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• Diabetes is the major public health burden in Thailand.

• Diabetes is the significant cause of CVDs and CKD.

• Prevalence of diabetes in Thai population is 8.9% in year 2014.

• Prevalence of prediabetes in Thai population is 14.2% in year 2014.

• The annual risk of progression to DM in prediabetes people was 4 times greater 

than people with normal glucose level.

• However, there has been no evidence about the risk of progression to DM in 

prediabetes people in Thailand.

Background and rationale



Background and rationale

In addition, currently there are new risk factors of DM apart from traditional risk 

factors such as sleep factors and serum uric acid level. 

Systematic review of Sleep Disturbances Compared to Traditional Risk Factors for 

Diabetes Development









Objectives of PreDM cohort

1) To estimate the annual progression rate to DM in 
prediabetes people

2) To investigate the association between sleep factors 
and HbA1c level in prediabetes people

3) To investigate the association between serum uric acid 
and HbA1c level in prediabetes people



Prediabetes cohort study

Outpatient clinic of Family Medicine Department, Ramathibodi
Hospital, Mahidol University

October 2014-March 2018
 Prediabetes defined according to ADA guideline as 

FPG = 100-125 mg/dL or

2-hour OGTT = 140-199 mg/dL or

HbA1c = 5.7%-6.4%
 Exclusion criteria: cognitive impairment 



Data collection

Interested factors 
Demographic data: age, sex, educational level, F.H. of DM
Underlying diseases: HT, DLP, GDM, depression, CKD, CVDs
Health risk behavior: smoking, alcohol drinking
Physical examination: BP, BW, WC, NC, HC, Height



Sleep factors
 Sleep quality:  Pittsburgh Sleep Quality Index (PSQI)
 Sleep duration:

[(sleep duration on weekdays × 5) + (sleep duration on weekend × 2)]/7
 Risk of OSA: Berlin questionnaire 
 Circadian parameters:

Mid sleep time on free day (MSF)
Morningness and eveningness preference: Thai composite scale of morningness

(CSM) score
 Social jetlag: absolute difference of  mid sleep time between weekday and 

weekend



Data collection

 Depressive symptoms:  Center for Epidemiological Studies-Depression (CES-D)

 Diet: Food Frequency Questionnaire (FFQ)

 Physical activity: Global Physical Activity Questionnaire (GPAQ) 

 Laboratory tests:
Serum uric acid

Serum creatinine

Lipid profile

 Outcomes of interest
Fasting plasma glucose

HbA1c level



Results
 Total participants: 2,836 
 Serum collection: 2,174 
1. Relationship between sleep factors and HbA1c 

level in prediabetes people
2. Relationship between serum uric acid and 

HbA1c level in prediabetes people



Relationship between sleep 
factors and HbA1c level in 
prediabetes people



Mechanism of short sleep duration, poor sleep 
quality, OSA, and risk of DM



Reutrakul S, Punjabi NM, Van Cauter E: Impact of Sleep and Circadian Disturbances on Glucose Metabolism and Type 2 
Diabetes. Chapter 25 in Diabetes in America, 3rd ed. Cowie CC, Casagrande SS, Menke A, Cissell MA, Eberhardt MS, Meigs
JB, Gregg EW, Knowler WC, Barrett-Connor E, Becker DJ, Brancati FL, Boyko EJ, Herman WH, Howard BV, Narayan KMV, Rewers
M, Fradkin JE, Eds. Bethesda, MD, National Institutes of Health

Circadian system



• Shift work, a form of circadian misalignment, increases diabetes risk

• T2DM patients who work night shift had poor glycemic control

• Late chronoytpe “later sleep time and wake time” has been shown 

to be associated with poorer glycemic control in T2DM

Circadian disruption and glucose metabolism



Objectives

 To examine whether sleep duration, sleep quality, OSA risk, and 
chronotype assessed by MSF and social jetlag associated with 
HbA1c level

Multiple linear regression analysis



Results from univariate linear regression 
(N= 1,014)

Factor B 95% CI P-value

Chronotype (MSF) 0.020 0.002, 0.038 0.028

OSA risk 0.08 0.03, 0.12 0.001

Social jet lag 0.02 -0.03, 0.06 0.484

Sleep duration (h) -0.01 -0.02, 0.01 0.420

Modified PSQI -0.0004 -0.008, 0.007 0.911

Female 0.09 0.04, 0.13 <0.001

Alcohol drinking -0.06 -0.12, -0.01 0.023

BMI 0.011 0.005, 0.016 <0.001

Triglyceride 0.0004 0.0001, 0.0007   0.007



Results from multivariate linear regression
Factor B 95% CI P-value

Chronotype (MSF) 0.019 0.00001, 0.038 0.049

OSA risk 0.071 0.023, 0.119 0.004

Female 0.082 0.034, 0.130 0.001

Alcohol drinking -0.065 -0.124, -0.007 0.029

BMI 0.007 0.002, 0.013 0.009

Triglyceride 0.0004 0.0001, 0.0007 0.007



Conclusion

 Later chronotype and OSA risk were independently associated with 
higher HbA1c level in people with prediabetes after adjusting for 
sex, BMI, alcohol drinking, triglyceride level and other sleep factors.



Relationship between serum 
uric acid and HbA1c level in 
prediabetes people



obesity

Mechanisms of serum uric acid and risk of 
diabetes



Objectives
 To estimate indirect effect of serum uric acid on FPG and HbA1c level through 

waist circumference
 To estimate direct effect of serum uric acid on FPG and HbA1c level
 Mediation analysis

Outcomes of interest

Mediator

Independent variable



Results from mediation analysis 
(N = 1,633)

Effects Pathway β P-value 95% CI

Fasting plasma glucose

Indirect UA          WC         FPG 0.082 0.026 0.010, 0.154

Direct UA          FPG 0.413 0.026 0.049, 0.776

HbA1c

Indirect UA          WC         HbA1c 0.006 0.001 0.003, 0.010

Direct UA          HbA1c 0.014 0.111 -0.003, 0.030



Conclusion
 An increase in serum uric acid level was associated with increased FPG by 

both direct and indirect effect through WC. 
 However, the association between serum uric acid and FPG was mainly 

explained by the direct effect of uric acid on FPG. 
 In addition, serum uric acid did not have a direct effect on HbA1c. 
 The effect of uric acid on HbA1c level was shown only when it was mediated 

through waist circumference.



Another work from the PreDM cohort



Future plan

FPG, 
HbA1c DM CKD

Now In the future



Future plan

 Progression rate to DM in prediabetes people and the different 
progression rate between FPG 100-109 mg/dl and FPG 110-125 
mg/dl

Metabolomics of T2DM 
Genetic studies about sleep factors, serum uric acid and risk of 

T2DM and CKD





Advantages
 A great opportunity to 

get many publications 
from conducting cohort 
study

Can measure multiple risk 
factors and multiple 
outcomes

Obstacles
 Require huge budget
 3 millions Thai bath to 

conduct the PreDM
cohort and for baseline 
data collection



Funding support

Year 2014-2015
Year 2015-2018



Advantages
 A great opportunity to 

get many publications 
from conducting cohort 
study

Can measure multiple risk 
factors and multiple 
outcomes

Obstacles
 Require huge budget
 4 millions Baht to conduct 

the PreDM cohort and for 
baseline data collection

 Need more 7 millions 
Baht to collect the follow 
up data and measure 
the outcomes
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Need teamwork 



Great Colleagues  

Prof. Ammarin Thakkinstian Prof. Sirimon Reutrakul
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For all of prediabetes patients


