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Abstract

Objective—To determine the effects of an intensive lifestyle intervention vs. a comparison group 

on body composition in obese or overweight persons with type 2 diabetes at baseline and at 1, 4, 

and 8 years.

Design and Methods—Body composition was measured by dual energy X-ray absorptiometry 

in a subset of 1019 Look Ahead study volunteers randomized to intervention or comparison 

groups. The intervention was designed to achieve and maintain ≥7% weight loss through increased 

physical activity and reduced caloric intake. The comparison group received social support and 

diabetes education.

Results—At 1 year, the intervention group lost fat (5.6 ± 0.2 kg) and lean mass (2.3 ± 0.1 kg) but 

regained fat (~100%), and lost lean mass between years 1 and 8. Between baseline and year-8, 

weight-loss was greater in intervention vs. comparison groups (4.0 ± 0.4 vs. 2.3 ± 0.4 kg); 

comparison group weight-loss was mostly lean mass (2.1 ± 0.17 kg). Fat mass in the intervention 

group was lower than that of the comparison group at all post-baseline time points.
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Conclusions—Reduced FM may place the intervention group at a lower risk of obesity-linked 

sequelae, a hypothesis that can be tested by future studies of this cohort.

Trial Registration—ClinicalTrials.gov Identifier: NCT00017953
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Introduction

Intentional weight loss, which is associated with loss of lean (LM) and fat mass (FM), is a 

function of diet, (1) physical exercise,(2, 3) age, gender, ethnicity,(4, 5, 6, 7) and initial body 

composition.(8, 9, 10, 11) Diet and various diseases, especially diabetes, also affect LM 

loss, particularly in older individuals.(12, 13, 14, 15, 16, 17, 18, 19, 20) Look AHEAD is a 

randomized trial in which 5,145 overweight or obese individuals with type 2 diabetes were 

assigned to either intensive lifestyle intervention or to diabetes support and education 

(comparison) groups to test whether intervention reduces cardiovascular morbidity and 

mortality.(21, 22, 23, 24) The Look AHEAD population is an ideal model for testing the 

effects of an intensive lifestyle intervention, and thus, intentional weight loss, on body 

composition (FM and LM) by dual-energy x-ray absorptiometry (DXA) in obese and 

overweight persons with type 2 diabetes. Body composition at baseline has been reported.

(25) Here we compare the body composition at baseline and at 1, 4 and 8 years post entry 

within a subgroup of 1,019 participants in the intervention and comparison groups at Look 

AHEAD sites in Baton Rouge, Houston, Boston, and Seattle.

Methods

Participants

A total of 5,145 men and women were randomized to intervention or comparison groups at 

16 Look AHEAD study sites using a web-based data management system that verifies 

eligibility. Randomization is stratified by clinical center and blocked with random block 

sizes of four and six. At entry, participants were 45 to 76 years of age, presented with type 2 

diabetes, and had a body mass index (BMI) ≥ 25 kg/m2 (or ≥ 27 kg/m2 if receiving insulin). 

The complete enrollment criteria have been reported.(21) Participants completed a maximal 

exercise tolerance test prior to enrollment.(26) Protocol and consent forms were approved by 

institutional review boards at each site.

Interventions

Participants in each site were randomly assigned to intervention or comparison groups with 

equal probability. The intervention was designed to achieve and maintain weight loss of 

≥7% through reduced caloric intake and increased physical activity.(27, 28) Participants 

were assigned a caloric intake goal of 1200–1500 or 1500–1800 kcal/day depending on 

initial weight and advised to increase the duration of physical activity to 175 minutes per 

week. In years 2–8, the intervention focused on maintaining the weight loss and the duration 

of physical activity achieved during year 1, as well as helping unsuccessful individuals reach 
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the study goals. Participants randomized to the comparison group received general 

information related to healthy eating and physical activity but did not receive the 

comprehensive components of the intervention nor specific strategies for weight loss.(29) 

General medical care and diabetes care were provided to all participants by their non-study 

health care providers.

Study Measures

Participants visited clinics annually. Height was measured in duplicate using a wall-mounted 

stadiometer at baseline. Waist circumference was measured at the midpoint between highest 

point of the iliac crest and lowest part of the costal margin in the mid-axillary line with a 

non-distensible tape measure.

Body Composition was measured by DXA at four Look AHEAD sites, using Hologic 

(QDR-4500A) fan beam densitometers. DXA uses 2-compartment models to distinguish FM 

and fat-free mass and to distinguish bone, measured as bone mineral content, and soft tissue. 

LM is calculated as the difference between fat-free mass and bone mineral content. 

Precision, expressed as coefficient of variation (CV), for fat mass is 1.5% in lean and obese 

subjects; CV for lean mass is 0.45% in lean and 0.80% in obese subjects.(30) Software 

upgrades during the study were approved by a DXA quality assurance center (University of 

California San Francisco). At baseline, a set of cross calibration phantoms were circulated to 

assess differences across scanners. Longitudinal performance was monitored with regular 

scanning of a spine phantom and a whole body phantom on each densitometer, and 

longitudinal corrections were applied to participant body composition results based on the 

whole body phantom. Whole body scan results were corrected for underestimation of fat 

mass using Hologic software.(31) Scans were centrally monitored for quality of acquisition 

and analysis. Participants weighing more than 300 pounds were not scanned due to DXA 

scanner weight limits.

Statistical Analysis

A total of 1161 participants received a DXA scan at baseline. This analysis includes 1019 

(88%) participants (513 comparison group; 506 intervention group) who had at least one 

follow-up measure. Participants receiving an anti-resorptive medication such as 

bisphosphonates at baseline were included in these analyses (n=70). The primary analysis 

goal was to compare body composition measures between the intervention and comparison 

groups across an 8-year time interval. Changes in weight, FM, and LM in the intervention 

group—expressed as absolute values (kg) and percent [e.g., %LM = 100 x LM/(LM + FM)]

—were compared with those of the comparison group. Interaction terms for randomization 

group with gender and for randomization group with age were included in the mixed 

models. The only significant interaction term was for randomization group with gender for 

the FM outcome (P=0.03) thus, all further models were stratified by gender. No interactions 

with age were observed. General estimating equations were used to model the longitudinal 

data with adjustment for randomization group, clinic, gender, age, race/ethnicity, 

hemoglobin A1c, and baseline body composition measure. P-values were calculated for each 

of the 4 time points (baseline, years 1, 4, and 8) and for the average effect across the entire 

follow-up period. Sensitivity analyses were conducted in those who participated in all time 
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points (N= 805) [completers] and compared to the entire cohort as presented here. Analyses 

were performed using SAS v 9.2 (Cary, NC); P<0.05 was set as the significance level.

Results

Baseline Characteristics

At baseline, intervention (60% female) and comparison (57% female) groups did not differ 

with respect to age, gender, race, weight, BMI, waist circumference, FM, and LM (Table 1). 

Mean waist circumferences in both groups were similar and exceeded current guidelines 

(≥102 cm for men and >88 cm for women). Both groups were primarily White (~73%), 

African American (~13%), or Hispanic (8%). The respective percentages of the baseline 

DXA subgroup completing the 1, 4 and 8-year follow-up visits were similar across 

randomization groups as follows: Comparison group females, 96, 92, and 88%; comparison 

group males, 98, 91, 80%; intervention group females, 98, 90, 83%; intervention group 

males, 99, 92, 79%. A consort diagram of patient flow through the study is given in Figure 

1.

Overall Changes in Weight, FM, and LM by Randomized Group from Baseline 
to Year 8—Weight loss was greater in the intervention vs. comparison groups at all 3 post-

entry time points (Figure 2A), i.e., weight loss in intervention group (mean ± SE): 7.9 ± 0.3, 

3.7 ± 0.4, and 4.0 ± 0.4 kg; weight loss in comparison group: 0.5 ± 0.3, 1.2 ± 0.4, and 2.3 ± 

0.4 kg, for years 1, 4, and 8, respectively. This observation was consistent for men and 

women (Figure 2B, C).

Comparison of the changes in FM and LM underlying weight changes within the 

comparison group (Figure 2D, G) revealed that from baseline to year 8, nearly all weight 

loss was due to LM loss (2.2 ± 0.2 kg; 0.23 kg/y) rather than FM loss (0.1± 0.3 kg). Within 

the intervention group, from baseline to year 1, both FM and LM decreased (Figure 2D, G) 

with FM loss > LM loss (5.6 ± 0.2 vs. 2.3 ± 0.2 kg). From year 1 to 8, FM increased 

whereas LM decreased, both approaching the corresponding values of the comparison group 

but nevertheless significantly lower in the intervention group at year 8.

Changes in Percent FM and LM by Randomized Group from Baseline to Year 8
—Percent LM within the intervention group increased from baseline to year 1 and then 

decreased to near comparison group values by year 8 (Figure 3A). Among comparison 

group males and females, LM declined nearly linearly between baseline and year 8 and was 

lower than baseline at years 4 and 8 (P<0.0001). Complementary changes in percent FM are 

shown in Figure 3D.

Gender-Specific Changes in Body Composition by Randomized Group from 
Baseline to Year 8—There were no significant gender-specific differences in the LM 

response to the intervention (Figure 2H–I). Mean LM in comparison vs. intervention groups 

was different at all post-entry time points except year 8 LM for females. The FM response 

within the intervention vs. comparison groups differed according to gender, with the FM 

response at year 4 being greater for males than for females. At year 8, FM for intervention 

and comparison group males was not different, whereas FM for females was significantly 
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lower for the intervention vs. comparison groups at all post entry time points. Gender 

differences in FM are reflected in baseline data showing a higher percentage of FM in 

females vs. males (Figure 3B, C, E, and F). With respect to mean percent LM and percent 

FM at baseline, the intervention and comparison groups were not different; for males these 

were respectively; 65.3 ± 0.4 and 64.5 ± 0.5%; 34.8 ± 0.3 and 35.0 ± 0.3%. The respective 

values for females were 49.4 ± 0.4 and 49.2 ± 0.4%; 46.2 ± 0.3 and 45.4 ± 0.3%. During 

year 1, percent LM among comparison group males and females did not change whereas 

percent LM within the intervention group increased (Figure 3B, C, E, and F). For 

comparison and intervention group males respectively, percent LM = 62.5 ± 0.3 and 65.8 ± 

0.3%. For intervention and comparison group females, percent LM = 51.4 ± 0.3 and 54.1 ± 

0.3% respectively. Changes in mean percent FM complemented those for percent LM in 

intervention and comparison groups, respectively. Percent FM = 34.7 ± 0.3 vs. 31.3 ± 0 .4% 

for males and 46.2 ± 0.3 vs. 45.4 ± 0.3% for females. As with the other measures of obesity, 

percent LM for intervention group males and females declined from year 1 to years 4 and 8, 

while percent FM increased. Although small, percent LM differences between intervention 

and comparison group were significant at years 1, 4 and 8 for males, but only at years 1 and 

4 for females.

The weight changes from baseline to years 1 and 8 were similar for males and females 

(Figure 2,). From baseline to year 1, FM and LM change among comparison group males 

and females was nil whereas intervention group males and females, respectively, lost 9.4 

and 7.0 kg of total weight of which 6.6 kg (~70%) and 5.0 kg (~70%) was FM. From year 1 

to 8 there was little change in the FM and LM of the comparison group and LM within the 

intervention group. In contrast, however, the year 1 to year 8 weight gain among males and 

females within the intervention group was ~100% FM. Overall, despite weight regain, the 

intervention group weighed less than the comparison group at years 1, 4, and 8 (Figure 2A).

An analysis of the subset who participated at all time points (completers) compared to the 

entire cohort did not alter the findings substantively. For example, at one year weight loss 

among female completers-only was −0.57 ± 0.35 (N = 246) and −7.75 ± 0.36 (N = 238) with 

P <0.0001 for comparison and intervention groups respectively; similarly the respective 

weight losses for females including completers and non-completers was −0.66 ± 0.34 (N = 

282) and −7.60 ± 0.33 (N = 299) P < 0.0001. All other comparisons led to similar 

conclusions.

Discussion

Using DXA, we compared the effects of an intensive lifestyle intervention with a 

comparison group receiving only diabetes support and education, on body composition 

changes over 8 years. From baseline to year 8, overall weight declined gradually for the 

comparison group almost entirely due to loss of LM. This resulted in parallel decreases of 

percent LM and increased percent FM. In contrast, weight within the intervention group 

decreased and was lower than that of the comparison group after year 1 of the intervention. 

Concurrently, LM, and to a much greater extent FM, declined. Thus, percent FM and LM, 

respectively, decreased and increased during year 1. These effects did not differ by age 

group, but there was a gender effect in that the FM changes differed for males and females, 
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with the intervention group having lower FM than the comparison group in men but not in 

women at year 8.

Weight regain had a major effect in the intervention group. Between years 1 and 8, regaining 

of weight, LM, and FM led to a convergence of the intervention and comparison groups. 

Despite this, at year 8, the intervention group maintained small but significantly lower FM 

and LM overall, and the mean effect over the entire eight-year period was highly significant 

(P<0.0001). In gender-specific models, differences in FM (males only) and LM (females 

only) were not significant at year 8. Gender differences in FM are well known(24, 25, 32, 

33, 34) and the failure of LM differences in intervention vs. comparison groups in females 

and FM in males to reach significance may simply reflect differences in the LM and FM in 

males and females; females have more FM to lose than males and males have more LM to 

lose than females.

Hypothetically, the lower weight, FM and LM throughout the 8-year period in the 

intervention group would have a salutary, long-term effect, i.e., effects that persist beyond 

eight years. Thus, the occurrence of obesity-related morbidity and mortality within the 

comparison group could be predicted to be greater than that of the intervention group. 

Conversely, quality of life would be better and health care costs lower within the 

intervention group.(35) The hypothesis that years of poorer health habits will have latent 

effects has a well-known precedent; former smokers develop chronic obstructive pulmonary 

disease many years after smoking cessation.(36, 37) There was considerable loss of LM 

between baseline and eight years within both comparison and intervention groups, with the 

effect being greater for the intervention group. Longitudinal studies in older men and 

women show a decline in LM relative to fat,(32) and even though DXA measurements do 

not distinguish muscle from non-muscular sources of LM, it is often assumed that ~80% of 

LM loss is a loss of skeletal muscle. Given that the 4-year Look AHEAD data showed that 

weight-loss improved mobility,(38) examining whether mobility within the intervention 

group exceeds that of the comparison group, despite the loss of LM, warrants further 

investigation. Sarcopenia or the LM loss, with aging is a recognized concern,(14, 15, 16) 

especially considering that loss of mobility is a major determinant for entering a nursing 

home. Thus, identification of alternative interventions that suppress age-dependent LM loss 

remains an important public health priority.

Conclusion

There are several strengths to this study. First, it is a large, randomized population of 

persons with diabetes who have been assessed for body composition with more than 80% 

follow-up at eight years. Second, Look AHEAD included an ethnically diverse population 

with a large number of participants from each of the major ethnic groups. A limitation of the 

study is that the DXA is not as precise as X-ray computed tomography or magnetic 

resonance imaging methods, which give better estimates of skeletal muscle and visceral fat. 

DXA measurements of fat and lean mass are limited by use of a two-compartment model 

that assumes a constant level of hydration.(39) In addition, not all participants attended all 

visits for various reasons including death. However, sensitivity analysis comparing results 

for the entire DXA subgroup with those providing data at each time point (completers) did 
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not alter the outcomes in a clinically meaningful way. Insulin treatment in patients with 

initial poor glucose control can increase LM hydration.(40) However, in Look AHEAD, the 

intervention group tended to have better glucose control and used less anti-diabetic 

medications(35) so that hydration effects are expected to be minimal. Nevertheless, the 

present eight-year follow-up in a subgroup of the Look AHEAD study subjects showed 

statistically significant effects of an intensive lifestyle intervention on the magnitude of the 

changes in body composition. Weight, FM and LM were lower in the intervention vs. 

comparison groups at all post-baseline time points. Follow-up is needed to determine the 

long-term consequences of these body composition changes on physical function and other 

clinical outcomes.
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Appendix

Clinical Sites

The Johns Hopkins Medical Institutions

Frederick L. Brancati, MD, MHS1; Lee Swartz2; Lawrence Cheskin, MD3; Jeanne M. 

Clark, MD, MPH3; Kerry Stewart, EdD3; Richard Rubin, PhD3; Jean Arceci, RN; Suzanne 

Ball; Jeanne Charleston, RN; Danielle Diggins; Mia Johnson; Joyce Lambert; Kathy 

Michalski, RD; Dawn Jiggetts; Chanchai Sapun

Pennington Biomedical Research Center

George A. Bray, MD1; Allison Strate, RN2; Frank L. Greenway, MD3; Donna H. Ryan, 

MD3; Donald Williamson, PhD3; Timothy Church, MD3 ; Catherine Champagne, PhD, RD; 

Valerie Myers, PhD; Jennifer Arceneaux, RN; Kristi Rau; Michelle Begnaud, LDN, RD, 

CDE; Barbara Cerniauskas, LDN, RD, CDE; Crystal Duncan, LPN; Helen Guay, LDN, 

LPC, RD; Carolyn Johnson, LPN, Lisa Jones; Kim Landry; Missy Lingle; Jennifer Perault; 

Cindy Puckett; Marisa Smith; Lauren Cox; Monica Lockett, LPN

The University of Alabama at Birmingham

Cora E. Lewis, MD, MSPH1; Sheikilya Thomas MPH2; Monika Safford, MD3; Stephen 

Glasser, MD3; Vicki DiLillo, PhD3; Charlotte Bragg, MS, RD, LD; Amy Dobelstein; Sara 

Hannum, MA; Anne Hubbell, MS; Jane King, MLT; DeLavallade Lee; Andre Morgan; L. 

Christie Oden; Janet Raines, MS; Cathy Roche, RN, BSN; Jackie Roche; Janet Turman

Harvard Center

Massachusetts General Hospital—David M. Nathan, MD1; Enrico Cagliero, MD3; 

Kathryn Hayward, MD3; Heather Turgeon, RN, BS, CDE2; Linda Delahanty, MS, RD3; 

Ellen Anderson, MS, RD3; Laurie Bissett, MS, RD; Valerie Goldman, MS, RD; Virginia 

Harlan, MSW; Theresa Michel, DPT, DSc, CCS; Mary Larkin, RN; Christine Stevens, RN; 

Kylee Miller, BA; Jimmy Chen, BA; Karen Blumenthal, BA; Gail Winning, BA; Rita Tsay, 

RD; Helen Cyr, RD; Maria Pinto

Joslin Diabetes Center—Edward S. Horton, MD1; Sharon D. Jackson, MS, RD, CDE2; 

Osama Hamdy, MD, PhD3; A. Enrique Caballero, MD3; Sarah Bain, BS; Elizabeth Bovaird, 

BSN, RN; Barbara Fargnoli, MS,RD; Jeanne Spellman, BS, RD; Kari Galuski, RN; Ann 

1Principal Investigator
2Program Coordinator
3Co-Investigator
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Goebel-Fabbri, PhD; Lori Lambert, MS, RD; Sarah Ledbury, MEd, RD; Maureen Malloy, 

BS; Kerry Ovalle, MS, RCEP, CDE

Beth Israel Deaconess Medical Center—George Blackburn, MD, PhD1; Christos 

Mantzoros, MD, DSc3; Ann McNamara, RN; Kristina Spellman, RD

University of Colorado Anschutz Medical Campus

James O. Hill, PhD1; Holly Wyatt, MD3; Marsha Miller, MS RD2; Brent Van Dorsten, 

PhD3; Judith Regensteiner, PhD3; Debbie Bochert; Ligia Coelho, BS; Paulette Cohrs, RN, 

BSN; Susan Green; April Hamilton, BS, CCRC; Jere Hamilton, BA; Eugene Leshchinskiy; 

Lindsey Munkwitz, BS; Loretta Rome, TRS; Terra Thompson, BA; Kirstie Craul, RD, CDE; 

Sheila Smith, BS; Cecilia Wang, MD

Baylor College of Medicine

John P. Foreyt, PhD1; Rebecca S. Reeves, DrPH, RD2; Molly Gee, MEd, RD2; Henry 

Pownall, PhD3; Ashok Balasubramanyam, MBBS3; Chu-Huang Chen, MD, PhD3; Peter 

Jones, MD3; Michele Burrington, RD, RN; Allyson Clark Gardner,MS, RD; Sharon Griggs; 

Michelle Hamilton; Veronica Holley; Sarah Lee; Sarah Lane Liscum, RN, MPH; Susan 

Cantu-Lumbreras; Julieta Palencia, RN; Jennifer Schmidt; Jayne Thomas, RD; Carolyn 

White

The University of Tennessee Health Science Center

University of Tennessee East—Karen C. Johnson, MD, MPH1; Carolyn Gresham, 

RN2; Mace Coday, PhD; Lisa Jones, RN; Lynne Lichtermann, RN, BSN; J. Lee Taylor, 

MEd, MBA

University of Tennessee Downtown—Abbas E. Kitabchi, PhD, MD1; Ebenezer 

Nyenwe, MD3; Helen Lambeth, RN, BSN2; Moana Mosby, RN; Amy Brewer, MS, 

RD,LDN; Debra Clark, LPN; Andrea Crisler, MT; Debra Force, MS, RD, LDN; Donna 

Green, RN; Robert Kores, PhD; Renate Rosenthal, Ph.D.

University of Minnesota

Robert W. Jeffery, PhD1; Tricia Skarphol, MA2; John P. Bantle, MD3; J. Bruce Redmon, 

MD3; Richard S. Crow, MD3; Cindy Bjerk, MS, RD; Kerrin Brelje, MPH, RD; Carolyne 

Campbell; Melanie Jaeb, MPH, RD; Philip Lacher, BBA; Patti Laqua, RD; Therese 

Ockenden, RN; Birgitta I. Rice, MS, RPh, CHES; Carolyn Thorson, CCRP; Ann D. Tucker, 

BA; Mary Susan Voeller, BA

St. Luke’s Roosevelt Hospital Center

Xavier Pi-Sunyer, MD1; Jennifer Patricio, MS2; Carmen Pal, MD3; Lynn Allen, MD;Janet 

Crane, MA, RD, CDN; Lolline Chong, BS, RD; Diane Hirsch, RNC, MS, CDE; Mary Anne 

Holowaty, MS, CN; Michelle Horowitz, MS, RD.
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University of Pennsylvania

Thomas A. Wadden, PhD1; Barbara J Maschak- Carey, MSN, CDE2; Robert I. Berkowitz, 

MD3; Gary Foster, PhD3; Henry Glick, PhD3; Shiriki Kumanyika, PhD, RD, MPH 3; 

Brooke Bailer, PhD; Yuliis Bell; Chanelle Bishop-Gilyard, Psy.D; Raymond Carvajal, 

Psy.D; Helen Chomentowski; Renee Davenport; Lucy Faulconbridge, PhD; Louise Hesson, 

MSN, CRNP; Robert Kuehnel, PhD; Sharon Leonard, RD; Caroline Moran, BA; Monica 

Mullen, RD, MPH; Victoria Webb, BA.; Marion Vetter, MD,RD

University of Pittsburgh

John M. Jakicic, PhD1, David E. Kelley, MD1; Jacqueline Wesche-Thobaben, RN, BSN, 

CDE2; Lewis H. Kuller, MD, DrPH3; Andrea Kriska, PhD3; Amy D. Rickman, PhD, RD, 

LDN3, Lin Ewing, PhD, RN3, Mary Korytkowski, MD3, Daniel Edmundowicz, MD3; 

Rebecca Danchenko, BS; Tammy DeBruce; Barbara Elnyczky; David O. Garcia, MS; 

Patricia H. Harper, MS, RD, LDN; Susan Harrier, BS; Dianne Heidingsfelder, MS, RD, 

CDE, LDN; Diane Ives, MPH; Juliet Mancino, MS, RD, CDE, LDN; Lisa Martich, MS, 

RD; Tracey Y. Murray, BS; Karen Quirin; Joan R. Ritchea; Susan Copelli, BS, CTR

The Miriam Hospital/Alpert Medical School of Brown University Providence, RI

Rena R. Wing, PhD1; Caitlin Egan, MS2; Vincent Pera, MD3; Jeanne McCaffery, PhD3; 

Jessica Unick, PhD3; Ana Almeida; Kirsten Annis, BA; Barbara Bancroft, RN; April 

Bernier, BS; Sara Cournoyer, BA; Lisa Cronkite, BS; Jose DaCruz; Michelle Fisher, RN, 

CDOE; Linda Gay, MS, RD, CDE; Stephen Godbout, BS, BSN; Jacki Hecht, RN, MSN; 

Marie Kearns, MA; Deborah Maier-Fredey, MS, RD; Heather Niemeier, PhD; Suzanne 

Phelan, PhD; Angela Marinilli-Pinto, PhD; Deborah Ranslow-Robles; Hollie Raynor, PhD; 

Erica Robichaud, MSW, RD; Jane Tavares, BA; Kristen Whitehead

The University of Texas Health Science Center at San Antonio

Steven M. Haffner, MD1; Helen P. Hazuda, PhD1; Maria G. Montez, RN, MSHP, CDE2; 

Carlos Lorenzo, MD3; Charles F. Coleman, MS, RD; Domingo Granado, RN; Kathy 

Hathaway, MS, RD; Juan Carlos Isaac, RC, BSN; Nora Ramirez, RN, BSN; Ronda Saenz, 

MS, RD

VA Puget Sound Health Care System / University of Washington

Steven E. Kahn MB, ChB1; Brenda Montgomery, RN, MS, CDE2; Robert Knopp, MD3; 

Edward Lipkin, MD, PhD3; Dace Trence, MD3; Elaine Tsai, MD3; Valerie Baldisserotto, 

RD; Linda Castine, RN, BSN, CDE; Basma Fattaleh, BA; Kathy Fitzpatrick, RN; Diane 

Greenberg, PhD; Sukwan Nhan Jolley, RD; Hailey Mack, RD, MS, CDE; Ivy Morgan-

Taggart; Anne Murillo, BS; Gretchen Otto, BS; Betty Ann Richmond, MEd; Jolanta Socha, 

BS; April Thomas, MPH, RD; Alan Wesley, BA; Diane Wheeler, RD, CDE

Southwestern American Indian Center, Phoenix, Arizona and Shiprock, New Mexico

William C. Knowler, MD, DrPH1; Paula Bolin, RN, MC2; Tina Killean, BS2; Cathy Manus, 

LPN3; Jonathan Krakoff, MD3; Jeffrey M. Curtis, MD, MPH3; Sara Michaels, MD3; Paul 

Bloomquist, MD3; Bernadita Fallis RN, RHIT, CCS; Diane F. Hollowbreast; Ruby Johnson; 
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Maria Meacham, BSN, RN, CDE; Christina Morris, BA; Julie Nelson, RD; Carol Percy, 

RN; Patricia Poorthunder; Sandra Sangster; Leigh A. Shovestull, RD, CDE; Miranda Smart; 

Janelia Smiley; Teddy Thomas, BS; Katie Toledo, MS, LPC

University of Southern California

Anne Peters, MD1; Siran Ghazarian, MD2

Coordinating Center

Wake Forest University

Mark A. Espeland, PhD1; Judy L. Bahnson, BA, CCRP3; Lynne E. Wagenknecht, DrPH3; 

David Reboussin, PhD3; W. Jack Rejeski, PhD3; Alain G. Bertoni, MD, MPH3; Wei Lang, 

PhD3; Michael S. Lawlor, PhD3; David Lefkowitz, MD3; Gary D. Miller, PhD3; Patrick S. 

Reynolds, MD3; Paul M. Ribisl, PhD3; Mara Vitolins, DrPH3; Daniel Beavers, PhD3; 

Haiying Chen, PhD, MM3; Delia S. West, PhD3; Lawrence M. Friedman, MD3; Ron 

Prineas, MD3; Tandaw Samdarshi, MD3; Kathy M. Dotson, BA2; Amelia Hodges, BS, 

CCRP2; Dominique Limprevil-Divers, MA, MEd2; Karen Wall2; Carrie C. Williams, MA, 

CCRP2; Andrea Anderson, MS; Jerry M. Barnes, MA; Mary Barr; Tara D. Beckner; Cralen 

Davis, MS; Thania Del Valle-Fagan, MD; Melanie Franks, BBA; Candace Goode; Jason 

Griffin, BS; Lea Harvin, BS; Mary A. Hontz, BA; Sarah A. Gaussoin, MS; Don G. Hire, 

BS; Patricia Hogan, MS; Mark King, BS; Kathy Lane, BS; Rebecca H. Neiberg, MS; Julia 

T. Rushing, MS; Valery Effoe Sammah; Michael P. Walkup, MS; Terri Windham

Central Resources Centers

DXA Reading Center, University of California at San Francisco

Michael Nevitt, PhD1; Ann Schwartz, PhD2; John Shepherd, PhD3; Michaela Rahorst; Lisa 

Palermo, MS, MA; Susan Ewing, MS; Cynthia Hayashi; Jason Maeda, MPH

Central Laboratory, Northwest Lipid Metabolism and Diabetes Research Laboratories

Santica M. Marcovina, PhD, ScD1; Jessica Chmielewski2; Vinod Gaur, PhD4

ECG Reading Center, EPICARE, Wake Forest University School of Medicine

Elsayed Z. Soliman MD, MSc, MS1; Charles Campbell 2; Zhu-Ming Zhang, MD3; Mary 

Barr; Susan Hensley; Julie Hu; Lisa Keasler; Yabing Li, MD

Diet Assessment Center, University of South Carolina, Arnold School of Public Health, 
Center for Research in Nutrition and Health Disparities

Elizabeth J Mayer-Davis, PhD1; Robert Moran, PhD1

Hall-Foushee Communications, Inc

Richard Foushee, PhD; Nancy J. Hall, MA
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Federal Sponsors

National Institute of Diabetes and Digestive and Kidney Diseases

Mary Evans, PhD; Barbara Harrison, MS; Van S. Hubbard, MD, PhD; Susan Z. Yanovski, 

MD

National Heart, Lung, and Blood Institute

Lawton S. Cooper, MD, MPH; Peter Kaufman, PhD, FABMR

Centers for Disease Control and Prevention

Edward W. Gregg, PhD; Ping Zhang, PhD
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What is already known

Exercise and caloric restriction induce weight-loss.

Weight-loss alters body composition.

Body composition is a determinant of insulin resistance.

What does this study add?

Approximately two-thirds of the weight-loss among obese or overweight diabetic 

persons via an intensive lifestyle intervention is fat.

Weight regain in the intervention group is nearly 100% fat mass.

Over 8 years, both comparison and intervention groups lost lean body mass.
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Figure 1. 
Flow chart for the DXA Body Composition Sub study. All participants received DXA scans 

at baseline and at least one follow-up scan. Numbers in rectangles indicate number of DXA 

scans at each visit. The number of patients who were scanned at a given pair of visits are 

connected by the brackets as shown.
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Figure 2. 
Anthropometric changes as labeled, baseline to year eight. *P < 0.05, comparison and 

intervention groups are different. A – I, P <0.0001 for overall treatment effects.
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Figure 3. 
Percent change in LM and FM from baseline to year eight, as labeled. *P < 0.05, 

comparison and intervention groups are different. A – F, P <0.0001 for overall treatment 

effects.

Pownall et al. Page 18

Obesity (Silver Spring). Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pownall et al. Page 19

Table 1

Baseline Characteristics by Randomization Group

Comparison Group Intervention Group P-value

N 513 506

Age (y) 58.9 ± 6.7 58.6 ± 7.0 0.48

Gender (Male) 42.9% 39.7% 0.31

Race/Ethnicity

 Non-Hispanic African American 72 (14%) 62 (12.3%)

 Native American or Alaskan Native 4 (0.8%) 1 (0.2%)

 Asian/Pacific Islander 9 (1.8%) 12 (2.4%)

 White 373 (72.7%) 378 (74.7%)

 Hispanic 40 (7.8%) 38 (7.5%)

 Other and mixed race/ethnicity 15 (2.9%) 15 (3.0%)

Height (cm) 168.1 ± 9.4 167.4 ± 9.0 0.19

Weight, kgb 100.4 ± 15.1 98.8 ± 15.9 0.11

BMI (kg/m2) 35.6 ± 5.1 35.3 ± 5.4 0.44

Waist Circumference (cm) 112.5 ± 12.3 112.0 ± 12.8 0.53

Fat Mass (kg)b 41.7 ± 10.4 41.1 ± 10.9 0.40

Lean Body Mass (kg)b 56.2 ± 10.3 55.3 ± 9.9 0.14

a
Values are mean ± SD;

b
DXA measures.
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