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OBJECTIVE — This ancillary study of PREMIER sought to determine the effects on insulin
sensitivity of a comprehensive behavioral intervention for hypertension with and without the
Dietary Approaches to Stop Hypertension (DASH) dietary pattern.

RESEARCH DESIGN AND METHODS — Participants were assigned to one of three
nonpharmacologic interventions for blood pressure (group A, advice only; group B, established;
and group C, established plus DASH). The established intervention included weight loss, re-
duced sodium intake, increased physical activity, and moderate alcohol intake; the DASH dietary
pattern was added to the established intervention for those in group C. The DASH dietary pattern
is high in fruits, vegetables, and low-fat dairy products while being lower in total fat, saturated
fat, and cholesterol. It is abundant in nutrients such as magnesium, calcium, and protein, which
have been associated with improved insulin sensitivity. Insulin sensitivity was measured at
baseline and at 6 months using the frequently sampled intravenous glucose tolerance test with
minimal model analysis.

RESULTS — Both intervention groups decreased total calories, percentage of calories from fat,
and sodium intake to similar levels, with similar amounts of energy expenditure and weight loss.
Covariate differences seen only in group C included increased intake of protein, potassium,
calcium, and magnesium. Compared with control subjects, insulin sensitivity improved signif-
icantly only in group C, from 1.96 to 2.95 (P � 0.047). Group B did have a significant decrease
in fasting insulin and glucose, but the changes in insulin sensitivity did not reach statistical
significance when compared with control subjects.

CONCLUSIONS — These results suggest that including the DASH dietary pattern as part of
a comprehensive intervention for blood pressure control enhances insulin action beyond the
effects of a comprehensive intervention that does not include DASH.

Diabetes Care 27:340–347, 2004

Insulin resistance is associated with an
increased risk of hypertension and cor-
onary artery disease (1–4). Although

there is no clear cause-and-effect relation-
ship between insulin resistance and hy-
pertension, there is definitive evidence
that abnormal insulin sensitivity is asso-
ciated with a higher prevalence of hyper-

tension. Among individuals with essential
hypertension, there is a high prevalence
of insulin resistance (2,5,6). In addition,
high levels of fasting insulin can predict
the development of hypertension, as seen
in the San Antonio Heart Study. Over 8
years of follow-up, those with fasting in-
sulin in the highest quartile had a relative

risk of developing hypertension of 2.04
(P � 0.021) (7).

High blood pressure is routinely
treated with nonpharmacologic interven-
tions that include weight loss, increased
physical activity, sodium reduction, and
decreased alcohol intake. Beyond their ef-
fects on blood pressure, each one of these
interventions has a varied effect on insulin
action, ranging from positive to negative
or even no effect at all (8–12). With only
7 days or less of vigorous exercise, signif-
icant improvements in insulin sensitivity
can be achieved (8). Weight loss of 10% of
body weight has been shown to improve
insulin sensitivity (9,10). Severe sodium
reduction can worsen insulin action. Re-
duction of sodium intake from 200 to 100
mmol/day did not result in any significant
changes in insulin sensitivity; however,
further sodium reduction to 30 mmol/day
resulted in decreased insulin sensitivity
(11). A recent study (12) of the effects of
reducing alcohol intake on insulin sensi-
tivity showed no change in the insulin
sensitivity index. Although these inter-
ventions are commonly combined for the
management of hypertension, the aggre-
gate effect of these interventions on insu-
lin action has not been studied.

Another recommended nonpharma-
cologic intervention for lowering blood
pressure is the Dietary Approaches to
Stop Hypertension (DASH) dietary pat-
tern (13). Unlike other nonpharmaco-
logic interventions, the effect of the DASH
dietary pattern on insulin sensitivity has
not been studied in any randomized clin-
ical trials, even though the profile of the
DASH dietary pattern suggests that it
should improve insulin action in humans.
The DASH dietary pattern is distinctly dif-
ferent from typical American intake in
several nutrients, including higher levels
of potassium, magnesium, calcium, and
fiber (14). Several studies in hypertensive
and/or obese humans have demonstrated
that diets low in these nutrients can lead
to or are associated with insulin resis-
tance, and dietary supplementation with
calcium and magnesium improves insulin
sensitivity (15–20). Because the DASH di-
etary pattern is higher in these nutrients,
consumption of this dietary pattern may
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lead to an improvement in insulin sensi-
tivity independent of weight loss or phys-
ical activity.

As the DASH dietary pattern is imple-
mented as a routine part of nonpharma-
cologic management of hypertension, it
will be important to know the effects on
insulin action of a comprehensive behav-
ioral program that includes the DASH di-
etary pattern. If the addition of the DASH
dietary pattern adds to a lifestyle interven-
tion (i.e., weight loss, moderate sodium
reduction, and increased physical activ-
ity) by increasing insulin sensitivity, such
a finding would provide added evidence
for the need to recommend the DASH di-
etary pattern as part of a comprehensive
lifestyle intervention for treatment of hy-
pertension and overall cardiovascular risk
reduction. This study reports the effect of
the PREMIER interventions on insulin
sensitivity.

RESEARCH DESIGN AND
METHODS — This study was ancil-
lary to the PREMIER study, and as such,
was designed, conducted, and analyzed
by the coauthors only. It was approved by
the Institutional Review Board of Duke
University Medical Center. Details of the
PREMIER study design, interventions,
and results have been published else-
where (21). In brief, PREMIER was a mul-
ticenter, randomized clinical trial that
studied the effects of three different inter-
ventions designed to reduce blood pres-
sure without medication.

Participants enrolled in the PREMIER
study at the Duke clinical site were eligi-
ble to participate in this ancillary study.
Eligibility requirements for the PREMIER
study included age 25 years and older,
above optimal blood pressure through
stage 1 hypertension, and a BMI of
18.5–45 kg/m2. Individuals that used an-
tihypertensive medications, weight loss
medications, or oral steroids on a routine
basis were excluded. Other exclusion cri-
teria included diabetes, a history of a car-
diovascular event (stroke, myocardial
infarction, percutaneous transluminal
coronary angioplasty, coronary artery by-
pass grafting, or other therapeutic proce-
dure for coronary heart disease),
congestive heart failure, current symp-
toms of angina or peripheral vascular dis-
ease by Rose Questionnaire, cancer
diagnosis or treatment in past 2 years (ex-
cept for nonmelanoma skin cancer), renal

insufficiency, or a psychiatric hospitaliza-
tion within the last 2 years.

Interventions and data collection
There were three treatment arms in PRE-
MIER: advice only (group A), established
(group B), and established plus DASH
(group C). Participants assigned to group
A received advice at a single individual
visit to follow the guidelines established
by the National High Blood Pressure Ed-
ucational Program for patients with above
optimal blood pressure and stage 1 hyper-
tension. These recommendations in-
cluded weight loss if overweight, limiting
alcohol and dietary sodium intake, regu-
lar physical activity, and eating a healthful
diet. Group B had an intensive behavioral
intervention during the study, which was
focused on behavioral modification to
control hypertension. During group and
individual sessions, participants received
counseling on low-sodium/low-fat diets,
weight loss (if overweight, BMI �25 kg/
m2), moderating alcohol intake, and in-
creasing physical activity. Intervention
goals for group B included sodium intake
of 2.4 g/day or less, 30% of calories from
fat, weight loss of at least 15 pounds if
overweight, and 180 min of moderate
physical activity per week. Group C re-
ceived a similar behavioral intervention;
however, their counseling also included
information about the DASH dietary pat-
tern. Intervention goals for group C were
similar to those of group B, with the ex-
ception of goals for 25% of calories from
fat, with �7% of calories from saturated
fat; 9–12 servings of fruits and vegetables
per day; and 2–3 servings of low-fat dairy
per day. The intervention meeting sched-
ules for groups B and C were the same
during the first 6 months—14 group ses-
sions and 4 individual sessions. Clinical
measurements including blood pressure,
weight, fasting lipids, physical activity,
and dietary intake were measured at base-
line (before randomization) and after 6
months.

After participants completed screen-
ing and qualified for the PREMIER study
at the Duke site, they were recruited into
the insulin sensitivity ancillary study. In-
formed consent was obtained, and a base-
line intravenous glucose tolerance test
was completed at the Duke Clinical Re-
search Unit (CRU) before randomization.
At the end of 6 months, participants re-
turned to the CRU to complete the fol-
low-up intravenous glucose tolerance

test. Participants were compensated $50
for each CRU visit.

Measurements
We assessed insulin sensitivity using the
frequently sampled intravenous glucose
tolerance test (22,23) with minimal
model analysis (24). We used the reduced
sampling protocol, which requires 12
samples of glucose and insulin. A 50%
glucose solution at 0.3 g/kg and regular
human insulin at 0.03 units/kg were in-
jected through an intravenous line at 0
and 20 min, respectively. Blood (�4 ml)
was collected at each of 12 intervals over a
3-h period (�5, 2, 4, 8, 19, 22, 30, 40, 50,
70, 100, and 180 min) through a second
intravenous line. Participants fasted for
12 h before initiation of the testing. Serum
glucose levels were measured on the
Roche Cobas Mira Plus using the Hexoki-
nase/G-6-PD methodology, and insulin
levels were measured using a human in-
sulin–specific radioimmunoassay kit
(Linco Research, St. Louis, MO). An insu-
lin sensitivity index (Si) was calculated us-
ing the MINMOD program (version 2.0;
R.N. Bergman, USC, Los Angeles, CA).

Certified study staff measured weight,
height, and waist circumference using
calibrated scales, wall-mounted stadiom-
eters, and anthropometric measuring
tape, respectively, according to the PRE-
MIER study protocol. Blood pressure was
measured at two clinic visits, using ran-
dom-zero mercury sphygmomanometers
with participants in the seated position
for 5 min before measurement. Blood
pressure was measured twice on each
clinic visit with a 30-s rest period between
each measurement. Nutrient intake was
determined from two unannounced, non-
consecutive 24-h dietary recalls conduct-
ed by telephone. The Diet Assessment
Center of Pennsylvania State University
performed the recalls. The Nutrition Data
System was used to generate the estimates
of individual nutrient intake from the re-
calls. The 7-Day Physical Activity Recall
(25,26) was used to assess physical activ-
ity. This questionnaire estimates total
daily energy expenditure by asking par-
ticipants to estimate the number of hours
spent in sleep and in “moderate,” “hard,”
and “very hard” activities during the pre-
vious 7 days. Hours spent doing “light ac-
tivity” are calculated as the remaining
time. The amount of time spent in each
category is multiplied by the average met-
abolic equivalent (METs, or kcal � kg�1 �
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h�1) of each category and summed to cal-
culate energy expenditure in terms of kcal
� kg�1 � day�1.

Statistical analysis
Sample size calculations were based on an
estimated SD for the change in insulin
sensitivity index (Si min�1 � �U�1 � ml�1

� 10�4) of 1.1, obtained from studies
with similar populations of obese, seden-
tary, and hypertensive patients. Consis-
tent with the main study design, the
primary hypothesis for this ancillary
study was that there would be a difference
in the change in insulin sensitivity be-
tween each dietary intervention and the
advice-only group (group B versus group
A and group C versus group A). The sec-
ondary hypothesis was that there would
be a difference in the change in insulin
sensitivity between the active interven-
tion groups (group C versus group B).
Calculations indicated that �18 partici-
pants in each group would be needed to
detect a 50% difference in insulin sensi-
tivity index, with 80% power at a signifi-
cance level of 0.05. ANCOVA with the
baseline measure as a covariate was used
to compare the treatment groups with the
control group for all outcomes. Pairwise
comparisons between each treatment
group and control as well as between
treatment groups were tested using Fish-
er’s protected least significant difference
procedure (i.e., proceeding with post hoc

comparisons only after establishing that
the overall F statistic comparing all three
groups simultaneously is significant) at
the standard significance level of 0.05. All
statistical analyses were based on inten-
tion to treat and conducted using the SAS
System for Windows version 8.2 (SAS,
Cary, NC).

RESULTS — A total of 55 participants
had a baseline intravenous glucose toler-
ance test and were randomized to treat-
ment groups in the PREMIER study. The
results of the intravenous glucose toler-
ance tests were reviewed for outliers. We
identified outliers by using standard box-
plots and determining values that were
1.5 to 3 times the interquartile range.

Once outliers were identified, the records
from each participant’s protocol were re-
viewed for any irregularities. Three par-
ticipants identified as outliers had
irregularities in their baseline measures of
insulin sensitivity due to technical diffi-
culties with the intravenous glucose toler-
ance test. This resulted in Si values that
significantly influenced respective group
means. Consequently, the three partici-
pants were excluded from the analysis (one
from each treatment group). Results are re-
ported for the remaining 52 participants.

Baseline demographics for the study
participants are presented in Tables 1 and
2. The sample of participants who chose
to participate in the ancillary study was
very similar to the overall PREMIER study
population (Table 1). There were no sig-
nificant differences between the partici-
pants based on their group assignments
(Table 2).

Intervention results
Thirty percent of the participants in this
sample achieved the 15-pound weight
loss recommendation (A � 2, B � 5, and
C � 9 participants). Twelve participants
from group B (75%) decreased their per-
centage of calories from fat to �30%,
while 8 participants from group C (44%)
decreased their percentage of calories
from fat to the DASH goal of �25%. Al-
cohol intake was low and did not change
for any group. Table 3 shows some of the
key intervention differences and similari-
ties between treatment groups after 6
months of the intervention. All partici-
pants lowered their caloric intake.
Groups B and C lowered their sodium and
fat intake, decreasing both to lower levels
than the intervention targets for their re-
spective groups. Percentage of calories

Table 1—Baseline characteristics of the ancillary study population compared with all
PREMIER participants

Insulin sensitivity
participants

All PREMIER
participants

n 52 810
Age (years) 51.7 � 9.2 50 � 8.9
Female 69.2 61.7
Race

African American 30.7 34.4
Non-Hispanic white 67.3 63.1

BMI (kg/m2) 32.6 � 5.8 33.1 � 5.8
Systolic blood pressure (mmHg) 137.5 � 10.2 134.9 � 9.6
Diastolic blood pressure (mmHg) 83.4 � 4.3 84.8 � 4.2
Hypertensive 36.5 37.5
Energy expenditure (kcal � kg�1 � day�1) 34.7 � 5.9 33.7 � 2.9
Education

Completed high school 5.8 7.8
Some college 26.9 33.8
College degree 26.9 24.9
Post grad work 40.4 32.1

Data are means � SD or percent.

Table 2—Baseline characteristics of insulin sensitivity study participants by treatment group

Group A Group B Group C

n 18 16 18
Age (years) 49.9 51.6 53.6
Female (%) 66.7 75 66.7
Race (%)

African American 16.7 37.5 38.9
Non-Hispanic white 77.8 62.5 61.1

BMI (kg/m2) 32.8 31.1 33.7
Systolic blood pressure (mmHg) 137.5 138.9 136.1
Diastolic blood pressure (mmHg) 83.3 84.2 82.9
Hypertensive (%) 38.9 37.5 33.3
Energy expenditure (kcal � kg�1 � day�1) 34.0 33.8 36.1

PREMIER interventions and insulin sensitivity
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from fat for group B was 25, while group
C decreased their calories from fat to
23.6%. Sodium intake was reduced from
�3,100 to 1,900 mg/day. Dietary fiber
increased marginally in both B and C. Di-
etary potassium intake, a key component
of the DASH dietary pattern, was higher
for group C at 6 months, while the aver-
age potassium intake for group B de-
creased. Dietary magnesium, calcium,
and protein, which are also key DASH
diet nutrients, showed similar patterns to
dietary potassium.

Insulin sensitivity
Figure 1 depicts the increase in insulin
sensitivity associated with the established
plus DASH intervention (group C). Table
4 shows the magnitude of this effect.
Group C had a 50% increase in Si from
baseline over the 6-month intervention
period, whereas group B had a 28% in-
crease in Si from baseline (P � 0.047 for C
vs. A, P � 0.146 for B vs. A). Groups B
and C had similar Si measures at the end
of the 6-month follow-up. However, after
adjusting for baseline differences, Group
C showed a 35% greater increase in Si
compared with group B (0.616). Fasting
insulin and glucose also changed differen-
tially, with group B having larger de-
creases than group C in both measures
compared with group A. Despite the fact
that the absolute decreases in insulin and
glucose were larger for group B, the ratio
of change for insulin to glucose (change in

insulin divided by change in glucose) was
�1:1. For group C, the ratio of change for
insulin to glucose was nearly 3:1. This ra-
tio suggests that as a result of the in-
creased effectiveness of the circulating
insulin, participants were able to main-
tain a slightly lower fasting glucose even
though they had lower serum insulin. Ta-
ble 4 also shows that, relative to the usual
care group, both groups experienced sim-
ilar amounts of weight loss (B vs. C, 5.69
vs. 6.56 kg, respectively) and small in-
creases in energy expenditure. Waist cir-
cumference decreased for the two active
treatment groups. While group B had a
mean decrease in waist circumference of
5.5 cm (P � 0.06) compared with group
A, group C had a mean decrease of 7.96
cm (P � 0.005) compared with group A.
The differences in weight loss and waist
circumference between group B and
group C were not statistically significant
(P � 0.672 and 0.399, respectively).

CONCLUSIONS — Because insulin
resistance and hypertension are closely
associated, understanding the impact of
nonpharmacologic therapy for hyperten-
sion on insulin action has important im-
plications for cardiovascular health. Until
this study, the nonpharmacologic inter-
ventions recommended by the Joint
National Committee on Prevention, De-
tection, Evaluation, and Treatment of
High Blood Pressure (JNC) reports VI and
VII had not been tested to determine their

combined impact on insulin action. The
addition of the DASH dietary pattern to
these recommendations and its impact on
insulin action had not been studied ei-
ther. We were able to show that a com-
prehensive behavioral intervention
targeted at achieving established recom-
mendations (group B), i.e., weight loss of
at least 15 pounds, 180 min of moderate
physical activity per week, a sodium in-
take of 2.4 g/day, and a low-fat diet (30%
of calories from fat), improved fasting in-
sulin and glucose. These changes in fast-
ing insulin and glucose did not result in
improvements in insulin sensitivity to a
level that was statistically different from
an advice-only control group. However,
the addition of the DASH dietary pattern
to this behavioral intervention (group C)
led to a statistically significant improve-
ment in insulin sensitivity compared with
the control group. Both groups had simi-
lar weight loss (5.69 vs. 6.56 kg), calories
from fat (25.49 vs. 23.62%), total calories
(1,569 vs. 1,599 kcal), sodium intake
(1,891 vs. 1,970 mg/day), and energy ex-
penditure (34.3 vs. 36.3 kcal � kg�1 �
day�1). The established plus DASH inter-
vention group had higher intakes of pro-
tein and potassium as compared with the
control group. Other key DASH nutrients
such as magnesium and calcium were
higher for the established plus DASH
group but did not reach statistical signif-
icance when compared with the control
group.

Figure 1—Change in insulin sensi-
tivity. �, group A; f, group B; Œ,
group C.
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Few studies have evaluated the effect
of providing nutrient supplementation to
improve insulin action. Using the eugly-
cemic-hyperinsulinemic clamp, Sanchez
et al. (19) found that 1,500 mg/day of oral
calcium provided as supplements to non-
diabetic, essential hypertension patients
improved the Si from 2.89 to 4.0 mg �
kg�1 � min�1. Paolisso et al. (15) demon-
strated that magnesium supplementation
improved insulin action in elderly pa-
tients. Using 4.5g/day of oral magnesium
for 4 weeks, the elderly patients had im-
proved insulin action measured by the eu-
glycemic glucose clamp (15). There is also

a small amount of published data that im-
plies the potential effects of dietary potas-
sium and protein on insulin action. A
study by Norbiato et al. (27) suggested
that maintaining normal potassium levels
using oral supplementation during a fast
led to improved peripheral glucose utili-
zation. Piatti et al. (28) compared a 45%
protein diet with one that contained 20%
protein and determined that the lower
protein diet led to a larger decrease in fat-
free mass, whereas the higher protein diet
preserved fat-free mass and was associ-
ated with improved glucose utilization
and insulin action.

The DASH dietary pattern is not
based on any one nutrient; however, it
utilizes a healthy array of food sources
that contain a combination of the afore-
mentioned nutrients to create a synergis-
tic effect on cardiovascular disease risks
such as blood pressure, serum homocys-
teine, and lipids (29–31). The results of
this study suggest that the DASH dietary
pattern, when incorporated into a multi-
component behavioral intervention, also
improves insulin sensitivity. As a part of
the DASH intervention, group C partici-
pants had higher intakes of fruits, vegeta-
bles, low-fat dairy, and lean protein,

Table 4—Primary/secondary outcomes

Outcome A B C

P value for
overall group
comparison* B–A C–A C–B

Insulin sensitivity index
Baseline 2.20 � 1.13 2.32 � 0.65 1.96 � 0.94 0.022 0.69 (0.146) 0.93 (0.047) 0.24 (0.616)
6 Months 2.20 � 1.12 2.97 � 1.74 2.95 � 1.62
Change 0 � 1.06 0.66 � 1.63 0.99 � 1.39

Systolic blood pressure
(mmHg)

Baseline 137.47 � 10.81 138.94 � 10.65 136.13 � 9.49 0.135 �2.98 (0.3122) �6.36 (0.0294) �3.38 (0.256)
6 Months 127.27 � 12.81 125.74 � 14.37 119.57 � 12.60
Change �10.2 � 6.36 �13.2 � 9.56 �16.55 � 9.07

Diastolic blood pressure
(mmHg)

Baseline 83.29 � 4.41 84.16 � 4.46 82.90 � 4.31 0.357 �0.22 (0.9253) �3.26 (0.1495) �3.04 (0.194)
6 Months 77.83 � 7.19 78.54 � 8.96 74.15 � 8.19
Change �5.46 � 4.64 �5.62 � 8.17 �8.75 � 6.78

Weight (kg)
Baseline 94.19 � 21.55 88.61 � 22.70 93.18 � 18.11 0.008 �5.69 (0.0077) �6.56 (0.0044) �0.871 (0.672)
6 Months 93.02 � 22.07 82.20 � 22.31 85.53 � 14.81
Change �1.18 � 3.16 �6.4 � 6.21 �7.65 � 7.75

Waist circumference (cm)
Baseline 109.40 � 16.23 103.26 � 14.37 109.93 � 13.02 0.040 �5.50 (0.0628) �7.96 (0.0051) �2.46 (0.399)
6 Months 110.37 � 19.07 99.05 � 16.65 102.92 � 11.60
Change 0.97 � 7.04 �4.22 � 9.56 �7.01 � 7.70

BMI (kg/m2)
Baseline 32.85 � 6.31 31.49 � 5.96 33.72 � 5.24 0.009 �1.95 (0.0090) �2.29 (0.0016) �0.333 (0.646)
6 Months 32.45 � 6.67 29.23 � 6.15 30.98 � 4.44
Change �0.40 � 1.09 �2.26 � 2.12 �2.75 � 2.66

Estimated energy expenditure
(kcal � kg�1 � day�1)

Baseline 33.95 � 2.07 33.83 � 2.75 36.10 � 9.42 0.0566 0.16 (0.8593) 0.26 (0.7702) 0.098 (0.914)
6 Months 34.26 � 1.96 34.32 � 1.91 36.30 � 8.97
Change �0.31 � 1.79 �0.49 � 3.24 �0.20 � 3.08

Fasting insulin (�U/ml)
Baseline 16.65 � 9.05 14.14 � 5.23 15.65 � 7.99 0.0941 �6.32 (0.0144) �3.81 (0.1105) 2.51 (0.315)
6 Months 18.41 � 12.55 10.00 � 3.35 13.76 � 8.84
Change 1.76 � 7.45 �4.14 � 5.88 �1.88 � 6.98

Fasting glucose (mg/dl)
Baseline 104.94 � 16.31 102.25 � 12.16 102.11 � 9.63 �0.0001 �6.64 (0.0215) �1.32 (0.6297) 5.32 (0.06)
6 Months 100.50 � 9.41 93.00 � 5.97 98.28 � 10.74
Change �4.44 � 11.56 �9.25 � 14.27 �3.83 � 9.91

Data are means � SD or difference (P value). Contrasts are adjusted for baseline differences. *P values are generated from an F statistic comparing all groups
simultaneously in an ANCOVA model.
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leading to higher intakes of potassium,
magnesium, calcium, and animal protein.
The increased fruit and vegetable intake
contributed dietary potassium, magne-
sium, and fiber. In addition, the increase
in fruit and vegetable intake allowed par-
ticipants to displace foods from energy-
dense sources, thereby decreasing fat
intake. The low-fat dairy and calcium in-
take may have been important from a
weight loss standpoint as well, as evi-
dence grows in support of a role for cal-
cium in the regulation of adiposity
(32,33). The increase in lean protein may
have served to preserve lean mass during
weight loss, leading to improvements in
glucose disposal (28). This combination
of foods and nutrients may have an effect
on a variety of different cellular targets
that ultimately promotes changes in body
composition during weight loss, resulting
in a favorable impact on insulin action.
This hypothesis may account for the un-
expected differences we observed be-
tween groups B and C in key areas that
impact insulin sensitivity. These included
differences in weight loss (0.87 kg, P �
0.67), BMI (0.34 kg/m2, P � 0.64), and
waist circumference (2.46 cm, P � 0.39).
Although the differences were not statis-
tically significant, the combination of
these differences may have a clinically sig-
nificant impact on insulin action.

One significant limitation of this
study is that the changes in insulin action
seen with the comprehensive interven-
tion alone may be clinically important
changes; however, the study was not
powered to detect this degree of change in
insulin sensitivity. On the other hand, the
large change seen in insulin sensitivity
with the comprehensive plus DASH inter-
vention suggests that as we make recom-
mendations for behavior modification to
improve cardiovascular health, we must
give special consideration to the dietary
pattern. Simply employing a low-fat hy-
pocaloric diet with the overall goal of im-
proving cardiovascular health as a result
of weight loss may not be the optimal
strategy. Another limitation of this study
concerns the use of two nonconsecutive
dietary recalls to estimate nutrient intake.
While the 24-h dietary recall is a reliable
methodology to estimate nutrient intake
for large cohorts, this procedure will have
less accuracy for a smaller subset of that
population. However, we have noted that
the changes in nutrient profiles were sim-
ilar to what would be expected for indi-

viduals within their respective dietary
interventions, and the participants in this
ancillary study had changes in nutrient
intake similar to the overall study sample
from which they were recruited.

This study demonstrates that there
are additional benefits that patients can
receive if the proper dietary regimen is
prescribed. Because many patients will
have a difficult time modifying behavior
in the short term and maintaining the new
behaviors long term, it is extremely im-
portant that we determine the dietary
strategies that provide optimal results for
a given effort. The findings from this
study suggest several areas of future in-
vestigation that include determining the
potential mechanism of action for im-
provements in insulin action seen with
the DASH dietary pattern and evaluating
the impact of the DASH dietary pattern on
progression of impaired fasting glucose to
diabetes. Based on the results of this
study, including the DASH dietary pat-
tern as a basic part of a hypocaloric dietary
plan can lead to significant improvements
of up to 50% in insulin sensitivity.

References
1. Haffner SM: Epidemiology of insulin re-

sistance and its relation to coronary artery
disease. Am J Cardiol 84:11J–14J, 1999

2. Osei K: Insulin resistance and systemic
hypertension. Am J Cardiol 84:33J–36J,
1999

3. Kuroda S, Uzu T, Fujii T, Nishimura M,
Nakamura S, Inenaga T, Kimura G: Role
of insulin resistance in the genesis of so-
dium sensitivity in essential hypertension.
J Hum Hypertens 13:257–262, 1999

4. Goyal RK: Hyperinsulinemia and insulin
resistance in hypertension: differential ef-
fects of antihypertensive agents. Clin Exp
Hypertens 21:167–179, 1999

5. Haffner SM: Metabolic predictors of hy-
pertension. J Hypertens 17 (Suppl. 3):
S23–S28, 1999

6. Zavaroni I, Mazza S, Dall’Aglio E, Gaspa-
rini P, Passeri M, Reaven GM: Prevalence
of hyperinsulinaemia in patients with
high blood pressure. J Intern Med 231:
235–240, 1992

7. Haffner SM, Valdez RA, Hazuda HP,
Mitchell BD, Morales PA, Stern MP: Pro-
spective analysis of the insulin-resistance
syndrome (syndrome X). Diabetes 41:
715–722, 1992

8. Brown MD, Moore GE, Korytkowski MT,
McCole SD, Hagberg JM: Improvement of
insulin sensitivity by short-term exercise
training in hypertensive African American
women. Hypertension 30:1549–1553,

1997
9. Piatti PM, Pontiroli AE, Saibene A, San-

tambrogio G, Paroni R, Magni F, Galli-
Kienle M, Mistrali S, Monti LD, Pozza G:
Insulin sensitivity and lipid levels in obese
subjects after slimming diets with differ-
ent complex and simple carbohydrate
content. Int J Obes Relat Metab Disord 17:
375–381, 1993

10. Mori TA, Bao DQ, Burke V, Puddey IB,
Watts GF, Beilin LJ: Dietary fish as a major
component of a weight-loss diet: effect on
serum lipids, glucose, and insulin metab-
olism in overweight hypertensive sub-
jects. Am J Clin Nutr 70:817–825, 1999

11. Gomi T, Shibuya Y, Sakurai J, Hirawa N,
Hasegawa K, Ikeda T: Strict dietary so-
dium reduction worsens insulin sensitiv-
ity by increasing sympathetic nervous
activity in patients with primary hyper-
tension. Am J Hypertens 11:1048–1055,
1998

12. Zilkens RR, Burke V, Watts G, Beilin LJ,
Puddey IB: The effect of alcohol intake on
insulin sensitivity in men: a randomized
controlled trial. Diabetes Care 26:608–
612, 2003

13. Chobanian AV, Bakris GL, Black HR,
Cushman WC, Green LA, Izzo JL Jr, Jones
DW, Materson BJ, Oparil S, Wright JT Jr,
Roccella EJ; National Heart, Lung, and
Blood Institute Joint National Committee
on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; Na-
tional High Blood Pressure Education
Program Coordinating Committee: The
Seventh Report of the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure: the JNC 7 Report. JAMA 289:
2560–2572, 2003

14. Karanja NM, Obarzanek E, Lin PH, Mc-
Cullough ML, Phillips KM, Swain JF,
Champagne CM, Hoben KP, DASH Col-
laborative Research Group: Descriptive
characteristics of the dietary patterns used
in the Dietary Approaches to Stop Hyper-
tension trial. J Am Diet Assoc 99 (Suppl.
8):S19–S27, 1999

15. Paolisso G, Sgambato S, Gambardella
A, Pizza G, Tesauro P, Varricchio M,
D’Onofrio F: Daily magnesium supple-
ments improve glucose handling in el-
derly subjects. Am J Clin Nutr 55:1161–
1167, 1992

16. Corica F, Allegra A, Ientile R, Buemi M,
Corsonello A, Bonanzinga S, Macaione S,
Ceruso D: Changes in plasma, erythro-
cyte, and platelet magnesium levels in
normotensive and hypertensive obese
subjects during oral glucose tolerance
test. Am J Hypertens 12:128–136, 1999

17. Humphries S, Kushner H, Falkner B: Low
dietary magnesium is associated with in-
sulin resistance in a sample of young,
nondiabetic Black Americans. Am J Hy-

PREMIER interventions and insulin sensitivity

346 DIABETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/2/340/661233/zdc00204000340.pdf by guest on 11 April 2024



pertens 12:747–756, 1999
18. Nadler JL, Buchanan T, Natarajan R, Anto-

nipillai I, Bergman R, Rude R: Magnesium
deficiency produces insulin resistance
and increased thromboxane synthesis.
Hypertension 21:1024–1029, 1993

19. Sanchez M, de la Sierra A, Coca A, Poch
E, Giner V, Urbano-Marquez A: Oral cal-
cium supplementation reduces intraplatelet
free calcium concentration and insulin re-
sistance in essential hypertensive patients.
Hypertension 29:531–536, 1997

20. Ludwig DS, Pereira MA, Kroenke CH,
Hilner JE, Van Horn L, Slattery ML, Ja-
cobs DR Jr: Dietary fiber, weight gain, and
cardiovascular disease risk factors in young
adults. JAMA 282:1539–1546, 1999

21. Writing Group of the PREMIER Collabo-
rative Research Group: Effects of compre-
hensive lifestyle modification on blood
pressure control: main results of the PRE-
MIER clinical trial. JAMA 289:2083–
2093, 2003

22. Pacini G, Bergman RN: MINMOD: a com-
puter program to calculate insulin sensi-
tivity and pancreatic responsivity from
the frequently sampled intravenous glu-
cose tolerance test. Comput Methods Pro-
grams Biomed 23:113–122, 1986

23. Bergman RN, Finegood DT, Ader M: As-
sessment of insulin sensitivity in vivo. En-

docr Rev 6:45–86, 1985
24. Yang YJ, Youn JH, Bergman RN: Modified

protocols improve insulin sensitivity esti-
mation using the minimal model. Am J
Physiol 253:E595–E602, 1987

25. Sallis JF, Haskell WL, Wood PD, Fort-
mann SP, Rogers T, Blair SN, Paffenbarger
RS Jr: Physical activity assessment meth-
odology in the Five-City Project. Am J Epi-
demiol 121:91–106, 1985

26. Blair SN, Piserchia PV, Wilbur CS, Crow-
der JH: A public health intervention
model for work-site health promotion:
impact on exercise and physical fitness in
a health promotion plan after 24 months.
JAMA 255:921–926, 1986

27. Norbiato G, Bevilacqua M, Meroni R,
Raggi U, Dagani R, Scorza D, Frigeni G,
Vago T: Effects of potassium supplemen-
tation on insulin binding and insulin ac-
tion in human obesity: protein-modified
fast and refeeding. Eur J Clin Invest 14:
414–419, 1984

28. Piatti PM, Monti F, Fermo I, Baruffaldi L,
Nasser R, Santambrogio G, Librenti MC,
Galli-Kienle M, Pontiroli AE, Pozza G:
Hypocaloric high-protein diet improves
glucose oxidation and spares lean body
mass: comparison to hypocaloric high-
carbohydrate diet. Metabolism 43:1481–
1487, 1994

29. Appel LJ, Moore TJ, Obarzanek E,
Vollmer WM, Svetkey LP, Sacks FM, Bray
GA, Vogt TM, Cutler JA, Windhauser
MM, Lin PH, Karanja N: A clinical trial of
the effects of dietary patterns on blood
pressure: DASH Collaborative Research
Group. N Engl J Med 336:1117–1124,
1997

30. Obarzanek E, Sacks FM, Vollmer WM,
Bray GA, Miller ER 3rd, Lin PH, Karanja
NM, Most-Windhauser MM, Moore TJ,
Swain JF, Bales CW, Proschan MA, DASH
Research Group: Effects on blood lipids of
a blood pressure-lowering diet: the Di-
etary Approaches to Stop Hypertension
(DASH) Trial. Am J Clin Nutr 74:80–89,
2001

31. Appel LJ, Miller ER 3rd, Jee SH, Stolzen-
berg-Solomon R, Lin PH, Erlinger T,
Nadeau MR, Selhub J: Effect of dietary
patterns on serum homocysteine: results
of a randomized, controlled feeding
study. Circulation 102:852–857, 2000

32. Zemel MB: Regulation of adiposity and
obesity risk by dietary calcium: mecha-
nisms and implications. J Am Coll Nutr
21:146S–151S, 2002

33. Zemel MB: Mechanisms of dairy modula-
tion of adiposity. J Nutr 133:252S–256S,
2003

Ard and Associates

DIABETES CARE, VOLUME 27, NUMBER 2, FEBRUARY 2004 347

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/2/340/661233/zdc00204000340.pdf by guest on 11 April 2024


