
UC San Diego
UC San Diego Electronic Theses and Dissertations

Title
Longitudinal association between body weight, health behaviors, and development of 
prediabetes over 8 years in the Rancho Bernardo Study

Permalink
https://escholarship.org/uc/item/8cg9n5jm

Author
Yamamoto, Takeshi

Publication Date
2021
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8cg9n5jm
https://escholarship.org
http://www.cdlib.org/


 
 

UNIVERSITY OF CALIFORNIA SAN DIEGO 

 

Longitudinal association between body weight, health behaviors, and 
development of prediabetes over 8 years in the Rancho Bernardo Study 

 
A thesis submitted in partial satisfaction of the requirements for the Master’s degree 

in 
Public Health 

 
by  

Takeshi Yamamoto 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Committee in charge 
 Professor Job Godino, Chair 
 Professor Brittany Larsen, Co-Chair 
 Professor Suzi Hong  
  
 

2021 



 
 

  



iii 

  
 
 

 The thesis of Takeshi Yamamoto is approved, and it is acceptable in quality and 

form for publication on microfilm and electronically. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

University of California San Diego 
2021 

 



iv 

TABLE OF CONTENTS 
 
Thesis approval page…………………………………………..…………....…………………iii 

Table of Contents……………………………………………………..……….……………......iv 

List of Figures and Tables…………..…………………………………………….…...............v 

Acknowledgments………………………..…...……………………………..…………………vi 

Vita.…..………………………………………………..……………………..………………….vii 

Abstract of the Thesis ……………………………………………….………….………………x 

Introduction……………………….…………………..………………………..……………..…1 

Methods……….………………………………..…………...………………….…………..…...4 

Results…….…………………...………………………..………………………..…………..….7 

Discussion………….……………………………………..………...………………..……..…..9 

References………….……………………………………..………...…………….………..…12 

 

 

  



v 

LISTS OF FIGURES AND TABLES 
 
Figure 1: Procedure of selecting the subjects from Rancho Bernardo Study database…16 

Table 1: Subjects characteristics at baseline (4th visit)…...………...…………...…………17 

Table 2: Profile change from Visit 4 to 7 by the incidence of impaired glucose metabolism 

at Visit7……………………………….……………..……………………………………..……18 

Table 3: BMI Poisson model with the incidence of any prediabetes as a dependent 

variable…………………………………………………………………….………………..….19 

  



vi 

ACKNOWLEDGEMENTS 
 

 I would like to acknowledge Professor Job Godino for his support as the chair of 

the committee. Through multiple drafts and many long nights, his guidance has proved to 

be invaluable.  

 This thesis, in part, is currently being prepared for submission for publication of 

the material. Job Godino, Brittany Larsen, and Suzi Hong was the co-author of this 

material. 

 

 

  



vii 

VITA 
 
Education 
2021 MPH, University of California San Diego 
2008 M.D., Showa University School of Medicine, Graduate school 
2003 Ph.D., Showa University School of Medicine 
1997 Graduated from Jishukan Prefectural High School, Aichi 
 
Professional Training and Employment 
9/2019- Graduate school student in the Department of Family Medicine and Public 
Health, University of California, San Diego 
4/2015- Senior Lecturer in Department of diabetes, metabolism and endocrinology, 
Showa University, Japan 
4/2011- Assistant Professor in Department of diabetes, metabolism and endocrinology, 
Showa University, Japan  
4/2006- Medical Staff in Showa University Hospital, Japan  
4/2006- Research Fellow in Graduate School of Medicine, Showa University, 
Department of diabetes, metabolism and endocrinology, Japan 
9/2005-9/2006 Senior Resident in Internal Medicine, Yamanshi Redcross Hospital, 
Yamanashi, Japan 
4/2003-8/2005 Junior Resident in Internal Medicine, Showa University Hospital, Japan 
2003 Passed the Examination of National Medical Board, Japan 
 
Publications (English only):  
1. A higher body mass index attenuates the long-term HbA1c-lowering effects of 
liraglutide in type 2 diabetes patients treated using sulfonylurea-based therapy. 
Yamamoto T, Fukui T, Higuchi A, Ohara M, Hayashi T, Hirano T. Diabetology International. 
2016 Dec; 7(4):425–431  

 
2. Type 1 diabetes patients have lower strength in femoral bone determined by 
quantitative computed tomography: A cross-sectional study. Ishikawa K, Fukui T, Nagai T, 
Kuroda T, Hara N, Yamamoto T, Inagaki K, Hirano T. J Diabetes Investig. 2015 
Nov;6(6):726-33. doi: 10.1111/jdi.12372. Epub 2015 Jun 23. PMID: 26543548  
 
3. Teneligliptin, a Dipeptidyl Peptidase-4 Inhibitor, Improves Early-Phase Insulin Secretion 
in Drug-Naïve Patients with Type 2 Diabetes. Ito R, Fukui T, Hayashi T, Osamura A, Ohara 
M, Hara N, Higuchi A, Yamamoto T, Hirano T. Drugs R D. 2015 Sep;15(3):245-51. doi: 
10.1007/s40268-015-0096-6. PMID: 26224337  
 
4. Relationship between daily and day-to-day glycemic variability and increased oxidative 
stress in type 2 diabetes. Ohara M, Fukui T, Ouchi M, Watanabe K, Suzuki T, Yamamoto 
S, Yamamoto T, Hayashi T, Oba K, Hirano T. Diabetes Res Clin Pract. 2016 Dec;122:62-
70. doi: 10.1016/j.diabres.2016.09.025. Epub 2016 Oct 14. PMID: 27810687  
 
5. Increment of C-peptide after glucagon injection determines the progressive nature of 
Japanese type 2 diabetes: a long-term follow-up study. Fukui T, Oono K, Hara N, 



viii 

Yamamoto T, Nagashima M, Naito H, Hirano T. Endocr J. 2013;60(6):715-24. Epub 2013 
Feb 6. PMID: 23386398  
 
6. The effects of statin and fibrate on lowering small dense LDL- cholesterol in 
hyperlipidemic patients with type 2 diabetes. Tokuno A, Hirano T, Hayashi T, Mori Y, 
Yamamoto T, Nagashima M, Shiraishi Y, Ito Y, Adachi M. J Atheroscler Thromb. 2007 
Jun;14(3):128-32. PMID: 17587764  
 
7. Intensive insulin therapy reduces small dense low-density lipoprotein particles in 
patients with type 2 diabetes mellitus: relationship to triglyceride-rich lipoprotein 
subspecies. Hayashi T, Hirano T, Yamamoto T, Ito Y, Adachi M. Metabolism. 2006 
Jul;55(7):879-84. PMID: 16784958 
 
8. Significant increase of apolipoprotein B48 levels by a standard test meal in type 2 
diabetic patients with nephropathy. Yamamoto T, Hirano T, Mori Y, Tokuno A, Nagashima 
M, Takada M, Morita R, Lee S, Hayashi T, Adachi M. J Atheroscler Thromb. 2008 
Aug;15(4):199-205. PMID: 18776703  
 
9. Dapagliflozin decreases small dense low-density lipoprotein-cholesterol and increases 
high-density lipoprotein 2-cholesterol in patients with type 2 diabetes: comparison with 
sitagliptin. Hayashi T, Fukui T, Nakanishi N, Yamamoto S, Tomoyasu M, Osamura A, 
Ohara M, Yamamoto T, Ito Y, Hirano T. Cardiovasc Diabetol. 2017 Jan 13;16(1):8. doi: 
10.1186/s12933-016-0491-5. Erratum in: Cardiovasc Diabetol. 2017 Nov 13;16(1):149. 
PMID: 28086872  
 
10.Improvements of ambient hyperglycemia and glycemic variability are associated with 
reduction in oxidative stress for patients with type 2 diabetes. Ohara M, Nagaike H, Goto 
S, Fukase A, Tanabe Y, Tomoyasu M, Yamamoto T, Hayashi T, Fukui T, Hirano T. Diabetes 
Res Clin Pract. 2018 May;139:253-261. doi: 10.1016/j.diabres.2018.02.017. Epub 2018 
Mar 1. PMID: 29501829 
 
11. Analysis of pancreatic volume in acute-onset, slowly-progressive and fulminant type 
1 diabetes in a Japanese population. Sasamori H, Fukui T, Hayashi T, Yamamoto T, Ohara 
M, Yamamoto S, Kobayashi T, Hirano T. J Diabetes Investig. 2018 Sep;9(5):1091-1099. 
doi: 10.1111/jdi.12816. Epub 2018 Mar 13. PMID: 29427469 
 
12.Comparison of liraglutide plus basal insulin and basal-bolus insulin therapy (BBIT) for 
glycemic control, body weight stability, and treatment satisfaction in patients treated using 
BBIT for type 2 diabetes without severe insulin deficiency: A randomized prospective pilot 
study. Yamamoto S, Hayashi T, Ohara M, Goto S, Sato J, Nagaike H, Fukase A, Sato N, 
Hiromura M, Tomoyasu M, Nakanishi N, Lee S, Osamura A, Yamamoto T, Fukui T, Hirano 
T. Diabetes Res Clin Pract. 2018 Jun;140:339-346. doi: 10.1016/j.diabres.2018.03.032. 
Epub 2018 Mar 26. PMID: 29588170  
 



 

ix 
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Background 

 The purpose of this study is to examine the association between changes in body 

mass index (BMI) and the development of prediabetes diagnosed by oral glucose 

tolerance test (OGTT) over 8 years in an existing longitudinal cohort study of older adults 

aged > 60 years old. 

Methods 

 Participants enrolled in the Rancho Bernard Study, who took an OGTT at the 4th 
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measurement visit (between 1984-1987) and at the 7th measurement visit (between 

1992-1996) and had normal glucose tolerance (NGT) at the 4th measurement visit were 

included (n = 532). Prediabetes status was determined using WHO criteria. Health 

behaviors and demographic characteristics were self-reported at both timepoints. We 

evaluated the association between changes in BMI and the development of prediabetes 

using Poisson regression. 

Results 

 At the baseline, participants had a mean age of 64.7 years, 58.8% were female, 

and mean BMI was 24.5 kg/m2. Over 8 years, 173 of 532 NGT participants (32.5%) 

developed impaired glucose metabolism. The burden of prediabetes increased by 

approximately 12% (95% confidence interval (CI) 1.04 to 1.21) for each unit increase of 

BMI. The corresponding prevalence ratio increased after adjustment for demographics 

(1.15, 95% CI 1.07 to 1.25) and changes in health behaviors (1.17, 95% CI 1.07 to 1.26). 

Conclusion 

 Among a population of older adults, increases in body weight were associated 

with the development of prediabetes. Furthermore, the association was not attenuated by 

health behaviors and demographics, suggesting that progression of prediabetes may be 

largely driven by pathophysiological complications attributable to increased adiposity. 
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Introduction 

 The prevalence of diabetes is rising rapidly worldwide, and it is associated with 

costly complications including cardiovascular disease, neuropathy, and blindness, as well 

as premature mortality. 1-6 In the US, it is estimated that as many as 34 million people 

suffer from diabetes and an additional 88 million have prediabetes. 7 The prevalence of 

both diabetes and prediabetes is highest among adults aged 65 years and older, 26.8% 

and 46.6%, respectively 8. Prediabetes is not only a high-risk state for the development 

of diabetes, but it is also an independent risk factor for micro and macrovascular disease 

9 Recent systematic reviews and metanalyses have shown that among individuals who 

have not yet progressed to diabetes, there is a positive linear association between 

increasing glucose levels and cardiovascular disease and mortality10. 

 The pathology of prediabetes follows two patterns, including impaired fasting 

glucose (IFG) and impaired glucose tolerance (IGT). The World Health Organization has 

defined IFG and IGT in the 10th revision of the International Classification of Diseases as 

follows: IFG is defined as a fasting plasma glucose (FPG) level >110mg/dl (6.1mmol/l), 

and IGT is defined as a 2 hours plasma glucose level (2hPG) in oral glucose tolerance 

test (OGTT) > 140 mg/dl (7.8mmol/l).11 Prior research has shown that IFG increases the 

likelihood of developing diabetes more than IGT regardless of the diagnostic threshold 

used12-14, and both are associated with increased risk of micro and macrovascular 

complications10,15-18. Given this elevated risk, there have been increasing calls for 

identifying and treating prediabetes to optimize glycemic control.19 However, knowledge 

gaps exist regarding how best to make prognostication highly sensitive and specific in 

predicting who will develop diabetes. Furthermore, there is a need for continued 



 

2 

surveillance of the prevalence of prediabetes in diverse samples of aging adults and 

examination of the impact of longitudinal changes in risk factors on the development of 

prediabetes. 

 To date, there have been limited number of studies designed to reveal the 

pathology of the development of prediabetes. Nine cross-sectional studies have identified 

a strong positive association between the prevalence of prediabetes and body mass index 

(BMI, kg/m²), which is the primary risk factor for development of diabetes.20-29 According 

to these studies, the odds ratio of having prediabetes among those who are overweight 

(BMI>25 kg/m2) ranges from 1.36 to 1.85. Additionally, only two longitudinal cohort 

studies have focused on the development of prediabetes. These studies show that 

BMI>30 kg/m2 at baseline increased the likelihood of developing prediabetes by 220% 

over 10 years.30,31 However, the findings from these two cohort studies are limited by a 

lack of data on the impact of changes in health behaviors known to independently 

influence body weight and glycemic control. More specifically, each study relied on health 

behavior measures taken at one timepoint (i.e., baseline) and consequently were unable 

to evaluate the influence of simultaneous changes in body weight and health behaviors 

during the study period. Therefore, not only is there a need to replicate the findings from 

existing longitudinal research, but there is also a need to better assess the metabolic and 

behavioral determinants of prediabetes. A better understanding of the phenotype-specific 

pathophysiology of prediabetes may add value to identifying appropriate interventions for 

patients with prediabetes. 

 In order to address the aforementioned gaps in the literature, we assessed the 

association between changes in BMI and health behaviors with the development of 



 

3 

prediabetes defined by measures of IFG and IGT over 8 years in an existing longitudinal 

cohort study of older adults aged 60 years and older. Furthermore, we examined the 

extent to which demographic characteristics and changes in health behaviors impacted 

the association. 
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Methods 

 The Rancho Bernardo Study of Healthy Aging (RBS) is an ongoing longitudinal 

cohort study launched in 1972 in San Diego, California.32 Rancho Bernardo is a northern 

suburb of San Diego that has been marketed as a retirement community. Therefore, the 

RBS cohort consists of male and female participants, more than half of whom were over 

60 years old at the study baseline. The participants have undergone a medical check 

every 4 to 5 years. The study was approved by the University of California San Diego 

(UCSD) institutional review board. All participants of RBS provided written informed 

consent. 

 

Procedures 

 The participants came to the Rancho Bernardo study clinic and were seen by 

trained nurses and interviewers at 7AM to 11AM on clinic visit day. They needed to come 

with 12-16 h fasting. Oral glucose tolerance test (OGTT) was administrated and fasting 

and 2 hours later blood sample were drawn. Blood sample was collected from cubital vein. 

 

Measures 

Prediabetes.  

 Over the course of 50-years history of the study, participants took an oral glucose 

tolerance test (OGTT) twice; once at the 4th measurement visit (between 1984-1987) and 

once at the 7th visit (between 1992-1996) about 8 years later. The presence of 

prediabetes or diabetes was defined by OGTT. Prediabetes and diabetes were diagnosed 
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by WHO criteria; FPG>110mg/dl (5.6 mmol/l) or 2hPG<140mg/dl (7.8 mmol/l), 

FPG>126mg/dl (7.0 mmol/l) and 2hPG<200mg/dl (11.1 mmol/l), restrictively.  

Body mass index (BMI).  

 Weight and height were measured by a trained investigator, with participants 

wearing light clothing and no shoes. BMI was then calculated as weight (kilograms) 

divided by square of the height (meters). 

Health behaviors.  

 At each measurement visit, participants also completed a self-reported, 

interviewer administered questionnaire on health behaviors. Smoking status change was 

assessed and categorized into 4 groups; non-smoker at the 4th visit and non-smoker at 

the 7th visit (NO-NO), non-smoker at the 4th visit and current-smoker at the 7th visit (NO-

YES), smoker at the 4th visit and non-smoker at the 7th visit (YES-NO), and current 

smoker at the 4th visit and current smoker at the 7th visit (YES-YES). Similarly, alcohol 

consumption status was assessed and change was categorized into 4 groups (NO-NO, 

NO-YES, YES-NO, YES-YES) by whether the participant drank more than 3 times or 

more per week or not. Engagement in exercise was assessed and change was 

categorized into 4 groups (NO-NO, NO-YES, YES-NO, YES-YES) by whether the 

participant engaged in exercise 3 times or more per week or not.  

Demographics  

 Demographic characteristics were self-reported to a trained interviewer and 

included age (years), sex (male or female), race (white or non-white), and family history 

of diabetes. 

Data analysis 
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 Descriptive statistics (proportions, means, and standard deviations) were used to 

describe the demographics and health behaviors of participants with and without 

development of prediabetes. Paired t-test and McNemar testing were performed in 

analysis comparing baseline (4th visit) participants’ characteristics and that of 7th visit. 

Three Poisson regression models with robust error variances were used to examine the 

association of BMI with the prevalence rate of prediabetes. An unadjusted crude model 

included BMI change alone (model 1), model 2 included BMI change and demographics, 

and model 3 included BMI change, demographics, and changes in health behaviors 

(smoking, alcohol consumption and exercise). Missing data were excluded from the 

analysis. The predefined cut-off for statistical significance was set at P < 0.05. All 

analyses were performed using JMP® 15 (SAS Institute Inc., Cary, NC, USA). 
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Results 

 Figure.1 shows how the study participants were selected for the analyses of this 

study. Among all enrolled RBS participants (N=6,726 ), 12.8% (n=859) took an oral 

glucose tolerance test at both visits 4 and 7. Of those, we excluded 38.1% (n=327) who 

had prediabetes or diabetes at visit 4. Our final sample consisted of 532 participants. 

 The mean (standard deviation) age at visit 4 was 64.7 (9.8) years old, 58.8% were 

female, 99.2% were white, and mean (standard deviation) BMI was 24.5 (3.4) kg/m2. 

Approximately 25% percent of participants had a family history of diabetes, 45% smoked 

cigarettes, and 55% drank alcohol more than 3 times per week. A total of 85% percent of 

participants reported engaging in exercise 3 times or more per week. 

 Over the study period, 173 of 532 (32.5%) NGT participants developed 

prediabetes or diabetes (only 2 participants developed impaired glucose metabolism such 

that it met the criteria for a diagnosis of diabetes. They were treated the same as 

prediabetics in subsequent analyses). 2hPG among this population increased greatly 

significantly as expected, from 110 mg/dl to 169 mg/dl. Table 1 shows the participants’ 

change from visit 4 to visit 7. BMI increased in both groups; the group including those with 

NGT and the group including those with prediabetes at visit 7. Participants who developed 

prediabetes had higher BMI at visit 4 and experienced a larger increase in BMI through 

to visit 7. Changes in BMI was larger in participants who developed prediabetes than 

those who stayed NGT (p<0.05). Age changed from about 64 years old to 72 years old in 

both groups. In regard to health behavior change, the proportion of people who regularly 

drank alcohol decreased in both groups, whereas the proportion who smoked did not 

change in both groups. These trends did not change in both health behaviors p=0.41, 
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p=0.90, respectively). The proportion of people who exercised regularly decreased in the 

group that developed prediabetes or diabetes, although did not change in NGT group. 

 The unadjusted prevalence ratio for developing prediabetes (Model 1) was 1.12 

(95% Confidence Interval (CI) 1.04 to 1.21), indicating a significant 12% increase in 

prediabetes per unit increase of BMI change (Table 2). Model 2 included adjustment for 

demographics, which resulted in a stronger association between BMI change and the 

development of prediabetes (1.15, 95% CI 1.07 to 1.25). Model 3 included adjustment for 

both demographics and health behavior change, which resulted in a stronger association 

between BMI change and the development of prediabetes (1.17, 95% CI 1.07 to 1.26).  
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Discussion 

 The present study adds findings to a limited body of research that reports a 

positive association between body weight and the development of prediabetes by further 

considering key demographics and health behaviors. As expected, the results suggest 

that the burden of prediabetes increased with increases in BMI over an 8-year period 

among a cohort of older adults. Importantly, adjustment for demographic and health 

behavior changes did not attenuate the association. Rather, the strength of the 

association increased. This suggests that the progression from NGT to prediabetes may 

be largely driven by pathophysiological complications attributable to increased adiposity. 

 Increased weight and adiposity is well known to be a risk factor for developing 

impaired glucose metabolism33. However, most research has focused on the phase of 

developing diabetes from prediabetes. For example, Oguma et al. reported that increased 

weight gain over 30 years among 20,186 university alumni was associated with the 

development of diabetes.34 Only Hwang (2007), Aekplacorn (2006), Zang (2018), and 

Gautier (2010) have performed prospective cohort studies that used OGTT to accurately 

describe the development of prediabetes, and they too found that increased weight gain 

was associated with the development of impaired glucose metabolism35-38. Importantly, 

these studies did not characterize the impact of changes in demographics and health 

behaviors. However, Henninger (2015) and Ranjit (2015) did conduct prospective-cohort 

studies that included a consideration of health behaviors39,40, but their reports were limited 

by the fact that the health behaviors were only evaluated at baseline. Thus, the present 

study makes a unique contribution to the evidence on the association between weight 
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gain and prediabetes, because it takes into account demographic and health behavior 

change. 

 The strengths of this study include the use of data from a relatively large 

longitudinal cohort study. Additionally, the study included repeated administrations of 

OGTT. This provides a high level of validity to the diagnosis of prediabetes. Furthermore, 

consecutive measurement of health behaviors allowed us to adjust for factors that are 

known to influence both weight and risk of diabetes (e.g., smoking and exercise). Lastly, 

our study obtained data from a population of older adults who were enrolled without 

impaired diabetes metabolism, which means that study data reflect the natural 

development of prediabetes among this population. 

 This study is not without its limitations. First, a substantial portion of the overall 

sample did not complete the sequential OGTT, which limits the generalizable of the 

results. Second, all health behaviors were measures using methods of self-report which 

are known to have limited validity and reliability. Third, the study did not include repeated 

measures of caloric intake. However, one previous study using RBS data showed no 

correlation between fasting glucose level and the healthy eating index, suggesting that 

atherogenic food intake may not be associated with fasting glucose and impaired glucose 

metabolism41. Lastly, the RBS cohort does not reflect general social constructs since most 

participants were White. Importantly, however, the two previously mentioned longitudinal 

cohort studies that took into account changes in health behavior were both conducted 

among Hispanic/Latino populations and our results are in alignment with their findings, 

suggesting that this association may be strong even after taking into account a range of 
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sociological constructs known to impact both weight and the development of impaired 

glucose metabolism. 

 

 

Conclusions 

 According to the findings from this study, increases in body weight are 

significantly associated with the development of prediabetes among older adults. 

Furthermore, the association was not attenuated by changes in health behaviors and 

demographics, suggesting that progression from NGT to prediabetes may be largely 

driven by pathophysiological complications attributable to increased adiposity. Additional 

longitudinal research that includes robust measures of change in markers of glucose 

tolerance, health behaviors, and demographic characteristics including the social 

determinants of health are warranted. Future studies should be designed to include more 

detailed and quantifiable measures of health behavior change in particular. As the 

population ages, the burden of impaired glucose tolerance will likely increases. This study 

highlights the need for continued surveillance of this burden, as well as a better 

understanding of the phenotype-specific pathophysiology of prediabetes, which may 

inform effective interventions for patients with prediabetes. 
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OGTT: Oral glucose tolerance test 
 
Figure 1: Procedure of selecting the subjects from Rancho Bernardo Study database 
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at both visits 4 and 7

n=859

Fasting glucose level <110mg/dl 
and 2hPG <140 mg/dl

at visit 4
n=532
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Table1: Subjects characteristics at baseline (4th visit) 
 
N (M/F) 532 (219/313) 
Age (y/o) 64.7 + 9.8 
Race  
  Whites  
  Not Whites 
  Missing 

 
522 (99.2) 

4 (0.7) 
6 

BMI (kg/m2) 24.5 + 3.4 
Family history of 
diabetes 
  Yes 
  No 
  Missing 

 
 

131 (25.0) 
393 (75.0) 

8 
Smoking history 
  Present smoker 
  Former smoker 
  Non-smoker 
  Missing 

 
233 (44.0) 
229 (43.2) 
68 (12.8) 

2 
Alcohol 
  Everyday 
  3-4 days/week 
  1-2 days/ week 
  1-2 days/ month 
  <1days/ month 
  Non-drinker 
  Missing 

 
236 (45.2) 
54 (10.3) 
75 (14.4) 
66 (12.6) 
51 (9.7) 
40 (7.7) 

10 
Exercise 3 times or 
more/week 
  Yes 
  No 
  Missing 

 
 

453 (85.1) 
79 (14.9) 

0 
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Table 2: Profile change from Visit 4 to 7 by the incidence of impaired glucose metabolism 
at Visit7 
 

 Overall 
(n=532) 

NGT 
 (n=359) 

Any prediabetes (n=173) Difference 
between 
NGT and 

any 
prediabete

s  
 Visit4 Visit7 p Visit4 Visit7 p Visit4 Visit7 p p 

Age 63.4 + 
8.9 

71.6 + 8.9 <.01 62.9 + 8.9 71.2 + 9.0 <.01 64.3 + 
8.7 

72.6 + 
8.7 

<.01 0.52 

BMI 
 

24.7 + 
3.4 

25.2 + 3.7 <.01 24.3 + 3.1 24.6 + 3.3 <.01 25.4 + 
3.8 

26.3 + 
4.3 

<.01 <.01 
 

FPG 94.2 
+8.5 

94.0 + 13.5 .71 93.8 +8.2 91.5 + 7.0 <.01 95.2 + 
8.9 

99.2 + 
20.5 

.02 <.01 

2hPG 
 

103.6 + 
20.6 

127.5 + 
38.8 

<.01 100.5 + 
21.0 

107.7 + 
19.1 

<.01 110.2 + 
17.8 

168.6 + 
37.1 

<.01 <.01 

Smoking 
  YES/ NO 
(%)  

 
233/297 
(44.0) 

 
242/289 
(45.6) 

.09  
165/192 
(46.2) 

 
172/187 
(47.9) 

.11  
68/105 
(39.3) 

 
70/102 
(40.7) 

.71 .41 

Alcohol 3days or more/ week 
  YES/ NO 
(%) 

 
290/232 
(55.6) 

 
248/283 
(46.7) 

<.01  
195/157 
(55.4) 

 
167/192 
(46.5) 

<.01  
95/75 

(55.9%) 

 
81/91 
(47.1) 

<.01 .90 

Exercise 3 times or 
more/week 
  YES / NO 
(%) 

 
453/79 
(85.2) 

 
406/126 
(76.3) 

<.01  
296/63 
(82.5) 

 
281/78 
(78.3) 

.10  
157/16 
(90.8) 

 
125/48 
(72.3) 

<.01 .01 
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Table3: BMI Poisson model with the incidence of any prediabetes as a dependent variable 
 
 

 Prediabetes 
or diabetes 

(n=173 ) 

Model 1 
  Crude 
  (BMI only) 

1.12 
(1.04-1.21) 

Model 2 
  Model 1 + 
  demographics 

1.15 
(1.07-1.25) 

Model 3 
  Model 2 + 
  Changes in health    
  behaviors 

1.17 
(1.08-1.26) 




