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Abstract
BACKGROUND—The longitudinal association between obesity, weight variability and health
status outcomes is important for patients with coronary disease and diabetes.

METHODS—The Bypass Angioplasty Revascularization Investigation 2 Diabetes trial (BARI
2D) was a multi-center randomized clinical trial to evaluate the best treatment strategy for patients
with both documented stable ischemic heart disease and type 2 diabetes. We examined BARI 2D
participants for four years to study how BMI was associated with health status outcomes. Health
status was evaluated by the Duke Activity Status Index (DASI), RAND Energy/fatigue, Health
Distress, and Self-rated health. BMI was measured quarterly throughout follow-up years, and
health status was assessed at each annual follow-up visit. Variation in BMI measures was
separated into between-person and within-person change in longitudinal analysis.

RESULTS—Higher mean BMI over follow-up years (the between-person BMI) was associated
with poorer health status outcomes. Decreasing BMI (the within-person BMI change) was
associated with better Self-rated health. The relationships between BMI variability and DASI or
Energy appeared to be curvilinear, and differed by baseline obesity status. Decreasing BMI was
associated with better outcomes if patients were obese at baseline, but was associated with poorer
DASI and Energy outcomes if patients were non-obese at baseline.
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CONCLUSIONS—For patients with stable ischemic heart disease and diabetes, weight gain was
associated with poorer health status outcomes, independent of obesity-related comobidities.
Weight reduction is associated with better functional capacity and perceived energy for obese
patients but not for non-obese patients at baseline.
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BACKGROUND
The prevalence of obesity has risen in recent decades,1 and more than half of American
adults are estimated to be overweight or obese2. Obesity increases the risk for both coronary
artery disease and type 2 diabetes,3 as excessive adipose tissue secretes more adipokines,
which may lead to systemic inflammation and insulin resistance. 4, 5 Inflammatory factors
are associated with greater risk of sarcopenia, bone loss, and anemia,6, 7 and undermine
functional capacity and health status of an individual.8 Previous studies have shown that
being overweight or obese contributes to lower health-related quality of life.9 However,
previous data were primarily cross-sectional, and about the longitudinal relationship
between obesity and health status remains uncertain.

Apart from obesity, weight fluctuation also is a known risk factor for mortality and adverse
cardiovascular events.10, 11 However, little is known about the relationship between weight
variability and health status measures, and whether such associations differ by obesity
status.

The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) was a multi-
center international randomized clinical trial evaluating the treatment strategies for patients
with documented stable ischemic heart disease and type 2 diabetes.12 Baseline results of
BARI 2D demonstrated that obesity was inversely associated with desirable health status
outcomes, and the relationship was independent of baseline co-morbidities and treatment.13

To investigate the longitudinal relationship between body mass index (BMI) and health
status outcomes, we tested the following hypotheses in the present study: 1) higher BMI is
associated with lower health status outcomes during follow-up, 2) individual BMI change is
associated with change in health status outcomes, and 3) the association between BMI
fluctuation and health status differs by baseline obesity status.

METHODS
Setting

The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) is a NIH
sponsored randomized clinical trial. A 2-by-2 factorial design was used to compare
treatment strategies for patients with both stable ischemic heart disease and type 2 diabetes.
The baseline characteristics and primary findings of BARI 2D have been reported. 14

Briefly, patients were eligible for BARI 2D if they had type 2 diabetes, documented
myocardial ischemia, and angiographically documented coronary heart disease suitable for
revascularization. Consented patients were randomized to receive one of the two
randomized heart disease strategies—prompt revascularization or medical therapy with
delayed revascularization when necessary, and simultaneously randomized to receive one of
the two glycemic strategies, either insulin-sensitizing or insulin-providing drugs to achieve a
serum Hemoglobin A1c level of less than 7.0%. A total of 2,368 patients were enrolled
between January 2001 and March 2005, and clinical follow-up ended on November 30,
2008. The average patient follow-up was 5.3 years.

Chung et al. Page 2

Am Heart J. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Summary of key variables
BMI and health status were measured concurrently at baseline for each BARI 2D
participant. During follow-up years, BMI was measured quarterly, while health status was
measured annually. BMI was calculated as weight (in kilograms) divided by height squared
(in meters). Health status was assessed by four self-administrated instruments—the Duke
Activity Status Index (DASI),15 RAND Medical Outcome Study Energy/fatigue,16 Health
Distress scales,17 and Self-rated health.18 The DASI score ranged from 0 (worst) to 58.2
(best). The RAND Energy/fatigue scale (hereafter referred to as Energy) included 5 items
reporting the amount of time in the past month the participant felt energetic or tired. The
modified RAND Health Distress scale (hereafter referred as Health Distress) quantified how
often the participant felt distressed about health. A sample question was “were you
discouraged by your health problems?”. The Self-rated Health score asked the participant to
rate his/her health in general as excellent, very good, good, fair, or poor. We transformed the
raw scores of the Energy, Health Distress and Self-rated Health to 0–100 scales for
comparison. Higher scores indicated more Energy, better Self-rated Health, and worse
Health Distress. The health status measures have been validated in populations with
different chronic conditions,15,16, 19 and used frequently in randomized clinical trials for
patients with cardiovascular diseases.20,21,22

Statistical Analysis
Data were truncated at year 4 because an increasing proportion of patients did not have a
year 5 clinical visit due to late enrollment. Only patients with at least one follow-up health
status measure were included in the analysis. Baseline demographic, clinical, and health
status profiles were summarized by BMI categories of normal (BMI<25), overweight
(25≤BMI<30), class I obesity (30≤BMI<35), and class II/III obesity (BMI≥35). Continuous
variables were compared with Spearman rank correlation and categorical variables with
Mantel-Haenszel chi-square test for trend. Population means for health status and BMI were
summarized at baseline and each follow-up year. The total variability in repeated health
status and BMI measures were separated into the between-person and within-person
variance components. 23 Nonparametric lowess smoothing was used to examine the
relationship between health status and BMI.

For longitudinal analysis, multilevel modeling under the structure of linear mixed models
was used. 24 We obtained BMI and health status measured concurrently at each annual
follow-up visit, with baseline values as covariates. We separated the change in BMI during
follow-up into between-person and within-person differences. The between-person BMI
value was determined as the mean BMI over follow-up years for each participant. The
within-person change was calculated by subtracting the person-specific mean BMI from the
BMI value measured at each follow-up year.25,26,27 This modeling strategy enabled us to
test simultaneously the associations between health status and mean BMI as well as change
in BMI, with additional benefit that the assumption of homogeneous variance in the linear
mixed effect model was relaxed. 28 The model strategies are summarized in Appendices A-1
and A-2 of the report.

To control for confounding, we assessed the association between BMI and health status
outcomes using multivariate models. We tested for quadratic BMI and effect modification
between BMI and covariates reported to interact with BMI in previous studies, such as
baseline obesity,13 age and sex.26 To account for multiple comparisons, we set a two-sided
alpha of 0.01 as the significance level for polynomials and effect modification. Model fit
was examined by residual and random effect plots.24 Analyses were performed with SAS
statistical software (version 9.1; SAS Institute Inc, Cary, NC).
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BARI 2D was funded by the National Heart, Lung, and Blood Institute and the National
Institute of Diabetes and Digestive and Kidney Diseases and received support from the
pharmaceutical companies listed on the cover page. The study investigators are solely
responsible for the design and conduct of this study, and the authors are responsible for all
analyses, the drafting and editing of the paper, and its final contents.

RESULTS
Baseline Characteristics

The analysis included 2,163 of the 2,368 (91.3%) BARI 2D participants with one or more
follow-up health status measures. At baseline, 1,219 (56.6%) participants were obese.
Participants in higher baseline BMI categories were more likely to be African American and
from the United States. At baseline, obesity was associated with higher prevalence of insulin
use, history of congestive heart failure and chronic renal dysfunction, and inversely
associated with smoking and history of myocardial infarction. The baseline distributions of
duration of diabetes, serum Hemoglobin A1c, and clinical history of angina, neuropathy,
non-coronary artery disease or stroke were similar across BMI categories (Table 1).

Change in BMI and Health Status over Time
Among BARI 2D participants, the mean BMI increased from 31.8 at baseline to 32.0 at year
2 and 32.2 at year 4. Health status measures significantly improved from baseline to the year
one visit and then gradually declined during follow-up years (Figure 1). The average
between-person BMI values were 32.1 for all participants, 35.7 for participants who were
obese at baseline and 27.3 for participants who were non-obese at baseline.

For non-obese patients at baseline, those with stable BMI had highest mean DASI over
follow-up years. For obese patients at baseline, there was an inverse association between
increased BMI category and functional capacity (Table 2). A majority of participants
remained in the same BMI category throughout the study. One third of normal or under
weight participants became overweight during follow-up, while 155 (21%) overweight
participants at baseline became class I obese over time. Fifteen percent (15%) of obese
participants shifted down one obesity category during follow-up (Table 2).

Non-linear Association between BMI and Health Status
We observed a nonlinear association between DASI or Energy and BMI. Using DASI as an
example, the highest mean DASI score was observed at a BMI between 26 and 30, and for
obese participants (BMI > 30), higher BMI was linearly associated with lower DASI. When
the change in repeated BMI measures were partitioned into between- and within-person
components, the association between DASI and within-person BMI change was curvilinear
(p<0.001, Figure 2).

After adjustment for confounding, a higher mean BMI during follow-up was significantly
associated with lower health status outcomes. A 10 unit difference in mean follow-up BMI
was associated with a disparity of 2.7 points in DASI, 3.2 points lower in Energy, 3.2 points
more distress and 4.1 points lower in self-rated health (p <0.001, Table 3).

The curvilinear relationships between DASI or Energy and within-person BMI change
differed by baseline obesity status (Table 3). Patients whose BMI increased during follow-
up had worse DASI and Energy scores. Patients whose BMI decreased had better DASI and
Energy scores only if they were obese at baseline (Figure 3a and 3b). The interactions
between baseline obesity status and individual BMI change on health status were significant.
Using DASI as an example, the interaction p value was 0.01 for baseline obesity and BMI
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change, and <0.001 for baseline obesity and quadratic BMI change. In Figure 3a, 1) by
comparing the height of the two curves at x=0 (no change in BMI), we infer that the mean
DASI score is higher for non-obese patients compared with obese patients, and 2) by
analyzing the slope of the curves from x=0, we conclude that for patients who were obese at
baseline, weight gain during BARI 2D was associated with declining DASI and weight loss
was associated with improving DASI, whereas for patients who were not obese at baseline a
positive or a negative change in BMI was associated with a decline in DASI. The estimation
functions from multivariate models for BMI and health status are summarized and
interpreted in Appendix A-3. In order to test whether the observed association between
decreasing BMI and decreasing health status (DASI and Energy) among the non-obese
patients could be explained by clinical events occurring during follow-up, the diagnosis of
cancer and the occurrence of myocardial infarction, stroke, or subsequent procedures during
follow-up were included as covariates in longitudinal models; however, the significance of
the interaction terms and the estimated results from the multivariate models remained
similar with additional control for these time-dependent confounders (Appendix A-4).

For self-rated health, increasing within-person BMI was linearly associated with lower
averaged score, regardless of baseline obesity status (Figure 3c). The inverse association
was statistically significant (p=0.02). Within-person BMI change was not significantly
associated with perceived health distress in study participants.

DISCUSSION
Our study showed that for patients with both stable coronary heart disease and type 2
diabetes, both differences in BMI between patients as well as changes in BMI over time
within a patient were important determinants of health status. Higher between-patient BMI
associated with lower health status outcomes. Increment in BMI over time was associated
with lower health status for all patients, while decrease in BMI over time was associated
with better functional capacity and perceived energy outcomes for patients who were obese,
but not necessarily for those who were non-obese at baseline. The associations were
independent of the effects of demographic factors and obesity-associated morbidity.

To interpret the main finding of the study, we can use the following example: if we
compared a non-obese patient with a mean follow-up BMI of 27 to an obese patient with a
mean follow-up BMI of 37, the 10 unit difference in mean follow-up BMI resulted in a 2.7
point higher DASI, 3.2 point higher Energy, 3.2 point less health distress and 4.1 point
higher self-rated health experienced by the non-obese patient. These differences were of
clinical significance, as a 3 point difference for DASI, and a 5 point difference for other
health status measures were considered clinically meaningful.15,21 If we assumed constant
height for participants during follow-up years, within-person BMI change could be
corresponding to weight change during follow-up years. According to the study finding,
weight gain was associated with poorer health status, while weight loss was associated with
better functional capacity and perceived Energy for obese patients but not for non-obese
patients at baseline.

Obesity was common among our study participants. The high prevalence may largely be due
to the risk profile of patients with both heart disease and diabetes. At study entry, the mean
age of participants was 62.3 years, and increase in BMI was expected as a result of the
natural shift of body composition.29 Although BARI 2D patients were counseled about
weight loss and exercise, we still observed an increasing mean BMI over time. It was not
unexpected, as diabetes treatment is known to be associated with weight gain.30 BMI is a
modifiable risk factor of morbidity, and lifestyle intervention programs often use percent
weight change as a primary goal for overweight and obese patients. In the present study, one
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unit reduction from individual mean follow-up BMI was significantly associated with a
small increase in self-rated health for all participants, and a small increase in DASI and
Energy for patients who were obese at baseline. Our results support that weight reduction is
desirable for obese patients.

For patients who were not obese at baseline, either increase or decrease in within-person
BMI was associated with decline in DASI and Energy. Normal weight individuals with
metabolic abnormality have been shown to have a higher risk of cardiovascular risk;
treatment strategies to attenuate adverse disease outcomes included diet, exercise and
medication for insulin resistance.31 Our results suggested weight reduction may not be the
optimal strategy for such patients to achieve better functional capacity. As weight gain in
adulthood was primarily resulted from increase in fat mass,32 older individuals with weight
loss were prone to nutritional deficiency and sarcopenia. 33 The decrease in the lean body
mass of muscle and bone, which is essential to buffer the low caloric intake during acute
illness and wasting in chronic conditions, can subsequently increase the risk of frailty and
compromise the individual’s ability to perform daily activities.33 Our results showed that a
stable BMI was associated with better functional capacity and perceived Energy outcomes
for non-obese patients with heart disease and diabetes.

Due to the shift in body composition and adiposity, waist circumference is another effective
measure of abdominal obesity. 34 BMI and waist circumference were highly correlated in
the present study, and change in BMI had a stronger association than did waist
circumference with health status outcomes. Considering that BMI was more sensitive to
changes in health status, and waist circumference was more susceptible to measurement
error, we selected BMI for the present study.

In the investigation of the longitudinal relationship between BMI and health status, we also
examined the association between preceding health status and subsequent BMI using lagged
variables. The relationship between preceding BMI and subsequent health status was
stronger than that between preceding health status and subsequent BMI. Similar
observations have been reported in the literature, as changes in BMI on health trajectories
were more significant than changes in health status on BMI trajectory.26 Thus, the use of a
single direction model for the longitudinal association between BMI and health status
outcomes seems to be appropriate.

As a limitation of the study, there is a concern that the occurrence of adverse clinical events
during follow-up may have confounded the association between BMI and health status. For
example, the diagnosis of cancer or the occurrence of a myocardial infarction or stroke
during follow-up may have been related to a decline in both BMI and health status
outcomes. The results with or without adjusting for these time-dependent factors were
consistent, suggesting that the confounding by these adverse clinical events did not
substantially alter the study results. However, it is possible that other clinical factors, not
measured in this study, partially explain the observed association between a reduction in
BMI and worsening DASI and Energy among non-obese participants. There is also concern
about survivor effects; for example, whether participants available in the latter period of the
study were likely to report better health status results. In the present study, the association
between health status and BMI were similar at each follow-up time, indicating a minor
survivor effect. In addition, the multivariate analysis includes terms for missing data patterns
to adjust for non-random missing data within the structure of mixed model, and thus, the
BMI estimates presented in this manuscript account for missing data.

Compared to previous research, the strength of the present study lies in the investigation of
longitudinal relationship between BMI and health status outcomes, where the subtlety of
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weight change dynamics over time are captured. This study suggests that BMI management
for patients with both heart disease and type 2 diabetes can have a positive impact on health
status.

CONCLUSION
For patients with both documented stable coronary heart disease and type 2 diabetes. Weight
gain was associated with a decrease in health status outcomes. Weight reduction over time
was associated with improvement in functional capacity and perceived energy outcomes for
patients who were obese, but not necessarily for those who were non-obese at study entry.
The associations were independent of clinical history, treatment and obesity-associated
diseases.

Acknowledgments
Funding: The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) is funded by the
National Heart, Lung and Blood Institute and the National Institute of Diabetes and Digestive and Kidney Diseases,
Nos. U01 HL061744, U01 HL061746, U01 HL061748, and U01 HL063804. Significant supplemental funding is
provided by GlaxoSmithKline, Collegeville, PA, Bristol-Myers Squibb Medical Imaging, Inc., North Billerica, MA,
Astellas Pharma US, Inc., Deerfield, IL, Merck & Co., Inc., Whitehouse Station, NJ, Abbott Laboratories, Inc.,
Abbott Park, IL, and Pfizer, Inc, New York, NY. Generous support is given by Abbott Laboratories Ltd.,
MediSense Products, Mississauga, Canada, Bayer Diagnostics, Tarrytown, NY, Becton, Dickinson and Company,
Franklin Lakes, NJ, J. R. Carlson Labs, Arlington Hts., IL, Centocor, Inc., Malvern, PA, Eli Lilly and Company,
Indianapolis, IN, LipoScience, Inc., Raleigh, NC, Merck Sante, Lyon, France, Novartis Pharmaceuticals
Corporation, East Hanover, NJ, and Novo Nordisk, Inc. Princeton, NJ.

References
1. Mokdad AH, Serdula MK, Dietz WH, et al. The spread of the obesity epidemic in the United States,

1991–1998. JAMA. 1999; 282(16):1519–22. [PubMed: 10546690]
2. National Task Force on the Prevention and Treatment of Obesity 2000. Overweight, Obesity, and

Health Risk. Arch Intern Med. 2000; 160(7):898–904. [PubMed: 10761953]
3. Turner RC, Millns H, Neil HAW, et al. Risk factors for coronary artery disease in non-insulin

dependent diabetes mellitus: United Kingdom prospective diabetes study (UKPDS: 23). BMJ. 1998;
316(7134):823–828. [PubMed: 9549452]

4. Lyon CJ, Law RE, Hsueh WA. Minireview: adiposity, inflammation, and atherogenesis.
Endocrinology. 2003; 144:2195–2200. [PubMed: 12746274]

5. Maggio M, Guralnik JM, Longo DL, Ferrucci L. Interleukin-6 in aging and chronic disease: a
magnificent pathway. J Gerontol A Biol Sci Med Sci. 2006; 61:575–584. [PubMed: 16799139]

6. Andrews NC. Anemia of inflammation: the cytokine-hepcidin link. J Clin Invest. 2004; 113:1251–
1253. [PubMed: 15124013]

7. Scheidt-Nave C, Bismar H, Leidig-Bruckner G, et al. Serum interleukin 6 is a major predictor of
bone loss in women specific to the first decade past menopause. J Clin Endocrinol Metab. 2001;
86:2032–2042. [PubMed: 11344203]

8. Schrager MA, Metter EJ, Simonsick E, et al. Sarcopenic obesity and inflammation in the
InCHIANTI study. J Appl Physiol.

9. Dennett SL, Boye KS, Yurgin NR. The impact of body weight on patient utilities with or without
type 2 diabetes: a review of the medical literature. Value Health. 2008; 11(3):478–86. [PubMed:
18489671]

10. Lissner L, Odell PM, D’Agostino RB, Stokes J 3rd, Kreger BE, Belanger AJ, et al. Variability of
body weight and health outcomes in the Framingham population. N Engl J Med. 1991; 324(26):
1839–44. [PubMed: 2041550]

11. Iribarren C, Sharp DS, Burchfiel CM, et al. Association of weight loss and weight fluctuation with
mortality among Japanese American men. N Engl J Med. 1995; 333:686–92. [PubMed: 7637745]

Chung et al. Page 7

Am Heart J. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



12. The BARI 2D Study Group. A randomized trial of therapies for type 2 diabetes and coronary artery
disease. N Engl J Med. 2009; 360(24):2503–15. [PubMed: 19502645]

13. Hlatky MA, Chung SC, Escobedo J, et al. The effect of obesity on quality of life in patients with
diabetes and coronary artery disease. Am Heart J. 2010; 159(2):292–300. [PubMed: 20152229]

14. Bypass Angioplasty Revascularization Investigation 2 Diabetes Study Group. Baseline
characteristics of patients with diabetes and coronary artery disease enrolled in the Bypass
Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial. Am Heart J. 2008;
156:528–536. [PubMed: 18760137]

15. Hlatky MA, Boineau RE, Higginbotham MB, et al. A brief self-administered questionnaire to
determine functional capacity (the Duke Activity Status Index). Am J Cardiol. 1989; 64(10):651–
4. [PubMed: 2782256]

16. Stewart, AL.; Hays, RD.; Ware, JE, Jr. Health perceptions, energy/fatigue, and health distress
measure. In: Stewart, AL.; Ware, JR., Jr, editors. Measuring functioning and well-being: The
Medical Outcomes Study approach. Durham, NC: Duke University Press; 1992. p. 143-172.

17. Lorig, K.; Stewart, A.; Ritter, P., et al. Outcome measures for health education and other health
care interventions. Thousand Oaks, CA: Sage Publications; 1996.

18. RAND 36-Item Health Survey 1.0 Questionnaire Items. Santa Monica, CA, USA: RAND Health;
at http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html

19. Hays, RD.; Sherbourne, CD.; Mazel, RM. User’s Manual for the Medical Outcomes Study (MOS)
Core Measures of Health-Related Quality of Life. Santa Monica, Calif: RAND; 1995. RAND
publication MR-162-RC

20. Hlatky MA, Rogers WJ, Johnstone I, et al. Medical care costs and quality of life after
randomization to coronary angioplasty or coronary bypass surgery. Bypass Angioplasty
Revascularization Investigation (BARI) Investigators. N Engl J Med. 1997; 336(2):92–9.
[PubMed: 8988886]

21. Lorig KR, Sobel DS, Stewart AL, et al. Evidence suggesting that a chronic disease self-
management program can improve health status while reducing hospitalization: a randomized trial.
Med Care. 1999; 37(1):5–14. [PubMed: 10413387]

22. TIME Investigators. Trial of invasive versus medical therapy in elderly patients with chronic
symptomatic coronary-artery disease (TIME): a randomised trial. Lancet. 2001; 358(9286):951–7.
[PubMed: 11583747]

23. Littel, RC.; Milliken, GA.; Stroup, WW., et al. SAS for Mixed Models. SAS Institute Inc; Cary,
NC: 1996.

24. Brown, H.; Prescott, RJ. Applied mixed models in medicine. Chichester, England: John Wiley;
1999.

25. Hedeker, D.; Gibbons, RD. Longitudinal Data Analysis. John Wiley & Sons, Inc; New Jersey:
2006.

26. Kahng SK, Dunkle RE, Jackson JS. The relationship between the trajectory of body mass index
and health trajectory among older adults—multilevel modeling analyses. Res Aging. 2004; 26:31–
61.

27. Hedeker D, Mermelstein RJ, Berbaum ML, Campbell RT. Modeling mood variation associated
with smoking: an application of a heterogeneous mixed-effects model for analysis of ecological
momentary assessment (EMA) data. Addiction. 2009; 104(2):297–307. [PubMed: 19149827]

28. Hedeker, D.; Mermelstein, RJ. Mixed-effects regression models with heterogeneous variance:
analyzing ecological momentary assessment data of smoking. In: Little, TD.; Bovaird, JA.; Card,
NA., editors. Modeling Ecological and Contextual Effects in Longitudinal Studies of Human
Development. Mahwah, NJ: Erlbaum; 2007. p. 183-206.

29. Gallagher D, Visser M, Sepulveda D, et al. How useful is body mass index for comparison of body
fatness across age, sex, and ethnic groups? Am J Epi. 1996; 143:228–39.

30. Nathan DM, Buse JB, Davidson MB, et al. American Diabetes Association; European Association
for Study of Diabetes. Medical management of hyperglycemia in type 2 diabetes: a consensus
algorithm for the initiation and adjustment of therapy: a consensus statement of the American
Diabetes Association and the European Association for the Study of Diabetes. Diabetes Care.
2009; 32(1):193–203. [PubMed: 18945920]

Chung et al. Page 8

Am Heart J. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html


31. Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The metabolically obese, normal-weight
individual revisited. Diabetes. 1998; 47(5):699–713. [PubMed: 9588440]

32. Willett WC, Dietz WH, Colditz GA. Guidelines for healthy weight. N Engl J Med. 1999; 341(6):
427–34. [PubMed: 10432328]

33. Miller SL, Wolfe RR. The danger of weight loss in the elderly. J Nutr Health Aging. 2008; 12(7):
487–91. [PubMed: 18615231]

34. Ross R, Janiszewski PM. Is weight loss the optimal target for obesity-related cardiovascular
disease risk reduction? Can J Cardiol. 2008; 24 (Suppl D):25D–31D.

Chung et al. Page 9

Am Heart J. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Mean health status by baseline obesity status.
*Points indicate mean scores in each group. Obese (BMI ≥ 30) (solid symbol: ■ and solid
line: –––––); non-obese (BMI<30) (open symbols: □ and dashed line: -------).
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Figure 2.
Lowess smooth of DASI by BMI at year 1 and at year 4; DASI by between-person and
within-person BMI change at year 1.
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Figure 3.
Interpretation of averaged association of follow-up BMI and health status outcomes.
*Assume mean follow-up BMI is 35 for participant who were obese at baseline, and 25 for
participants who were non-obese at baseline.
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Table 2

Mean health status during follow-up by baseline and follow-up BMI categories.†

Follow-up BMI categories*

Under/normal Overweight Class 1 obesity Class 2/3 obesity

Distribution (Number of patients)

Baseline BMI categories

Under/normal (n=190) 123 64 3 0

Overweight (n=741) 63 521 155 2

Class 1 obesity (n=693) 0 119 440 134

Class 2/3 obesity (n=525) 0 3 63 459

DASI (0–58.2)

Under/normal 24.6 21.2 9.7 N/A

Overweight 22.0 23.6 21.1 17.5

Class 1 obesity N/A 20.6 20.9 18.9

Class 2/3 obesity N/A 14.4 17.9 16.6

Energy (0–100)

Under/normal 63.8 57.7 55.0 N/A

Overweight 67.2 62.8 56.1 60.4

Class 1 obesity N/A 62.2 56.3 51.4

Class 2/3 obesity N/A 58.8 59.3 48.6

Health distress (0(better)–100)

Under/normal 26.1 30.1 28.6 N/A

Overweight 23.6 26.1 33.5 50.0

Class 1 obesity N/A 24.7 31.4 35.8

Class 2/3 obesity N/A 38.5 29.6 39.3

Self-rated health (0–100)

Under/normal 50.8 44.6 45.8 N/A

Overweight 53.7 50.9 46.2 37.5

Class 1 obesity N/A 49.6 47.9 41.9

Class 2/3 obesity N/A 49.0 48.4 40.0

*
Averaged BMI during follow-up years.

†
9 individuals with missing baseline BMI, 5 with missing follow-up mean BMI.
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