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Abstract 

Aims: Variation in cardiometabolic risk in prediabetes and any impacts of ethnicity on such 

variation have been little studied. In an ethnically diverse dataset, selected according to a 

high-risk HbA1c-based definition of prediabetes, we have investigated relationships between 

glycaemia and cardiometabolic risk factors and the influence of ethnicity on these 

relationships. 

Methods: We undertook a cross-sectional analysis of baseline data from a diabetes 

prevention study in the UK and a chronic care clinic in Thailand, selected for people without 

diabetes (fasting plasma glucose <7.0 mmol/l) with HbA1c 6.0% - 6.4% (42-47 mmol/mol). 

Thai (n=158) and UK White (n=600), South Asian (n=112), Black (n=70) and other/mixed 

(n=103) groups were distinguished and measurements included fasting plasma glucose 

(FPG), blood pressure (BP), lipids and insulin resistance-related risk factors (IRFs). 

Results: Independently of individual characteristics including ethnicity, only systolic BP was 

weakly associated with FPG (beta coefficient 1.76 (95%CI 0.10 to 3.42), p=0.03), and only 

LDL-c with IFG (FPG 5.6-<7) (adjusted -0.14 (-0.27, -0.003) p 0.04). There were no 

significant independent associations with cardiometabolic risk factors when categories of 

impaired fasting glucose (FPG ≥ 6.1 to <7.0 mmol/L) were considered. Relative to White, 

South Asian ethnicity was independently associated with lower systolic and diastolic BP, 

Black with lower triglycerides, cholesterol/HDL-c ratio and having 2 or more IRFs, and Thai 

with lower cholesterol/HDL-c ratio and all three non-white ethnicities with lower total and LDL 

cholesterol. 

Conclusion: In high-risk HbA1c-defined prediabetes additional measurement of FPG will 

add little to evaluation of cardiometabolic risk. Additionally, UK Whites tend to have the most 

adverse cardiometabolic profile of any ethnic group. 

Key words: HbA1c, prediabetes, fasting plasma glucose, impaired fasting glucose, 

cardiometabolic risk factor, ethnicity 
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Introduction 

Prediabetes, distinguished by increased glycaemia but at levels lower than those 

characteristic of diabetes, is a high risk state for developing diabetes or cardiovascular 

disease1,2. Guidelines have recommended several criteria for diagnosis of prediabetes, 

based variously on fasting plasma glucose (FPG), oral glucose tolerance test 2 hour plasma 

glucose concentrations (OGTT-2hr glucose) or haemoglobin A1c (HbA1c). These, 

respectively, enable detection of impaired fasting glucose (IFG) prediabetes, impaired 

glucose tolerance (IGT) prediabetes and HbA1c-defined prediabetes3-6. Compared with 

FPG, HbA1c has several advantages for establishing prediabetes and assessment of 

diabetes risk: it can be assessed in the non-fasting state, and has low intra-individual 

variation7 and higher repeatability8,9. For these reasons, HbA1c measurement can be readily 

applied in clinical practice and in epidemiological studies.  

Current American Diabetes Association (ADA) recommendations give equal weight to IFG, 

OGTT 2hr glucose or HbA1c in identifying prediabetes and set cut-offs for HbA1c-defined 

prediabetes at 5.7-6.4% (39-47 mmol/mol)10. Nevertheless, variation in HbA1c levels 

appears more strongly related to diabetes and cardiometabolic risk, and the range 6.0-6.4% 

(42-47 mmol/mol) may confer higher risks than the range 5.7-6.4% (39-41 mmol/mol)2,11,12. 

Accordingly, the International Expert Committee suggested using a cut point of 6.0-6.4% 

(42-47 mmol/mol)  (to discriminate high-risk HbA1c-defined prediabetes3. Similarly, the NICE 

guidelines for prevention of type 2 diabetes in people at higher risk have also recommended 

people with HbA1c 6.0-6.4% (42-47 mmol/mol) as a high risk for progression to diabetes.13,14  

IFG, IGT or HbA1c prediabetes criteria may identify different individuals as being at risk, 

although there is overlap between those identified with these three different criteria15,16 and 

there is evidence that use of both IFG and HbA1c criteria together can include all those with 

prediabetes defined by OGTT 2hr glucose17. There is also the possibility that those meeting 

the criteria for both IFG prediabetes and HbA1c-defined prediabetes are at particularly high 

risk of diabetes18-20 raising the possibility that combined use of FPG and HbA1c 

measurements might improve risk stratification.   
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Whilst evaluation of diabetes risk may benefit from combined use of FPG and HbA1c, there 

is little information regarding cardiometabolic risk and the impact of ethnicity on these 

relationships has not been fully investigated. Some studies have demonstrated that the 

association between HbA1c-defined prediabetes and cardiovascular disease differs by 

disease type and ethnicity21,22 whereas others have found no such variation2,23. In the 

present analysis we have explored in people with high-risk HbA1c-defined prediabetes (6.0-

6.4%, 42-47 mmol/mol) the extent to which cardiometabolic risk factors are related to 

variation in FPG independently of individual characteristics, including ethnicity. Data are 

included for people of white, South Asian, black and Thai ethnicity.   

 

Materials and Methods  

 

Participants 

Data included in this analysis derive from baseline data from current studies of people with 

prediabetes: 1) a diabetes prevention study in the UK; 2) a chronic disease clinic in Thailand 

which includes people at risk of developing diabetes and other metabolic disease. The UK 

study is a 25-centre, 2-year randomised controlled trial of a lifestyle modification 

reinforcement tool (SMS text messaging) in the prevention of type 2 diabetes, with clinic 

attendance for 5 visits (baseline, randomization, 6, 12, and 24 months). The trial includes 

891 people aged 18-74 years with HbA1c 6.0% - 6.4% (42-47 mmol/mol). Participants were 

excluded if FPG was ≥ 7.0 mmol/l, pregnant or planning pregnancy, breastfeeding, enrolled 

in other clinical trials, had active malignancy or were under investigation for malignancy, or 

are unable to follow the protocol for any other reason. For the present analysis, participants 

with complete data at baseline for HbA1c, FPG, age, gender, ethnicity, body mass index and 

waist circumference (n=885) were included. 

The Thai population derives from a chronic care service based in Siriraj Hospital, Bangkok 

(the Continuity of Care Clinic), which includes people at risk of developing diabetes and other 

metabolic disease and who are provided with lifestyle advice.  For the present analysis, data 
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were selected from 779 participants who met the same inclusion criteria as for the UK study 

(n=158), including FPG < 7.0 mmol/l and aged 18-74 years with HbA1c 6.0% - 6.4% (42-47 

mmol/mol). 

Ethics approval for the UK study was obtained from the Westminster Research Ethics 

Committee, with Site Specific Assessment (SSA) at each participating NHS Trust. The Thai 

study was approved by the Siriraj Institutional Review Board (SIRB). All participants gave 

written informed consent. 

 

Procedures 

All participants underwent blood pressure and anthropometric measurements including 

height, weight and waist and hip circumference. The mean of the last two measures of two or 

more blood pressure measurements were taken at an office visit after 5 minutes of quiet rest 

with the patient seated; measurements were made with the use of an automated 

measurement system. Regarding anthropometric measurement, the midway waist 

circumference was measured between the lower rib margin and the iliac crest with gentle 

tightening of the tape measure during the end of expiration; hip circumference was measured 

with maximum extension of the buttocks. The mean of last two measurements of a series of 

two or more waist and hip circumference measurements were taken. Blood samples were 

taken in the fasted state for measurement of HbA1c, plasma glucose and serum lipids. 

Ethnicity was assigned to each participant according to self-identification at recruitment 

interview and primary care medical records. Ethnicity was classified as: 1) UK White (white 

European background); 2) UK South Asian (UK Indian, Pakistani or Bangladeshi); 3) UK 

Black (UK African-Caribbean, UK black African); 4) Thai (Thailand Thai background); 5) UK 

other or mixed ethnicity. 

 

Measurements 

All HbA1c measurements included in this analysis employed IFCC-approved methodology 

and standardisation. Plasma glucose concentrations and serum total, low-density lipoprotein 
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and high-density lipoprotein cholesterol (LDL-c and HDL-c, respectively) and triglyceride 

(TG) concentrations were measured by standard routine laboratory procedures. Normal 

Fasting Glucose (NFG) and IFG were categorised according to current ADA criteria (FPG ≥ 

5.6 to <7.0 mmol/L)10 and, given that we were evaluating people in the high risk HbA1c 

range, according to the  original WHO definition for IFG (FPG ≥ 6.1 to <7.0 mmol/L)24. Lean, 

overweight and obese categories were assigned to each participant according to ethnicity-

specific BMI cut-offs25-28: BMI < 25, 25 to <30, and ≥ 30, respectively in White, Black, and 

other or mixed ethnicity and BMI <23, 23 to <25, and ≥ 25, respectively in South Asians and 

Thais. Central obesity was defined by ethnicity-specific waist circumference cut-offs28,29; WC 

≥ 94 cm. in male and ≥ 80 cm. in female in  White,  Black, and other-mixed ethnicity and WC 

≥ 90 cm. in male and ≥ 80 cm. for women in the South Asian and Thai groups.  

Four insulin resistance (IR)-related metabolic disturbances (excluding IFG)30,31 were also 

distinguished: 1) Central obesity according to ethnicity-specific waist circumference cut-offs. 

2) Hypertriglyceridemia (fasting TG ≥ 1.7 mmol/L). 3) High Blood pressure (> 130/85 mmHg). 

4) Sex-specific low HDL criteria (Male< 1.0 mmol/L, Female < 1.2 mmol/L). 

 

Statistical Analysis  

Baseline characteristics were compared between those with FPG in the following 3 ranges: 

1) < 5.6 mmol/L; 2) 5.6 to < 6.1 mmol/L; 3) 6.1 to < 7.0 mmol/L. Continuous normally-

distributed variables and continuous skewed distribution variables were summarised as 

mean ± standard deviation (SD) or median and interquartile range respectively, and 

categorical variables by percentage and number. Significant variation across FPG categories 

was identified for normally distributed continuous variables by ANOVA, for non-normally 

distributed variables by Kruskal-Wallis non-parametric ANOVA, and for categorical variables 

by chi square test. Independent associations between dependent and independent variables 

were explored by logistic or linear regression analysis, as appropriate, with log 

transformation of non-normally distributed variables. The contributions of variation in FPG or 

in IFG (either FPG ≥ 5.6 to <7.0, or FPG ≥ 6.1 to <7.0 mmol/L) to variation in cardiometabolic 
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risk factors were explored without and with adjustment for age, gender, ethnicity, and 

adiposity.      

 

Role of the funding source  

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. WS, IFG, HT and PoP had full access to all the data in 

the study, and the corresponding authors (WS) had final responsibility for the decision to 

submit for publication. 

 

RESULTS 

The analytical data derived from 1,043 participants with prediabetes defined by HbA1c 6.0-

6.4% (42-47 mmol/mol) (White n = 600, South Asian n =112, Black n=70, Thai n=158, other 

or mixed ethnicity n=103). All participants had complete data for HbA1c, FPG, age, gender, 

ethnicity, body mass index and waist circumference. Otherwise, completeness of information 

varied 92.7 -99.7%. Participants (46% male) had a mean age of 60.0 (SD 9.2) years and had 

a mean HbA1c of 6.2% (SD 0.1) [43.8 (SD 1.4) mmol/mol.] The cross-sectional prevalence 

of IFG (≥ 5.6 and < 7.0 mmol/L) was 56% (n= 583), but varied according to ethnicity between 

39-74% (White 56%, South Asian 48%, Black 39%, Thai 74%, and other or mixed 49%, 

p<0.001). Similar differences, albeit with lower prevalence, were apparent when the original 

WHO criteria for IFG of ≥ 6.1 and < 7.0 mmol/L24 were applied (overall prevalence 26% 

(n=273), but varying between 19%-33% according to ethnicity: White 27%, South Asian 

19%, Black 21%, Thai 33%, and other or mixed 23%, p 0.08).  

Among continuous variables, triglyceride concentrations and cholesterol/HDL-C ratios were 

non-normally distributed and were summarised as median (IQR) and log transformed for 

regression analysis. Increasing FPG in the ranges <5.6, 5.6 to <6.1 and 6.1 to <7.0 mmol/L 

in people with high-risk HbA1c-defined prediabetes was associated with male gender, higher 

blood pressure, greater adiposity, and higher HbA1c but lower total and LDL-cholesterol 

(Table 1). The following characteristics (adjusted beta coefficient (95% CIs), p) were 
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independently associated with variation in FPG (with inclusion of age, gender, obesity, 

central obesity and ethnicity): Male (0.20 (0.12 to 0.27), p <0.001), obesity (0.16 (0.08 to 

0.23), p <0.001), White (reference), South Asian (-0.16 (-0.27 to -0.04), p 0.01), Black (-0.22 

(-0.36 to -0.08), p 0.002), and Thai (0.27 (0.16 to 0.37), p <0.001). 

In univariate analysis, FPG was positively associated with systolic and diastolic BP, TG and 

having 2 or more IR related risk factors and negatively associated with total, LDL and HDL 

cholesterol (Table 2). However, after adjustment for age, gender, obesity, central obesity 

and ethnicity (Table 3), these associations were either no longer present or, in the case of 

systolic BP, considerably weakened (unadjusted: beta coefficient (95% CIs) 3.01 (1.36 to 

4.66), p<0.001; adjusted 1.76 (0.10 to 3.42), p 0.03). This multivariable analysis was also 

undertaken with, instead of FPG, categories of IFG, defined by either FPG ≥ 5.6 to <7.0, or 

FPG ≥ 6.1 to <7.0 mmol/L. IFG, defined by FPG 5.6-<7, was weakly associated only with 

lower LDL-c (adjusted -0.14 (-0.27, -0.003) p 0.04), but neither category of IFG was 

significantly independently associated with the other cardiometabolic risk factors analysed. 

(Supplementary Table 2.). 

Independent associations between individual characteristics and cardiometabolic risk 

variables were as follows: 1) increasing systolic BP and diastolic BP, with male gender and 

central obesity and decreasing systolic and diastolic BP with South Asian ethnicity;  2) 

decreasing total cholesterol and LDL-c with age, male gender and South Asian, Black and 

Thai ethnicity; 3) increasing TG with male gender, and increasing adiposity and decreasing 

TG with Black ethnicity; 4) increasing HDL-c with age and decreasing HDL-c, with male 

gender and increasing adiposity; 5) increasing cholesterol/HDL-c ratio with male gender and 

increasing adiposity and decreasing cholesterol/HDL-c ratio with increasing age and Black 

and Thai ethnicity; and 6) an increased prevalence of having 2 or more insulin resistance-

related risk factors with male gender and increasing adiposity and decreasing prevalence 

with Black ethnicity (Table 3).       
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DISCUSSION 

 In this ethnically diverse study of 1,043 men and women with HbA1c-defined 

prediabetes, our primary concern has been to determine whether variation if FPG might 

adversely affect cardiometabolic risk factors. We found that subjects with high-risk 

prediabetes defined by HbA1c 6.0-6.4% (42-47 mmol/mol) exhibited significant variation in 

cardiometabolic risk factors according to their FPG levels but this variation was generally 

accounted for by age, gender, adiposity, or ethnicity, with only systolic BP still showing a 

weak independent association. Therefore, in those with high-risk HbA1c-defined 

prediabetes, FPG is a signifier of several readily-obtainable characteristics that affect 

cardiometabolic risk factors but its measurement is unlikely to add further to cardiometabolic 

risk evaluation.  

 Showing parallels with the uncorrected associations we observed, a recent cross-

sectional study from Ireland reported that odds ratios for obesity, central obesity, elevated 

systolic BP, diastolic BP, low HDL-c, high TG, and 3 or more IR-related risk factors were 

higher in  participants with prediabetes defined as an HbA1c in the range 5.7–6.4% (39–46 

mmol/mol) and IFG combined, when compared with HbA1c-defined prediabetes alone32. 

However, the extent to which variation in FPG within the HbA1c-defined prediabetes range 

was independently associated with variation in cardiometabolic risk factors was not 

assessed. In the study from Ireland, HbA1c criteria for prediabetes identified 4 times as 

many people with prediabetes than did FPG criteria and those identified by FPG criteria had 

a significantly more adverse cardiometabolic risk factor profile than those identified by 

HbA1c criteria and similar differentials were apparent in a Hong Kong population-based 

study16. With regard to cardiovascular risk, there is then the possibility that prediabetes may 

be better evaluated when using HbA1c with the high-risk criteria of 6.0-6.4% (42-47 

mmol/mol). This underlines the need to more accurately calibrate criteria for prediabetes with 

reference to cardiovascular outcomes.  

 In a further parallel with our observations, the SABRE study of an ethnically diverse 

population-based cohort of individuals living in north-west London found HbA1c-defined 
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prediabetes (≥6.0-<6.5%, ≥42-<48 mmol/mol) to be associated with both prevalent coronary 

heart disease (CHD) and cerebrovascular disease (CVD) among White Europeans, but not 

among South Asians22 and in the follow up cohort, this differential was also apparent in 

incident CHD and CVD21. We found that among those with HbA1c-defined prediabetes (6.0-

6.4%, 42-47 mmol/mol) there was an independent contribution of South Asian ethnicity 

towards lower blood pressure and lower total and LDL cholesterol relative to White 

Europeans. Our observations also suggest protective influences of Black ethnicity (lower 

total and LDL cholesterol, TG, cholesterol/ HDL-c ratio, and prevalence of insulin resistance-

related risk factors) and Thai ethnicity (lower total and LDL cholesterol and cholesterol/ HDL-

c ratio). 

 Our study has limitations, perhaps the most important being that our data derived 

from different centres and different studies, with potential for variation between centres in 

recruitment base and measurement standardisation. Identical selection criteria were applied 

for inclusion of data in the comparisons we undertook, but the initial selection of potential 

recruits differed. In the UK selection for possible inclusion was made on the basis of general 

practice primary care clinic records, whereas in Thailand the source of potential recruits was 

a general chronic care clinic based in a hospital. These differences might have led to a bias 

in favour of less metabolically healthy participants among the Thai. Nevertheless, the Thai 

group appeared more metabolically healthy than the UK Whites and, with regard to selection 

of people with high-risk prediabetes, all HbA1c methods were IFCC-approved and 

standardised. Moreover, there is evidence for good comparability between HPLC and 

immunoassay, two of the principal methods employed33,34. Individual variability in FPG and 

variation in pre-analytical processing could have affected our assessments of FPG and, 

ideally, we would have wished to confirm glycaemic status with a second measurement. 

More detailed information regarding individual characteristics would also have been of value. 

Cigarette smoking data would have enabled analysis of the more inclusive evaluation of 

cardiovascular risk provided by calculation of the Framingham risk score and details of 

current medication would have been of value, particularly with regard to antihypertensive 
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and lipid-lowering medications, for which information was lacking  (although use of glucose-

lowering medication was a positive exclusion criterion). Lifestyle characteristics, including 

diet, exercise and quality of life were recorded, but UK and Thai questionnaires were 

insufficiently compatible for a valid combined analysis. Lastly, these finding of association 

between FPG and cardiometabolic risk factors from our study specifically apply to people 

with in the high risk range of HbA1c: 6.0% - <6.5% (42-<48 mmol/mol).   

 In summary, we demonstrated that variation in glycaemia, as assessed by FPG, in 

people with high-risk HbA1c-defined prediabetes is not independently associated with a 

more adverse cardiometabolic risk profile. Although the combined use of HbA1c and FPG 

could identify subjects at increased cardiometabolic risk, accompanying evaluation of 

gender, blood pressure, adiposity and ethnicity can serve as well as FPG in evaluating 

cardiometabolic risk status. Interestingly, in the people with high-risk HbA1c-defined 

prediabetes whom we studied, South Asian, Black or Thai ethnicity appeared relatively 

protective with regard to cardiometabolic risk and further work to confirm this may be of 

value. 
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Table 1. Participants with prediabetes defined by HbA1c 6.0-6.4% (42-47 mmol/mol): 

comparison of clinical characteristics between those with normal fasting glucose (NFG, < 5.6 

mmol/L) and with impaired fasting glucose in the ranges 5.6 - < 6.1 mmol/L and ≥ 6.1- < 7.0 

mmol/L 

  

Parameters FPG <5.6  
N = 460  

FPG 5.6 - <6.1 
N = 310 

FPG 6.1- <7.0 
N = 273 

p* 

Age (years) 59.7 ± 9.2 60.7 ± 9.2 59.6 ± 9.3 0.2 

Male 38 (174) 52 (161)   53 (144) <0.001 

Ethnicities    <0.001 

- UK White  57 (265)     56 (174)    59 (161)   

- UK South Asian  13 (58)  11 (33)  8 (21)   

- UK Black  9 (43) 4 (12) 5 (15)  

- Thai 9 (41)   21 (65)   19 (52)  

- UK Other/mix 12 (53) 8 (26) 9 (24)  

BMI (Kg/m2) 29.3 ± 5.9 29.4 ± 5.2 30.8 ± 5.9 0.001 

BMI classification**    <0.001 

- Lean 19 (86)  14 (43)  9 (25)   

- Overweight 36 (165)   30 (94)  28 (77)  

- Obesity 45 (209)   56 (173) 63 (171)  

Waist circumference (cm.) 97.3 ± 14.1 99.3 ± 13.9 102.6 ± 14.4 <0.001 

Waist-Hip ratio 0.91 ± 0.08 0.93 ± 0.08 0.94 ± 0.08 <0.001 

Systolic BP (mmHg) 130.0 ± 16.4 131.7 ± 15.8 133.6 ± 16.1 0.02 

Diastolic BP (mmHg) 78.7 ± 10.8 80.1 ± 10.9 80.6 ± 9.9 0.04 

Fasting Plasma Glucose (mmol/L) 5.1 ± 0.3 5.8 ± 0.1 6.4 ± 0.3 <0.001 

HbA1c (%) 6.1 ± 0.1 6.2 ± 0.1 6.2 ± 0.1 0.003 

HbA1c (mmol/mol) 43.6 ± 1.4 43.7 ± 1.5 44.0 ± 1.5 0.003 

Total Cholesterol (mmol/L) 5.29 ± 1.18 5.06 ± 1.17 5.07 ± 1.06 0.008 

Triglyceride (mmol/L) 1.22, 0.90-1.77 1.27, 1.00-1.74  1.38, 0.96-1.80  0.08 

HDL-c (mmol/L)     

- Male 1.25 ± 0.33 1.30 ± 0.34 1.30 ± 0.32 0.2 

- Female 1.62 ± 0.41  1.55 ± 0.42 1.56 ± 0.41 0.2 

LDL-c (mmol/L) 3.19 ± 1.19 2.99 ± 1.02 2.97 ± 0.99 0.006 

Cholesterol/HDL-c 3.60, 3.00-4.36 3.60, 2.98-4.27 3.70, 2.90-4.50 0.9 

IR-related metabolic disturbance ≥2 / 4  62 (278) 68 (210) 66 (178) 0.1 

- Central obesity*** 84 (386) 87 (271) 89 (242) 0.1 

- TG ≥1.7 mmol/L 28 (127)        28 (88)        31 (83) 0.7 

- High BP (>130/85 mmHg) 51 (231) 59 (183) 60 (164) 0.01 

- Low HDL (Male< 1, Female < 1.2 
mmol/L) 

16 (75) 17 (53) 15 (41) 0.7 

Categorical variable; percentage (number), continuous normally-distributed variable; mean 

±standard deviation or continuous skewed distribution variable; median and interquartile 

range are shown. NFG; normal fasting glucose, FPG; Fasting plasma glucose, SD; Standard 

Deviation, cm; centimeter, cm; centimeter, kg/m2; kilogram per square meter, mmol/L; 

millimole per liter, mmHg; millimeter Mercury, mmol/mol; millimole per mole 

* significant variation across FPG categories was identified for normally distributed 
continuous variables by ANOVA, for non-normally distributed variables by Kruskal- Wallis 
non-parametric ANOVA and for categorical variables by chi square test. 
**Lean, overweight or obese according to ethnicity-specific BMI cut-offs. 
*** Central obesity according to ethnicity-specific waist circumference cut-offs.   
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Table 2: Participants with prediabetes defined by HbA1c 6.0-6.4% (42-47 mmol/mol): FPG 

as a predictor of cardiometabolic risk factor variation in linear (blood pressure and lipids) or 

logistic (2 or more insulin resistance -related risk factors) regression analysis. Univariate 

analysis. 

 

 

 

 

 

 

 

 

 

† log-transformed 

Cardiometabolic risk factors FPG, unadjusted Analyses 

beta coefficient (95% CI), p 

Systolic Blood Pressure  3.01 (1.36, 4.66) <0.001 

Diastolic Blood Pressure  1.71 (0.62, 2.80) 0.002 

Total cholesterol level -0.14 (-0.26, -0.02) 0.02 

Triglyceride level†  0.03 (0.01, 0.05) 0.002 

HDL Cholesterol level -0.05 (-0.09, -0.005) 0.03 

LDL Cholesterol level  -0.14 (-0.25, -0.03) 0.01 

Total / HDL Cholesterol ratio†  0.001 (-0.013, 0.014) 0.8 

2 or more IR-related risk factors  1.29 (1.04, 1.60) 0.02 
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Table 3: Independent influences of FPG, age, gender, obesity, central obesity, and ethnicity on BP, lipids and 2 or more insulin 

resistance-related risk factors: multivariable analysis 

Participants with prediabetes defined by HbA1c 6.0-6.4% (42-47 mmol/mol): FPG as an independent predictor of cardiometabolic risk factor 

variation in linear (blood pressure and lipids) or logistic (2 or more insulin resistance -related risk factors) regression analysis: multivariable 

analysis. 

Show in the table the beta coefficient and its 95%CIs and the significance. † log-transformed 

 systolic BP diastolic BP cholesterol triglycerides† HDL-C LDL-C 
Chol/ 

HDL-C† 
≥2 IR=related 

risk factors 

FPG 
1.76 

(0.10, 3.42)
 0.03

 
0.82 

 (-0.28, 1.91)
0.1

 
-0.05 

(-0.17, 0.07)
 0.4

 
0.01 

(-0.01, 0.03)
 0.2

 
0.01 

(-0.03, 0.05)
 0.6

 
-0.08 

(-0.19, 0.04)
 0.1

 
-0.007 

(-0.02, 0.006)
 0.2

 
1.06 

(0.82, 1.37)
 0.6

 

age 
0.39 

(0.29, 0.50)
 <0.001

 
-0.11 

(-0.18, -0.04)
 0.003

 
-0.008 

(-0.02,0.00)
 0.04

 
-0.001 

(-0.002, 0.00)
 0.2

 
0.007 

(0.005, 0.01)
 <0.001

 
-0.01 

(-0.02,-0.01)
 <0.001

 

-0.003 
(-0.004, -0.002)

 

<0.001
 

1.00 
(0.99, 1.02)

 0.6
 

male 
3.85 

(1.89, 5.80)
 <0.001

 
4.25 

(2.96, 5.53)
 <0.001

 
-0.59 

(-0.73, -0.45)
 <0.001

 
0.05 

(0.03, 0.08)
 <0.001

 
-0.32 

(-0.36, -0.27)
 <0.001

 
-0.34 

(-0.47, -0.21)
 <0.001

 
0.05 

(0.03, 0.06)
 <0.001

 
1.58 

(1.16, 2.16)
 0.004

 

obesity 
2.69 

(0.54, 4.83)
 0.01

 
1.29 

(-0.12, 2.70)
 0.07

 
-0.13 

(-0.29, 0.02)
 0.09

 
0.05 

(0.03, 0.08)
 <0.001

 
-0.12 

(-0.17, -0.07)
 <0.001

 
-0.09 

(-0.23, 0.05)
 0.2

 
0.02 

(0.005, 0.04)
 0.01

 
1.51 

(1.10, 2.09)
 0.01

 

central obesity 
4.43 

(1.37, 7.50)
 0.005

 
5.06 

(3.05, 7.08)
 <0.001

 
-0.02 

(-0.24, 0.20)
 0.8

 
0.10 

(0.06, 0.14)
 <0.001

 
-0.17 

(-0.24,-0.10)
 <0.001

 
0.06 

(-0.15, 0.26)
 0.5

 
0.05 

(0.02, 0.07)
< 0.001

 
23.1 

(12.5, 42.6)
 <0.001

 

ethnicities         

- White 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 

- South Asian 
-3.73 

(-6.99, -0.47)
 0.02

 
-3.92 

(-6.07, -1.78)
 <0.001

 
-0.31 

(-0.54, -0.07 )
 0.01

 
-0.01 

(-0.05, 0.03)
 0.5

 
-0.04 

(-0.12, 0.03)
 0.2

 
-0.28 

(-0.49, -0.06)
 0.01

 
-0.01 

(-0.04, 0.01)
 0.2

 
0.69 

(0.42, 1.14)
 0.1

 

- Black 
-1.29 

(-5.20, 2.63)
 0.5

 
-1.73 

(-4.31, 0.84)
 0.1

 
-0.50 

(-0.78, -0.22)
 0.001

 
-0.18 

(-0.22, -0.13)
 <0.001

 
0.05 

(-0.04, 0.14)
 0.2

 
-0.35 

(-0.61, -0.09)
 0.009

 
-0.05 

(-0.08, -0.02)
 0.001

 
0.55 

(0.32, 0.96)
 0.03

 

- Thai 
-0.99 

(-3.85, 1.86)
 0.4

 
-1.49 

(-3.37, 0.39)
 0.1

 
-0.44 

(-0.65, -0.24)
 <0.001

 
-0.04 

(-0.07, 0.001)
 0.05

 
-0.03 

(-0.10, 0.03)
 0.3

 
-0.40 

(-0.59, -0.21)
 <0.001

 
-0.03 

(-0.05, -0.004)
 0.02

 
0.91 

(0.58, 1.44)
 0.6

 

- Mix/other 
-2.30 

(-5.59, 0.99)
 0.1

 
-1.51 

(-3.67, 0.66)
 0.1

 
-0.23 

(-0.47, 0.002)
 0.05

 
-0.01 

(-0.06, 0.03)
 0.4

 
-0.05 

(-0.12, 0.03)
 0.2

 
-0.19 

(-0.41, 0.03)
 0.08

 
-0.003 

(-0.03, 0.02)
 0.8

 
0.60 

(0.37, 0.98)
 0.04
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Supplementary Table 1: Participants with prediabetes defined by HbA1c 6.0-6.4% (42-47 

mmol/mol): comparison of clinical characteristics between those among ethnicities 

 

Parameters 
White 

N = 600 
South Asian 

N = 112 
Black 
N = 70 

Thai 
N= 158 

Other/mix 
N= 103  

p* 

Age (years) 62.0 ± 8.4 54.9 ± 10.6 56.7 ± 10.1 58.7 ± 8.3 58.2 ± 9.8 <0.001 

Male 49 (292) 60 (67) 36 (25) 33 (52) 43 (44) <0.001 

BMI (Kg/m2) 30.8 ± 5.8 28.4 ± 5.0 30.2 ± 4.3 26.7 ± 4.5 29.3 ± 6.6 <0.001 

BMI classification**      <0.001 

- Lean 15 (89) 6 (7) 13 (9) 17 (27) 21 (22)  

- Overweight 35 (212) 20 (22) 36 (25) 22 (34) 42 (43)  

- Obesity 50 (299) 74 (83) 51 (36) 61 (97) 37 (38)  

Waist circumference 
(cm.) 

102.6 ± 14.5 96.7 ± 12.0 97.4 ± 11.6 90.0 ± 10.6 96.6 ± 14.7 <0.001 

Waist-Hip ratio 0.93 ± 0.08 0.93 ± 0.09 0.90 ± 0.08 0.91 ± 0.07 0.91 ± 0.08 0.003 

Systolic BP (mmHg) 133.4 ± 16.5 127.5 ± 15.6 129.4± 14.7 130.5±15.0 128.4±16.3 <0.001 

Diastolic BP (mmHg) 80.6 ± 10.5 77.8 ± 10.5 78.9 ± 11.0 78.3 ± 10.6 78.5 ± 10.9 0.01 

Fasting Plasma 
Glucose (mmol/L) 

5.7 ± 0.6 5.5 ± 0.6 5.4 ± 0.7 5.8 ± 0.5 5.6 ± 0.7 <0.001 

HbA1c (%) 6.2 ± 0.1 6.1 ± 0.1 6.2 ± 0.2 6.2 ± 0.1 6.2 ± 0.1 0.3 

HbA1c (mmol/mol) 43.8 ± 1.4 43.7 ± 1.3 44.1 ± 1.6 43.8 ± 1.5 43.7 ± 1.4 0.3 

Total Cholesterol 
(mmol/L) 

5.30 ± 1.23 4.95 ± 1.07 4.92 ± 0.92 4.94 ± 0.95 5.15 ± 1.08 <0.001 

Triglyceride (mmol/L) 
1.35, 1.00-
1.83 

1.33, 1.00-
1.89 

0.90, 0.69-
1.10 

1.18, 0.85-
1.60 

1.23, 0.90-
1.70 

<0.001 

HDL-c (mmol/L)       

- Male 1.30 ± 0.34 1.25 ± 0.32 1.30 ± 0.40 1.28 ± 0.32 1.15 ± 0.28 0.08 

- Female 1.61 ± 0.43 1.40 ± 0.36 1.60 ± 0.40 1.56 ± 0.35 1.65 ± 0.45 0.01 

LDL-c (mmol/L) 3.17 ± 1.13 2.94 ± 0.96 2.97 ± 0.86 2.83 ± 0.87 3.07 ± 0.94 0.003 

Cholesterol/HDL-c 
3.70, 3.00-
4.40 

3.87, 3.20-
4.73 

3.34, 2.70-
4.23 

3.33, 2.80-
4.02 

3.60, 2.94-
4.46 

0.002 

IR-related metabolic 

disturbance ≥2 / 4 
70 (413) 62 (69) 59 (41) 58 (90) 52 (53) 0.001 

- Central obesity*** 90 (539) 85 (95) 96 (67) 74 (117) 79 (81) <0.001 

- TG ≥1.7 mmol/L 33 (196) 31 (35) 11 (8) 21 (33) 25 (26) <0.001 

- High BP (>130/85 
mmHg) 

61 (366) 43 (48) 51 (35) 55 (86) 42 (43) <0.001 

- Low HDL (Male< 
1, Female < 1.2 

mmol/L) 

14 (86) 24 (27) 19 (13) 15 (23) 19 (20) 0.09 

Categorical variable; percentage (number), continuous normally-distributed variable; mean 

±standard deviation or continuous skewed distribution variable; median and interquartile range 

are shown. NFG; normal fasting glucose, FPG; Fasting plasma glucose, SD; Standard Deviation, 

cm; centimeter, cm; centimeter, kg/m2; kilogram per square meter, mmol/L; millimole per liter, 

mmHg; millimeter Mercury, mmol/mol; millimole per mole 

* significant variation across FPG categories was identified for normally distributed continuous 
variables by ANOVA, for non-normally distributed variables by Kruskal- Wallis non-parametric 
ANOVA and for categorical variables by chi square test. 
**Lean, overweight or obese according to ethnicity-specific BMI cut-offs. 
*** Central obesity according to ethnicity-specific waist circumference cut-offs. 
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Supplementary Table 2: Participants with prediabetes defined by HbA1c 42-47: multivariable 

linear regression analysis of the influences of IFG (FPG 5.6-<7.0 and FPG 6.1-<7) and on 
metabolic risk factors, independent of age, gender, ethnicity and adiposity 
 

Cardiovascular and metabolic risks IFG (5.6-<7.0), unadjusted 

Analyses, B (95% CI), p 

IFG (5.6-<7.0), adjusted  

Analyses* B (95% CI), p 

Systolic Blood Pressure 2.25 (0.27, 4.23) 0.02 0.67 (-1.30, 2.64) 0.5 

Diastolic Blood Pressure 1.59 (0.29, 2.89) 0.01 0.52 (-0.77, 1.82) 0.4 

Total cholesterol level -0.22 (-0.36,-0.08) 0.002 -0.11 (-0.25, 0.03) 0.1 

Triglyceride level† 0.02 (-0.002, 0.05) 0.07 -0.001 (-0.03, 0.02) 0.9 

HDL Cholesterol level -0.05 (-0.1, -0.002) 0.04 0.02 (-0.03, 0.06) 0.5 

LDL Cholesterol level  -0.21 (-0.34, -0.08) 0.001 -0.14 (-0.27, -0.003) 0.04 

Total Cholesterol/ HDL Cholesterol ratio† -0.004 (-0.20, 0.01) 0.6 -0.01 (-0.03, 0.003) 0.1 

IR-related Metabolic disturbances 2/4 1.28 (0.99, 1.65) 0.06 1.01 (0.75, 1.37) 0.9 

Cardiovascular and metabolic risks IFG (6.1-<7.0), unadjusted 

Analyses, B (95% CI), p 

IFG (6.1-<7.0), adjusted  

Analyses* B (95% CI), p 

Systolic Blood Pressure 2.75 (0.51,4.98) 0.01 1.86 (-0.31, 4.03) 0.09 

Diastolic Blood Pressure 1.37 (-0.10, 2.84) 0.06 0.43 (-1.00, 1.86) 0.5 

Total cholesterol level -0.13 (-0.29, 0.03) 0.1 -0.06 (-0.22, 0.10) 0.4 

Triglyceride level† 0.03 (-0.001, 0.06) 0.05 0.01 (-0.02, 0.04) 0.4 

HDL Cholesterol level -0.03 (-0.09, 0.03) 0.2 0.02 (-0.03, 0.07) 0.4 

LDL Cholesterol level  -0.14 (-0.29, 0.007) 0.06 -0.10 (-0.25, 0.04) 0.1 

Total Cholesterol/ HDL Cholesterol ratio† 0.00 (-0.02, 0.02) 0.9 -0.01 (-0.03, 0.01) 0.2 

IR-related Metabolic disturbances 2/4 1.09 (0.82, 1.47) 0.5 0.90 (0.64, 1.26) 0.5 

 

* Adjusted for age, gender, ethnicity, adiposity (BMI and Waist circumference groups according 

to ethnicity-specific BMI and waist circumference cut-offs).  

† log-transformed 
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Highlights 

In HbA1c-defined prediabetes,  

o Independently, FPG measurement was weakly associated only with systolic BP 

o FPG adds little to cardiometabolic risk evaluation  

o UK Whites tend to have a particularly adverse cardiometabolic risk profile. 

 

 


