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Abstract
Both obesity and aging increase intrahepatic fat (IHF) content, which leads to non-alcoholic fatty
liver disease and metabolic abnormalities such as insulin resistance. We evaluated the effects of diet
and diet in conjunction with exercise on IHF content and associated metabolic abnormalities in obese
older adults. Eighteen obese (BMI ≥30 kg/m2) older (≥65 years old) adults completed a 6-month
clinical trial. Participants were randomized to diet (D group; n=9) or diet+exercise (D+E group; n=9).
Primary outcome was IHF quantified by magnetic resonance spectroscopy. Secondary outcomes
included insulin sensitivity (assessed by oral glucose tolerance), body composition (assessed by
DXA), physical function (VO2peak and strength), glucose, lipids, and blood pressure. Body weight
(D: −9±1%, D+E: −10±2%, both p<0.05) and fat mass (D: −13±3%, D+E −16±3%, both p<0.05)
decreased in both groups but there was no difference between groups. IHF decreased to a similar
extent in both groups (D: −46±11%, D+E: −45 ± 8%, both p<0.05), which was accompanied by
comparable improvements in insulin sensitivity (D: 66±25%, D+E: 68±28%, both p<0.05). The
relative decreases in IHF correlated directly with relative increases in insulin sensitivity index (r=
−0.52; p<0.05). Improvements in VO2peak, strength, plasma triglyceride and HDL-cholesterol
concentration, and diastolic blood pressure occurred in the D+E group (all p<0.05) but not in the D
group. Diet with or without exercise results in significant decreases in IHF content accompanied by
considerable improvements in insulin sensitivity in obese older adults. The addition of exercise to
diet therapy improves physical function and other obesity- and aging-related metabolic
abnormalities.
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INTRODUCTION
The increasing prevalence of obesity among older adults is a major public health problem,
because of the increasing number of older adults and the medical complications associated
with obesity (1-4). Obese older adults are at particularly high risk for developing nonalcoholic
fatty liver disease (NAFLD) because both obesity (5) and aging (6) are associated with
increased IHF accumulation. The development of NAFLD in older adults has serious clinical
implications, because of the potential progression to severe liver disease and the association
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of NAFLD with metabolic risk factors for coronary heart disease, including insulin resistance,
diabetes, and dyslipidemia (7-9). In addition, data from studies conducted in both animal
models (10,11) and humans (8) suggest that the accumulation of excessive IHF content is not
just a marker of metabolic disease but is directly involved in the pathogenesis of insulin
resistance and dyslipidemia. Therefore, decreasing IHF content in obese older adults who have
excessive IHF content could have important beneficial therapeutic effects.

Weight loss induced by diet and exercise is typically recommended as therapy for obese patients
with metabolic disease (12). Although weight loss decreases IHF content and improves
metabolic function in young and middle-aged obese adults (13-17), it is not known whether
lifestyle intervention affects IHF content, or whether diet and exercise have independent or
synergistic effects on IHF content in older adults. Moreover, weight-loss therapy in older adults
is controversial, because of the reduction in relative health risks associated with increasing
BMI and the concern that weight loss could have potential harmful effects in the older
population (4,18).

The purpose of this study was to determine the effect of diet-induced weight loss and diet-
induced weight loss in conjunction with exercise training on IHF content and associated
metabolic abnormalities in obese older adults. We hypothesized that a dietary weight loss
program would reduce IHF and improve insulin sensitivity and other metabolic abnormalities,
and that these positive effects would be augmented by the addition of an exercise program.

METHODS
Subjects

This study was conducted at Washington University School of Medicine, St Louis, MO, and
was approved by the institutional review board. Written informed consent was obtained from
each subject. Volunteers were recruited from the community through advertisements. All
potential subjects underwent a standard screening procedure including medical history,
physical examination, blood tests, and electrocardiography.

Eligibility criteria included obese (BMI≥30 kg/m2), older (age 65–82 years) sedentary lifestyle
(did not participate in regular exercise more than twice a week), stable body weight (± 2 kg)
over the past year, and no changes in medications for at least 6 months before enrolling in the
study. Subjects with diabetes, current smoking history, anemia, severe cardiopulmonary
disease, renal disease, visual, hearing, or cognitive impairments, history of malignant
neoplasm, and recent use of corticosteroid or sex-steroid compounds agents were excluded
from the study. Liver disease was not exclusionary.

Study design
Treatment interventions—Eligible volunteers were randomized to receive 6 months of
diet therapy (D) or diet and exercise training (D+E), by using a computer-generated block
random permutation procedure stratified for sex.

Diet therapy: Subjects randomized to this intervention group were prescribed a balanced diet
to provide an energy deficit of 500–1,000 kcal/d from daily energy requirement. Daily calorie
requirement was determined by estimating resting energy expenditure and multiplying the
obtained value by 1.3 (19). The diet contained approximately 30% of energy as fat, 50% as
carbohydrate, and 20% as protein. Total calorie intake was adjusted so that the weight loss was
regulated at a rate of ~0.4 to 0.9 kg (1–2 lb per week) (4). Once 10% body weight was lost,
total caloric intake was again adjusted to maintain a constant body weight and prevent further
weight loss. On a weekly basis, the subjects met as a group for ~60 minutes with a dietitian
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who was experienced in group behavioral education. During each session, subjects were
instructed in standard behavior modification with advice on food selection, meal portion,
stimulus control, problem-solving skills, relapse prevention, and self-monitoring techniques
(12). The participants were instructed to set weekly behavioral goals and to attend weekly
weigh-in sessions throughout the intervention, and were encouraged to use food diaries as a
means of daily monitoring to enhance adherence. Each subject was given the most recent
edition of The Doctors Pocket Guide of Calorie, Fat and Carbohydrate Counter (20) a book
with information on the calorie content of foods, a binder to file educational materials
distributed during the group sessions and a food diary. Weight was obtained at each follow-up
visit, and the food diary was reviewed with the dietitian. New goals were based on diary reports.

Diet and exercise training: Subjects randomized to this group participated in an intervention
consisting of a combination of diet and exercise training. The dietary and behavioral
intervention was identical to that of the D group; however, because of the calories burned
during the exercise, the D+E group was prescribed a slightly higher caloric intake to achieve
the same 10% weight loss. The caloric cost of the exercise was ~300 kcal/session (performed
three times a week), which resulted in an additional caloric deficit of ~130 kcal/day. The
exercise-training program focused on improving endurance, strength, and balance (4,21).
Exercise-training sessions were conducted as a group on three nonconsecutive days each week
at our indoor exercise facility and supervised by a physical therapist. Each session lasted ~90
min: 15 min of flexibility exercises, followed by 30 min of aerobic exercise, 30 min of strength
training, and 15 min of balance exercises. Initially, subjects exercised at moderate intensity
(~70% of peak heart rate), and the intensity of exercise was gradually increased over several
weeks to ~85% of peak heart rate. To modify resistance exercises, one-repetition maximums
(1-RMs) were used. The initial, weight lifting sessions consisted of 1–2 sets performed at a
resistance of ~65% of 1-RM, with 8–12 repetitions. The exercise volume was gradually
increased to 2–3 sets at a resistance of ~80% of 1-RM, with 6–8 repetitions.

Body composition and metabolic outcomes
Proton magnetic resonance spectroscopy (1H-MRS)—IHF content was measured by
using 1H-MRS. The 1H-MRS was performed at rest and with subjects in the supine position
with the use of a 3.0-T whole-body scanner (Siemens Magneton Vision scanner; Siemens,
Erlanger, Germany) as previously described (22). Briefly, IHF content was obtained within a
voxel size of 15×15×20 mm3 by using a point resolved spectroscopy (PRESS) single-voxel
technique. Data were averaged from 10 scans, obtained with a repetition time of 2 s while the
subjects held their breath. Spectra were collected at echo times (time delay between the
application of the radio frequency excitation pulse and data acquisition) of 34 ms and 64 ms
to approximate and correct for the T2 decay of the signals. Analyses were performed by a
blinded investigator (AS) using a java-based magnetic resonance user interface quantification
package to quantify peak areas (23). Three voxels in the right lobe of the liver were positioned
in three different areas (upper, middle, lower) avoiding major blood vessels, adipose tissue and
the biliary tree without overlap in the voxel areas in the liver. We averaged the values from the
3 voxels provide an estimate of the percent of total liver volume comprised of fat. Prior to
volume localized data acquisition, an imaging protocol was performed which included
acquisition of anatomical images and positioning of the spectroscopic voxel in the area of the
liver. Ten signal averages were obtained over a 20 s period. Both the anatomical images and
the spectroscopic data were obtained while subjects held their breath. The anatomical images
from the baseline scans were utilized to assure the same liver locations were collected in the
follow-up studies. The coefficient of variation of replicate values of the triplicate
determinations for 3 voxels was 1.5% (8,24). Excessive IHF or NAFLD is defined as IHF
content >5% of liver volume or liver weight (22). Subjects fasted for at least four hours prior
to the MRS studies.
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Body composition—Total body mass, mineral-free lean mass (non-bone fat-free mass), fat
mass and trunk fat were measured by using whole body dual-energy X-ray absorptiometry
(DXA) (Hologic Delphi 4500/w, Waltham, MA Enhanced Whole Body 11.2 software version
Hologic Inc.,). The coefficients of variation for these measurements in our laboratory are < 2%
(25).

Oral glucose tolerance test—A 75-g oral-glucose-tolerance test (OGTT) was performed
after an overnight fast. OGTT was performed 48–72 hours after the last exercise session.
Venous blood samples were obtained in the fasted state and 30, 60, 90, and 120 min after
glucose ingestion for the measurement of plasma glucose (glucose oxidase method) and insulin
concentrations (26). The area under the curve (AUC) for glucose and insulin were calculated
using the trapezoid method (27). The insulin sensitivity index (ISI) was calculated from the
OGTT by using the method of Matsuda: ISI = 10,000 / square root of [(mean plasma insulin
X mean plasma glucose during OGTT) X (fasting plasma glucose X fasting plasma insulin)]
(28). Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as
[fasting glucose (mg/dl) x fasting insulin (μU/mL)]/22.5 (29).

Serum lipids—Fasted blood samples were also used to determine lipid concentrations. In
the D+E group, blood samples were obtained 48–72 h after the last exercise session. Cholesterol
and triglycerides (TG) were measured by automated enzymatic commercial kits (Miles-
Technicon, Tarrytown, NY). High-density lipoprotein cholesterol (HDL) was measured in
plasma after precipitation of apolipoprotein B-containing lipoproteins by dextran sulfate and
magnesium. The CVs of these assays were all <10%.

Blood pressure—Subjects remained in the supine position for 15 min with a deflated
sphygmomanometer cuff of the appropriate size. Cuff size was determined by measuring the
circumference of the arm at half the length of the humerus. Blood pressure was measured
manually and recorded to the nearest 2 mm Hg. The measurement was repeated twice, and the
values were averaged for the final reading.

Physical function—Peak endurance power (VO2 peak) was assessed during graded treadmill
walking as described (25). During a ~5-minute warm-up at 0% grade, the speed was adjusted
to identify the fastest comfortable walking speed. Speed was held constant and treadmill incline
was increased by 3% every 2 minutes until volitional exhaustion. 1-RM for upper (biceps curl,
bench press and seated row) and lower body exercises (knee extension, knee flexion and leg
press), were determined to assess strength training. Total body strength was calculated as the
sum of all 1-RM values (30).

STATISTICAL ANALYSES
The primary outcome in this study was change in IHF. It was estimated that 8 subjects per
group would be needed to detect a clinically meaningful 10 ± 6 % difference in IHF between
the two groups with a power of 0.8 and α-level of 0.05 (31). Baseline characteristics between
groups were compared by using independent t tests (continuous variables) or Fisher’s exact
test (categorical variables). Analysis of covariance was used to determine whether the changes
in the outcomes were significantly different between groups while using the baseline values
and gender as the covariates. Values for changes in HOMA-IR were not normally distributed
and, therefore, were log-transformed prior to using analyses of covariance. Paired t test was
performed to determine whether there were significant within-group changes in the outcomes.
Pearson’s correlation was performed to assess associations between changes in selected
outcomes. Results are reported as mean±SE. SPSS version 15.0 (SPSS Inc, Chicago, IL) was
used for all statistical analyses. A P value ≤0.05 was considered to be statistically significant.
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RESULTS
Nineteen subjects met the study inclusion criteria and participated in the diet (n=9) and diet +
exercise (n=10) interventions. One subject dropped out because of difficulty with compliance.
Therefore, eighteen subjects successfully completed the study and are included in this report.
Baseline characteristics such as age, body weight, body composition and metabolic parameters
did not differ between the two groups (Tables 1-3).

Mean attendance at the group diet and behavioral therapy in the D group was 80 ± 4% and in
the D+E group was 84 ± 5%. Mean attendance at the exercise sessions was 86 ± 3% with an
average frequency of 2.6 ± 0.3 days/week. At 6 months, body weight decreased significantly
and similarly in the D group (−9 ± 1%) and D+E group (−10 ± 2%) (Table 1). Likewise, fat
mass (D: −13 ± 3%, D+E: −16 ± 3%), trunk fat (D −14 ± 4%, D+E: 20 ± 3%), and mineral-
free lean mass (D: −6 ± 2%, D+E: −3 ± 1%) decreased significantly and similarly in both
groups. Absolute VO2peak and muscle strength increased significantly in the D + E group
(VO2peak: 9 ± 2%; strength: 18 ± 3%) but not in the D group (VO2peak: −0 ± 1%; strength: 3
± 6%).

IHF content and insulin sensitivity are shown in Table 2 and Figure 1. IHF content decreased
significantly and similarly in response to D (−46 ± 11%) and D+E (−45 ± 8%). The decreases
in IHF were accompanied by significant and similar improvements in the insulin sensitivity
index (D: 66 ± 25%, D+E: 68 ± 28%) and HOMA-IR value (D: −23 ± 8%, D+E: −33 ± 9%).
In addition, glucose AUC (D:−11 ± 3%, D+E:−12 ± 5%) and insulin AUC (D: −19 ± 10%, D
+E: −32 ± 7%) significantly decreased to a similar extent in the two groups.

Significant improvements in serum triglyceride (−19 ± 7%) and HDL-cholesterol (10 ± 6%)
concentrations, and diastolic blood pressure (−8 ± 2%) occurred in the D+E group only (Table
3). Systolic blood pressure (D: −14 ± 4%, D+E: −18 ± 3%) and fasting blood glucose decreased
(D: −4 ± 1%, D+E: −6 ± 2%) significantly in both the groups. Compared with the D group, the
D+E group had a greater reduction in systolic and diastolic BP and had a trend for a greater
reduction in fasting glucose levels. Liver enzymes in both groups were within the normal range
and did not change significantly after treatment.

The changes in insulin sensitivity index correlated significantly with the changes in IHF (r=
−0.52; P = 0.026) (Figure 2). In addition, there was a trend for the changes in HOMA-IR to
strongly correlate with the changes in IHF content (r = 0.32; P = 0.13). On the other hand, the
changes in insulin sensitivity index did not correlate with the changes in total body fat (r =
−0.17; P = 0.48) or trunk fat mass (r = −0.31; P = 0.19). Similarly the changes in HOMA-IR
did not correlate with the changes in total body fat (r = 0.26; P = 0.28) or trunk fat mass (r =
0.17; P = 0.48).

At baseline, the prevalence of NAFLD was high (22) and similar in both groups: 67 % (6/9)
in the D group and 77% (7/9) in the D+E group (P = 1.0). At 6 months, the prevalence of
NAFLD decreased significantly and similarly in the D (11% [1/9] and D+E group (33% [3/9]).
(P = .56).

None of the subjects experienced any clinical adverse effects related to the diet-induced weight
loss or exercise intervention.

The calculated effect size of exercise added to diet on IHF was 0.03 (Cohen’s d = between-
group difference in change in IHF/SD of change in IHF).
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DISCUSSION
Obesity is closely associated with an increase in IHF (5) and metabolic abnormalities such as
Type 2 diabetes (T2D) (4). While aging is similarly linked with an increase in IHF content
(6) and metabolic disturbances (4), little is known regarding NAFLD in obese older adults. To
our knowledge, the present study is the first randomized trial to examine the effects of lifestyle
intervention (D and D+E) on IHF and associated metabolic abnormalities in obese older adults.
Our findings demonstrate that weight loss induced by D or D+E are equally effective in
reducing IHF content (by ~50%) and improving insulin sensitivity (by ~60%) in obese older
adults. Our six-month intervention induced a considerable reduction (by ~70%) in the
prevalence of NAFLD in both study groups. Therefore, D and D+E can ameliorate obesity-
and aging-associated increases in IHF content and accompanying metabolic abnormalities in
high-risk obese older adults.

The findings of our study are consistent with the findings of other clinical trials examining the
effects of diet-induced weight loss on IHF in young and middle aged adults (13-17). In
particular, our findings of 50% reduction in IHF after 9% weight loss in older subjects are
similar to the findings of 36–80% reduction in IHF after 6–8% weight loss in younger subjects
(13,16). These data demonstrate that the liver readily mobilizes intrahepatic triglycerides in
response to a negative energy balance and that moderate weight loss has a profound effect on
IHF content.

The results of our study show that exercise training did not have an additive effect on diet-
induced weight loss in reducing IHF, as indicated by the small calculated effect size (Cohen’s
d = .03). It has been suggested that exercise could reduce IHF accumulation through activation
of the AMP-activated protein kinase pathway, resulting in stimulation of lipid oxidation and
inhibition of lipid synthesis (32). Indeed, cross-sectional studies have shown that levels of
habitual physical activity are inversely correlated with IHF content in healthy, young and
middle-aged adults (33,34). However, we are aware of only two interventional studies that
have compared the effects of a structured exercise program plus weight loss with a weight loss
program alone on IHF content (14,17). These studies also showed that exercise training did
not have an additional effect in reducing IHF, supporting our findings that D and D+E induced
similar changes in IHF. Nonetheless, these two studies utilized exercise programs that are
different from those in the present intervention. One used an acute program (~2 weeks) (14)
while the other used a chronic (6 month) program (17); both involved only aerobic exercise
and no resistance training. The discordant findings between these cross-sectional and
interventional studies might be resolved by speculating that exercise is a possible preventive
approach, but may not be an effective treatment without weight loss for NAFLD.

Data from cross-sectional studies have demonstrated that high levels of IHF content are
strongly associated with impaired insulin sensitivity (6,35). Possible mechanisms that identify
IHF as part of the pathogenesis of insulin resistance include 1) release of reactive oxygen
species derived from steatosis-stimulated FFA oxidation and 2) imbalance of adipocytokines
derived from steatosis, ensuing a highly proinflammatory status closely related to the metabolic
syndrome (36,37). Accordingly, we observed that the reduction in IHF strongly correlated with
the improvement in insulin sensitivity, highlighting the potential importance of IHF in the
pathogenesis of insulin resistance. Our findings support and extend data from previous weight-
loss studies conducted in younger subjects that found an association between decrease in IHF
and increase in insulin sensitivity (16).

The results from the present study also demonstrate that exercise is still an important
component of lifestyle therapy in older adults because it can have additional beneficial effects
on CHD risk factors. In particular, the D+E group had a greater reduction in systolic and
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diastolic BP than the D group, suggesting that combining diet and exercise had an additive
effect on improving BP. To date, previous studies designed to investigate the additive effects
of diet and exercise on BP have been conducted in the young and middle aged populations.
These studies have yielded mixed results. Some studies (38,39) but not all (40,41) have shown
that combining diet and exercise has an additive effect on improving BP. Both weight loss
(42,43) and exercise (44,45) have been shown to reduce arterial stiffness and improve
endothelial function, which may underlie their BP-lowering effects. The improvement in
endothelial function in response to both weight loss and exercise training are associated with
reduced oxidative stress (46,47) and improved NO availability (45). Exercise training may
contribute to further lowering of BP by attenuating the sympathetic nervous activity in the
trained state (48). Additionally, we also observed that D+E but not D alone induced significant
reductions in serum levels of triglyceride and HDL-cholesterol. Although there were no
treatment differences, our findings support previous reports showing the importance of
combining diet with exercise to effectively improve serum lipids (49). In addition to the positive
effects on CHD risk factors, we found that the addition of exercise to the D group improved
endurance power and muscle strength. These findings emphasize the importance of exercise
therapy to improve physical function in older adults (21,50).

In conclusion, the results of this randomized intervention trial provide evidence that lifestyle
intervention through D or D+E results in significant and similar decreases (~50%) in IHF in
obese older adults. The decrease in IHF is accompanied by considerable improvement in insulin
sensitivity (~60%), which could decrease the risk for developing T2D - the risk of which is
certainly high in the older obese population. Further studies are needed to determine the clinical
significance of the reduction in IHF. The addition of exercise training to a weight-loss program
causes further improvement in other metabolic CHD risk factors and physical function.
Therefore, diet therapy, plus exercise is recommended to ameliorate obesity- and aging-related
derangements in metabolic and physical function in older adults.
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Figure 1.
Changes in intrahepatic fat content (panel A) and insulin sensitivity index (panel B) in obese
older adults randomized to 6 months of diet-induced weight loss (open bars) or diet-induced
weight loss + exercise training (closed bars) Values are means ± SE. * Indicates significant
difference from baseline within group P<0.05.
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Figure 2.
Relationship between changes in intrahepatic fat content and changes in insulin sensitivity
index in obese older adults randomized to 6 months of diet-induced weight loss (open circles)
or diet-induced weight loss + exercise training (closed circles).
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Table 1

Physical characteristics before and after 6 months of diet-induced weight loss or diet-induced weight loss +
exercise training

Diet
(n=9)

Diet + exercise
(n=9)

Between-group
P value

Age (year) 68.6 ± 1.1 68.5 ± 1.3
Females [n (%)] 6 (67) 7 (78)
Body weight (kg)
 Baseline 106.5 ± 6.0 95.4 ± 3.4 .94
 Final 97.3 ± 5.8 87.1 ± 4.5
 Absolute change −9.2 ± 1.6 −8.3 ± 1.7
 Within-group P value .001 .001
Mineral-free lean mass (kg)
 Baseline 63.1 ± 4.7 54.3 ± 2.6 0.13
 Final 59.6 ± 4.5 52.6 ± 2.8
 Absolute change −3.5 ± 1 −1.7 ± 0.6
 Within-group P value .006 .02
Fat mass (kg)
 Baseline 43.3 ± 2.6 41.1 ± 2.4 0.60
 Final 37.7 ± 2.8 34.5 ± 2.8
 Absolute change −5.6 ± 1.2 −6.6 ± 1.2
 Within-group P value .002 .0001
Trunk fat (kg)
 Baseline 21.5 ± 1.5 21.2 ± 1.2 0.38
 Final 18.3 ± 1.6 17.2 ± 1.4
 Absolute change −3.2 ± 0.8 −4.0 ± 0.4
 Within-group P value .33 .09
VO2 peak (L/min)
 Baseline 1.79 ± 0.18 1.65± 0.07 .04
 Final 1.78 ± 0.18 1.86 ± 0.09
 Absolute change −0.01 ± 0.02 −0.21 ± 0.01
 Within-group P value .93 .001
Muscle strength (lb)
 Baseline 667 ± 130 585 ± 44 .04
 Final 673 ± 124 690 ± 62
 Absolute change −6 ± 23 105 ± 20
 Within-group P value .37 .02

Values are mean ± SE. VO2 peak, peak oxygen uptake.
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Table 2

Intrahepatic fat content and oral-glucose-tolerance variables before and after 6 months of diet-induced weight
loss or diet-induced weight loss + exercise training

Diet
(n=9)

Diet + exercise
(n=9)

Between-group
P value

Intrahepatic Fat (%)
 Baseline 7.1 ± 1.1 8.6 ± 2.2
 Final 3.4 ± 0.6 4.6 ± 1.6
 Absolute change −3.7 ± 1.1 −3.8 ± 1.2 .95
 Within-group P value .01 .02
Insulin Sensitivity Index
 Baseline 2.6 ± 0.6 3.5 ± 0.8
 Final 3.7 ± 0.8 5.3 ± 0.9
 Absolute change 1.1 ± 0.4 1.8 ± 1.1 .84
 Within-group P value .04 .04
HOMA-IR
 Baseline 5.5 ± 1.3 4.1 ± 1
 Final 4.0 ± 1.2 2.9 ± 1
 Absolute change 1.5 ± 0.6 1.2 ± 0.4 .41
 With in-group P value .047 .02
Glucose AUC (×103 mg · min/dL)
 Baseline 17.7 ± 1.0 18.0 ± 1.6
 Absolute change 15.7 ± 0.7 15.4 ± 1.3
 Change −2.0 ± 0.6 −2.3 ± 1.0 .20
 Within-group P value .02 .04
Insulin AUC (×103 μU · min/mL)
 Bas eline 13.6 ± 2.5 10.2 ± 1.6
 Final 10.2 ± 1.7 6.8 ± 1.1
 Absolute change −3.4 ± 1.6 −3.4 ± 1.1 .32
 Within-group P value .067 .045

Values are as mean ± SE. ISI, composite insulin sensitivity index; AUC, area under the curve; HOMA-IR, Homeostasis model assessment of insulin
resistance.
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Table 3

Serum glucose, lipids, blood pressure and liver enzymes, before and after 6 months of diet-induced weight loss
or diet-induced weight loss plus exercise training

Diet
(n=9)

Diet + exercise
(n=9)

Between-group
P value

Glucose (mg/dL)
 Baseline 98.9 ± 3.5 105.7 ± 4.1
 Final 95.1 ± 3.4 98.8 ± 2.6
 Absolute change −3.8 ± 0.7 −6.9 ± 2.6 .08
 Within-group P value .001 .01
Total cholesterol (mg/dL)
 Baseline 178.3 ± 13.5 179.4 ± 16.9
 Final 171.8 ± 16.2 161.5 ± 11.5
 Absolute change −6.6 ± 12.1 −17.9 ± 8.5 .04
 Within-group P value .60 .048
Triglyceride (mg/dL)
 Baseline 140.4 ± 17.7 122.7 ± 16.6
 Final 122.8 ± 23.7 95.6 ± 13.0
 Absolute change −17.6 ± 14.3 −27.1 ± 11.6 .49
 Within-group P value .24 .03
LDL cholesterol (mg/dL)
 Baseline 91.3 ± 8.3 101.4 ± 13.2
 Final 93.3 ± 14.5 84.6 ± 8.2
 Absolute change 2.0 ± 9.4 −16.8 ± 7.0 .19
 Within-group P value .84 .04
HDL cholesterol (mg/dL)
 Baseline 53.2 ± 3.8 54.6 ± 4.0
 Final 54.3 ± 4.1 58.9 ± 3.6
 Absolute change 1.1 ± 1.0 4.3 ± 2.2 .45
 Within-group P value .33 .09
Systolic blood pressure (mmHg)
 Baseline 131.3 ± 6.6 138.6 ± 8.6
 Final 111.4 ± 2.8 114.5 ± 6.6
 Absolute change −19.9 ± 6.3 −24.4 ± 4.2 .002
 Within-group P value .01 .0001
Diastolic blood pressure (mmHg)
 Baseline 72.3 ± 4.3 75.1 ± 3.3
 Final 69.4 ± 1.2 67.3 ± 3.7
 Absolute change −3.0 ± 3.9 −7.8 ± 2.1 .007
 Within-group P value .47 .005
Alanine aminotransferase (U/L)
 Baseline 32.6 ± 4.1 28.4 ± 3.8
 Final 32.6 ± 4.1 25.3 ± 4.5
 Absolute change 5.2 ± 1.1 3.1 ± 1.1 .80
 Within-group P value .14 .19
Aspartate aminotransferase (U/L
 Baseline 29.8 ± 3.6 28.4 ± 3.8
 Final 27.3 ± 2.1 26.1 ± 1.5
 Absolute change −2.5 ± 1.4 −1.0 ± 0.8
 Within-group P value .49 .60 .20

Values are as mean ± SE. HDL; High density lipoprotein; LDL, Low density lipoprotein To convert glucose to mmol/L, multiply by 0.0555; HDL
cholesterol to mmol/L, multiply by 0.0259; and triglyceride to mmol/L, multiply by 0.0113
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