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4. Rationale:  

 

  Type 2 diabetes (T2D) is a leading cause of morbidity and mortality. The 

prevalence of T2D has increased dramatically in recent years in the United States, and 

affected about 29.1 million Americans (9.3% of the population) in the year 2012 

according to the National Diabetes Statistics Report 2014. Observational studies have 

consistently shown that excess body weight is among the most important predictors of the 

onset of T2D 
1-3

.   In addition, weight loss has been shown to reduce the risk of incident 

T2D in several clinical trials
4
.  

 

  Although these associations are well known, the reverse relationship of glucose 

regulation to changes in weight is less clear.  In 1998 Folsom et al. used data from the 

first 3 examinations of the ARIC cohort to show that a higher fasting insulin 

concentration was associated with a lower rate of weight gain.  The same association was 

not seen in the younger CARDIA cohort
5
.   In 2010 Chiu et al. included the study by 

Folsom in a review of studies examining the relationship of glucose regulation to changes 

in weight
6
.  Of the 22 studies that met their criteria, 3 reported that poor glucose 

regulation was associated with weight gain; 12 studies concluded that poor glucose 

regulation was associated with weight loss and the remaining 7 studies showed null or 

mixed results.  Chui et al. found that all 6 of the studies that focused on diabetic 

populations unanimously supported a relationship between poor glucose regulation and 

weight loss or lower levels of weight gain
6
.  The authors note that their findings support 

the view that insulin resistance serves as a homeostatic mechanism to protect against 

further weight gain.  Thus, diabetes appears to be caused by weight gain, but may be a 

cause of weight loss or reduced weight gain.  Elucidation of the temporal sequence of 

these effects requires longitudinal data with repeated measures of body weight and 

diabetes status, such as that available in the ARIC cohort.  

 

  Studies on the risk of development of diabetes have examined the association of 

long-term weight change from early to mid- and/or late-adulthood 
7
, long-term weight 

change during mid-adulthood 
8
, or short-term weight change during early-, mid- and late-

adulthood 
9,10

.  We know of no studies that have examined the effects of long-term 

weight change in early adulthood and short-term weight change in later adulthood 

surrounding the time of diabetes incidence.  We recently published a study using this 

design and the outcomes of CHD and stroke (not diabetes) in the American Journal of 

Epidemiology
11

. In that work we hypothesized that earlier, long-term weight gain would 

be associated with increased CHD and stroke risk over a long follow-up period. In 

contrast, we expected later, short-term weight loss to be associated with increased risk in 

the 3 years immediately following the weight change. We found that long-term weight 

gain (since age 25) was associated with elevated CHD and stroke risk compared to 

weight maintenance; but among middle aged men and women short-term (3-year) weight 

loss of greater than 3% was associated with elevated CHD (HR=1.46) and stroke 

(HR=1.45) risk within the next 3 years.  This elevation in risk tended to be larger in 

adults who were not dieting to lose weight.  We expect to find that the associations 

between weight change and T2D will also be in opposite directions, depending on the 

timing of the weight change relative to T2D incidence. 



 

 

 

  T2D has been associated with both obesity and weight loss.  The timing of 

associations between weight gain, weight loss and the development of diabetes is unclear.   

The ARIC data provide longitudinal data with which to explore these relations. 

 

 

5. Main Hypothesis/Study Questions: 

  The aim of this study is to prospectively evaluate the associations of long-term 

weight change (change in weight from early-adulthood to mid-adulthood) and short-term 

weight change (3-year changes in weight during mid-adulthood) with incidence of T2D 

in mid-adulthood.  

 

  We hypothesize that long-term weight gain starting at age 25 (mean period of 30 

years) will be associated with increased risk of incident T2D during mid-adulthood; 

whereas, subsequent short-term weight loss (or reduced weight gain) will be associated 

with development of T2D. We expect that weight gain in subjects with incident diabetes 

will be reduced compared to that seen in other subjects both during a 3 year period in 

which diabetes was diagnosed and during a 3 year period following diabetes diagnosis. 

 

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). 

 

Examination of hazard ratios 

 We will estimate the HR’s for incident diabetes associated with long term weight 

change and short term weight change between the ARIC visits immediately prior to the 

interval in which diabetes was diagnosed.  We will not use this analytic method to 

examine weight change during or following the period of diabetes diagnosis because the 

incidence of the outcome would precede the exposure. 

 

 The main study exposures are long-term weight change (change in weight from 

early-adulthood to mid-adulthood) and short-term weight change (3-year change in 

weight during mid-adulthood). We will obtain information on these variables from 

baseline visit (Visit 1) as well as 3 follow-up visits (Visits 2, 3 and 4).   We will obtain 

information about recalled weight at age 25 collected during the baseline visit. 

 

 The interval for our studies of long-term weight change begins when the participant 

was 25 years of age.  Given we have information about the age the participants started 

and age participants stopped smoking, we will be able to derive variable that represents 

participants’ smoking status at age 25. Other relevant covariates for that time period 

include: age, gender, and race/ethnicity. Additional covariates are also available for 

ARIC visits during mid to late adulthood including education, physical activity, smoking 

status, alcohol consumption and diet.   

 

 



 

 

Examination of differences in weight change 

We will compare weight change as a continuous variable and in categories between 

individuals who do and do not develop diabetes.  The intervals to be examined include: 

a. Age 25 to ARIC baseline 

b. 3 year interval between the 2 ARIC visits immediately preceding diabetes 

incidence 

c. 3 year interval between ARIC visits during which diabetes was diagnosed 

d. 3 year interval between ARIC visits that directly follow the interval in which 

diabetes was diagnosed. 

 

Exclusions: 

-Participants who had diabetes during the baseline visit 1 (i.e. prevalent cases of diabetes) 

-Participants who had CVD or cancer (other than skin cancer) or developed those 

diseases during the weight change interval being studied or during the interval in which 

diabetes was diagnosed.  They are excluded because these conditions influence weight 

change. 

-Participants with missing data on major outcomes and exposures. 

-Following usual ARIC protocol, we will restrict our analysis to two major race groups: 

African Americans and non-Hispanic whites due to small number of participants from 

other race/ethnic groups. We will exclude African Americans from Washington 

County, Maryland, or Minneapolis, Minnesota. 

 

 

Case Identification: 

 We will identify incident diabetes cases using definition as follows: 

a. Fasting glucose ≥126 mg/dL 

*** For those whose glucose values were from non-fasting state, we will 

convert the glucose values into fasting-state equivalent values.
13,14

 

b. Participants reporting physician diagnosis of diabetes 

c. Use of anti-diabetes medications, including oral agents and insulin  

 

 We will identify the date of diabetes diagnosis using a linear interpolation method 

that has been previously published
12

.   This same method has been used in several 

manuscripts with incident diabetes as major outcomes using ARIC data
13,14

.  

 

Hazard Ratios: 

 Cox proportional hazards regression models will be used to model the associations 

of long-term and short-term weight changes and incident diabetes.  The details on weight 

change calculation and analytical method to address similar type of research question 

with Coronary Heart Disease and Stroke has been previously published
11

.  We will use 

incident diabetes cases developed any time between Visit 2 and Visit 4 to explore the 

associations of long-term weight change with diabetes risk. We will exclude T2D cases 

that occurred within 3 years after the baseline examination (i.e. between visit 1 and visit 

2). This will help separate the impact of short-term weight change and allow us to more 

clearly distinguish the 2 time periods of interest (i.e. long-term vs. short-term weight 

change).  



 

 

 We will explore the influence of short-term weight change by assessing weight 

change between Visit 1 and 2, and incident diabetes developed between Visit 2 and 3. 

Similarly, we will look at the weight change between Visit 2 and 3, and incident diabetes 

between Visit 3 and 4.  

 

Comparisons of weight change by diabetes status: 

 Repeated measures analysis using mixed models will be used to examine mean 

weight change among those who develop diabetes or not in 4 separate analyses 

examining the relevant intervals described above (under Examination of differences in 

weight change).  We will examine weight change per year and percent weight change per 

year as continuous variables with the primary exposure incident diabetes in the relevant 

interval.  We may also use multivariate analyses to compare associations between 

diabetes status and weight change in categories. 

 

Other analyses: 

 To explore whether the elevated diabetes risk associated with short-term weight loss 

is related to intentional or unintentional weight loss, we will examine the associations for 

weight change stratified by self-reported dieting for weight loss and following a diabetic 

diet. Since diet practices not assessed at every visit these analyses will be limited and 

exploratory.  We plan to use the approach used in our previous work of creating a 

propensity to diet score
11

.  
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