CRP, mg/L (median [IQR]) 3.1[1.4,7.0] 5.1[2.4,10.4] <0.0001
Men 1.9[1.0, 4.3] 2.7[15, 54] 0.0004
Women 4.41[23,9.2] 7.2[3.7, 12.6] <0.0001

All data expressed as frequency (percent, %), mean + standard deviation or median [interquartile range].

No: number; kg: kilograms; cm: centimeters; m: meters; METS: metabolic equivalents; LDL-C: low density lipoprotein cholesterol; HDL-C: high-

density lipoprotein cholesterol; mg: milligrams; dL: deciliter; IQR: Interquartile range; CRP: C-reactive protein
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