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OBJECTIVE

The Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study
demonstrated that glycemic failure rates in the three treatments combineddmetformin
plus rosiglitazone, metformin alone, and metformin plus lifestyledwere higher in
non-Hispanic blacks (NHB; 52.8%) versus non-Hispanic whites (NHW; 36.6%) and
Hispanics (H; 45.0%). Moreover, metformin alone was less effective in NHB versus
NHW versus H youth. This study describes treatment-associated changes in adipo-
nectin, insulin sensitivity, and b-cell function over time among the three racial/
ethnic groups to understand potential mechanism(s) responsible for this racial/
ethnic disparity.

RESEARCH DESIGN AND METHODS

TODAY participants underwent periodic oral glucose tolerance tests to determine
insulin sensitivity, C-peptide index, and oral disposition index (oDI), with mea-
surements of total and high-molecular-weight adiponectin (HMWA).

RESULTS

At baseline NHB had significantly lower HMWA than NHW and H and exhibited a
significantly smaller increase (17.3% vs. 33.7% vs. 29.9%, respectively) during
the first 6 months overall. Increases in HMWA were associated with reductions
in glycemic failure in the three racial/ethnic groups combined (hazard ratio
0.61, P < 0.0001) and in each race/ethnicity separately. Over time, HMWA
was significantly lower in those who failed versus did not fail treatment, irre-
spective of race/ethnicity. There were no differences in treatment-associated
temporal changes in insulin sensitivity, C-peptide index, and oDI among the
three racial/ethnic groups.

CONCLUSIONS

HMWA is a reliable biomarker of treatment response in youth with type 2 di-
abetes. The diminutive treatment-associated increase in HMWA in NHB (∼50%
lower) compared with NHW and Hmay explain the observed racial/ethnic dispar-
ity with higher therapeutic failure rates in NHB in TODAY.

The Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study
of 699 obese youth with type 2 diabetes randomly assigned to metformin, metfor-
min plus rosiglitazone, or metformin plus lifestyle showed that the overall failure
rates (loss of glycemic control defined as HbA1c$8% [$64 mmol/mol] for 6 months
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or sustained metabolic decompensation
requiring insulin) were higher in non-
Hispanic blacks (NHB; 52.8%) versus
non-Hispanic whites (NHW; 36.6%)
and Hispanics (H; 45.0%) (1). Race/
ethnicity alone had a significant effect
(P = 0.0060) beyond the treatment ef-
fect. Metformin alone was significantly
less effective in NHB with failure rates
of 66.2% versus NHW (44.9%) versus H
(44.0%), with no differences for the
other treatments (1).
NHB youth, normal or with diabetes,

have lower peripheral insulin sensitivity,
an upregulated b-cell function, and
lower insulin clearance compared with
their NHW counterparts (2–5). More-
over, adiponectin, an insulin-sensitizing
adipokine predictive of glycemic efficacy
in adult type 2 diabetes (6), is lower in
NHB versus NHW youth (7,8) and adults
(9). We therefore hypothesized that the
higher glycemic failure rates in NHB
could stem from these differences in
the pathophysiological components of
type 2 diabetes and/or differences in adi-
ponectin levels. In this report we de-
scribe treatment-associated changes in
adiponectin, insulin sensitivity, and
b-cell function relative to insulin sensi-
tivity (oral disposition index [oDI]) over
time among the three racial/ethnic
groups in an effort to probe the potential
metabolic mechanism(s) responsible for
the observed racial/ethnic disparity in
therapeutic failure rates.

RESEARCH DESIGN AND METHODS

Detailed descriptions of the TODAY pro-
tocol and the primary outcome results
were previously published (1,10,11).
Briefly, the TODAY trial consisted of a
screening phase and a 2- to 6-month
run-in phase, after which 699 over-
weight youth, 10–17 years old, with a
mean duration of type 2 diabetes of
7.8 months, were randomly assigned
to receive metformin alone, metformin
plus rosiglitazone, or metformin plus
lifestyle intervention (1,10,11). Demo-
graphic and anthropometric data were
collected at randomization (10). Race/
ethnicity was determined by self-report
on two separate items: 1) participants
checked Hispanic/Latino ethnicity (yes
or no) and 2) checked as many racial cate-
gories as needed. Participants were cate-
gorized as NHB, NHW, H, or “other.” Only
the three main racial/ethnic groups are
reported here (647 of 699 [92.6%] of the

randomized participants) as a result of
heterogeneity and small numbers in the
“other” racial/ethnic group (10). Oral
medication adherence was based on pill
count and collected throughout TODAY.
TODAY defined adequate adherence as
mean adherence $80% (1). HbA1c was
obtained at screening, randomization,
and at every study visit thereafter. Oral
glucose tolerance tests (OGTT) were per-
formed, after a 10- to 14-h overnight fast,
at randomization, 6 months, 24 months,
and annually thereafter, and blood sam-
ples were analyzed for glucose, insulin,
and C-peptide. Total and high-molecular-
weight adiponectin (HMWA) were mea-
sured at the same times. This report uses
temporal data related to adiponectin,
HMWA, andmeasures of insulin sensitivity
and insulin secretion among the three
main racial/ethnic groups.

Assays and Calculations
All assays, including HbA1c (high perfor-
mance liquid chromatography), C-peptide
(two-site immunoenzymatic assay), and in-
sulin (double-antibody radioimmuno-
assay) were performed at the TODAY
central laboratory (Northwest Lipid Re-
search Laboratory, University of Washing-
ton, Seattle, WA), as previously described
(11).

Analysis of plasma total adiponectin
was performed using latex beads–based
adiponectin assay reagents (Otsuka
Pharmaceutical Co., Tokyo, Japan; dis-
tributed by MedTest DX, Cortland
Manor, NY) on a Modular P Chemistry
analyzer (Roche Hitachi, Inc., Indianapo-
lis, IN). The assay is linear in the 500–
25,000 ng/mL range, and the sensitivity
is 500 ng/mL. The intra- and interassay
coefficients of variation were 1.6% and
1.2%, for the low and high adiponectin
level controls were 1.6% and 1.2%, and
2.5% and 1.9%, respectively. Analysis of
plasma HMWAwas performed by a com-
mercially available ELISA (R&D Systems,
Inc., Minneapolis, MN). The quantikine
assay uses twoHMWA-specificmonoclo-
nal antibodies to capture and measure
HMWA. The measurement range is
0–250 ng/mL, and plasma samples were
diluted 1:100 for analysis. The assay sen-
sitivity is 0.195 ng/mL. The intraassay
coefficients of variation for the low, me-
dium, and high HMWA concentrations
were 2.6%, 3.7%, and 2.8%, respectively,
and for the interassay were 8.5%, 8.2%,
and 7.6%, respectively.

Given that HMWA complexes have
demonstrated themost profound exam-
ples of the prometabolic potential of
adiponectin (12,13) and have been
shown to provide a biological advantage
over total adiponectin in prediction of
insulin resistance, the development of
type 2 diabetes, and the response to
thiazolidinediones (14,15), HMWA data
are presented as the main focus in this
report. Surrogatemarkers of insulin sen-
sitivity (1/fasting insulin [1/IF]), b-cell
function (C-peptide index [4Cpep30/
4G30] as the ratio of the incremental
C-peptide and glucose responses over
the first 30 min of the OGTT), and oDI
(product of insulin sensitivity multi-
plied by the C-peptide index [1/IF 3
4Cpep30/4G30]), a measure of b-cell
function relative to insulin sensitivity,
were calculated as previously reported
(16–18). In obese youth, the oDI corre-
lates strongly with clamp-derived dispo-
sition index (DI) and has analogous
predictive power to that of clamp-
derived DI for the 2-h glucose concentra-
tion of theOGTT (18). As reported before
(16), we used the C-peptide index of in-
sulin secretion (4Cpep30/4G30) be-
cause some participants had received
insulin before screening/enrollment in
TODAY, which could potentially result
in circulating insulin antibodies interfer-
ing with the insulin assay. In addition,
differences in insulin clearance in different
racial/ethnic groups (2) could confound
the circulating insulin data. Metabolic as-
sessments performed after participants
reached treatment failure arenot reported
because accurate assessment of b-cell
function is hindered by the effect of exog-
enous insulin therapy on parameters of in-
sulin secretion. Thus, treatment group
differences in the above measures over
time may be influenced by the successive
removal of subjectswho reached treatment
failure. Sensitivity analyses were used to
assess the potential effect of this bias.

Statistical Methods
Outliers, suspected nonfasting values,
and values for C-peptide index of #0
were set to missing for analysis pur-
poses. Of the 1,734 C-peptide index
values obtained during the 3 years,
16 (0.9%) were #0. Although mathe-
matically possible, such values were
judged biologically implausible and
were treated as missing values similar
to our prior TODAY publication (16).
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These improbable responses were ob-
served in 16 subjects (average of 1 per
such subject), of whom 6 had a response
#0atbaselinenecessitating their exclusion
from the longitudinal analyses.
Variables not normally distributed

were log-transformed before testing,
and analyses included all available data
from participants before reaching the
primary outcome (i.e., while the partic-
ipants were still in glycemic control per
study criteria). Kruskal-Wallis tests or F
tests were used to compare baseline
variables among the racial/ethnic
groups for continuous variables and
the x2 test for categorical variables. If
the overall test was significant, pairwise
comparisons were performed. Baseline
differences in the metabolic parameters
were assessed before and after adjust-
ment for sex, baseline BMI, and baseline
age. Similar analyses were repeated to
make comparisons of baseline factors
between participants who failed versus
those who did not fail treatment within
each racial/ethnic group.
Longitudinal data were analyzed us-

ing generalized linear mixed models to
account for the multiple observations
per participant (SAS PROC MIXED) and

used to estimate mean levels of the pa-
rameters over time within groups over
the follow-up period using all available
data. Models examining racial/ethnic
differences in insulin sensitivity, b-cell
function, adiponectin, and HMWA over
time were adjusted for the baseline
value of the outcome and included a
term for sex, baseline BMI, baseline
age, treatment group, medication adher-
ence, racial/ethnic group, time, and the
interaction of time with race/ethnicity. If
racial/ethnic differences over time were
found, pairwise comparisons were per-
formed. To evaluate whether treatment
group or treatment failure influenced in-
sulin sensitivity, b-cell function, adiponec-
tin, and HMWA differently across the
three racial/ethnic groups, subgroup anal-
yses were conducted including appropri-
ate main effect and interaction terms of
race/ethnicity by treatment or race/
ethnicity by treatment failure.

Data in the figures are model-adjusted
geometric means6 SE asymmetric lim-
its (obtained as exp[mean 6 SE] of the
log values). Longitudinal analyses were
performed on the log-values, allowing
model-derived estimates to be pre-
sented as percent change over time.

The mean percent change from baseline
to 6 months and the average rate of
change from 6 months to 36 months
were estimated from linear contrast
of the model-estimated means over
time (16).

An additional analysis was performed
to probe the significant racial/ethnic
difference in the 6-month change in
HMWA and total adiponectin in the longi-
tudinalmixed-models analyses. Coxpropor-
tional hazards models run for the total
cohort and for each race/ethnicity sepa-
ratelywereused toassess theeffectofearly
change in HMWA and total adiponectin in
the first 6 months on the progression to
glycemic failure (19). Unless otherwise
specified, hazard ratios are reported for
convenient increments approximating
1 SD of measure to facilitate comparisons
of effects across variables.Models were ad-
justed for sex, race/ethnicity (overall model
only), baseline age, medication adherence,
baseline BMI, and treatment group. Area
under the curve (AUC)measures were es-
timated to assess and compare the pre-
dictive ability of the Cox models. SAS 9.2
software (SAS Institute Inc., Cary, NC)
was used for statistical analyses. All anal-
yses were considered exploratory, and

Table 1—Demographic and metabolic characteristics of TODAY participants (n = 647) by race/ethnicity at baseline

NHB H NHW
P value*

n = 227 n = 278 n = 142 Unadjusted Adjusted

Demographic characteristics
Age at randomization (years) 13.9 6 2.0 14.0 6 2.0 14.1 6 2.1 NS d
Female (%) 69.6 61.1 60.6 NS d

Months since diagnosis 6 (4, 10) 5 (4, 10) 5 (4, 9) NS d

Tanner stage (%)
4–5 92.1 88.8 85.9 NS d
,4 7.9 11.2 14.1

BMI (kg/m2) 36.6 6 8.1 34.5 6 7.4 33.5 6 7.0 0.0004a,b d

BMI Z-score 2.32 6 0.40 2.22 6 0.46 2.12 6 0.51 0.0002a,b,c d
Waist circumference (cm) 111.4 6 17.5 108.9 6 16.1 106.2 6 16.3 0.0149b d

Metabolic characteristics
HbA1c (%) 6.2 6 0.8 6.0 6 0.7 5.9 6 0.7 ,0.0001a,b 0.0003a,b

HbA1c (mmol/mol) 44 6 8.7 42 6 7.7 41 6 7.7 ,0.0001a,b 0.0003a,b

Fasting glucose (mg/dL) 111.5 6 25.6 110.2 6 25.1 112.5 6 23.6 NS NS
Fasting insulin (mU/mL)† 34.4 6 23.7 30.0 6 20.2 27.7 6 21.5 0.0020a,b NS
Fasting C-peptide (ng/mL)† 3.7 6 1.6 3.9 6 1.5 3.8 6 1.6 NS 0.0006a,b

Insulin sensitivity [1/IF] (mL/mU)† 0.041 6 0.025 0.050 6 0.039 0.052 6 0.033 0.0015a,b NS
C-peptide index [ΔC30/ΔG30] (ng/mL per mg/dL)† 0.083 6 0.074 0.077 6 0.067 0.066 6 0.070 0.0174b NS
oDI [1/IF 3 ΔC30/ΔG30]† 0.003 6 0.003 0.003 6 0.003 0.003 6 0.003 NS NS
Total adiponectin (ng/mL)† 5,003 6 2,190 5,825 6 2,502 5,738 6 2,305 ,0.0001a,b ,0.0001a,b

HMWA (ng/mL)† 2,411 6 1,474 3,083 6 1,867 3,124 6 1,681 ,0.0001a,b ,0.0001a,b

HMWA–to–total adiponectin ratio 0.46 6 0.13 0.50 6 0.13 0.53 6 0.14 ,0.0001a,b,c ,0.0001a,b

Continuous data are presented as mean 6 SD or median (first, third quartile) and categorical data as indicated. NS, not significant (P . 0.05).
*Unadjusted P values were calculated from F tests and/or Kruskal-Wallis tests for continuous variables and from x2 tests for categorical variables.
Adjusted P values are adjusted by sex, baseline BMI, and age at randomization. Pairwise comparisons were performed when an overall difference by
race/ethnicity was found; significant comparisons (P, 0.05) between racial/ethnic groups are indicated as follows: aNHB vs. H; bNHB vs. NHW; and
cH vs. NHW. †Variables were log-transformed before testing.
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P values ,0.05 were considered to be
statistically significant.

RESULTS

Demographic and Metabolic
Characteristics
Age, sex, pubertal stage, and duration
of diagnosed diabetes were similar
among the three racial/ethnic groups
at randomization (Table 1). BMI, BMI

Z-scores, and waist circumference were
significantly different among the three
groups, highest in NHB. HbA1c was signif-
icantly different and highest in NHB be-
fore andafter adjustment for sex, age, and
BMI at randomization. The significant dif-
ferences among the three racial/ethnic
groups in fasting insulin, insulin sensitivity,
and C-peptide index disappeared after ad-
justing for BMI, age, and sex. The oDI was

not different before and after adjust-
ment. Total adiponectin, HMWA, and the
HMWA–to–total adiponectin ratiowere sig-
nificantly different among the three racial/
ethnic groups before and after adjustment
for BMI, age, and sex, being lowest in NHB
compared with NHW and H. HMWA was
lower in male versus female patients in
the total cohort (2,669 6 1,881 vs.

2,9656 1,625 ng/mL, P = 0.0026), in NHB

Figure 1—Temporal patterns of insulin sensitivity (A), C-peptide index (B), C-peptide oDI (C), and HMWA (D) in the three racial/ethnic groupswith the
three treatments combined. Model-adjusted geometric mean 6 SE asymmetric limits (obtained as exp[mean 6 SE of log values]) of insulin
sensitivity (1/IF) (A), C-peptide index (DC30/DG30) (B), C-peptide oDI (1/IF 3 DC30/DG30) (C), and HMWA (D) in the three racial/ethnic groups
(NHB, H, NHW) over 36months of follow-up in TODAY, analyzed using log-transformed values. P values refer to the overall effect of race/ethnicity in
the longitudinal models, adjusted for the baseline value of the outcome, sex, baseline BMI, age at randomization, medication adherence, and
treatment group. The geometric mean is a good approximation of the median as the log-transformed data are approximately symmetric. NS, not
significant (P . 0.05).
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(2,093 6 1,512 vs. 2,550 6 1,439 ng/mL,
P = 0.0146), and in H (2,732 6 1,866 vs.
3,309 6 1,838 ng/mL, P = 0.0412), but
not in NHW (3,248 6 2,130 vs. 3,041 6
1,301 ng/mL, P = NS).

Temporal Patterns of Insulin
Sensitivity, C-Peptide Index, oDI, and
HMWA in the Three Racial/Ethnic
Groups
Onlypatientswith abaselineand follow-up
evaluation of each outcome measure
contributed data to the longitudinal
analyses of the measures in Fig. 1. The
longitudinal models present data for 36
months of follow-up within each racial/
ethnic group for insulin sensitivity
(Fig. 1A), C-peptide index (Fig. 1B), oDI
(Fig. 1C), HMWA (Fig. 1D), and total adi-
ponectin (Supplementary Fig. 1). Tempo-
ral patterns were similar among the
three racial/ethnic groups in insulin sen-
sitivity, C-peptide index, oDI, and total
adiponectin, except for HMWA (P =
0.0104). During the first 6 months,
HMWA increased significantly in all
three groups, with no significant change
thereafter in all groups (Fig. 1D and
Supplementary Table 1). NHB had signif-
icantly lower HMWA than NHW (P =
0.0157) and H (P = 0.0049) during
the 3 years (Fig. 1D). Figure 2 shows
the short-term effect of therapy as the
mean percent change from baseline

to 6 months for insulin sensitivity,
C-peptide index, oDI, and HMWA in
each race/ethnicity with the three treat-
ments combined. The 0–6 month mean
percent change in HMWA was lowest
in NHB versus H versus NHW (17.3%
vs. 29.9% [P = 0.0281] vs. 33.7% [P =
0.0190], respectively). The 0–6 month
mean percent change in total adipo-
nectin was lower in NHB versus NHW
(15.4% vs. 25.0%, P = 0.0376). After the
first 6 months, no further racial/ethnic dif-
ference was found at in the longer-term
(6–36 months) for any of the outcomes
(Supplementary Table 1).

There was also an overall treatment
group difference (i.e., overall temporal
patterns among the three different
treatments) for total adiponectin and
HMWA. Irrespective of race/ethnicity,
those in the metformin plus rosiglitazone
group had larger increases over time
compared with those in the metformin
alone and metformin plus lifestyle group
(Supplementary Fig. 2A and B and
Supplementary Table 2).

Cox Proportional Hazards Models
Evaluating Early Change in HMWA
and Progression to Glycemic Failure
Because of the significant difference
in the percent change in HMWA in the
first 6 months among the three racial/
ethnic groups, we used Cox proportional

hazards models to predict progression
to glycemic failure in relation to the
percent change in HMWA in the first
6 months, with and without adjustment
for baseline demographics (baseline age,
sex, baseline BMI, medication adherence,
treatment group, and race/ethnicity
in the total cohort) (Table 2). Because
baseline HMWA was not a predictor
for failure in all racial/ethnic groups
combined, the first variable entered in
the model was the percent change in
HMWA. An increase in HMWA during
the first 6 months was a significant pre-
dictor of reductions in future glycemic fail-
ure in the total cohort and in each race/
ethnicity analyzed separately. An increase
in HMWAof 1 SD in the first 6monthswas
associated with a 39% reduction in pro-
gression to glycemic failure (Table 2,
model 2). Results were similar for total
adiponectin (data not shown).

In TODAY, significant determinants of
glycemic failure were randomization
HbA1c and oDI (16). Adding HbA1c (Table
2, model 3) or oDI (Table 2, model 4)
individually or together (Table 2, model
5) to the models predicting glycemic
failure did not remove the significant
contribution of the 6-month change in
HMWA (P, 0.0001). Although random-
ization HbA1c alone had the highest dis-
crimination ability to predict glycemic
failure after 6 months (AUC 0.65, SE 0.01),
the addition of the 6-month change in
HMWA in the model increased the AUC
significantly by 4% (AUC 0.69; SE 0.01,
95% CI 0.03–0.07).

Temporal Patterns of Total
Adiponectin and HMWA by Treatment
Failure in the Three Racial/Ethnic
Groups
No significant racial/ethnic differences
were found in the temporal pattern in
total adiponectin (Fig. 3A) and HMWA
(Fig. 3B) in those who failed treatment
and those who did not. However, irre-
spective of race/ethnicity, those who
did not fail treatment had overall higher
total and HMWA over time and greater
treatment-related increases than those
who failed (P , 0.0001).

Baseline/Randomization
Characteristics of TODAY Patients by
Race/Ethnicity Who Failed Treatment
Versus Those Who Did Not
In each racial/ethnic group, baseline to-
tal and HMWA levels were not different

Figure 2—Short-term effect of therapy as the mean percent change (6 SE) from baseline to
6 months for insulin sensitivity, b-cell function, and HMWA in each race/ethnicity with the
three treatments combined. The log-transformed value of insulin sensitivity and other
b-cell function biomarkers (HMWA) are modeled and results are presented as the mean
percent change from baseline (6 SE). Differences by race/ethnicity (NHB, H, NHW) in the
0–6 month percent change was examined in models adjusted for the baseline value of the out-
come, sex, baseline BMI, age at randomization, medication adherence, and treatment group.
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between those who failed treatment
vs. those who did not (Supplementary
Table 3). However, irrespective of treat-
ment failure group, total adiponectin
and HMWA were significantly lower in
NHB compared with NHW and H
(Supplementary Table 3). Irrespective
of race/ethnicity, patients who failed
treatment compared with those who
did not had significantly higher HbA1c
and lower b-cell function relative to in-
sulin sensitivity at randomization. In
addition, NHB who failed treatment
versus those who did not had signifi-
cantly lower insulin sensitivity, but this
was not the case for H and NHW. How-
ever, H and NHW who failed treatment
compared with those who did not fail
had significantly longer duration of dia-
betes, which was not the case in NHB
(Supplementary Table 3).

At baseline HMWA correlated with
1/IF, oDI, and HbA1c (r = 0.27, 0.10,
and 20.11, respectively, P , 0.01 all)
before and after adjustment for age, sex,
and baseline BMI. These correlations did
not persist when each race/ethnicity was
analyzed separately, except for 1/IF in
NHB and H (r = 0.30 and 0.27, P ,
0.001) and foroDI inH (r= 0.13,P =0.036).

CONCLUSIONS

The present investigation of racial/
ethnic contrast in adiponectin, insulin
sensitivity, and b-cell function in TODAY
at randomization and over time demon-
strates that:

1. NHB had significantly lower total adi-
ponectin, HMWA, andHMWA–to–total
adiponectin ratio at baseline compared
with the other two groups.

2. Treatment-associated change inHMWA
over time was significantly different
among the three racial/ethnic groups,
with a lower percentage increase over
the first 6 months in NHB.

3. Early change in HMWA, in the first
6 months of treatment, was a signif-
icant independent predictor of pro-
gression to glycemic failure.

4. Baseline HMWA did not predict gly-
cemic failure nor was it different be-
tween those who failed versus those
who did not fail treatment.

5. Treatment-associated change in to-
tal and HMWA was significantly
lower in those who failed treatment
versus those who did not fail irre-
spective of race/ethnicity.
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6. There were no racial/ethnic-related
differences in insulin sensitivity and
b-cell function at baseline and over
time.

The TODAY study of obese youth with
type 2 diabetes randomly assigned
to metformin alone, metformin plus
rosiglitazone, or metformin plus life-
style showed that glycemic failure
rates were higher in NHB (52.8%) versus
NHW (36.6%) and H (45.0%), with race/
ethnicity alone having a significant effect
beyond the treatment effect (1). Similar
racial/ethnic disparity, with higher HbA1c
in black versus white youth with type 2
diabetes, was reported from a pediatric
diabetes clinic (20).
To probe the metabolic/hormonal

mechanism(s) potentially responsible
for the racial/ethnic disparity in therapeu-
tic failure rates in TODAY, we targeted 1)
adiponectin because it is known to vary by
race/ethnicity (7–9,21) and 2) insulin sen-
sitivity and b-cell function because of the
well-established racial/ethnic contrast
(2–5,22).
Adiponectin has antidiabetic proper-

ties (12,13,23,24): it suppresses hepatic
glucose output, lowers systemic glucose
concentrations (13,25), stimulates skeletal

muscle glucose uptake, and promotes
b-cell function and survival (13,25). Adi-
ponectin concentrations are low in
obesity, and in states of insulin resis-
tance, type 2 diabetes, and cardiovas-
cular disease (26). Adiponectin levels
in youth with type 2 diabetes are sig-
nificantly lower compared with equally
obese peers without diabetes and corre-
late positively with insulin sensitivity and
first-phase insulin response and nega-
tively with the proinsulin-to-insulin ratio
in youth with and without diabetes
(7,27,28). Therefore, adiponectin levels
may carry prognostic value for diabetes
course beyond the currently recognized
set of risk factors.

Racial/ethnic differences in adiponec-
tin have been previously described in
youth and adults (7–9,29). NHB youth
have significantly lower adiponectin
concentrations compared with their
white peers irrespective of adiposity
(7,8,29). Studies of HMWA reveal similar
racial/ethnic contrasts in adults (21). In
line with these observations, the cur-
rent study showed that NHB youth
with type 2 diabetes had significantly
lower total adiponectin and HMWA con-
centrations at the time of randomization
in TODAY even after adjusting for the

higher BMI in NHB. An additional novel
finding was that the HMWA–to–total
adiponectin ratio was significantly lower
in NHB than in the other two groups. Con-
trary to our postulate, however, baseline
adiponectin did not provide any prognos-
tic value with respect to glycemic failure.
Baseline adiponectin was neither a pre-
dictor of glycemic failure in Cox propor-
tional hazards analysis (Table 2) nor were
baseline adiponectin levels different
between those who failed versus did
not fail (Supplementary Table 3).

Adiponectin levels in adults increase
with treatment of diabetes, and this ef-
fect is most pronounced with thiazolidi-
nediones (30–32). With rosiglitazone
treatment at 4 or 8 mg/day, adiponectin
levels increase by ;50–200% after
3–6 months in adults with type 2 diabe-
tes, with improvements in glycemic con-
trol and insulin sensitivity (30–32). With
respect to metformin treatment in
adults with type 2 diabetes, most studies
(33,34)dbut not all (35,36)dshow no
change in adiponectin levels. In the Di-
abetes Prevention Program (DPP), how-
ever, metformin intervention in impaired
glucose tolerant adults was associated
with a significant increase in adiponectin
from baseline to year 1 (24).

Figure 3—Temporal patterns of total adiponectin (A) and HMWA (B) by treatment failure in the three racial/ethnic groups with the three treatments
combined. Model-adjusted geometric mean 6 SE asymmetric limits (obtained as exp[mean6 SE of log values]) of measures total adiponectin (A)
and HMWA (B) in the three racial/ethnic groups (NHB, H, NHW) over 36 months of follow-up in TODAY and by treatment failure/loss of glycemic
control (failed: dashed lines vs. not fail: solid lines), analyzed using log-transformed values. P values from longitudinal models adjusted for the
baseline value of the outcome, sex, baseline BMI, age at randomization, medication adherence, treatment group, race/ethnicity, treatment failure,
and the interaction of race/ethnicity with treatment failure. The geometric mean is a good approximation of themedian as the log-transformed data
are approximately symmetric. NS, not significant (P . 0.05).
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Results on the effect of metformin
treatment on adiponectin concentra-
tions in youth are contradictory. Some
studies show no change in obese insulin-
resistant normoglycemic adolescents
(37,38), whereas others demonstrate in-
creases after 3 months of metformin at
850 mg twice daily in youth with im-
paired glucose tolerance (39). Trials
combining metformin with lifestyle
intervention in obese children with nor-
mal glucose tolerance showed an in-
crease in adiponectin levels after 3 (40)
and 6 months (41,42). Studies in youth
with type 2 diabetes examining change
in adiponectin associated with metfor-
min or thiazolidinedione are lacking. In
the present investigation, total adipo-
nectin and HMWA increased during
the first 6 months in the three racial/
ethnic groups (Fig. 1D). However, those
in the metformin plus rosiglitazone
group had significantly larger increases
over time compared with those in the
metformin alone and metformin plus
lifestyle groups (Supplementary Fig. 2
and Supplementary Table 2). This is in
agreement with observations in adult
type 2 diabetes showing consistent in-
creases in adiponectin with rosiglita-
zone or thiazolidinedione treatment
(30–32), which is not necessarily the
case with metformin (33,34).
An important observation that emerged

from this investigation is that treatment-
associated changes in HMWA were
proportional to the effectiveness of treat-
ment in preventing glycemic failure (haz-
ard ratio 0.55 in the total cohort, 0.52
in NHB, 0.58 in H, and 0.63 in NHW) (Ta-
ble 2, model 5). In proportional hazards
modeling, changes in total adiponectin
and HMWA remained significant deter-
minants of progression to glycemic fail-
ure even after adjusting for baseline
HbA1c and oDI, important determinants of
glycemic failure (16).Moreover, treatment-
associated change in total adiponectin
and HMWA was significantly lower in
those who failed treatment versus those
who did not (Fig. 3). Lastly, our finding
that the metformin plus rosiglitazone
group had larger increases in HMWA
over time compared with those in the
metformin alone and the metformin
plus lifestyle groups lends further support
for the TODAY main outcome, which
showed that the combination of metfor-
min plus rosiglitazone was superior to
metformin in sustaining durable glycemic

control, with glycemic failure rates of
38.6% compared with 51.7% for met-
formin and 46.6% for metformin plus
lifestyle (1). Collectively, these novel
observations underscore the utility of
adiponectin in youth type 2 diabetes
as a biomarker of treatment response
predictive of glycemic efficacy consis-
tent with adult data (6). This combined
with the discovery that the increase in
HMWA was significantly lower in NHB
than in H and NHW (Fig. 1D) provides
a possible explanation for the higher
therapeutic failure rates in NHB than
in the other two racial/ethnic groups.
The question remains though whether
the lower increase in HMWA in NHB
is a biological/genetic phenomenon or
consequent to inadequate treatment
adherence. However, adherence to the
medication regimen, defined by pill
count, did not differ by race/ethnicity
in TODAY (1) nor did the current results
differ when the analyses were per-
formed with or without adjustment
for medication adherence. There is no
current literature addressing whether
adiponectin response to pharmacother-
apy of youth type 2 diabetes differs by
race/ethnicity.

With respect to the postulated racial/
ethnic-related contrast in the patho-
physiological components of type 2 di-
abetes as a potential explanation for
the racial/ethnic disparity in therapeutic
failure rates, surrogate estimates did
not differ by race/ethnicity at baseline
or over time (Table 1 and Fig. 1). This
divergent observation from the existing
literature (4) may stem from the use of
surrogate estimates that are not as sen-
sitive as the gold standard of the clamp
method. In addition, before enroll-
ment in TODAY, patients were treated
with a variety of modalities, insulin,
and/or other medications, which may
have modified insulin sensitivity and
secretion.

In summary, these observations sup-
port the validity and the value of
HMWA as a biomarker predictive of gly-
cemic response to treatment in youth
with type 2 diabetes. The significantly
lower increase in HMWA in the first
6 months in NHB may explain the
higher therapeutic failure rates in
NHB compared with the other two racial/
ethnic groups. Therapeutic modalities
that more effectively increase adipo-
nectin levels may yet prove beneficial

in NHB as well as all youth with type 2
diabetes.
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