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Abstract

Aims Conventional definitions of obesity, e.g. body mass index (BMI) ≥ 30 kg/m2 or waist circumference cut-points of

102 cm (men) and 88 cm (women), may underestimate metabolic risk in non-Europeans. We prospectively identified

equivalent ethnicity-specific obesity cut-points for the estimation of diabetes risk in British South Asians,

African-Caribbeans and Europeans.

Methods We studied a population-based cohort from London, UK (1356 Europeans, 842 South Asians, 335

African-Caribbeans) who were aged 40–69 years at baseline (1988–1991), when they underwent anthropometry, fasting

and post-load (75 g oral glucose tolerance test) blood tests. Incident Type 2 diabetes was identified from primary care

records, participant recall and/or follow-up biochemistry. Ethnicity-specific obesity cut-points in association with

diabetes incidence were estimated using negative binomial regression.

Results Diabetes incidence rates (per 1000 person years) at a median follow-up of 19 years were 20.8 (95% CI: 18.4,

23.6) and 12.0 (8.3, 17.2) in South Asian men and women, 16.5 (12.7, 21.4) and 17.5 (13.0, 23.7) in African-Caribbean

men and women, and 7.4 (6.3, 8.7), and 7.2 (5.3, 9.8) in European men and women. For incidence rates equivalent to

those at a BMI of 30 kg/m2 in European men and women, age- and sex-adjusted cut-points were: South Asians, 25.2

(23.4, 26.6) kg/m2; and African-Caribbeans, 27.2 (25.2, 28.6) kg/m2. For South Asian and African-Caribbean men,

respectively, waist circumference cut-points of 90.4 (85.0, 94.5) and 90.6 (85.0, 94.5) cm were equivalent to a value of

102 cm in European men. Waist circumference cut-points of 84.0 (74.0, 90.0) cm in South Asian women and 81.2 (71.4,

87.4) cm in African-Caribbean women were equivalent to a value of 88 cm in European women.

Conclusions In prospective analyses, British South Asians and African-Caribbeans had equivalent diabetes incidence

rates at substantially lower obesity levels than the conventional European cut-points.

Diabet. Med. 32, 226–234 (2015)

Introduction

The definition of obesity [body mass index (BMI) ≥ 30 kg/

m2], a key risk factor for Type 2 diabetes, has been

validated in largely white populations. Ethnicity-appropri-

ate obesity cut-points are much debated [1,2]. In 2002, the

World Health Organization (WHO) Expert Panel con-

cluded that there were insufficient data available to specify

BMI cut-points that would be applicable to Asians, and

put forward pragmatic, rather than evidence-based BMI

cut-points for Asians: underweight, < 18.5 kg/m2; increas-

ing but acceptable risk, 18.5 to < 23 kg/m2; increased risk,

23 to < 27.5 kg/m2; and high risk, ≥ 27.5 kg/m2 (i.e.

defining obesity), compared with thresholds of 18.5, 25.0

and 30.0 kg/m2 in white Europeans [3]. No such

guidance has been published for people of black African

descent.

For waist circumference, similarly based on mostly Euro-

pean data, the WHO recommends cut-points of 102 cm

(men) and 88 cm (women) as representing substantially

increased risk of metabolic complications, broadly equivalent

to BMI ≥ 30 kg/m2 [2,4]. These cut-points are widely used in
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the USA [5]. The International Diabetes Federation also

recommends pragmatic sex- and ethnicity-specific cut-points

for waist circumference in its definition of central obesity for

Asian populations, and suggests the use of European

cut-points for sub-Saharan African populations until more

specific data become available [6].

Although several studies have attempted to provide BMI

cut-points for South Asians, only one such study has used

longitudinal data in a population with European compar-

ators; this study also included cut-points for people of

African descent [7]. In addition, one study has used

longitudinal data to provide waist circumference cut-points

for South Asians living in Mauritius and Europeans living in

Australia [8].

Our aim was to identify prospectively levels of BMI and

waist circumference for South Asian and African-Caribbean

men and women which were comparable, in terms of

diabetes risk, with the conventional cut-point for obesity of

30 kg/m2 for BMI and the waist circumference cut-points

recommended by the WHO for Europeans.

Methods

Southall and Brent Revisited (SABRE) is a population-based

cohort of Europeans, South Asians and African-Caribbeans

from North and West London. Details of the cohort have

been published previously [9]. People aged 40–69 years at

baseline (1988–1991) were randomly selected from age- and

sex-stratified primary care physician lists (n = 4063) and

workplaces (n = 795) in the London boroughs of Southall

and Brent (Fig. 1). The study was designed to investigate

cardiometabolic risk in different ethnic groups, primarily in

men.

All South Asians and African-Caribbeans were first-gener-

ation migrants. Ethnicity was confirmed based on parental

origins. South Asians originated from the Indian subconti-

nent (the majority, 93% of 1710, were from India and

Pakistan) and 64% (of 1710) were of Punjabi Sikh descent.

African-Caribbeans originated from the Caribbean (91.5%

FIGURE 1 SABRE study flow chart (1988–2011).

What’s new?

• Ethnicity-appropriate obesity cut-points as predictors

of diabetes risk are much debated.

• Few longitudinal studies have addressed this topic, and

none in the UK.

• This study followed a group of over 2500 people from

three ethnic backgrounds for 19 years and identified

that BMI levels of 25 kg/m2 in South Asians and 27 kg/

m2 in African Caribbeans posed equivalent risk of

developing diabetes to BMI of 30 kg/m2 in Europeans.

Waist circumference equivalents were also lower in

South Asians and African Caribbeans.

• These findings highlight the potential importance of

public health measures for the prevention of metabolic

risk long before the current conventional cut-points for

obesity are reached in South Asian and African-Carib-

bean populations.
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of 801) or from West Africa. At baseline, participants

underwent fasting blood tests, blood pressure measurements

and anthropometry. Those whose diabetes status was

unknown underwent oral glucose-tolerance testing.

Baseline anthropometrics

All measurements were conducted using a standard protocol.

Waist circumference was measured using a fibreglass tape

with a spring balance set to a constant tension of 600 g.

Height wasmeasured using a stadiometer and volunteers were

barefoot and wore a light hospital gown. Weight was

measured using a Soehnle electronic scale. BMIwas calculated

as weight in kilograms divided by squared height in metres.

Follow-up 2008–2011

During 2008–2011, surviving volunteers were invited to

participate in a morbidity follow-up, including a health and

lifestyle questionnaire, primary care medical record review

and/or attendance at clinic at St Mary’s Hospital, London.

Clinic attendees fasted overnight and underwent measure-

ments as at baseline, including oral glucose-tolerance testing.

Follow-up response rates

At follow-up (2008–2011), of the 4202 participants without

baseline diabetes, 3908 were traced to a UK address (94% of

Europeans, 96% of South Asians and 84% of African-Carib-

beans). We obtained data on follow-up diabetes status for

1054 and 302 European men and women (66% of those

traced), 706 and 136 South Asian men and women (65%)

and 189 and 146 African-Caribbean men and women (61%)

(Fig. 1).

Identifying baseline and incident diabetes

Physician diagnosis or WHO 1999 criteria [10] for fasting

and oral glucose-tolerance testing blood glucose measure-

ments defined baseline diabetes (for exclusion). Incident

diabetes was identified from a positive report by one of the

following sources of direct follow-up:

� primary care medical record review—recorded diagnosis

of diabetes or prescription of anti-diabetic medications;

� participant questionnaire—recall of physician-diagnosed

diabetes plus either year of diagnosis or receipt of named

anti-diabetic medication;

� clinical follow-up at 20 years—fasting or oral glucose-tol-

erance testing plasma glucose results meeting WHO 1999

criteria (fasting plasma glucose ≥ 7 mmol/l or 2 h plasma

glucose ≥ 11.1 mmol/l) [10].

Plasma glucose was measured using hexokinase/NADP

methods (Abbott Diagnostics, Abbott Park, IL, USA).

Date of censoring was taken as date of diagnosis of

diabetes, or last date of follow-up, or death (identified by the

UK Office for National Statistics), if incident diabetes was

not recorded.

Statistical analyses

Unadjusted diabetes incidence rates were calculated by

baseline BMI categories (using suggested WHO cut-points

of < 23, 25, 27.5 and 30 kg/m2) and by baseline waist

circumference in 10 cm categories [3].

We used negative binomial regression models with robust

standard errors (due to evidence of overdispersion in Poisson

models) to examine age- and sex-adjusted ethnicity-specific

associations between baseline BMI or age-adjusted waist

circumference and diabetes incidence rates. Inclusion of BMI

and waist circumference as linear predictors of incident

diabetes resulted in poorly fitted models, hence we examined

the fit of models using the likelihood ratio test, adding a

quadratic term and using restricted cubic splines with three,

four and five knots. Models were selected according to the

lowest Bayesian information criterion (BIC). For BMI, a

negative binomial regression model, including BMI restricted

cubic splines with three knots adjusted for age and sex, had a

lower Bayesian information criterion than models containing

BMI modelled as cubic splines with four or five knots or as a

quadratic term. Similarly for waist circumference, Bayesian

information criteria were lowest for both men and women in

models in which waist circumference was modelled as

sex-specific cubic splines with three knots.

Owing to non-linear associations with incident diabetes,

age was included in the models in quartiles. A priori, we

examined interactions between BMI or waist circumference

variables and ethnicity, age and sex. We compared models

with and without interaction terms using the likelihood ratio

test. For our final models, we adopted the best-fit and most

parsimonious models. We also examined analyses using

2.5 kg/m2 categories of BMI or 10 cm categories of waist

circumference. We further examined the effects in multivar-

iable models of adding conventional risk factors [baseline

smoking category (never/ex/current), years of education,

plasma triglyceride levels and systolic blood pressure]. In

addition, we examined models that excluded deceased

participants for whom the only form of follow-up was

primary care record review. Finally, we examined models

that excluded participants with prevalent coronary heart

disease or stroke.

From the negative binomial regression models, we esti-

mated predicted incidence rates and their 95% confidence

intervals (95% CI) for European participants with a BMI of

30 kg/m2 or a waist circumference of 102 cm (men) and

88 cm (women) [4]. We identified the corresponding

BMI values and 95% CI for South Asians and African-

Caribbeans.
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Because the widely accepted BMI obesity cut-point of

30 kg/m2 is applied to both men and women, we focused on

findings for men and women combined. Analyses for waist

circumference were conducted separately in men and

women.

Statistical analyses were performed using Stata v. 12.

Results

At baseline, mean age � SD was 51.8 � 7.0, range 40–

72 years. South Asians were on average two years younger

than Europeans and African-Caribbeans. On average, South

Asians had lived in England for 23 years and Afri-

can-Caribbeans for 30 years. Among men, mean BMI was

similar in all three ethnic groups, although South Asian

men were more centrally obese than European or Afri-

can-Caribbean men. Among women, South Asians and

African-Caribbeans had greater mean BMI, and were more

centrally obese than Europeans. South Asian men and

African-Caribbean women were the most insulin resistant

(Table 1). Baseline characteristics for those without fol-

low-up data (n = 1669) were generally similar or slightly

less favourable than those with follow-up data (n = 2533)

(Table S1).

During the median follow-up period of 19 years [inter-

quartile range (IQR): 15, 20 years), diabetes developed in

578 participants (23%). These included 156 (15%) Euro-

pean men and 40 (13%) European women, 253 (36%) South

Asian men and 29 (21%) South Asian women, and 56

African-Caribbean men (30%) and 44 (30%) African-Carib-

bean women. Median age (IQR) at onset of diabetes was 67

(60, 71) and 65 (62, 72) years in European men and women,

62 (57, 68) and 67 (57, 69) in South Asian men and women,

and 68 (62, 72) and 63 (60, 67) in African-Caribbean men

and women.

The majority of cases were identified from primary care

medical record review (436; 75%) or clinic oral glucose-tol-

erance testing (15%). A small number (49) were identified

from participant questionnaire alone and seven were iden-

tified from death certification alone. For 1516 participants

with both a primary care record review and participant

questionnaire, there was 97% agreement for diabetes

diagnosis.

Baseline BMI and incident diabetes

Unadjusted diabetes incidence rates increased with increasing

baseline BMI and, in men, were highest across all BMI

categories in South Asians and lowest in Europeans. In

women, unadjusted rates were highest in African-Caribbeans

and lowest in Europeans (Table 2). Age- and sex-adjusted

BMI cut-points of 25.2 (95% CI: 23.4, 26.6) kg/m2 in South

Asians and 27.2 (25.2, 28.6) kg/m2 in African-Caribbeans

were associated with diabetes incidence rates equivalent to

that of 30 kg/m2 in Europeans (Fig. 2).

Further adjustment for years of education, smoking,

triglycerides and systolic blood pressure barely altered the

estimated ethnicity-specific cut-points for BMI [South Asians:

25.0 (22.5, 26.5) kg/m2; African-Caribbeans: 27.0 (25.0,

28.5) kg/m2]. Duration of residence in England was not

significantly associated with diabetes incidence and was not

included in multivariable models. An age- and sex-adjusted

model that included BMI in 2.5 kg/m2 categories corre-

sponded well in terms of the shape and position of regression

curves with the final model, giving further support to the use

of cubic splines with three knots in the final model (Fig. S1).

Analyses that excluded deceased participants who had not

completed questionnaires or attended our clinic prior to

death suggested slightly higher cut-points [South Asians: 25.7

(23.5, 27.1) kg/m2; African-Caribbeans: 27.5 (25.3,

29.0) kg/m2].

Baseline waist circumference and incident diabetes

Waist circumferences of 90.6 (85.0, 94.5) cm in South Asian

men and 90.4 (85.0, 94.5) cm in African-Caribbean men

were associated with similar age-adjusted incidence rates to

European men with waist circumferences of 102 cm

(Fig. 3a).

South Asian women with waist circumferences of 84.0

(74.0, 90.0) cm and African-Caribbean women with waist

circumferences of 81.2 (71.4, 87.4) cm had equivalent

diabetes incidence rates to European women with waist

circumferences of 88 cm (Fig. 3b).

Adjustment for years of education, smoking status, trigly-

cerides and systolic blood pressure lowered the waist

circumference cut-points by ~ 2 cm in ethnic minority men

[South Asians: 88.4 (83.2, 92.2) cm, African-Caribbeans:

88.2 (83.0, 92.0) cm] and increased them by 1–2 cm in

women [African-Caribbeans: 82.4 (70.2, 88.8) cm; South

Asians: 85.6 (73.4, 92.0) cm]. Analyses that excluded

deceased participants who had not completed questionnaires

or attended our clinic prior to death did not alter the waist

circumference cut-points.

Finally, exclusion of those with coronary heart disease or

stroke at baseline did not alter the findings for either BMI or

waist circumference.

Discussion

In prospective analyses, we show striking ethnic differences

in diabetes incidence at each level of BMI and waist

circumference. Our findings suggest that in terms of

diabetes incidence, mid-life BMI values of 25.2 kg/m2 in

South Asians and 27.2 kg/m2 in African-Caribbeans were

equivalent to the conventional cut-point of 30 kg/m2 in

Europeans. For central obesity, South Asian and Afri-

can-Caribbean men had almost identical and strong asso-

ciations between increasing waist circumference and

diabetes incidence, such that men with waist circumferences

ª 2014 The Authors.
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of 90.4–90.6 cm had equivalent rates to European men

with waist circumferences of 102 cm. Waist circumferences

of 84 and 81 cm, respectively, in South Asian and

African-Caribbean women were associated with diabetes

incidence rates equivalent to those of European women

with waist circumferences of 88 cm.

Table 2 Unadjusted diabetes incidence rates (95% CI) per 1000 person years by BMI and waist circumference category in men and women: SABRE
study, London, 1988–1990 (baseline) to 2008–2011

Men Women

European South Asian African-Caribbean European South Asian African-Caribbean

Number
(%)

1054 (78) 706 (84) 188 (56) 302 136 146

Number of
cases

156 253 56 40 29 44

Person
years of
follow-up

20 400 12 000 3400 5600 2400 2400

Overall
incidence
rates/
1000
person
years

7.4 (6.3, 8.7) 20.8 (18.4, 23.6) 16.5 (12.7, 21.4) 7.2 (5.3,9.8) 12.0 (8.3, 17.2) 17.5 (13.0, 23.7)

BMI (kg/m2)
< 23 2.9 (1.6, 5.3) 9.5 (6.5, 13.9) 6.1 (2.0, 18.9) 3.4 (1.5, 7.7) 9.4 (3.9, 22.6) 4.8 (0.7, 33.8)
23 to
< 25

4.0 (2.6, 6.2) 17.1 (12.9, 22.4) 10.4 (5.2, 20.7) 1.8 (0.5, 7.2) 2.2 (0.3, 16.0) 16.4 (6.8, 39.4)

25 to
< 27.5

6.8 (5.1, 9.2) 21.3 (17.1, 26.5) 17.1 (10.6, 27.5) 6.6 (3.4, 12.7) 9.4 (3.9, 22.6) 6.3 (1.6, 25.3)

27.5 to
< 30

10.3 (7.3, 14.6) 32.2 (24.4, 42.5) 18.8 (11.5, 30.6) 11.0 (5.2, 23.0) 14.3 (6.4, 31.9) 12.1 (6.3, 23.2)

30+ 17.1 (12.4, 23.7) 39.2 (27.0, 56.7) 30.7 (15.3, 61.3) 23.8 (14.4,39.5) 22.5 (12.5, 40.6) 27.2 (17.4, 42.7)
Waist circumference (cm)

< 80 2.5 (1.3, 5.8) 5.4 (2.4, 12.0) 3.1 (0.8, 12.2) 4.1 (2.4, 6.9) 9.0 (4.7, 17.4) 6.8 (2.8, 16.3)
80 to
< 90

4.5 (3.2, 6.4) 14.8 (11.6, 18.9) 20.5 (13.9, 30.3) 7.1 (3.7,13.7) 8.8 (4.2, 18.4) 14.1 (7.8, 25.4)

90 to
< 100

8.3 (6.4,10.8) 23.6 (19.5, 28.4) 14.2 (8.7, 23.1) 14.8 (6.6, 32.9) 19.5 (10.2,37.5) 23.4 (13.6, 40.3)

100+ 15.2 (11.6, 19.8) 37.2 (29.5, 46.9) 30.5 (17.3, 53.8) 29.1 (16.1,52.5) 23.5 (8.8, 62.7) 40.6 (23.6, 69.9)
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FIGURE 2 Diabetes incidence rates during 19 years of follow-up by baseline body mass index (men and women combined). Negative binomial

regression model adjusted for age and sex.
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Our findings for BMI suggest somewhat higher cut-points

than a recent longitudinal community-based study in

Canada, which reported multivariable-adjusted diabetes

incidence rates in South Asians and Africans with BMI

values of 24 and 26 kg/m2 equivalent to rates in Europeans

with BMIs of 30 kg/m2 (men and women combined) [7].

Nonetheless, both that study and ours suggest greater

metabolic risk at lower BMI cut-points among the two

ethnic groups than among comparator populations of

European origin. In our study, further adjustment for

conventional risk factors, including years of education and

smoking, or exclusion of those who died and for whom

follow-up was limited to medical record review or death

certificate, altered the estimates very little, and the ethnic-

ity-specific cut-points remained substantially below the

equivalent European cut-points for both BMI and waist

circumference. Taken together, these longitudinal studies

suggest robust findings that may be generalizable across

similar migrant populations.

Several other groups have attempted to redefine obesity

cut-points for people of Asian origin, but most were

cross-sectional in design [11–21] and not all reported

diabetes as an outcome [11,12].

Our findings raise the issue that obesity cut-off points

lower than the conventional values may be warranted in

immigrant South Asians and African-Caribbeans compared

with the European white population in the UK, to pose

equivalent risk for Type 2 diabetes. Inasmuch as the purpose

of an anthropometric (e.g. BMI) cut-off point is to identify

the proportion of people with a high risk of important health

conditions in a population, it has the potential to inform

public health action points, such as health promotion and

prevention programmes. However, lowering the cut-off

values in ethnic groups will have the obvious effect of

increasing the prevalence of obesity among that population.

At the individual level, the label of being obese would be

assigned at lower BMI thresholds, with unknown conse-

quences. Currently, there is lack of evidence on whether

minority ethnic groups would respond to health behaviour

interventions in a similar way to Europeans even at conven-

tional obesity cut-offs, and nothing is known about the

effectiveness of interventions if BMI thresholds to define

obesity were lowered. However, one target could be to

promote greater physical activity among ethnic minority

groups, who have well-documented evidence for being less

physically active than Europeans [22,23]. Encouragingly,

there is evidence that targeted lifestyle intervention among

people with impaired glucose tolerance is effective in

preventing or delaying the onset of diabetes among South

Asians in India [24]. We need to fill the research gap to

identify if such lifestyle interventions could also work among

minority ethnic group populations with obesity defined using

lower cut-points. Taken collectively, these issues argue for

public health action points for metabolic risk at lower BMI

(and waist circumference) cut-points among the South Asian

and African-Caribbean ethnic groups, but it would be

important to not use these cut points to classify or label

people as obese, which could incur unintended consequences.

Strengths and weaknesses

SABRE is a longitudinal study with participants from three

ethnic groups drawn from the same West and North-West

London population. Study follow-up is lengthy (19 years)

from middle age, with high numbers of diabetes cases in

men. We objectively measured, rather than self-assessed,
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anthropometric data, and diabetes incidence was compre-

hensively assessed at the individual level via primary care

record review, self-report, medication use and direct testing.

Our analyses were comprehensive and the findings were

robust to a range of sensitivity analyses. This is the first

longitudinal study in the UK to report ethnicity- and

sex-specific associations between mid-life obesity measures

and incident diabetes and the findings are remarkably similar

to the only other longitudinal study conducted in migrant

populations. The inclusion of thresholds for waist circum-

ference is novel.

We acknowledge that we have small numbers of women

due to the initial study design and we would urge caution in

considering our cut-points for women. Loss to follow-up is

usual in cohort studies and follow-up data are missing for

approximately one-third of participants in all ethnic groups,

however, there were few significant differences in baseline

characteristics of those with and without follow-up data and

we would not anticipate differences in the associations

between incident diabetes and baseline obesity measures in

those lost to follow-up. Another limitation is that we have

anthropometric data from only a single measurement made

in mid-life.

We appreciate that BMI is not a good indicator of central

adiposity and may not be the best indicator of diabetes risk

across ethnic groups. However, our decision to include BMI

in our analyses was pragmatic, given that it is frequently

measured and understood, subject to less measurement error

than waist and other circumferences and is the subject of

numerous national and international guidelines and

definitions of obesity.

South Asian and African-Caribbean study participants

were all first generation migrants and these findings may not

necessarily be applicable to future generations, or to South

Asians and African-Caribbeans living in their home countries

or countries other than the UK, or to those of mixed

ethnicity. Our findings of the lower obesity cut-points in

South Asians and African-Caribbeans compared with Euro-

peans apply only to the outcome of type 2 diabetes, and may

not apply to other endpoints such as cardiovascular disease

or mortality. The rationale to choose diabetes as the outcome

for these analyses is based on its progressive and strong

associations with adiposity, and its rising prevalence and

public health burden globally [26].

In conclusion, British South Asians and African-Caribbeans

between the ages of 40 and 70 had increased risk of

developing diabetes during 19 years of follow-up compared

with Europeans of the same BMI or waist circumference. Our

prospective findings suggest that BMI cut-off points of 25 kg/

m2 in South Asians and 27 kg/m2 in African-Caribbeans pose

equivalent risk for future diabetes as with BMI of 30 kg/m2

among Europeans. Similarly, lower thresholds of waist

circumference among both ethnic minority groups pose

equivalent diabetes risk to the conventional European

cut-points. These findings suggest the potential importance

of public health measures for the prevention of metabolic risk

long before the current conventional cut-points for obesity are

reached in South Asian and African-Caribbean populations.
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