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Aims: To determine the phenotypes associated with progression to type 2 diabetes or 

worsening in glucose tolerance during a 3-year follow-up of a community-based cohort 

in Cape Town, South Africa. 

Methods: A total of 198 eligible subjects (72.3% women) aged 55.2 years, from the Bellville- 

South community were followed-up between 2008 and 2011. Baseline and follow-up data 

collections included glucose tolerance status, anthropometric, blood pressure, lipids, insu- 

lin, g-glutamyltransferase, cotinine, creatinine and HbA1c. Progression in glucose tolerance 

status at 3-year was the composite of new-onset diabetes and any worsening in glucose 

tolerance status. 

Results: The cumulative incidence of progression in glucose tolerance status was: 16.2% (32 

participants including 11 with new-onset diabetes), and increased in a stepwise fashion 

with the number of components of metabolic syndrome (MetS). In age and sex-adjusted 

logistic regression analyses, MetS [odd ratio: 3.08 (95% CI: 1.34–7.10)], HbA1c [5.26 (1.94– 

14.24)], HDL-cholesterol [0.05 (0.01–0.33)], g-glutamyltransferase [1.99 (1.07–3.67)], triglycer- 

ides [1.71 (1.13–2.58)] and total/HDL-cholesterol [1.45 (1.08–1.93)] were significant predictors 

of progression, while borderline effects were observed for baseline glucose and diastolic 

blood pressure. Markers of adiposity were mostly stable or improved among non-progres- 

sors during follow-up, but deteriorated significantly among progressors, resulting in signifi- 

cant statistical  interactions. 

Conclusions: High rates of deterioration of glucose status over time were found in our 

population, with nearly one-fifth of them acquiring a glucose tolerance worse status within 

a very short follow-up. Our study extends to this setting the well-known utility of pheno- 

types of MetS single or in combination, in predicting worsening in glucose tolerance status. 
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1. Introduction 

 
In recent times, the low-to-middle income countries have 

experienced increasing rates of type 2 diabetes mellitus and 

cardiovascular disease (CVD). For example, about 366 

million individuals currently suffer from type 2 diabetes, 

with about 80% of them residing in developing countries, 

and forecasts for the years to come are very alarming [1]. 

Age, race and components of the metabolic syndrome are 

well established risk factors for type 2 diabetes and the risk 

of progression is highest amongst those with more than 1 

component of the syndrome [2]. In South Africa, there is 

racial variation in the prevalence of diabetes, with the 

highest rates being reported amongst the South African 

Indians followed by the mixed ancestry population [3–5]. We 

have recently reported that the prevalence of diabetes has 

increased dramatically in the mixed  ancestry community 

[6]. This population group has also been shown to be at high 

risk for cardiovascular diseases [7]. 

The natural history of disease is subtle and is preceded by 

impaired glucose metabolism in a pre-diabetic state, with 

metabolic syndrome and obesity, before proceeding to overt 

diabetes mellitus. The significance of the pre-diabetic phase is 

that an individual could either regress to normal glycaemia or 

progress to overt diabetes [8]. Published data have shown that 

progression to diabetescan be halted with interventions targeted 

against obesity and glycaemia. Because of the lack of data 

documenting predictors for progression to diabetes in South 

Africa and sub-Saharan Africa at large, implementation of 

diabetes prevention programmes in these settings remains 

restricted and very challenging. A study conducted on South 

African Indians found higher baseline blood glucose levels and 

obesity to be major predictors of diabetes [5]. Little is known 

about predictors of progression to diabetes in the mixed ancestry 

population of South Africa where they constitute up to 60% of the 

Western Cape population. Therefore, the aim of the current 

study was to determine the phenotypes associated with 

progression to type 2 diabetes or worsening in glucose tolerance 

status during a 3-year follow-up of a community-based cohort of 

South African urban dwellers free of diabetes at baseline. 

 
1.1. Subjects 

 
Participants were members of a cohort study conducted in 

Bellville-South, in the metropolitan city of Cape Town in 

South Africa. The study setting which has been described in 

details elsewhere [6,7] is located within the Northern suburbs 

of Cape Town, and is a traditionally a mixed ancestry 

township formed in the late 1950s. The mixed ancestry 

population commonly referred to as coloured, is a South 

African population group comprising 32–43% Khoisan, 20– 

36% Bantu-speaking African, 21–28% European and 9–11% 

Asian ancestry [9]. According to the 2001 South African 

population census, Bellville-South had a population of 26,758 

individuals with about 80.5% of them being of mixed ancestry. 

The baseline and the follow-up studies were approved by the 

Cape Peninsula University of Technology Faculty of Health 

and Wellness Sciences ethics committee (Reference Number: 

CPUT/HW-REC 2008/002 and CPUT/HW-REC 2010), respectively. 

The study was conducted according to the Code of Ethics of the 

World Medical Association (Declaration of Helsinki). 

 
 

2. Materials and methods 

 

2.1. Baseline and follow-up evaluations 

 
A detailed description of the survey design and procedures has 

been previously described [6,7]. Briefly, between January 2008 

and March 2009, eligible participants from a multistage 

random sample of 1000 households were invited to take part 

in the baseline evaluation. All consenting participants 

received a standardized interview and physical examination 

during which blood pressure was measured according to WHO 

guidelines [10] using a semi-automatic digital blood pressure 

monitor (Rossmax PA, USA) on the right arm in sitting 

position. Other clinical measurements included the body 

weight, height, waist and hip circumferences. Weight (to the 

nearest 0.1 kg) was determined with a Sunbeam EB710 digital 

bathroom scale, which was calibrated and standardized using 

a weight of known mass. Weight measurements were 

recorded with each subject wearing light clothing, without 

shoes and socks. Waist circumference was measured using a 

non-elastic tape at the level of the narrowest part of the torso, 

as seen from the anterior view. All anthropometric measure- 

ments were performed three times and their average used for 

analysis. Participants with no history of doctor diagnosed 

diabetes mellitus underwent a 75 g oral glucose tolerance test 

(OGTT) as prescribed by the WHO [11]. 

 
2.2. Laboratory measurements 

 
Blood samples were collected and processed for further 

determinations. Plasma glucose was measured by enzymatic 

hexokinase method (Cobas 6000, Roche Diagnostics). Gly- 

cated haemoglobin (HbA1c) was assessed by turbidimetric 

inhibition immunoassay (Cobas 6000, Roche Diagnostics). 

This method is National Glycohaemoglobin Standardisation 

Programme (NGSP) certified according to Roche Diagnostics. 

Total cholesterol (TC), high density lipoprotein cholesterol 

(HDL-c), triglycerides (TG) and g-glutamyltransferase (GGT) 

were estimated by enzymatic colorimetric methods (Cobas 

6000, Roche Diagnostics). Low density lipoprotein cholesterol 

(LDL-c) was calculated using Friedewald s formula [12]. 

Creatinine measurements were done using the standardized 

creatinine (Cobas 6000, Roche Diagnostics). Insulin was 

determined by a microparticle enzyme immunoassay 

(Axsym, Abbot). Serum cotinine was measured by chemilu- 

minescent assay (Immulite 1000, Siemens). The follow-up 

examination was conducted in 2011 (3 years from baseline) 

using similar procedures. 

 
2.3. Definitions 

 
Body mass index (BMI) was calculated as weight per square 

metre (kg/m2) and waist-hip-ratio (WHR) as waist/hip 

circumferences (cm). The fatty liver index (FLI) was 

calculated with use of the Bedogni et al. [13] formulae as 
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FLI ¼ ðeL
=ð1 þ eLÞÞ    100   where   L = 0.953    log (triglycerides) 

+0.139       BMI+0.718     loge(GGT) + 0.053    WC     15.745;  with 

triglycerides measured in mg/dl, g-glutamyl transferase 

(GGT) in IU/l and waist circumference (WC) in cm. The body 

fat percentage (BF%) was derived from the formulae of Gó mez- 

Ambrosi  et  al.  [14]  as  BF% =   44.988 + (0.503   age) + 

(10.689    sex) + (3.172    BMI)     (0.026    BMI2) + (0.181     BMI 

  sex)    (0.02    BMI    age)    (0.005    BMI2      sex)  + (0.00021    

   BMI2 age) where men = 0 and women = 1 for sex, and age in 

years. Metabolic syndrome defi was based on the 2009 Joint 

Interim Statement (JIS) criteria [15]. Glucose tolerance status at 

baseline and follow-up examinations was based on the WHO 

classifi ation [11]. Progression in glucose tolerance status at 3- 

year (the study outcome) was the composite of: (1) new onset 

diabetes, (2) any worsening in glucose tolerance status in 

participants with normal status at baseline, (3) acquisition of a 

dual IFG/IGT status in participants with only one of the statuses 

at baseline. 

 
2.4. Statistical analysis 

 
Data were analysed with the use of SPSS1 software v.17 for 

Windows1. Results are reported as count (percentages) and 

mean (standard deviation [SD]) or median (25th–75th percen- 

tiles) as appropriate. Groups comparison used the Person s x2 

test and equivalents for qualitative variables, and Student s t- 

test and equivalents for quantitative variables. Logistic 

regressions models were used to relate baseline character- 

istics with change in glucose tolerance status during follow- 

up, with adjustment for baseline age and sex. Trajectories of 

continuous risk markers during follow-up were investigated 

through repeated general linear models,  with  adjustment 

for  multiple  comparisons  through  Bonferroni  methods.  A 

probability threshold of p < 0.05 was used to characterize 

statistically significant results. 

 
 

3. Results 

 

3.1. Data available and baseline characteristics 

 
In all 946 participants were examined during baseline visit. 

Among them, 267 had diabetes at baseline (including 117 

screen-detected) and were therefore ineligible for the current 

study. Of those remaining (679 participants), 15 moved from 

the study site or died during follow-up. A further 454 

participants did not consent for follow-up examination. 

Therefore, 210 participants took part in the baseline and 

follow-up examination, of whom 12 were excluded for missing 

data on covariates. Therefore, the final analytic sample 

included 198 participants, of whom 153 (72.3%) were women. 

In the online Table 1 we compare the baseline profile of 

participants in the final analytic sample with that of those 

potentially eligible participants who were excluded. Excluded 

participants were younger, and likely to display better profile 

for adiposity markers, lipids and glucose metabolism, 

although differences with included participants were mostly 

clinically trivial (online Table 1). The baseline profile of the 

included participants overall and for men and women is 

presented in Table 1. In general, anthropometric indices were 

significantly higher in women (all p < = 0.001) while men were 

older and more likely to have higher systolic blood pressure 

( p = 0.001) and serum creatinine levels ( p < 0.001). 

Supplementary data  associated with this article can be 

found, in the online version, at http://dx.doi.org/10.1016/ 

j.diabres.2012.10.018. 
 

 

 

Table 1 – Baseline profile of eligible participants by gender. 
 

Variables Men Women p-Value Total 

N 45 153  198 

Mean age, years (SD) 60.3 (12.2) 53.7 (11.1) 0.001 55.2 (11.7) 

BMI, kg/m2 (SD) 26.4 (5.4) 32 (6.5) <0.001 30.7 (6.7) 

Waist circumference, cm (SD) 96.2 (14.7) 100 (14) 0.11 99.1 (14.2) 

Hip circumference, cm (SD) 101.7 (8.9) 114.7 (13.9) <0.001 111.7 (14.1) 

Waist-to-Hip ratio 0.94 (0.8) 0.87 (0.08) <0.001 0.89 (0.09) 

Systolic blood pressure, mmHg (SD) 129.4 (17.3) 119.9 (16.3) 0.001 122.1 (17) 

Diastolic blood pressure, mmHg (SD) 76.2 (11.7) 74.5 (11) 0.38 74.9 (11.2) 

Insulin, IU/mla
 6.1 (1.6–9.7) 8.8 (4.2–14.0) 0.01 7.9 (3.5–13.6) 

Glucose/insulina
 0.83 (0.57–2.92) 0.63 (0.37–1.21) 0.01 0.67 (0.40–1.56) 

Creatinine, mmol/l (SD) 96.9 (17.7) 80.4 (15.3) <0.001 84.2 (17.3) 

Gamma glutamyl transpeptidase, IU/la
 24.0 (17.0–32.0) 18.5 (13.0–27.0) 0.02 28.0 (20.0–39.0) 

Cotinine, ng/mla
 9.0 (9.0–253.0) 9.0 (9.0–353.0) 0.36 9.0 (9.0–321.0) 

Total cholesterol, mmol/l (SD) 5.4 (1) 5.7 (1.1) 0.18 5.6 (1.1) 

Triglycerides, mmol/l (SD) 1.6 (1.1) 1.4 (0.7) 0.12 1.4 (0.8) 

HDL cholesterol, mmol/l (SD) 1.2 (0.3) 1.3 (0.3) 0.12 1.2 (0.3) 

LDL cholesterol, mmol/l (SD) 3.5 (1) 3.8 (1) 0.11 3.7 (1) 

Total/HDL cholesterol, (SD) 4.8 (1.6) 4.7 (1.3) 0.80 4.7 (1.3) 

HbA1c,  % (SD)  (mmol/mol) 5.7 (0.6) (39) 5.8 (0.4) (40) 0.54 5.8 (0.4) 

Fasting plasma glucose, mmol/l (SD) 5.2 (0.9) 5.3 (0.7) 0.19 5.3 (0.7) 

2 h plasma glucose, mmol/l (SD) 6.8 (1.8) 6.8 (1.6) 0.90 6.8 (1.6) 

Body fat percentage, % (SD) 27.6 (6.9) 44.6 (6.7) <0.001 40.7 (9.8) 

Fatty liver index, (SD) 53.4 (29.3) 63.9 (29.5) 0.04 61.6 (29.9) 

Metabolic syndrome (JIS), n (%) 19 (42.2) 80 (52.3) 0.31 99 (50.0) 

a   Values are median and 25th–75th percentiles. 

http://dx.doi.org/10.1016/j.diabres.2012.10.018
http://dx.doi.org/10.1016/j.diabres.2012.10.018
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Fig. 1 – Glucose tolerance status at baseline and during 

follow-up. 

 

change in status during follow-up across these subgroups is 

described in Fig. 1, showing differential progression according 

to the baseline status ( p = 0.006). In all 32 participants 

(cumulative incidence rate: 16.2%) acquired a status of 

progressor  during follow-up, including 11 (cumulative inci- 

dence rate: 5.6%) who acquired a diabetes status. 

 
3.3. Profile of progressors and baseline predictors of 

progression 

 
Table 2 shows the baseline clinical and biochemical character- 

istics of subjects who progressed versus those who did not. The 

diastolic   blood   pressure   ( p = 0.02),   fasting   blood   glucose 

( p = 0.005),  HbA1c  ( p = 0.001) and  total/HDL cholesterol ratio 

( p = 0.04)  were  significantly  higher,  whilst  HDL-cholesterol 

( p < 0.001) was significantly lower in the group that progressed 

during follow-up. MetS was significantly more prevalent in the 

group that progressed (71.9% vs. 45.8%, p = 0.01). Furthermore, 

there was a graded association between the number of 

components   of   MetS   and   progression   during   follow-up 

   (Fig. 2). For instance, no progression was observed among 

those with none of the MetS components, while cumulative 

progression rates increased from 7.4% in those with only 1 MetS 

component to 32.4% in those with four or more components 

3.2. Baseline glucose tolerance status and progression 

during follow-up 

 
The baseline glucose tolerance status of participants was 

distributed as followed [n (%)]: Normal 134 (67.7%), impaired 

glucose tolerance (IGT) only 44 (22.2%), impaired fasting 

glycaemia (IFG) only 8 (4.0), both IGT and IFG 12 (6.1%). The 

(Fig. 2). In age and sex adjusted logistic regression models, 

diastolic blood pressure, triglycerides, total/HDL cholesterol 

ratio, fasting glucose, HbA1c, g-glutamyltransferase and 

metabolic syndrome were associated with increased risk of 

progression, while HDL cholesterol was associated with lower 

risk (Table 2). A borderline association was observed with 

systolic blood pressure, 2 h plasma glucose, serum cotinine and 
 

 

 

Table 2 – Baseline profile of eligible participants by status for progression at 3 years. 

Variables No progression Progression p-Value Odd ratio (95% CI)a
 

N 166 32   
Sex, men n (%) 38 (23.0) 7 (21.9) >0.99 0.90 (0.35–2.30) 

Age, yrs (SD) 55 (11.7) 55.9 (11.8) 0.70 1.01 (0.97–1.04) 

BMI, kg/m2 (SD) 30.6 (6.7) 31.6 (6.6) 0.41 1.03 (0.97–1.09) 

Waist circumference, cm (SD) 98.7 (14.1) 101 (15) 0.41 1.01 (0.98–1.04) 

Hip circumference, cm (SD) 111.2 (13.9) 114.1 (14.6) 0.30 1.01 (0.99–1.05) 

Waist-to-Hip ratio 0.89 (0.09) 0.89 (0.06) 0.81 0.54 (0.004–67.61) 

Systolic blood pressure, mmHg (SD) 121.3 (17.2) 126.5 (15) 0.11 1.02 (1.00–1.04) 

Diastolic blood pressure, mmHg (SD) 74.1 (11.4) 79 (10) 0.02 1.04 (1.01–1.08) 

Insulin, IU/ml (25–75th percentiles) 7.5 (3.0–12.9) 9.2 (4.3–14.9) 0.22 1.11 (0.83–1.50)b
 

Glucose/insulin, (25–75th percentiles) 0.68 (0.40–1.69) 0.62 (0.34–1.34) 0.35 0.93 (0.70–1.25) b
 

Creatinine, mmol/l (SD) 84.6 (16.8) 82 (20.1) 0.44 0.99 (0.96–1.01) 

Gamma GT, IU/l (25–75th percentiles) 27.0 (20.0–37.2) 30.0 (21.5–47.0) 0.25 1.99 (1.07–3.67) b
 

Cotinine, ng/ml (25–75th percentiles) 9.0 (9.0–313.2) 116.5 (9.0–382.5) 0.14 1.20 (0.96–1.49) b
 

Total cholesterol, mmol/l (SD) 5.6 (1.1) 5.8 (1.2) 0.28 1.18 (0.83–1.68) 

Triglycerides, mmol/l (SD) 1.4 (0.7) 1.8 (1.1) 0.05 1.71 (1.13–2.58) 

HDL cholesterol, mmol/l (SD) 1.3 (0.3) 1.1 (0.2) <0.001 0.05 (0.01–0.33) 

LDL cholesterol, mmol/l (SD) 3.7 (1) 3.9 (0.9) 0.23 1.24 (0.84–1.85) 

Total/HDL cholesterol, (SD) 4.6 (1.2) 5.3 (1.7) 0.04 1.45 (1.08–1.93) 

HbA1c,  %  (SD)  (mmol/mol) 5.7 (0.4) (39) 6 (0.5) (42) 0.001 5.26 (1.94–14.24) 

Fasting plasma glucose, mmol/l (SD) 5.2 (0.8) 5.5 (0.4) 0.005 1.83 (1.01–3.32) 

2 h plasma glucose, mmol/l (SD) 6.7 (1.6) 7.2 (1.6) 0.13 1.20 (0.94–1.50) 

Body fat percentage, % (SD) 40.5 (9.8) 42 (9.9) 0.43 1.03 (0.97–1.09) 

Fatty liver index, (SD) 60 (30.4) 69.8 (26.1) 0.10 1.01 (1.00–1.03) 

Metabolic syndrome, n (%) 76 (45.8) 23 (71.9) 0.01 3.08 (1.34–7.10) 

a  Age and sex adjusted odds ratios. 
b  Odd ratio per log unit of the target variable. 
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Fig. 2 – Components of the metabolic syndrome and 

progression  of  glycaemic  status. 

 
 

 

 

fatty liver index (Table 2), whereby increasing levels of those 

factors were associated with increased risk of progression. 

Markers of obesity were not associated with risk of 

progression. There was however some apparent interactions 

in the trajectories of obesity markers during follow-up among 

progressors and non progressors (Fig. 3). For instance, the BMI 

and body fat percentage were mostly stable among non- 

progressors during follow-up, but increased significantly 

among progressors, resulting in a significant interaction for 

BMI ( p = 0.04). 

 
 

4. Discussion 

 
Our results show that the presence of metabolic syndrome is a 

strong predictor of incident diabetes or worsening in glucose 

tolerance status in this mixed ancestry population. Having 

none of the components of MetS at baseline was associated 

with no change in glucose tolerance status during follow-up, 

while the risk of progression increased in a stepwise fashion 

with the number of components of MetS in participants with 

at least one such component. Although total adiposity, a well- 

known determinant of diabetes occurrence was not associated 

with progression in our sample, trajectories of markers of total 

adiposity differed significantly between progressors  and 

non-progressors  during follow-up. 

Metabolic syndrome has been shown to be strongly 

associated with incident diabetes in the Prospective Study 

of Pravastatin in the Elderly at Risk (PROSPER) and the British 

Regional Heart Study (BHRS) prospective studies with reported 

odds ratio of 4.41 and 7.47, respectively [16]. Furthermore, in 

these studies fasting blood glucose levels were either superior 

or similar to MetS in the prediction of diabetes [16]. Beside 

components of metabolic syndrome which were associated 

with risk of progression, we also found a significant and strong 

relationship between baseline HbA1c and worsening in 

glucose tolerance status during follow-up. In our study the 

median baseline HbA1c of progressors (6.0%) was similar to 

that reported by Selvin et al. [17] in a community-based 

population of nondiabetic adults from the United States. In 

 

 

 
 

Fig. 3 –  Trajectories of adipometrics variables in progressors (dotted lines) and non-progressors (solid lines). 



228 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 9 9 ( 2 0 1 3 ) 2 2 3 – 2 3 0 
 

 

contrast, Leite et al. [18] reported a lower level of 5.8% being 

associated with a higher risk for progression to either IGT or 

type 2 diabetes. Our results further add to the growing body of 

evidence on the clinical utility of glycated haemoglobin in 

predicting diabetes occurrence. We had previously demon- 

strated that an optimum cut-off of 6.1% for diabetes screening 

in this population group [6], a level much lower than 6.5% 

recommended for the diagnosis of diabetes this being the level 

associated with diabetic retinopathy [19,20]. It is clear that 

racial differences exist as levels as low as 5.7% had optimal 

sensitivity and specificity to detect diabetic retinopathy in a 

Japanese cohort [21]. Lower levels of HbA1c, 5.5% or higher 

have also been shown to be associated with a 1.38 hazard ratio 

for coronary heart disease [17]. Our study, despite its 

limitations, provides further evidence that HbA1c may be 

used for the detection of those at an increased risk for new 

onset type 2 diabetes. It also has several advantages [22] over 

MetS which requires measurement of its five components. 

However, the use of HbA1c has its limitations which include 

the overlap in its distribution in the categories of glucose 

tolerance status. 

The International Diabetes Federation (IDF) recommends 

the use of questionnaires that address age, family history of 

diabetes, ethnic origin, simple activity, and diet questions, 

combined with simple measurements of obesity (BMI, waist 

circumference) and blood pressure for diabetes screening 

[23]. In our study markers of obesity were not associated with 

risk of progression, but there were some apparent interac- 

tions in the trajectories of obesity markers during follow-up 

among progressors and non-progressors. Similar fi dings 

have been reported in other populations such as South 

African Indians [24], Pima Indians [25], and Nauru population 

[26] where small or non-significant associations were found 

between BMI and progression from IGT to type 2 diabetes. 

Nevertheless, we believe that obesity is strongly associated 

with the development of diabetes, but the presence of high 

overweight/obesity rates in this population has limited the 

statistical power to demonstrate this association. For exam- 

ple, the BMI of non-progressors was similar to that of 

progressors at baseline, but remained stable in non-progres- 

sors during follow-up. Several lifestyle interventions have 

consistently shown weight loss to be dominantly associated 

with reduction in the risk of type 2 diabetes [27,28]. For 

example, a 5 kg weight loss over approximately 3 years of 

follow-up reduced the risk of diabetes by 55% [28] further 

buttressing the strong relationship between obesity and type 

2 diabetes. Weight loss is also associated with the improve- 

ment of nonalcoholic fatty liver diseases (NAFLD) [29,30], a 

condition characterized by accumulation of liver fat greater 

than 5% per liver weight in the absence or minimal 

consumption of alcohol. Nonalcoholic fatty liver diseases is 

associated with insulin resistance and metabolic syndrome, 

and frequently co-exist with diabetes due to their similar 

pathogenesis, obesity and insulin resistance. Whilst the gold 

standard for NAFLD diagnosis is a liver biopsy, this is not 

always feasible in research settings, consequently many 

studies including ours have used proxy markers for the 

disease. In our study increasing levels of NAFLD were 

marginally associated with an increased risk of progression 

to an abnormal glucose tolerance. 

Our study has some limitations. The baseline study sample 

was very small, resulting in an even smaller number of 

participants at follow-up. Although this may have introduced 

a selection bias the profile of participants lost was close to that 

of participants studied, with respect to several characteristics. 

It is however possible that the small number of outcomes has 

limited our statistical power for uncovering some significant 

associations. We had no information on lifestyle changes 

during follow-up, which could possibly aid the formulation of 

hypotheses on the underlying mechanisms of worsening in 

glucose tolerance status between baseline and final evalua- 

tion. We also lack data on baseline status for alcohol 

consumption, an important factor in the deterioration of 

glucose tolerance status; particularly in  communities with 

high prevalence of alcohol consumption. Our study also has 

major advantages, including extensive data collection on a 

range of diabetes determinants both at baseline and during 

follow-up. By conducting such a study perhaps for the first 

time in a predominantly mixed ancestry population from 

Africa undergoing rapid epidemiological transitions, we were 

able to provide locally relevant evidence that may assist 

prevention efforts. 

In conclusion, the present study has revealed the high rates 

of deterioration of glucose status in our population over time, 

with about one fifth of them acquiring a glucose tolerance 

worse status and over 5% progressing to the full-stage of 

diabetes within as shorter as 3 years of follow-up. In this 

rather overweight-to-obese population at baseline, markers of 

adiposity were ineffective in discriminating worsening in 

glucose tolerance status during follow-up. However, the 

differential changes of adiposity  makers  levels during 

follow-up, with always less favourable trajectories among 

those whose glucose tolerance status deteriorated during 

follow-up, highlights the potential for preventing diabetes 

occurrence in this setting through actions targeting adiposity. 

Our study extends to this setting the well-known utility of 

phenotypes of metabolic syndrome single or in combination, 

in predicting incident diabetes and worsening in glucose 

tolerance status. However, investigating their superiority 

against a single parameter such as HbA1c has value in our 

setting. 
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