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Abstract

Objective—In addition to slowing diabetes development among participants in the Diabetes
Prevention Program (DPP), intensive lifestyle change and metformin raised HDL-cholesterol
(HDL-C) compared to placebo treatment. We investigated the lifestyle and metabolic determinants
as well as effects of biomarkers of inflammation, endothelial dysfunction and coagulation and
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their changes resulting from lifestyle and metformin interventions on the increase in HDL-C in the
DPP.

Methods—The effects of a 1 year period of intensive lifestyle change aimed at achieving 7%
weight loss or metformin 850 mg twice daily versus placebo on HDL-C was assessed in 3070
participants with impaired glucose tolerance, and on HDL particle concentration (HDL-P) and size
in a subgroup of 1645 individuals. Treatment-associated changes in lifestyle and metabolic factors
as well as in novel biomarkers were investigated for their associations with change in HDL-C
using multiple regression analysis.

Results—After adjusting for BMI, waist circumference, insulin resistance, glycemia, dietary
saturated fat, alcohol intake, physical activity and nine different biomarkers, only adiponectin
accounted for the effect of intensive lifestyle change on HDL-C via an increase in large HDL-P.
By contrast baseline and change in BMI and tissue plasminogen activator levels attenuated the
effect of metformin on HDL-C, with adiponectin having no specific effect.

Conclusion—While both lifestyle and metformin interventions used to prevent diabetes increase
HDL-C, the mechanisms involved differ between the two treatments and may have consequences
for future risk of cardiovascular disease.

Key terms
Adiponectin; HDL; Lifestyle change; Metformin

INTRODUCTION

Dyslipidemia, characterized by elevated triglyceride-rich lipoproteins, small dense LDL, and
reduced HDL cholesterol (HDL-C), is a major cardiovascular disease (CVD) risk factor in
type 2 diabetes (1) and is also common in subjects at high risk for diabetes (2) providing an
opportunity for intervention to prevent CVD early in the development of diabetes.
Furthermore since diabetes and CVD are believed to arise from “common soil” (3),
interventions that retard diabetes development may also slow atherosclerosis. In the Diabetes
Prevention Program (DPP), intensive lifestyle change (ILS) and metformin treatment in a
population with impaired glucose tolerance (IGT) reduced the incidence of diabetes and
ameliorated CVD risk factors (4). In particular, a reduction in large triglyceride rich particles
was shown to occur with ILS, while both metformin and ILS decreased small dense LDL
and increased the concentration of large HDL particles (5). While the mechanisms
underlying the changes in triglyceride-rich and LDL have been well studied (6, 7) the basis
for the effects of these interventions on changes in HDL are less well understood.

Adiponectin, an insulin-sensitizing adipokine, associates strongly with HDL-C (8, 9) and we
recently demonstrated that adiponectin was linked to changes in lipoproteins in the DPP (5).
Here we have explored in detail the nature of the associations between factors known to
influence HDL such as weight, waist circumference, insulin resistance, glycemia, dietary
factors and adiponectin, in order to evaluate the basis for the effect of these two
interventions on HDL. In addition to measuring HDL-C, HDL subfractions were assessed to
better understand the effects of the interventions on HDL. Furthermore since HDL has been
shown to be influenced by inflammatory and endothelial factors, as well as having
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antithrombotic effects (10) and since both lifestyle change and metformin treatment may
influence these processes, we also investigated whether the changes in HDL resulting from
these interventions in DPP were associated with changes in biomarkers of these pathways.
Finally, since we have shown that lifestyle and metformin alter HDL and its subfractions in
different ways, we have examined whether the determinants of the HDL changes induced by
these two interventions differ, since this could have therapeutic relevance.

MATERIAL AND METHODS

Study participants and procedures

The eligibility criteria, design, and methods of the DPP have been reported elsewhere (4). In
brief, selection criteria included: age =25 years, BMI =24 kg/m? (=22 kg/m? in Asian
Americans), fasting plasma glucose of 95-125 mg/dl and 2-hour post-load glucose of 140-
199 mg/dl. Persons taking medications known to alter glucose tolerance, having experienced
a CVD event in the prior 6 months or having illnesses that could interfere with participation
in the trial were excluded. Participants were randomly assigned to one of three interventions:
metformin 850 mg twice daily, placebo twice daily, or an intensive program of lifestyle
modification (ILS) (Fig 1). Treatment assignments were stratified according to clinical
center and double blinded for the metformin and placebo groups. The goals of the ILS were
to achieve and maintain a weight reduction of at least 7% of initial body weight through
consumption of a low-calorie, low-fat diet and to engage in moderate physical activity for at
least 150 min/week. Diabetes was diagnosed on the basis of an annual OGTT or a
semiannual fasting plasma glucose test according to American Diabetes Association criteria
(11). The diagnosis required confirmation by a second test, usually within six weeks.
Written informed consent was obtained from all participants before screening, consistent
with the Declaration of Helsinki and the guidelines of each center’s institutional review
board.

Clinical and metabolic variables

Standardized interviewer-administered questionnaires were used to obtain demographic and
clinical data. Blood pressure, height, weight and waist circumference were measured using
standard techniques (4). Dietary information was collected by interview at baseline and at
year 1 using a modified Block food-frequency questionnaire (12). Total MET (metabolic
equivalent) hours per week of physical activity were assessed by the 1-year recall using the
Modifiable Activity Questionnaire (13). Glucose, insulin and lipid profile measurements and
biomarker assays were performed at the Northwest Lipid Research Laboratories, University
of Washington, Seattle as previously reported (4). For the HDL-C measurement, apoB-
containing lipoproteins were removed from plasma by precipitation with dextran sulfate, and
cholesterol in HDL particles was measured using Roche reagent on a Roche Modular P
autoanalyzer. The accuracy of the method is monitored by the Center for Disease Control
(CDC) reference method and the inter-assay CV is consistently <2%. Insulin sensitivity was
assessed by the surrogate measurement 1/fasting insulin (1/F1) (14).
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Biomarker assays

Total circulating adiponectin was measured using a latex particle-enhanced turbidimetric
assay (Otsuka Pharmaceutical, Tokyo, Japan). The within-run and between-run coefficients
of variation (CV) for this assay are 6.21% and 9.25% respectively. Plasma high-sensitivity
C-reactive protein (CRP) and fibrinogen were measured immunochemically using Dade-
Behring reagent on the Behring Nephelometer autoanalyzer (BNII), and the two CVs were
2.10% and 3.10% for CRP and 2.70% and 2.60% for fibrinogen respectively. Tissue
plasminogen activator (tPA) levels were measured in citrated plasma using an ELISA assay
(Asserachrom tPA; Diagnostica Stago), which measures total tPA antigen, with CVs of
6.45% and 6.70% respectively. Soluble E-selectin (sE-selectin) intercellular adhesion
molecule 1 (SICAM-1), interleukin 6 (IL-6), and monocyte chemotactic protein 1 (MCP-1)
were measured by ELISA assays from R&D Systems (Minneapolis MN). Within-run and
between-run CVs for these ELISA assays were respectively 5.80% and 7.90% for sE-
selectin, 4.6% and 5.5% for SICAM-1, 7.4% and 7.7% for IL-6 and 5.8% and 5.7% for
MCP-1.

Lipoprotein NMR measurements

HDL subclass particle concentrations (P) and average HDL-P size were measured by NMR
spectroscopy using the LipoProfile-3 algorithm at LipoScience, Inc, (now LabCorp, Raleigh,
NC) (15) on a subgroup of the main cohort who had blood samples collected in heparin
stored at —70° C until analysis. 1986 baseline samples and 1645 paired samples were
available for analysis of change from baseline at 1 year. Although there were differences in
HDL-C, adiponectin, and BMI at baseline there were no differences in changes of these
variables in those with versus without NMR measurements at baseline and 1 year. The HDL-
P size subclass categories investigated included large HDL-P (8.8 to 13 nm), medium-sized
HDL-P (8.2 to 8.8 nm), and small HDL-P (7.3 to 8.2 nm) expressed in micromoles per liter.
Weighted-average HDL-P size (in nanometer diameter units) was computed as the sum of
the diameter of each subclass multiplied by its relative mass percentage as estimated from
the amplitude of its NMR signal. HDL subclass distributions determined by NMR and
gradient gel electrophoresis are highly correlated (15, 16). Inter-assay reproducibility
(coefficient of variation), determined from 80 replicate analyses of 8 plasma pools over 20
days, was 6% for HDL-P, 0.7% for HDL size and 9, 14, and 6% for large, medium, and
small HDL-P, respectively.

Data Analysis

Differences among treatment groups were assessed by the chi-square test for categorical
covariates and ANOVA or median test (as appropriate) for continuous covariates with the
significance level set at 0.01 using unadjusted p-values. Spearman correlations were used to
describe the bivariate relationships among the lipoprotein measures, anthropometric and
metabolic variables. The analyses of adjusted treatment effect on changes in HDL-C were
assessed using analysis of covariance with adjustment for baseline value, age at
randomization, sex, race/ethnicity plus baseline and changes in metabolic variables. The p-
values for the treatment effects were adjusted for the 3 pairwise comparisons. Multiple
regression models were used separately for each treatment group to examine which changes
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in key metabolic, anthropometric, and lifestyle variables accompanied the change in HDL-C
from baseline to year 1. Change in HDL-C was the dependent variable with the following
independent covariates: treatment assignment, age at baseline, sex, self-reported race, and
baseline and change in metabolic variables with log transformations applied as appropriate
and coefficients expressed per 1 sd unit.

Baseline characteristics

Table 1 demonstrates lifestyle, clinical and metabolic characteristics, HDL-C and HDL
subfractions and novel biomarkers, stratified by sex. There were significant differences
between men and women for most variables. In particular, values of HDL-C, large and
medium HDL particle concentrations (P), total HDL-P, HDL size, BMI, CRP, IL-6,
sICAM-1, fibrinogen, adiponectin and use of lipid lowering medications were greater in
women, and triglyceride, waist circumference, small HDL-P, saturated fat intake, tPA, and
sE-selectin were higher in men. The overall use of lipid lowering medications in this cohort
was limited to 4.9% of participants. On average, all groups had been weight stable for the
previous six months (4).

Fig. 2 demonstrates the bivariate correlations between baseline factors known to influence
HDL-C concentrations as well as measured biomarkers, and HDL-C, HDL P and HDL size,
ranked by r value on HDL-C. IL-6, MCP-1, fibrinogen, HbA1c, physical activity and alcohol
intake had correlations of <0.10 with HDL-C and are not shown nor considered for further
analysis except for HbAlc to assess the role of glycemia. Adiponectin and 1/FI had strong
positive correlations with HDL-C while triglyceride, waist and tPA were inversely related to
HDL-C. Similar associations were noted for these variables with total, large and medium
HDL-P and HDL size. Small HDL-P was less strongly and inversely related to adiponectin
and 1/F1, and directly associated with triglyceride, waist and age. There were more modest
inverse associations for sE-selectin, BMI and saturated fat and direct associations for CRP
with HDL-C and large and total HDL-P.

Effects of interventions at 1 year

Table 2 depicts the 1 year changes in variables by intervention arm and for selected variables
by sex. There were significant interactions by sex for waist, triglyceride, adiponectin, tPA,
sE-selectin, saturated fat and HbAlc, and these are shown in the lower part of Table 2. For
these variables the change in ILS was greater compared to both placebo and metformin
groups in men and women. None of these variables changed in the metformin group versus
placebo except waist and HbAlc in both sexes and tPA in men. For the remaining variables
there were significant treatment differences without sex interactions. The effect of
interventions on changes in HDL measures were similar in men and women except for
changes in HDL size and large HDL-P in the metformin group, and in total HDL-P in both
placebo and ILS groups which were greater in women. HDL-C, large HDL-P and HDL size
increased with ILS, while small HDL-P decreased compared to placebo. In the case of
metformin treatment similar though smaller increases were noted for HDL-C, large HDL-P
and HDL size, and in addition small HDL-P increased compared to placebo. Large HDL-P,
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medium HDL-P and HDL-size increased more in the ILS versus the metformin group,
whereas total and small HDL-P were higher with metformin treatment.

All biomarker values were reduced by ILS compared to placebo and metformin groups
except adiponectin which was increased. CRP, SICAM-1 and tPA in men fell in the
metformin group versus placebo. Because of the sex interaction for adiponectin we assessed
the relationship between baseline and changes in adiponectin and HDL-C separately by sex.
Women as expected had higher baseline HDL-C, and the association between baseline HDL -
C and adiponectin was stronger for women than men (p<0.001) but similar in the two sexes
for the changes at 1 year (Fig 3, Panels A and B).

Determinants of the effects of interventions on HDL-C

Fig 4 presents the results of models testing whether the differences in HDL-C changes
accompanying ILS (left hand panel) and metformin treatment (right hand panel) compared
to the placebo are accounted for by saturated fat intake, waist, BMI and metabolic factors
known to influence HDL-C levels as well as selected biomarkers. The effect of the
intervention adjusted for demographic variables only is the reference. Each subsequent
model shows the effect of the standardized change and baseline value of the given variable
added to the reference model on the HDL-C change adjusted for baseline HDL-C. The full
model includes adjustment for all of the variables (All). Both lifestyle and metformin effects
were diminished with adjustment for BMI. The only other measure that had significant
influence in accounting for the effect of ILS was adiponectin. Each of BMI and adiponectin
accounted for the ILS effect individually but only change in adiponectin and not change in
BMI remained associated with the HDL-C in the full model (Fig 5). The metformin effect to
increase HDL-C was partly explained by baseline and changes in BMI (metformin versus
placebo p=0.06) and attenuated after adjustment for tPA (metformin versus placebo
p=0.047).

Although triglyceride, waist, CRP, 1/FI and HbAlc did not influence the specific ILS and
metformin-associated change in HDL-C, they were associated with 1-year changes in HDL-
C in all three groups (CRP associated only in the metformin and ILS groups), but these
associations were lost after adjustment for all co-variates including BMI, adiponectin and
tPA, except for triglyceride in all 3 groups and HbAlc in the ILS group only (Fig 5).

Associations between adiponectin change and change in HDL-C, HDL-P and HDL size

Fig 6 demonstrates associations between change in adiponectin and in HDL-C and HDL-P
concentrations and size by sex and treatment group. Change in adiponectin correlated
strongly with changes in HDL-C in both sexes within each intervention group. Adiponectin
change was also positively associated with large HDL-P and HDL size in a similar manner
to its pattern of association with HDL-C except in men from the placebo and metformin
groups. There was no association between adiponectin change and small HDL-P except for
an inverse correlation for men in the ILS, nor with medium HDL-P. There were moderate
positive associations between adiponectin and total HDL-P changes in all three groups
mainly in women.
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DISCUSSION

In addition to slowing development of diabetes in high risk subjects, ILS and metformin
treatment also improve cardiovascular risk factors such as low HDL-C. As previously
reported in the DPP (5) although their effects on HDL-C were modest, they were associated
with substantial but differing changes in HDL subfractions and size. In the ILS, the HDL-C
increase was accompanied by increases of 40.4% and 7.1% respectively in large and
medium-sized HDL-P and a 6.7% decrease in small HDL-P, resulting in an overall increase
in HDL size but no net change in total HDL-P. By contrast in the metformin group both
large and small HDL-P increased by 12.8% and 5.6% respectively with a 4.4% fall in
medium-sized HDL-P, resulting in an increase in total HDL-P compared to ILS, but with no
net change in HDL size.

To understand the determinants of these changes in HDL we first examined baseline
associations between lifestyle and metabolic factors known to influence HDL-C as well as a
group of biomarkers of inflammation, endothelial function and coagulation that could also
be related to HDL change. Triglyceride, the index of insulin sensitivity 1/FI, age, dietary
saturated fat, waist and BMI correlated with HDL-C levels. Neither alcohol intake nor
physical activity which are both known to influence HDL-C levels were associated, although
alcohol intake in this cohort is low and the measure used for physical activity has
limitations. Among biomarkers, adiponectin and tPA - a surrogate measure of plasminogen
activator inhibitor 1 (PAI-1) (17), were strongly associated with HDL-C, with more modest
associations noted for the endothelial dysfunction markers sE-selectin and sICAM-1, and for
CRP. Adiponectin was directly and strongly correlated with large, medium and total HDL-P
and HDL size, but inversely with small HDL-P as previously reported (5). 1/FI had a similar
but somewhat weaker effect. This pattern of association between adiponectin and HDL-P
subfractions and size is consistent with an effect of adiponectin to shift the distribution of
HDL particles from smaller to larger particles which would be expected to lead to a
subsequent slowing in the fractional catabolic rate of HDL (18), combined possibly with an
increase in HDL synthesis (19) leading to an increase in total HDL-P. Triglyceride had the
opposite association, consistent with evidence that triglyceride elevation impairs the
maturation of small HDL into larger particles (18). tPA was inversely associated with total,
large and medium HDL-P and HDL size but was not related to small HDL-P. This finding
agrees with previous work demonstrating an independent association between PAI-1 and
HDL-C (20). Although the basis for this association is not known, it may reflect opposite
effects of the inflammatory response associated with prediabetes on PAI-1 and HDL. Similar
though weaker effects were noted with sE-selectin and sSICAM-1 which may be related to
the action of HDL to suppress adhesion molecule expression (21). The basis for the
associations between insulin sensitivity are thought to be secondary to known effects of
insulin resistance on triglyceride-rich lipoprotein metabolism, but could also be linked to
HDL through adiponectin, an insulin sensitizer.

At 1 year, ILS increased physical activity and adiponectin levels, and reduced waist, BMI,
insulin resistance, and saturated fat as well as CRP, IL-6, tPA, fibrinogen, sE-selectin,
SICAM-1 and fibrinogen compared to the placebo group. When the changes in these
variables were regressed on the difference in the HDL-C change in the ILS compared to the
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placebo groups, change in adiponectin and BMI but not waist circumference fully accounted
for the ILS effect on HDL-C, with BMI dependent upon the adiponectin change. The
discordance between the association of adiponectin- dependent BMI change on HDL-C and
the absence of an effect of waist circumference, could reflect the more modest effect of
visceral versus subcutaneous effect on adiponectin production (22). Changes in other
variables such as triglyceride and 1/FI accounted little for the effect of ILS on change in
HDL-C. The apparent independence of the association between changes in adiponectin and
HDL-C from alterations in weight parallels our observation of a weight-independent
association between adiponectin and prediction of diabetes development (23). These
findings thus indicate that the increase in adiponectin resulting from ILS is linked to benefits
that are independent of the accompanying weight change or change in waist circumference.

As was shown in the baseline analysis, change in adiponectin in the ILS was also strongly
associated with changes in HDL-C, large HDL-P and HDL size in both sexes and with
change in total HDL-P in women only. The overall similarity in the associations between
adiponectin and HDL measures in the static baseline state and the more dynamic ILS-
induced 1 year changes in these parameters, strengthens support for the concept that
adiponectin enhances HDL maturation from smaller to larger particles. These findings could
result from an effect of adiponectin to increase lipoprotein lipase (24) which would elevate
the number of large HDL particles relative to small particles, enlarge HDL particle size and
raise HDL-C by enhancing triglyceride-rich lipoprotein hydrolysis leading to increased
transfer of cholesterol-rich lipoprotein surface material into HDL (25). As discussed, an
effect of adiponectin on HDL production has also been noted (19) and it is also possible that
causality is reversed and that the increase in HDL may lead to a rise in adiponectin levels
(26).

In the course of preparing this work, a similar finding was reported from the Look AHEAD
study, demonstrating that with intensive lifestyle change in subjects with type 2 diabetes, the
rise in HDL-C could be accounted for by the increase in adiponectin after adjustment for
weight, glycemia, triglyceride and physical fitness (27). Our results in prediabetic subjects
confirm their findings. These authors did not measure HDL subfractions or size but they
showed that both higher molecular weight and lower molecular weight forms of adiponectin
contributed independently to the HDL-C change. Although total adiponectin levels were
measured in our report, the Look AHEAD study demonstrated that together the two
adiponection subfractions accounted for the same variance in HDL-C change as did total
adiponectin.

In contrast to the findings in the ILS group, adiponectin changes did not account for the
change in HDL-C associated with metformin treatment, that is, the effect of metformin to
increase HDL-C is adiponectin-independent. Despite this, there remained an association
between the HDL-C and adiponectin change in the metformin and placebo groups.
Furthermore as in the ILS group, the change in adiponectin in the metformin and placebo
groups also correlated directly with changes in large HDL-P and HDL size although this was
not evident in the men. Overall, these findings attest to the robustness of the association
between changes in adiponectin and HDL since it was evident even in circumstances where
a major adiponectin-independent effect of metformin on HDL occurred. Furthermore unlike
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in the ILS, where adiponectin change was inversely related to changes in small HDL-P in
men, there was instead a significant adiponectin-independent increase in small HDL-P in the
metformin group that occurred in the absence of triglyceride change, suggesting a direct
effect of metformin, perhaps on the generation of small HDL-P. A further difference
between the effects of the two active interventions on HDL was the fact that change in BMI
but not waist circumference continued to be associated with the increase in HDL-C even
after adjustment for adiponectin, triglyceride and other variables in the metformin but not
the ILS group. This indicates that the effects of the two interventions on weight have
different metabolic consequences.

ILS and to a lesser extent metformin had favorable effects on levels of biomarkers of
inflammation (CRP, IL-6), endothelial dysfunction (SE-selectin, SICAM-1), and coagulation
(fibrinogen, tPA) in addition to adiponectin. Activation of these pathways have been shown
to have deleterious effects on HDL concentration or function (87) and tPA, sE-selectin,
sICAM-1 associated inversely with HDL-C at baseline. We therefore tested whether
favorable intervention-related changes in the pathways reflected by these biomarkers were
related to changes in HDL-C. Only sSICAM and tPA associated with a change in HDL-C,
although these were accounted for changes in other factors such as triglyceride, BMI, insulin
sensitivity and adiponectin. However the change in tPA did attenuate the specific metformin-
associated increase in HDL-C. Several previous studies have demonstrated that metformin
lowers tPA levels (28), although the mechanism is not understood. The finding that the
decrease in tPA levels in metformin treated subjects appeared to account for part of the
metformin effect on HDL-C after adjustment for familiar factors such as triglyceride, BMI
and insulin sensitivity is of interest and deserves further study.

In summary, the adiponectin increase was the major determinant of the HDL-C rise in the
ILS group independent of the effects of favorable changes in weight, waist, insulin
resistance, physical activity, triglyceride and saturated fat intake, as well as markers of
inflammation, endothelial dysfunction and coagulation. The increase in adiponectin was
strongly related to the increase in large HDL particles suggesting that changes in adiponectin
increased HDL-C by enhancing the maturation of HDL. In contrast, although adiponectin
change was related to HDL-C and large HDL-P change among participants treated with
metformin it did not account for the specific metformin effect on HDL. Instead several
adiponectin-independent effects were related to the rise in HDL-C after metformin but not
ILS interventions, namely an effect operating via a change in BMI, an attenuating influence
of tPA, and an increase in small HDL-P. Currently both United States and European
guidelines for prevention of type 2 diabetes recommend lifestyle modifications aimed at
weight reduction as a first approach, with metformin treatment as a secondary option (29,
30). Investigations such as this that identify differences in the effects of these interventions
on metabolic outcomes in subjects at high risk for diabetes, highlight the importance of
longer-term studies to evaluate the clinical significance of these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.

Spearman correlation coefficients for baseline values of lifestyle, metabolic factors, and
biomarkers with HDL-C, total HDL-P and HDL-P subfractions, and HDL size.

Solid circles indicate a positive correlation and scalloped circles a negative correlation. The
diameter of each circle is proportional to the absolute value of the correlation shown as a
superscript. The shading reflects the p-value: white for p>0.05; light grey for p<0.05 and
medium grey for p<0.01 and black for p<0.0001. Variables with correlation of less than 0.1
with HDL-C are not shown.
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Figure 4.
Adjusted effects of ILS and metformin on changes in HDL-C.

The effect of each variable (baseline and change after one year) is tested after adjustment for
demographic factors in individual models as well as their combination in a full model (All)
for their effects in accounting for the difference in the HDL-C change between the intensive
lifestyle (ILS) and the placebo group in the left hand panel, and for the difference in HDL-C
change between metformin and the placebo group in the right hand panel.
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Figure5.
Adjusted association of changes in risk factors on the change in HDL-C after 1 year of

intervention by treatment group.

In the regression model adjusted for baseline age, sex, race-ethnic groups, and baseline value
of the risk factor, the coefficients are expressed per 1 SD change in each variable shown.
Panel A, Placebo group; Panel B, Metformin group; and Panel C Lifestyle (ILS) group. Each
variable is tested in an individual model after adjustment for demographic factors and
baseline level (dashed line) and in a full model which includes the effects of the changes and
baseline values in all other variables (solid line). The standard deviations of the changes
used in the models are Log TG (0.38), BMI (2.21), tPA (3.41), SICAM (47), log CRP (0.76),
HbA1c (0.34), sE-selectin (11.4), dietary saturated fat (14.6), log 1/FI (0.52), and
adiponectin (1.53).
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Figure 6.

Spearman correlation coefficient for change in adiponectin by treatment group and sex and

change in HDL-C, total HDL-P and HDL-P subfractions, and HDL size.

Solid circles indicate a positive correlation and scalloped circles a negative correlation. The
diameter of each circle is proportional to the absolute value of the correlation shown by the
superscript. The shadingr reflects the p-value: white for p>0.05; light grey for p<0.05 and

medium grey for p<0.01 and black for p<0.0001.
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Table 2
Characteristics after one year by treatment group
Placebo Metformin Lifestyle p-value
BMI (kg/m?) -0.16 (-0.26, —0.05) | -0.97 (-1.07, -0.87) -2.42 (-2.57, -2.27) <0.001 77
Log 1/F1 (pmol/L) -0.03 (-0.06, 0.01) 0.16 (0.13, 0.19) 0.25 (0.21, 0.28) <0.001*7%
HDL-C (mmol/L) 000(-0.01, 0.01) 0.02 (0.01, 0.03) 0.03 (0.02, 0.04) <0.001* 7
Large HDL-P (umol/L) 0.22 (0.09, 0.34) 0.54 (0.42, 0.67) 0.97 (0.82, 1.12) <0001* 7%
Medium HDL-P (umol/L) 0.26 (-0.15, 0.67) -0.55 (-0.98, -0.11) 0.65 (0.19, 1.11) 0.0005*%
Small HDL-P (umol/L) 0.19 (-0.20, 0.58) 1.04 (0.62, 1.46) -1.35(-1.79,-0.90) | <p.oo1*7%
Total HDL-P (umol/L) 0.67 (0.31, 1.02) 1.03 (0.67, 1.40) 0.28 (-0.12, 0.67) 0.019%
HDL size (nm) 0.02 (-0.01, 0.04) 0.05 (0.03-0.08) 0.13 (0.18, 0.34) <0.0017 %
Log CRP (mg/L) -0.02 (-0.07, 0.02) -0.14 (-0.19, -0.10) -0.39 (-0.44,-0.35) | «goo1* 7+
SICAM (ng/ml) -4.67 (-7.40,-1.93) | -14.84 (-17.88,-11.80) | -19.87 (-22.75,-16.99) | <001 * 7 #
MAQ physical activity (met-hr/wk) 1.1[-0.8,3.0] 1.4[-05,3.3] 7.3[5.8,8.7} <0.0017 %
% Statin use 9.2% 7.8% 5.8% 0.017
% Lipid lowering meds 10% 8.6% 6.5% 0.027
Waist (cm)
Men -0.55 (-1.05, -0.04) | -2.15 (-2.65, -1.65) -7.63(-8.37,-6.89) | <p.go1*7%
Women -0.78 (-3.75, 2.60) -2.24 (-5.55, 1.07) -5.77 (-9.75,-1.40) | «goo1*7#
Log Triglyceride (mmol/L)
Men -0.06 (=0.10, =0.02) -0.04 (~0.08, 0) -0.23 (-0.28, -0.19) <0.0017 %
Women -0.07 (-0.10,-0.04) | -0.05 (~0.08, -0.02) -0.13 (-0.16, -0.11) <0.0017 %
Adiponectin (ng/ml) $
Men 0.15 (0.02, 0.28) 0.12 (-0.02, 0.25) 1.06 (0.85, 1.27) <0.0017 %
Women 0.08 (-0.02, 0.18) 0.29 (0.16, 0.41) 0.71 (0.58, 0.84) <0.0017 %
tPA (ng/ml) ¥
Men -0.86 (-1.20, -0.53) | -2.40 (-2.78, -2.03) -3.26 (-3.69,-2.84) | <«goo1* 7+
Women -0.68 (-0.93,-0.44) | -1.89 (-2.13, -1.66) -2.18 (-2.43,-1.93) <0.0017 %
sE selectin (ng/ml) $
Men 1.41(0.07, 2.76) 0.27 (-0.88, 1.41) -5.64 (~7.03, —4.25) <0.0017%
Women -0.88 (~1.82, 0.05) -0.50 (-1.32, 0.32) -4.10 (-4.79, -3.42) <0.0017 %
Dietary saturated fat (g) %
Men -5.02 (-6.79,-3.25) | -3.61(-4.82,-2.40) | -12.57(-14.30,-10.84) | <goo17%
Women -4.17 (-5.31,-3.03) | -5.62 (-6.65, —4.58) -11.01 (-12.09, -9.93) | g o017 7#
HbAlc §
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Placebo Metformin Lifestyle p-value
Men 0.11 (0.07, 0.15) -0.01 (-0.04, 0.02) -0.14 (-0.17, —0.10) <0.001 7 *
Women 0.08 (0.05, 0.11) 0.01 (-0.01, 0.03) -0.07 (-0.09, —0.05) <0.001 7 *

*
Data are presented as mean change (95%ClI) or percent.

3

p<0.05 for interaction of treatment groupxsex;

*
p<0.05 for Placebo vs Metformin;

#

p<0.05 for Placebo vs Lifestyle;

¢p<0.05 for Metformin vs Lifestyle.
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