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Lessons Learnt 

- Compared to body mass index, metabolic health is more informative of the future 

risk of diabetes  

- Adiposopathy could be modified by age-driven sarcopenia  

- High body mass index itself may not be harmful initially 

- Clustering can guide right siting of primary care 
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Methods

Study population: 8798 participants with high BMI and no DM at baseline

Data collected: Demographics, lifestyle behaviour, anthropometric, blood 
sample

Approach: 2-step clustering based on
• BMI – excess fat
• Waist circumference (WC) – unhealthy fat distribution 
• Ratio of triglyceride (TG) is to high-density lipoprotein cholesterol 

(HDL)
• Fasting plasma glucose (FPG)
• Mean arterial pressure (MAP) 
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Background

• As the prevalence of obesity in Singapore is high and rising, risk 
stratification is essential for efficient resource allocation in primary 
care

• Hypotheses: (i) Phenotype and prognosis of adiposopathy (“disease 
fat tissue”) are heterogenous, (ii) body composition changes with age

• Aim: To identify individuals with high BMI and differential risk for 
diabetes mellitus (DM) incidence using readily available proxy 
measurements of adiposopathy that drive DM through excess fat, 
unhealthy fat distribution and metabolic distress

Results

The participants were classified into 4 clusters – 2 clusters with differing 
metabolic health in each age group

Metabolic distress

Results (continued)

Cluster 1: young healthier, Cluster 2: young unhealthier, Cluster 3: old healthier, Cluster 4: old unhealthier 

The risk of subsequent DM within study period was higher in the 
unhealthier than healthier cluster for both age groups, with bigger 
disparity among the old participants 

Higher FPG and TG:HDL among participants who developed DM than 
those who did not in each cluster

Cluster N (%)
Risk ratio of getting DM

(95% confidence interval)

Young healthier 39 (0.7%)
2.0 (1.2 – 3.2), p=0.008

Young unhealthier 25 (1.4%)

Old healthier 9 (0.8%)
5.1 (2.3 – 11.4), p<0.001

Old unhealthier 18 (4.0%)

Discussion & Conclusions

• BMI, WC, FPG, TG-HDL and MAP could differentiate individuals with 
high BMI by their metabolic health, which is more informative of their 
future risk of DM

• Adiposopathy could be modified by age-driven sarcopenia and there 
are other differences by cluster beyond the data captured in this study

• FPG and lipids were more strongly associated with DM incidence and 
high BMI itself may not be harmful initially

• Clustering can guide right-siting of primary care
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Young healthier
N=5418

High proportions of 
female and Chinese

Young unhealthier
N=1769

• High median 
BMI, WC, 
TG:HDL, MAP

• High proportions 
of sedentary 
lifestyle and 
smoker

Old healthier
N=1160

High proportions of 
female and Chinese

Old unhealthier
N=451

High median BMI, 
WC, TG:HDL, MAP, 
FPG

Young healthier Young unhealthier Old healthier Old unhealthier

No DM Got DM No DM Got DM No DM Got DM No DM Got DM

N 5379 39 1744 25 1151 9 433 18
BMI in kg/m2, median 25.4 26.0 30.5 29.8 25.2 25.2 29.4 30.5
WC in cm, median 88 89 100 101 89 91 100 102
MAP in mmHg, median 93 96 99 102 97 96 99 102
FPG in mmol/L, median 5.2 6.1 5.4 6.4 5.3 6.0 5.6 6.3
TG:HDL, median 0.86 1.26 1.20 1.27 0.82 0.87 1.17 1.23

Healthier (lower-risk) cluster
• More individuals
• Require less intensive lifestyle 

modification program to prevent or 
slow down their high BMI from 
affecting their metabolic health

Unhealthier (higher-risk) cluster
• Fewer individuals 
• Require more intensive intervention 

as high BMI has already affected their 
metabolic health to prevent further 
complications

8798 participants 

7187 participants aged <65 years 1611 participants aged >=65 years 

18,746 participants of a 

community health screening 

between September 2013 

and December 2017

Excluded those with
- Body mass index <23.5 kg/m
- History of diabetes or fasting 

plasma glucose >=7 mmol/L 
- Missing data
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