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4. Rationale:  

 

Excess weight is a primary public health concern since approximately one-third of the 

adult population in the United States have a body mass index ≥ 30 kg/m
2
 1. Excess weight 

is a well-established risk factor for heart disease 2, diabetes2, several types of cancer 3 and 

mortality 4 which is believed to be due to its effects on dyslipidemia, insulin resistance 

and chronic systemic inflammation 5. Correspondingly, weight loss is well-evidenced in 

reducing chronic disease risk factors related to excess weight and is therefore 

recommended by major health agencies 6.  

 

Recent studies have found that around 30% of obese individuals have relatively normal 

cardiometabolic profiles 7, including normal blood pressure and lipid profiles, and a high 

degree of insulin sensitivity 8. These metabolically healthy but obese (MHO) individuals 

are characterized by a more favorable fat pattern (such as less visceral fat 9 and smaller 

waist circumference 8), certain lifestyle factors (such as higher physical activity level 8) 

and higher fitness 10, compared to those who are metabolically unhealthy but obese 

(MUO). Although metabolically healthy obesity may not be a stable condition 11,12, 

exposure to these characteristics may convey a favorable long-term health consequence. 

A recent study found that MHO participants were not at increased risk of cardiovascular 

disease and all-cause mortality over a 7-year follow-up compared to metabolically 

healthy normal weight (MHNW) participants 13. The discrepancies in disease risks 

between obesity phenotypes indicate that they may respond differently to excess weight, 

which suggests that they may respond differently to weight loss. However, most of 

previous studies on which weight loss recommendations were based did not discriminate 

metabolic health - obesity phenotypes.  

 

There are only limited experimental studies that examined the short-term (3-9 months) 

effect of diet- 14-18 or/and exercise- 16,17 or gastric banding-induced 19 weight loss on 

cardiometabolic risk factors by obesity phenotypes. As expected, all these studies 

reported weight loss had favorable effects in MUO participants. In contrast, inconsistent 

results were reported in the relative and absolute cardiometabolic benefit from weight 

loss in MHO participants. Sesti et al. reported similar effects with MUO participants 19, 

another two studies reported significant but smaller improvement than MUO participants 
17,18, while another two studies found no significant improvement 14,16. Karelis et al. 

reported a decrease in insulin sensitivity measured by the euglycaemic–

hyperinsulinaemic clamp technique, in MHO postmenopausal women in response to a 6-

month energy-restricted diet 15. In addition, no study has examined the effect of weight 

loss on cariometabolic risk factors in free-living MHO people over a longer period of 

time.  

 

The goal of the proposed study is to prospectively examine whether obesity phenotypes 

respond to weight loss differently in terms of cardiometabolic risk factors, and to 

examine whether weight loss clinically significantly improves cardiometabolic risk 

factors in MHO middle-age adults over a 3-year period. 
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5. Main Hypothesis/Study Questions: 

 

Aim 1:  Do MHO individuals respond differently to weight loss compared to MUO 

individuals? 

Hypothesis 1: For a similar weight loss between visits, MHO individuals will 

undergo a smaller decline compared to MUO individuals in the levels of 

triglycerides (TG), systolic blood pressure (SBP), diastolic blood pressure (DBP), 

fasting blood glucose (FBG), fasting insulin (FI) and insulin resistance determined 

by homeostasis model assessment (HOMA-IR), and a smaller increase in high 

density lipoprotein cholesterol (HDL-C). 

 

Aim 2:  Is weight loss associated with a change in cardiometabolic risk factors 

among MHO individuals? 

Hypothesis 2a: Among MHO individuals, weight loss between visits will be 

associated with a decrease in the levels of TG, SBP, DBP, FBG, FI and HOMA-IR, 

and an increase in HDL-C. 

Hypothesis 2b: MHO individuals who lose weight between visits will have lower 

levels of TG, SBP, DBP, FBG, FI and HOMA-IR, and a greater level of HDL-C 

compared to MHO individuals who maintained their body weight over the same 

interval of time. 

Hypothesis 2c: For a given weight loss between visits, MHO individuals, compared 

to MHNW individuals, will have lower TG, SBP, DBP, FBG, FI and HOMA-IR, and 

greater HDL-C at the end of interval between visits. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Study Design: We will use a prospective cohort study design to address the research 

questions. A “stacked” data set will be created by treating each 3-year interval (between 

visit 1-2, 2-3 and 3-4) for each participant as a separate observation. 

 

Aim 1 will be addressed by comparing changes in cardiometabolic risk factors in MHO 

individuals who lost weight with MUO individuals who lost weight between visits. 

 

Aim 2a will be addressed by a paired analysis to compare cardiometabolic risk factors 

between visits in MHO group who lost weight over the same interval.  

 

Aim 2b will be addressed by comparing changes in cardiometabolic risk factors between 

MHO group who lost weight and MHO group who maintained weight between visits. 

 

Aim 2c will be addressed by comparing changes in cardiometabolic risk factors between 

MHO group who lost weight and MHNW group who lost weight between visits. 



 

4 

 

 

Variable definitions: 

1) Body weight status will be defined using body mass index recommended by the 

World Health Organization (as normal weight: 18.5 - 24.9 kg/m
2
, obesity: ≥ 30 

kg/m
2
) 

23
. 

2) For each 3-year interval, the percent weight change will be calculated as weight at 

the end of an interval minus weight at the beginning of the interval then divided 

by the weight at the beginning of the interval. Weight loss will be defined as < -3 

percent weight change, weight maintenance will be defined as weight change ≥ -3 

and ≤ 3 percent weight change 
24

. 

3) Metabolically healthy will be defined as meeting 0 of the criteria for metabolic 

syndrome except waist circumference by National Cholesterol Program’s Adult 

Treatment Panel-III (ATP-III) guidelines: elevated TG: ≥ 150 mg/dL; low HDL-

C: < 40 mg/dL for men and < 50 mg/dL for women; elevated blood pressure: ≥ 

130/≥ 85 mmHg; elevated FBG: ≥ 110 mg/dL 
25

. 

4) Insulin sensitivity will be evaluated using homeostasis model assessment 

(HOMA-IR): fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5 
26

. 

 

Outcome variables: TG, HDL-C, SBP, DBP, FBG, FI and HOMA-IR. All these 

outcome variables will be treated as continuous. 

 

Covariates: Covariates for the analysis will include: age at the beginning of each 

interval, gender, research center, race, education, smoking, alcohol consumption, physical 

activity, elapsed time between visits, weight at the beginning and the end of each interval. 

 

Inclusion/Exclusion Criteria: 

Inclusion criteria: 

Aim 1: only MHO individuals who lost weight and MUO individuals who lost weight 

over any 3-year interval will be included in the analysis. 

Aim 2a: only MHO individuals who lost weight over any 3-year interval will be included 

in the analysis. 

Aim 2b: only MHO individuals who lost weight and MHO individuals who maintained 

weight over any 3-year interval will be included in the analysis. 

Aim2c: only MHO individuals who lost weight and MHNW individuals who lost weight 

over any 3-year interval will be included in the analysis. 

 

Exclusion criteria: 

Among those who match the inclusion criteria: 

 Those who were taking medicine that affects the levels of outcome variables will 

be excluded for pertinent analysis. 
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 Those who had diabetes, heart disease, stroke, or cancer at the beginning or the 

end of an interval will be excluded from all analyses. 

 The 3-year interval between visits will be excluded from the analysis if any 

variable in the model is missing at the beginning or the end of an interval. 

 

Statistical Analysis: 

Mixed models (PROC MIXED procedure in SAS software, version 9.2; SAS Institute, 

Inc., Cary, North Carolina) will be used to account for the within-subject correlation due 

to multiple observations per subject. The change between visits or level at the end of the 

3-year interval for individual cardiometabolic risk will be treated as continuous 

dependent variable. The LSMEANS option will be used with the PROC MIXED 

procedure (SAS Institute, Inc.) to estimate the adjusted mean 3-year change (between 

visits) in cardiometabolic risk factors for each group and to determine whether there were 

significant differences in the magnitude and direction of the changes between groups.  
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10. What are the most related manuscript proposals in ARIC (authors are 

encouraged to contact lead authors of these proposals for comments on the new 

proposal or collaboration)? 

 

MS#815 The associations between weight maintenance and metabolic risk factors for 

cardiovascular disease. 

MS#828 Beneficial Effects of 5 -15% Weight Loss on Metabolic Risk Factors for 

Type 2 Diabetes and Cardiovascular Disease. 

Above the two studies respectively examined the effect of weight maintenance and 

weight loss on metabolic risk factors in African American and white adults. In 

contrast, our analysis will focus on the effect of weight loss on metabolic risk factors 

in a subgroup of the ARIC sample: metabolically healthy but obese people. 

 

MS#1680 Longitudinal patterns and determinants of metabolic subtypes of obese, 

overweight and normal weight individuals 

Above the study examined the prevalences of obesity phenotypes at ARIC baseline 

visit, and prospectively examined the association between sociodemographic factors 

and lifestyle behaviors and the transition from MHO to MUO. Our analysis will focus 

on the effect of weight loss on metabolic risk factors. 

 

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use 

any ancillary study data?     ____ Yes    __X__ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 

___  B. primarily based on ARIC data with ancillary data playing a minor 

role (usually control variables; list number(s)* __________  __________ 

__________) 

 

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   

 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date 

of the approval, the manuscript proposal will expire. 
 

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the 

public has access to the published results of NIH funded research.  It is your 

responsibility to upload manuscripts to PUBMED Central whenever the journal does 

not and be in compliance with this policy.  Four files about the public access policy from 

http://publicaccess.nih.gov/ are posted in http://www.cscc.unc.edu/aric/index.php, under 

Publications, Policies & Forms. http://publicaccess.nih.gov/submit_process_journals.htm 

shows you which journals automatically upload articles to Pubmed central. 
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