
Vol.:(0123456789)1 3

Acta Diabetologica (2019) 56:87–96 
https://doi.org/10.1007/s00592-018-1219-7

ORIGINAL ARTICLE

Ethnicity-specific association of BMI levels at diagnosis of type 2 
diabetes with cardiovascular disease and all-cause mortality risk

Ebenezer S. Owusu Adjah1,2   · Kausik K. Ray3 · Sanjoy K. Paul4 

Received: 25 July 2018 / Accepted: 20 August 2018 / Published online: 30 August 2018 
© Springer-Verlag Italia S.r.l., part of Springer Nature 2018

Abstract
Aim  To evaluate the risk of CVD and all-cause mortality at different BMI levels in conjunction with weight change prior to 
diagnosis of T2DM in a multi-ethnic population.
Methods  Longitudinal study of 51,455 patients with T2DM and without a history of comorbid diseases at diagnosis. Weight 
changes prior to diagnosis of T2DM were evaluated, and the risk of CVD and all-cause mortality at different BMI levels 
among three ethnic groups estimated using treatment effects model.
Results  White Europeans (WE), African-Caribbeans (AC), and South Asians (SA) were mean 52, 49, and 47 years with a 
mean BMI of 33.0, 32.0, and 30.0 kg/m2 at diagnosis, respectively. Among WE, normal weight patients developed CVD sig-
nificantly earlier by 0.5 years (95% CI 0.1, 0.9 years; p = 0.018) compared to obese patients. Furthermore, those with normal 
body weight at diagnosis were significantly more likely to die earlier by 0.6 years (95% CI 0.03, 1.2 years; p = 0.037) among 
WE and by 2.5 years (95% CI 0.3, 4.6 years; p = 0.023) among SA compared to their respective obese patients. However, 
BMI at diagnosis was not associated with increased risk of CVD and death among AC.
Conclusions  This study suggests a paradoxical association of BMI with cardiovascular and mortality risks in different ethnic 
groups, which may partially be driven by different cardiovascular and glycaemic risk profiles at diagnosis.
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Introduction

Recent studies have reported an inverse association of body 
mass index (BMI) with mortality risk among adults with 
type 2 diabetes mellitus (T2DM), where patients who were 
normal weight (BMI 18.5–24.9 kg/m2) at diagnosis had sig-
nificantly elevated mortality risk compared to their obese 
counterparts (BMI ≥ 30 kg/m2) [1–5]. While the explanation 
for this phenomenon, referred to as the obesity paradox in 
T2DM, remains unclear, weight loss before the diagnosis of 
T2DM as a result of underlying/undiagnosed medical con-
dition was postulated as one of the possible reasons [6–8]. 
However, an analysis of body weight changes over 3 years 
before diagnosis in patients with T2DM under different 
BMI categories has shown otherwise [9]. It is possible that 
ethnicity might play an essential role in understanding the 
underlying mechanism, as the distribution of adiposity levels 
in relation with cardiovascular disease (CVD) and mortal-
ity risk has been shown to be different for different ethnic 
groups [10–13].
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Previous studies have evaluated the incidence of CVDs 
either in different ethnic groups [14–19] or in relation with 
BMI [20, 21]. However, these studies did not evaluate the 
possible difference in the BMI-related risk paradigm in dif-
ferent ethnic groups. To the best of our knowledge, only one 
study has examined the modifiable association of ethnic-
ity on the observed phenomenon of the obesity paradox in 
T2DM. Kokkinos and colleagues [22] used data from two 
Veteran Affairs Medical Centres in the US to assess the 
association between BMI, fitness, and mortality in African-
Americans and Caucasians. However, this study was based 
on only male patients, and the BMI measures were not evalu-
ated at the time of diagnosis of diabetes.

A better understanding of the potential role of ethnicity 
in the obesity paradox in both male and female patients with 
T2DM is important as this would enable clinicians to bet-
ter manage diabetes amongst patients of different ethnicities 
and adiposities. Therefore, to address these knowledge gaps, 
the aim of this study was to use a cohort of incident T2DM 
patients from United Kingdom primary care database, to 
evaluate for each ethnic group, (1) the CVD and mortality 
rate in each BMI category, by weight change pattern before 
diagnosis and (2) the association of BMI categories at diag-
nosis with CVD and mortality risk, controlling for weight 
change pattern before diagnosis and other risk factors.

Materials and methods

Data source and identification of T2DM cohort

The data for this study were obtained from The Health 
Improvement Network (THIN) database. The detailed 
description of this database has been previously presented 
[23]. Patients diagnosed with T2DM between January 1990 
and September 2014 (n = 406,098) were identified using a 
robust machine learning algorithm, which uses a combina-
tion of Read codes [24], anti-diabetes drugs (ADD), and life-
style modification interventions [25]. Those included in this 
study satisfied the following criteria: (1) age (18–70 years), 
sex, BMI (≥ 18.5 kg/m2), and date of diagnosis of T2DM 
from January 2000 with a minimum 1 year of follow-up; 
(2) ethnicity identified as White European (WE), African-
Caribbean (AC), or South Asian (SA); and (3) no history of 
CVD, renal diseases, cancer, retinopathy, neuropathy, or bar-
iatric surgery at diagnosis. SAs were defined as patients with 
Indian, Pakistani, Sinhalese, and Bangladeshi origin, while 
ACs were defined as patients with Black-African and Carib-
bean origin. Patients with White, European, Caucasian, and 
New Zealand European origins were defined as WEs. Those 
with Read codes for type 1 diabetes mellitus (T1DM) or ges-
tational diabetes, and those who received insulin as the first 
antidiabetic drug (highly likely to be patients with T1DM) 

were excluded. A final cohort of 51,455 patients with T2DM 
was used for this study. Given the fact that only a proportion 
of the patients in the THIN database have ethnicity record, 
and to explore the potential selection bias in this study, we 
have provided a flowchart and table of basic statistics for 
patients from the database under the inclusion–exclusion 
criteria for this study (Fig. 1 and Online Resource 1). The 
study protocol was approved by the Independent Scientific 
Review Committee for the THIN database (Protocol Num-
ber: 15THIN030) and the Institutional Review Board of 
QIMR Berghofer Medical Research Institute.

Demographic and longitudinal measurements

Data on deprivation score (based on residential address) 
were extracted where available, and the smoking status for 
individuals was classified as current, ex, or never smokers. 
Longitudinal measurements including BMI, body weight, 
glycated haemoglobin (HbA1c), blood pressure, and lipids 
were extracted for all patients. All available measures at or 
within 3 months before diagnosis of T2DM were considered 
as the baseline measures. If more than one measurement 
existed within this interval, the closest to the T2DM diagno-
sis date was taken. Longitudinal measures before and after 
the T2DM diagnosis were arranged in 6-monthly windows. 
BMI categories for WEs and ACs were defined as normal 
weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and 
obese (≥ 30 kg/m2). For SAs, BMI in the ranges 18.5–22.9, 
23–27.4, and ≥ 27.5 kg/m2 were used to define normal 
weight, overweight, and obese patients, respectively [26].

As weight loss before clinical diagnosis of T2DM is a 
common clinical manifestation, it was hypothesized that a 
weight loss of at least 2 kg before diagnosis of diabetes was 
clinically significant [27]. Therefore, using 6 possible longi-
tudinal body weight measures over 36 months before diag-
nosis, we classified patients who lost body weight (LBW) by 
at least 2 kg before diagnosis (if average of 5 prior measure-
ments minus the body weight measure in the 6 months prior 
to diabetes diagnosis was ≥ 2 kg) and those who did not lose 
body weight (NWL)—i.e., they remained on the same level 
or increased body. Complete records on the prescriptions for 
different classes of ADDs, antihypertensive drugs, weight 
lowering drugs, anti-depressant drugs, and lipid-modifying 
drugs were extracted along with the dates of prescriptions.

Mortality and comorbidity data

Records of CVDs, renal diseases [including chronic kidney 
disease (CKD)], and cancer with dates of diagnoses before 
and after T2DM diagnosis date were obtained. Information 
on deaths with dates and possible reasons were extracted. 
A composite variable for CVD (any CVD) was defined as 
the occurrence of angina, myocardial infarction, coronary 
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artery disease (including bypass surgery and angioplasty), 
heart failure, or stroke. Patients with a recorded diagnosis of 
cancer, any CVD, retinopathy, neuropathy, or renal diseases 
before the T2DM diagnosis date were considered to have 
a relevant disease history. Time to a specific disease event 
and time to death were calculated as the time from T2DM 
diagnosis date to the first occurrence of the disease event 
and date of death, respectively. Patients who were still alive 
at the end of the study data collection (September 2014) or 
dropped out were censored on the respective end date or 
drop out date.

Statistical analysis

The basic summary statistics were presented by number (%), 
mean (SD), or median (Q1, Q3), by ethnicity as appropriate. 
Among patients who were identified to have lost body weight 
(LBW) or not (NWL), age-weighted CVD and all-cause mor-
tality (ACM) rates (per 1000 person-years) were estimated by 
BMI categories for each ethnic group. Cox proportional hazard 
regression is a widely used approach to analyse survival time 
data because of its flexible semi-parametric property. How-
ever, the key assumption of the proportional hazards regression 
model is unlikely to be true for patients with incident T2DM 
under different adiposity levels. To account for the inherent 
differences in risk factors between the defined BMI catego-
ries and the fact that risk may not be proportional, treatments 

effects modelling approach was used to provide robust infer-
ences on the time to cardiovascular events or ACM. This 
modelling approach uses the potential outcomes framework 
to allow comparison of survival time for CVD and ACM for 
patients with different BMI categories, separately for each 
ethnic group [28–31]. A survival model with an inverse-prob-
ability weight estimator was used to estimate average time to 
events for each BMI category. Variables that were conditioned 
on include sex, weight change pattern before diagnosis, age at 
diagnosis, smoking status, the incidence of cancer and renal 
diseases post-diagnosis, and receipt of lifestyle advice before 
and after diagnosis. Statistical analyses were performed using 
STATA version 15 MP, at a two-tailed α level of 0.05.

Data availability

The data sets generated during and/or analysed during the 
current study are available from the corresponding author 
on reasonable request.

Results

Basic demographic and clinical characteristics

In this study of 40,575 WEs, 3605 ACs, and 7275 SAs 
adults with T2DM, the median follow-up time was 7 years 

Fig. 1   Cohort selection flowchart. *history of disease defined as clinical diagnosis of CVD or renal diseases or cancer at diagnosis or retinopathy 
or neuropathy or bariatric surgery before diagnosis of T2DM; ML machine learning, ADD anti-diabetes drug
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for all three ethnic groups. The demographic and clini-
cal profiles of these patients at diagnosis of T2DM in the 
three ethnic groups are presented in Table 1. SAs had the 
clinical diagnosis of T2DM at a younger age (47 years) 
and at lower BMI (30.0 kg/m2) compared to WEs (age: 
52 years, BMI: 33 kg/m2) and ACs (age: 49 years, BMI: 
32.0 kg/m2). WEs had the highest proportion (58%) of 
ever-smokers (defined as current or ex-smokers) and a 
higher proportion of patients with systolic blood pressure 
above 140 mmHg (Table 1). ACs had higher proportions 
of patients in the normal weight (10%) and overweight 
(30%) groups, as well as the highest LDL-cholesterol 

levels (129 mg/dl) at diagnosis compared to WE and SA 
patients (Table 1).

The distribution of clinical characteristics separately for 
each ethnic group within the three defined BMI categories is 
presented in Table 2. ACs had similar levels of ever-smokers 
across BMI categories, while SAs who were normal weight 
at diagnosis had significantly higher proportion of ever-
smokers (35%) compared to their counterparts who were 
overweight (26%) and obese (25%) at diagnosis. Further-
more, the proportion of ever-smokers among WEs who were 
normal weight at diagnosis (60%) was significantly higher 
compared to their WEs’ obese counterparts (57%). While 

Table 1   Basic clinical and 
demographic characteristics 
of patients with T2DM by 
ethnicity

BMI body mass index, SPB systolic blood pressure, LDL low-density lipoprotein cholesterol, HDL high-
density lipoprotein cholesterol, LBW lost at least 2 kg body weight before diagnosis, Any CVD cardiovas-
cular disease defined as the occurrence angina, myocardial infarction, coronary heart disease (including 
bypass surgery and angioplasty), heart failure, and stroke on or before diagnosis of T2DM
† n (%)
‡ Mean (SD)
§ Median (Q1, Q3)

White European (WE) African-Caribbean (AC) South Asian (SA)

Patients† 40,575 3605 7275
Age at diagnosis (years)‡ 52 (12) 49 (11) 47 (12)
Age group†

 ≤ 40 6936 (17) 923 (26) 2228 (31)
 41–50 9515 (24) 1129 (31) 2073 (29)
 51–60 12,971 (32) 902 (25) 1848 (25)
 61–70 11,153 (28) 651 (18) 1126 (16)

Male† 22,534 (56) 1851 (51) 3911 (54)
Smoking status†

 Never smoker 17,132 (42) 2496 (69) 5371 (74)
 Current smoker 9718 (24) 461 (13) 952 (13)
 Ex-smoker 13,649 (34) 640 (18) 917 (13)

Weight (kg)‡ 95 (19) 89 (16) 82 (15)
BMI (kg/m2)‡ 33 (6) 32 (5) 30 (5)
BMI categories†

 Normal weight 2423 (6) 359 (10) 439 (6)
 Overweight 9904 (24) 1075 (30) 1945 (27)
 Obese 28,248 (70) 2171 (60) 4891 (67)

SBP (mmHg)‡ 139 (16) 137 (16) 134 (16)
SBP ≥ 140 mmHg† 19,578 (48) 1516 (42) 2442 (34)
HBA1c (%)(DCCT)‡ 9 (2) 9 (2) 9 (2)
HBA1c (mmol/mol)‡ 75 (21.9) 75 (21.9) 75 (21.9)
HBA1c ≥ 7.5% or 58 mmol/mol 28,510 (70) 2651 (74) 5262 (72)
LDL (mg/dl)‡ 125 (29) 129 (29) 125 (29)
HDL (mg/dl)‡ 45 (11) 47 (11) 44 (10)
Triglycerides (mg/dl)§ 170 (136–212) 127 (97–159) 160 (126–201)
LBW prior to diagnosis† 7595 (18) 662 (18) 1225 (18)
Lifestyle advice†

 Before diagnosis 12,861 (32) 909 (25) 1983 (27)
 After diagnosis 27,855 (69) 2130 (59) 4352 (60)

Follow-up (years)§ 7 (4–11) 7 (4–10) 7 (4–10)
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Table 2   Distribution of clinical characteristics among patients with T2DM by ethnicity in each BMI category

Normal weight (n = 3221) Overweight (n = 12,924) Obese (n = 35,310)

WE 
(n = 2423)

AC 
(n = 359)

SA 
(n = 439)

WE 
(n = 9904)

AC 
(n = 1075)

SA 
(n = 1,945)

WE 
(n = 28,248)

AC 
(n = 2171)

SA (n = 4891)

Age 
(years)a‡

55 (12) 49 (11) 49 (13) 55 (10) 50 (11) 49 (11) 51 (12) 48 (11) 47 (12)

Male† 1371 (57) 259 (72) 281 (64) 6529 (66) 686 (64) 1227 (63) 14,634 (52) 906 (42) 2403 (49)
Smoking statusa†

 Never 
smokers

982 (41) 236 (66) 285 (65) 3978 (40) 722 (67) 1427 (73) 12,172 (43) 1538 (71) 3659 (75)

 Current 
smokers

794 (33) 66 (18) 90 (21) 2411 (24) 137 (13) 278 (14) 6513 (23) 258 (12) 584 (12)

 Ex-smok-
ers

645 (27) 57 (16) 62 (14) 3498 (35) 212 (20) 240 (12) 9506 (34) 371 (17) 615 (13)

HbA1c (%)
(DCCT)a‡

9 (2) 10 (3) 9 (2) 9 (2) 9 (2) 9 (2) 9 (1) 9 (2) 9 (1)

HBA1c 
(mmol/
mol)a‡

75 (21.9) 86 (32.8) 75 (21.9) 75 (21.9) 75 (21.9) 75 (21.9) 75 (10.9) 75 (21.9) 75 (10.9)

SBPa‡ 136 (19) 134(20) 129(18) 139 (17) 137 (17) 132 (17) 140 (16) 138 (16) 135 (15)
Cardiovascular diseases during follow-up†

 Hyperten-
sion

822 (34) 125 (35) 109 (25) 4091 (41) 452 (42) 610 (31) 11,813 (42) 867 (40) 1593 (33)

 Angina 51 (2) 2 (0.6) 7 (2) 284 (3) 10 (0.9) 49 (3) 714 (3) 17 (0.8) 92 (2)
 MI 60 (3) 3 (0.8) 14 (3) 267 (3) 6 (0.6) 44 (2) 536 (2) 17 (0.8) 94 (2)
 CHD 111 (5) 6 (2) 25 (6) 563 (6) 18 (2) 118 (6) 1264 (5) 33 (2) 201 (4)
 HF 36 (2) 1 (0.3) 1 (0.2) 153 (2) 11 (1) 14 (0.7) 464 (2) 22 (1) 39 (0.8)
 Stroke 83 (3) 10 (3) 10 (2) 393 (4) 21 (2) 43 (2) 877 (3) 46 (2) 96 (2)
 Any CVD 331 (14) 22 (6) 48 (11) 1416 (14) 62 (6) 183 (9) 3183 (11) 107 (5) 395 (8)
 Lifestyle 

advice†
1676 (69) 226 (63) 258 (59) 6906 (20) 640 (60) 1237 (64) 19,273 (68) 1264 (58) 2857 (58)

 LBW† 699 (29) 105 (29) 125 (29) 2098 (21) 214 (20) 459 (24) 4798 (17) 343 (16) 641 (13)
Antidiabetic drugs†

 OAD 2033 (84) 325 (91) 402 (92) 8055 (81) 956 (89) 1722 (89) 23,306 (83) 1808 (83) 4031 (82)
 Metformin 1867 (77) 295 (82) 370 (84) 7751 (78) 908 (85) 1658 (85) 22,750 (81) 1758 (81) 3897 (80)
 Sulphony-

lureas
1246 (51) 213 (59) 268 (61) 4217 (43) 531 (49) 896 (46) 10,357 (37) 855 (39) 1888 (39)

 TZD 310 (13) 41 (11) 71 (16) 1416 (14) 112 (10) 261 (13) 3965 (14) 230 (11) 584 (12)
 DPP4-i 292 (12) 48 (13) 51 (12) 1347 (14) 123 (11) 245 (13) 4228 (15) 260 (12) 645 (13)
 GLP1-RA 9 (0.4) 1 (0.3) 1 (0.2) 179 (2) 12 (1) 11 (0.6) 2007 (7) 71 (3) 130 (3)
 SGLT2-i 11 (0.5) 1 (0.3) 0 (0) 55 (0.6) 5 (0.5) 13 (0.7) 352 (1) 10 (0.5) 46 (0.9)
 Alpha-glu-

cosidase
11 (0.5) 3 (0.8) 3 (0.7) 46 (0.5) 6 (0.6) 10 (0.5) 125 (0.4) 8 (0.4) 19 (0.4)

 Meglitinide 29 (1) 5 (1) 5 (1) 66 (0.7) 7 (0.7) 14 (0.7) 190 (0.7) 20 (0.9) 40 (0.8)
 Insulin 433 (18) 48 (13) 44 (10) 1120 (11) 115 (11) 162 (8) 3693 (13) 253 (12) 464 (10)

Other medications†

 CPM 1967 (81) 281 (78) 333 (76) 8609 (87) 852 (79) 1601 (82) 23,669 (84) 1631 (75) 3629 (74)
 Diuretics 579 (24) 64 (18) 55 (13) 2901 (29) 273 (25) 317 (16) 9419 (33) 582 (27) 965 (20)
 Beta-

blockers
482 (20) 46 (13) 55 (13) 2373 (24) 164 (15) 326 (17) 6759 (24) 332 (15) 839 (17)

 Calcium 
blockers

592 (24) 111 (31) 92 (21) 3197 (32) 412 (38) 497 (26) 8883 (31) 912 (42) 1272 (26)
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the proportion of normal weight patients who lost at least 
2 kg weight loss before diagnosis was almost double that of 
obese patients across BMI categories, similar proportion of 
patients experienced this weight loss before diagnosis across 
the three ethnic groups.

CVD and mortality rates

To avoid potential bias resulting from already existing 
severe disease that may independently induce weight loss 
in patients, CVD and mortality risk assessments were car-
ried out excluding patients with clinically diagnosed cancer, 
any CVD, retinopathy, neuropathy, or CKD at diagnosis of 
T2DM. For each ethnic group, the age-weighted CVD and 
ACM rates per 1000 person-years (95% CI), by BMI cat-
egories and weight change pattern prior to diagnosis, are 
presented in Figs. 2 and 3. Among WEs, CVD event rates 
per 1000 person-years were significantly higher in normal 
weight patients (rate: 23.7; 95% CI 21.3, 26.5) compared 
to obese patients (rate: 20.3; 95% CI 19.6, 21.0), independ-
ent of weight change pattern before diagnosis. In no other 
ethnic group did CVD event rates vary across different BMI 
categories and weight change pattern before diagnosis. How-
ever, the CVD event rates in WEs with normal weight were 
significantly higher than the rates in ACs with normal weight 
(rate: 11.6; 95% CI 7.6, 18.6), and similar to the rates in SAs 
with normal weight (rate: 21.3; 95% CI 16.1, 28.7) (Fig. 2).

Irrespective of weight change pattern before diagnosis, 
mortality rates per 1000 person-years were significantly 

higher among WEs with normal weight (rate: 12.2; 95% CI 
10.6, 14.1) compared to obese WEs (rate: 7.6; 95% CI 7.2, 
8.0). Furthermore, these mortality rates among WEs with 
normal weight were about threefold higher compared to ACs 
(rate: 3.2; 95% CI 1.5, 8.4) and SAs (rate: 4.6; 95% CI 3.1, 
7.0) with normal weight (Fig. 3).

Association of BMI categories with survival time 
for CVD and mortality

The adjusted average time to first CVD event (95% CI) 
and adjusted average time to ACM (95% CI) in normal 
weight and overweight patients compared to obese patients 
with T2DM, within each ethnic group are presented in 
Table 3. Among WEs, compared to obese patients (mean 
time to CVD of 4.6 years), normal weight patients devel-
oped CVD significantly earlier by 0.5 years (95% CI 0.1, 
0.9 years; p = 0.018). Furthermore, there was no significant 
difference between overweight WEs and obese WEs with 
regard to time to first CVD event (p > 0.05). The risk of 
developing CVD was not significantly higher in normal 
weight ACs and SAs, compared to their obese counterpart. 
However, overweight ACs developed CVDs about 1.2 years 
(95% CI 0.6, 2.2 years; p = 0.040) later compared to obese 
African-Caribbeans.

With a mean time to death of 7.0 and 7.3 years among 
obese WEs and SAs, respectively, those with normal body 
weight at diagnosis were significantly more likely to die 
earlier by 0.6 years (95% CI 0.03, 1.2 years; p = 0.037) 

Data are presented for patients without history of disease at diagnosis
OAD use of oral antidiabetic drug, CPM use of cardio-protective medications, SPB systolic blood pressure, LDL low-density lipoprotein choles-
terol, HDL high-density lipoprotein cholesterol, LBW lost at least 2 kg body weight before diagnosis, TZD thiazolidinedione, DPP4-i dipeptidyl 
peptidase 4 inhibitors, GLP1-RA glucagon-like peptide-1 receptor agonists, SGLT2-i sodium–glucose transport protein 2 inhibitors, WE White 
European, AC African-Caribbean, SA South Asian
† n (%)
‡ Mean (SD);
a Value obtained at diagnosis

Table 2   (continued)

Normal weight (n = 3221) Overweight (n = 12,924) Obese (n = 35,310)

WE 
(n = 2423)

AC 
(n = 359)

SA 
(n = 439)

WE 
(n = 9904)

AC 
(n = 1075)

SA 
(n = 1,945)

WE 
(n = 28,248)

AC 
(n = 2171)

SA (n = 4891)

 Renin–
angioten-
sin

1152 (48) 169 (47) 192 (44) 5803 (59) 553 (51) 954 (49) 16,863 (60) 1055 (49) 2364 (48)

 Ace inhibi-
tors

286 (12) 56 (16) 67 (15) 1593 (16) 167 (15) 330 (17) 4823 (17) 366 (17) 909 (19)

 Statins 1072 (44) 147 (41) 172 (39) 5257 (53) 485 (45) 834 (43) 14,778 (52) 898 (41) 1979 (41)
 Lipid 

modifiers
1796 (74) 226 (63) 312 (71) 7837 (79) 693 (65) 1454 (75) 20,714 (73) 1289 (59) 3129 (64)

 Anti-
depres-
sants

1807 (75) 227 (63) 313 (71) 7918 (80) 695 (65) 1455 (75) 20,914 (74) 1295 (60) 3154 (65)
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in the WE group and by 2.5 years (95% CI 0.3, 4.6 years; 
p = 0.023) in the SA group.

Discussion

The novelty of this electronic medical record-based study 
from a nationally representative primary care database in 
incident T2DM patients includes assessment of risk profile 
for different ethnic groups at the time of clinical diagnosis of 
diabetes by different adiposity levels, extensive exploration 
of weight change patterns prior to diagnosis of diabetes, a 

robust evaluation of the rates, and risk of CVD and ACM 
in different ethnic groups with different adiposity levels. In 
this longitudinal outcome study based on three well-defined 
ethnic groups, we found that (1) the paradoxical association 
of lower BMI with high CVD rate appeared only in WEs, 
and this was not modified by weight change pattern before 
diagnosis; (2) normal weight WEs and SAs appear to have 
significantly higher mortality risk compared to their obese 
counterparts, independent of weight change patterns prior 
to diagnosis of T2DM; and (3) the BMI at diagnosis was 
not associated with increased risk of CVD and death among 
ACs.

Fig. 2   Age-weighted CVD event rates per 1000 person-years (95% 
CI) by BMI categories and weight change pattern before diagnosis in 
patient without disease history at diagnosis separately for three ethnic 
groups. CVD cardiovascular disease defined as the occurrence angina, 

myocardial infarction, coronary heart disease (including bypass sur-
gery and angioplasty), heart failure, and stroke post-diagnosis of 
T2DM

Fig. 3   Age-weighted ACM rates per 1000 person-years (95% CI) 
by BMI categories and weight change pattern before diagnosis in 
patient without disease history at diagnosis separately for three ethnic 

groups. ACM all-cause mortality; rates were not calculated for events 
less than or equal to 5



94	 Acta Diabetologica (2019) 56:87–96

1 3

Obesity is a strong risk factor for CVDs in the general 
population and in some clinical populations. However, 
increasing evidence is pointing to a paradoxical phenom-
enon, where overweight or obese patients may have better 
survival outcomes regarding developing heart failure or 
coronary heart disease, compared to normal weight patients 
[21, 32]. Our analysis in patients with T2DM goes further to 
show that this paradoxical association between lower BMI 
and higher CVD risk was present only among WEs. In keep-
ing with the previous studies, our data shows higher propor-
tions of current smokers among normal weight WEs [33, 34] 
and this could contribute to increased CVD risk among this 
group of patients. We previously reported that contrary to 
the notion that the observed obesity paradox could be due 
to weight loss from latent diseases, weight loss before diag-
nosis of T2DM was not associated with increased mortality 
in normal weight patients [9]. The current study shows that 
the significantly higher event rates for CVD and mortality 
among normal weight patients were independent of weight 
change pattern before diagnosis of T2DM. This clearly sup-
ports the fact that weight change pattern before diagnosis 
does not impact on the observed obesity paradox in patients 
with T2DM.

Furthermore, we found that the paradoxical association 
of lower BMI with higher mortality risk was more promi-
nent in SAs than WEs. Some studies in patients with T2DM 
have compared ACM in different ethnic groups and differ-
ent BMI categories, but to the best of our knowledge, none 
have provided ethnicity-specific mortality risk estimates by 
BMI categories at diagnosis. While the study by Kokkinos 
and colleagues [22] reported significantly higher mortality 
risk among African-Americans and Caucasians with normal 
weight compared to patients with BMI ≥ 35 kg/m2 (reference 
group), the BMI measure used in this study was not obtained 

at diagnosis of diabetes and only male participants were 
used. Our risk assessments were based on BMI measured 
at diagnosis of T2DM and a more pragmatic approach of 
estimating the time to the events under consideration com-
pared at different adiposity levels with an average 7 years 
of follow-up time, rather than estimating the hazard ratios 
which might provide misleading inference under highly het-
erogeneous characteristics in different ethnic groups. We 
also ensured the exclusion of patients with already exist-
ing diseases at diagnosis that are associated with increased 
mortality risk.

One of the novel findings of this study was that SAs 
with normal body weight at diagnosis were significantly 
more likely to die earlier by about 2.5 years compared to 
their counterparts who were obese at diagnosis. One may 
argue that above finding was due to the fact that the pro-
portion of ever-smokers in normal weight SAs (35%) was 
significantly higher than that in the obese group (25%), 
while the distribution of ever-smokers was similar between 
normal weight and obese WEs. However, while we do not 
know the change in smoking behaviour during the 7 years 
of median follow-up, our analyses were balanced for such 
possible baseline differences. Our current observation of 
lower prevalence of current or ex-smokers among SAs 
compared to WEs was consistent with our previous study 
[23] and the study by Wright and colleagues [35]. None-
theless, our observation agrees in principle with the study 
by Bellary and colleagues [17] who reported mean age at 
death for SAs to be significantly lower by 7 years com-
pared to that in WEs. Furthermore, Penno and colleagues 
[36] showed that CKD is a major risk factor for mortality 
in patients with T2DM is CKD and given that SAs are at 
disproportionate risk of CKD [37], it is possible that our 
finding of excess mortality among SAs with normal BMI 

Table 3   Adjusted average time to first CVD event or ACM (95% CI) in obese patients, and the difference in time to such events in patients with 
normal body weight or overweight compared to obese counterpart

Separate analyses were conducted for males and females within each ethnic group. Patients were without history of disease at diagnosis
Any CVD cardiovascular disease defined as the occurrence angina, myocardial infarction, coronary heart disease (including bypass surgery and 
angioplasty), heart failure, and stroke post-diagnosis of T2DM

White European (n = 40,575) African-Caribbean (n = 3605) South Asian (n = 7275)

Any CVD
 Mean time (years)—obese 4.6 (4.5, 4.7) 4.5 (3.9, 5.2) 4.9 (4.6, 5.3)
 Difference (years) p value p value p value
 Normal weight vs obese − 0.5 (− 0.9, − 0.1) 0.018 − 1.1 (− 2.5, 0.3) 0.117 − 0.3 (− 1.4, 0.9) 0.659
 Overweight vs obese 0.1 (− 0.2,0.3) 0.521 1.2 (0.1, 2.2) 0.040 − 0.6 (− 1.2, 0.0) 0.054

ACM
Mean time (years)—obese 7.0 (6.8,7.2) 6.6 (5.6, 7.7) 7.3 (6.6, 7.9)
Difference (years)
Normal weight vs obese − 0.6 (− 1.2, − 0.03) 0.037 − 1.0 (− 2.5, 0.6) 0.207 − 2.5 (− 4.6, − 0.3) 0.023
Overweight vs obese − 0.3 (− 0.6, 0.0) 0.048 − 0.02 (− 1.7, 1.6) 0.978 0.1 (− 1.2, 1.3) 0.899
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could be due to the several pathophysiological mechanisms 
linking CKD to CVD and ACM [36]. Notwithstanding, 
future studies evaluating the interaction of albuminuria 
levels with glycaemic and cardiovascular risk factors for 
each BMI category within each ethnic group are needed.

Our findings should be interpreted considering the 
limitations of this study, which include: (1) availability 
of ethnicity data on a limited number of patients; (2) 
non-availability of longitudinal data on smoking cessa-
tion; and (3) potential for residual confounding as with 
all observational studies. Despite the issue of limited eth-
nicity data on some patients, the previous work with this 
cohort by our research group showed that the distribution 
of sex, smoking status and BMI among persons with miss-
ing information on ethnicity was similar to the respective 
distributions among those with available information on 
ethnicity [23]. Furthermore, we also attempted to mini-
mize bias introduced by confounders using the “treatment 
effect” modelling approach. With this approach, robust 
inferences are provided through appropriate adjustments 
and balancing of a detailed list of confounders. However, 
patient-level data from electronic health records still pre-
sent challenges regarding accuracy and completeness.

In conclusion, our study confirms a paradoxical associa-
tion BMI and mortality among patients with T2DM and 
provides new insight into the possible role of ethnicity in 
explaining the obesity paradox both regarding CVD and 
total mortality.

Acknowledgements  Melbourne EpiCentre gratefully acknowledges 
the support from the Australian Government’s National Collaborative 
Research Infrastructure Strategy (NCRIS) initiative through Therapeu-
tic Innovation Australia.

Author contributions  SKP and ESOA conceived the idea and contrib-
uted to the study design. ESOA conducted the data extraction, data 
manipulation, and statistical analyses and developed the first draft of 
the manuscript. SKP contributed to the statistical analyses and had full 
access to all the data in the study and is the guarantor, taking responsi-
bility for the integrity of the data and the accuracy of the data analysis. 
ESOA, KKR, and SKP were involved in writing the paper and had final 
approval of the submitted and published versions.

Funding  National Health and Medical Research Council of Australia 
(GNT1063477).

Compliance with ethical standards 

Conflict of interest  SKP has acted as a consultant and/or speaker for 
Novartis, GI Dynamics, Roche, AstraZeneca, Guangzhou Zhongyi 
Pharmaceutical and Amylin Pharmaceuticals LLC. He has received 
grants in support of investigator and investigator-initiated clinical stud-
ies from Merck, Novo Nordisk, AstraZeneca, Hospira, Amylin Phar-
maceuticals, Sanofi Aventis and Pfizer. KKR has acted as a speaker 
or consultant for Abbvie, Amgen, Pfizer, Astra Zeneca, Sanofi Res-
verlogix, Regeneron, Esperion, ACKCEA, Medicines Company, BI, 
Novo Nordisk. ESOA has no conflicts of interest to declare.

Statement of human and animal rights  This article does not contain 
any studies with human or animal subjects performed by the any of 
the authors.

References

	 1.	 Carnethon MR, De Chavez PJD, Biggs ML, Lewis CE, Pankow 
JS, Bertoni AG, Golden SH, Liu K, Mukamal KJ, Campbell-
Jenkins B, Dyer AR (2012) Association of weight status with 
mortality in adults with incident diabetes. JAMA 308(6):581–590. 
https​://doi.org/10.1001/jama.2012.9282

	 2.	 Logue J, Walker JJ, Leese G, Lindsay R, Mcknight J, Morris 
A, Philip S, Wild S, Sattar N, on behalf of the Scottish Diabe-
tes Research Network Epidemiology Group (2013) Association 
between BMI measured within a year after diagnosis of type 2 
diabetes and mortality. Diabetes Care 36(4):887–893. https​://doi.
org/10.2337/dc12-0944

	 3.	 Mulnier HE, Seaman HE, Raleigh VS, Soedamah-Muthu SS, Col-
houn HM, Lawrenson RA (2006) Mortality in people with type 2 
diabetes in the UK. Diabet Med 23(5):516–521. https​://doi.org/1
0.1111/j.1464-5491.2006.01838​.x

	 4.	 Thomas G, Khunti K, Curcin V, Molokhia M, Millett C, Majeed 
A, Paul S (2014) Obesity paradox in people newly diagnosed with 
type 2 diabetes with and without prior cardiovascular disease. 
Diabetes Obes Metab 16(4):317–325. https​://doi.org/10.1111/
dom.12217​

	 5.	 Zhao W, Katzmarzyk PT, Horswell R, Wang Y, Li W, Johnson 
J, Heymsfield SB, Cefalu WT, Ryan DH, Hu G (2014) Body 
mass index and the risk of all-cause mortality among patients 
with type 2 diabetes. Circulation 130(24):2143–2151. https​://doi.
org/10.1161/circu​latio​naha.114.00909​8

	 6.	 Banack HR, Kaufman JS (Cambridge (2013) The “Obesity Para-
dox” explained. Epidemiology (Cambridge, Mass) 24(3):461–462. 
https​://doi.org/10.1097/EDE.0b013​e3182​8c776​c

	 7.	 Banack HR, Kaufman JS (2015) Does selection bias explain the 
obesity paradox among individuals with cardiovascular disease? 
Ann Epidemiol 25(5):342–349. https​://doi.org/10.1016/j.annep​
idem.2015.02.008

	 8.	 Hainer V, Aldhoon-Hainerová I (2013) Obesity paradox does 
exist. Diabetes Care 36(Supplement 2):S276–S281. https​://doi.
org/10.2337/dcS13​-2023

	 9.	 Owusu Adjah ES, Samanta M, Shaw JE, Majeed A, Khunti K, 
Paul SK (2018) Weight loss and mortality risk in patients with 
different adiposity at diagnosis of type 2 diabetes: a longitudinal 
cohort study. Nutr Diabetes 8(1):37. https​://doi.org/10.1038/s4138​
7-018-0042-0

	10.	 Hsu WC, Araneta MRG, Kanaya AM, Chiang JL, Fujimoto W 
(2015) BMI cut points to identify at-risk asian americans for type 
2 diabetes screening. Diabetes Care 38(1):150–158. https​://doi.
org/10.2337/dc14-2391

	11.	 Misra A, Vikram NK, Gupta R, Pandey RM, Wasir JS, Gupta VP 
(2006) Waist circumference cutoff points and action levels for 
Asian Indians for identification of abdominal obesity. Int J Obes 
(2005) 30(1):106–111. https​://doi.org/10.1038/sj.ijo.08031​11

	12.	 Shai I, Jiang R, Manson JE, Stampfer MJ, Willett WC, Colditz 
GA, Hu FB (2006) Ethnicity, obesity, and risk of type 2 diabetes 
in women: a 20-year follow-up study. Diabetes Care 29(7):1585–
1590. https​://doi.org/10.2337/dc06-0057

	13.	 Tillin T, Sattar N, Godsland IF, Hughes AD, Chaturvedi N, 
Forouhi NG (2015) Ethnicity-specific obesity cut-points in the 
development of type 2 diabetes—a prospective study includ-
ing three ethnic groups in the United Kingdom. Diabet Med 
32(2):226–234. https​://doi.org/10.1111/dme.12576​

https://doi.org/10.1001/jama.2012.9282
https://doi.org/10.2337/dc12-0944
https://doi.org/10.2337/dc12-0944
https://doi.org/10.1111/j.1464-5491.2006.01838.x
https://doi.org/10.1111/j.1464-5491.2006.01838.x
https://doi.org/10.1111/dom.12217
https://doi.org/10.1111/dom.12217
https://doi.org/10.1161/circulationaha.114.009098
https://doi.org/10.1161/circulationaha.114.009098
https://doi.org/10.1097/EDE.0b013e31828c776c
https://doi.org/10.1016/j.annepidem.2015.02.008
https://doi.org/10.1016/j.annepidem.2015.02.008
https://doi.org/10.2337/dcS13-2023
https://doi.org/10.2337/dcS13-2023
https://doi.org/10.1038/s41387-018-0042-0
https://doi.org/10.1038/s41387-018-0042-0
https://doi.org/10.2337/dc14-2391
https://doi.org/10.2337/dc14-2391
https://doi.org/10.1038/sj.ijo.0803111
https://doi.org/10.2337/dc06-0057
https://doi.org/10.1111/dme.12576


96	 Acta Diabetologica (2019) 56:87–96

1 3

	14.	 Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-
Rodriguez M, Gale CP, Deanfield J, Smeeth L, Timmis A, 
Hemingway H (2015) Type 2 diabetes and incidence of cardio-
vascular diseases: a cohort study in 1·9 million people. Lancet 
Diabetes Endocrinol 3(2):105–113. https​://doi.org/10.1016/S2213​
-8587(14)70219​-0

	15.	 U.K. Prospective Diabetes Study Group (1998) Ethnicity and 
cardiovascular disease: the incidence of myocardial infarction 
in white, South Asian, and Afro-Caribbean patients with type 
2 diabetes (U.K. Prospective Diabetes Study 32). Diabetes Care 
21(8):1271–1277. https​://doi.org/10.2337/diaca​re.21.8.1271

	16.	 Lanting LC, Joung IMA, Mackenbach JP, Lamberts SWJ, 
Bootsma AH (2005) Ethnic differences in mortality, end-stage 
complications, and quality of care among diabetic patients: a 
review. Diabetes Care 28(9):2280–2288. https​://doi.org/10.2337/
diaca​re.28.9.2280

	17.	 Bellary S, O’Hare JP, Raymond NT, Mughal S, Hanif WM, Jones 
A, Kumar S, Barnett AH (2010) Premature cardiovascular events 
and mortality in South Asians with type 2 diabetes in the United 
Kingdom Asian Diabetes Study—effect of ethnicity on risk. Curr 
Med Res Opin 26(8):1873–1879. https​://doi.org/10.1185/03007​
995.2010.49046​8

	18.	 George J, Mathur R, Shah AD, Pujades-Rodriguez M, Denaxas 
S, Smeeth L, Timmis A, Hemingway H (2017) Ethnicity and the 
first diagnosis of a wide range of cardiovascular diseases: asso-
ciations in a linked electronic health record cohort of 1 million 
patients. PLoS One 12(6):e0178945. https​://doi.org/10.1371/journ​
al.pone.01789​45

	19.	 Ramezankhani A, Azizi F, Hadaegh F, Momenan AA (2018) Dia-
betes and number of years of life lost with and without cardiovas-
cular disease: a multi-state homogeneous semi-Markov model. 
Acta Diabetologica 55(3):253–262

	20.	 Lavie CJ, De Schutter A, Patel D, Artham SM, Milani RV (2011) 
Body composition and coronary heart disease mortality—an obe-
sity or a lean paradox? Mayo Clin Proc 86(9):857–864. https​://doi.
org/10.4065/mcp.2011.0092

	21.	 Lavie CJ, Milani RV, Ventura HO (2011) Obesity and the “Obe-
sity Paradox” in cardiovascular diseases. Clin Pharmacol Ther 
90(1):23–25. https​://doi.org/10.1038/clpt.2011.87

	22.	 Kokkinos P, Myers J, Faselis C, Doumas M, Kheirbek R, Nylen 
E (2012) BMI–mortality paradox and fitness in African Ameri-
can and Caucasian men with type 2 diabetes. Diabetes Care 
35(5):1021–1027. https​://doi.org/10.2337/dc11-2407

	23.	 Paul SK, Owusu Adjah ES, Samanta M, Patel K, Bellary S, Hanif 
W, Khunti K (2017) Comparison of body mass index at diagnosis 
of diabetes in a multi-ethnic population: a case–control study with 
matched non-diabetic controls. Diabetes Obes Metab 19(7):1014–
1023. https​://doi.org/10.1111/dom.12915​

	24.	 Read J (1991) The read clinical classification (read codes). Br 
Homoeopath J 80(1):14–20. https​://doi.org/10.1016/S0007​
-0785(05)80418​-1

	25.	 Owusu Adjah ES, Montvida O, Agbeve J, Paul SK (2017) Data 
mining approach to identify disease cohorts from primary care 

electronic medical records: a case of diabetes mellitus. Open 
Bioinform J 10:16–27. https​://doi.org/10.2174/18750​36201​71001​
0016

	26.	 WHO Expert Consultation (2004) Appropriate body-mass index 
for Asian populations and its implications for policy and interven-
tion strategies. Lancet 363(9403):157

	27.	 Ho AK, Bartels CM, Thorpe CT, Pandhi N, Smith MA, John-
son HM (2016) achieving weight loss and hypertension control 
among obese adults: a US Multidisciplinary Group Practice 
Observational Study. Am J Hypertens 29(8):984–991. https​://
doi.org/10.1093/ajh/hpw02​0

	28.	 Rubin DB (1974) Estimating causal effects of treatments in ran-
domized and nonrandomized studies. J Educ Psychol 66(5):688. 
https​://doi.org/10.1037/h0037​350

	29.	 Austin PC, Stuart EA (2015) The performance of inverse prob-
ability of treatment weighting and full matching on the propensity 
score in the presence of model misspecification when estimating 
the effect of treatment on survival outcomes. Stat Methods Med 
Res 26(4):1654–1670. https​://doi.org/10.1177/09622​80215​58440​
1

	30.	 Cattaneo MD (2010) Efficient semiparametric estimation of multi-
valued treatment effects under ignorability. J Econom 155(2):138–
154. https​://doi.org/10.1016/j.jecon​om.2009.09.023

	31.	 Lee M-j (2012) Treatment effects in sample selection models and 
their nonparametric estimation. J Econom 167(2):317–329. https​
://doi.org/10.1016/j.jecon​om.2011.09.018

	32.	 Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN 
(2014) Obesity and cardiovascular diseases. J Am Coll Cardiol 
63(14):1345–1354. https​://doi.org/10.1016/j.jacc.2014.01.022

	33.	 Zheng Y, Song M, Manson JE, Giovannucci EL, Hu FB (2017) 
Group-based trajectory of body shape from ages 5 to 55 years and 
cardiometabolic disease risk in 2 US cohorts. Am J Epidemiol 
186(11):1246–1255. https​://doi.org/10.1093/aje/kwx18​8

	34.	 Canoy D, Wareham N, Luben R, Welch A, Bingham S, Day N, 
Khaw KT (2005) Cigarette smoking and fat distribution in 21,828 
British men and women: a population-based study. Obes Res 
13(8):1466–1475. https​://doi.org/10.1038/oby.2005.177

	35.	 Wright AK, Kontopantelis E, Emsley R, Buchan I, Sattar N, Rut-
ter MK, Ashcroft DM (2016) Life expectancy and cause-specific 
mortality in type 2 diabetes: a population-based cohort study 
quantifying relationships in ethnic subgroups. Diabetes Care. https​
://doi.org/10.2337/dc16-1616

	36.	 Penno G, Solini A, Bonora E, Orsi E, Fondelli C, Zerbini G, Tre-
visan R, Vedovato M, Cavalot F, Laviola L (2018) Defining the 
contribution of chronic kidney disease to all-cause mortality in 
patients with type 2 diabetes: the Renal Insufficiency And Cardio-
vascular Events (RIACE) Italian Multicenter Study. Acta Diabetol 
55(6):603–612. https​://doi.org/10.1007/s0059​2-018-1133-z

	37.	 Owusu Adjah ES, Bellary S, Hanif W, Patel K, Khunti K, Paul 
SK (2018) Prevalence and incidence of complications at diagnosis 
of T2DM and during follow-up by BMI and ethnicity: a matched 
case–control analysis. Cardiovasc Diabetol 17(1):70. https​://doi.
org/10.1186/s1293​3-018-0712-1

https://doi.org/10.1016/S2213-8587(14)70219-0
https://doi.org/10.1016/S2213-8587(14)70219-0
https://doi.org/10.2337/diacare.21.8.1271
https://doi.org/10.2337/diacare.28.9.2280
https://doi.org/10.2337/diacare.28.9.2280
https://doi.org/10.1185/03007995.2010.490468
https://doi.org/10.1185/03007995.2010.490468
https://doi.org/10.1371/journal.pone.0178945
https://doi.org/10.1371/journal.pone.0178945
https://doi.org/10.4065/mcp.2011.0092
https://doi.org/10.4065/mcp.2011.0092
https://doi.org/10.1038/clpt.2011.87
https://doi.org/10.2337/dc11-2407
https://doi.org/10.1111/dom.12915
https://doi.org/10.1016/S0007-0785(05)80418-1
https://doi.org/10.1016/S0007-0785(05)80418-1
https://doi.org/10.2174/1875036201710010016
https://doi.org/10.2174/1875036201710010016
https://doi.org/10.1093/ajh/hpw020
https://doi.org/10.1093/ajh/hpw020
https://doi.org/10.1037/h0037350
https://doi.org/10.1177/0962280215584401
https://doi.org/10.1177/0962280215584401
https://doi.org/10.1016/j.jeconom.2009.09.023
https://doi.org/10.1016/j.jeconom.2011.09.018
https://doi.org/10.1016/j.jeconom.2011.09.018
https://doi.org/10.1016/j.jacc.2014.01.022
https://doi.org/10.1093/aje/kwx188
https://doi.org/10.1038/oby.2005.177
https://doi.org/10.2337/dc16-1616
https://doi.org/10.2337/dc16-1616
https://doi.org/10.1007/s00592-018-1133-z
https://doi.org/10.1186/s12933-018-0712-1
https://doi.org/10.1186/s12933-018-0712-1

	Ethnicity-specific association of BMI levels at diagnosis of type 2 diabetes with cardiovascular disease and all-cause mortality risk
	Abstract
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data source and identification of T2DM cohort
	Demographic and longitudinal measurements
	Mortality and comorbidity data
	Statistical analysis
	Data availability

	Results
	Basic demographic and clinical characteristics
	CVD and mortality rates
	Association of BMI categories with survival time for CVD and mortality

	Discussion
	Acknowledgements 
	References


