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Abstract

Background: Type 2 diabetes mellitus (T2DM) risk is markedly higher in UK South Asians
(SA) and African Caribbeans (AC) compared to Europeans. Explanations for this excess are
unclear. We therefore compared risks and determinants of T2DM in first- and second-

generation (born in the UK) migrants, and in those of mixed ethnicity populations.

Methods: Data from the UK Biobank, a large population-based cohort of volunteers aged 40-
69, were used. T2DM was assigned using self-report and glycated haemoglobin. Ethnicity was
self-assigned. Using logistic regression and mediation analysis, we compared T2DM between
first- and second-generation migrants, and between mixed European/South Asians (MixESA),
or mixed European/African Caribbeans (MixEAC) with both Europeans and SA or AC

respectively.

Results: T2DM prevalence was three to five times higher in SA and AC compared with
Europeans [OR (95%CI): 4-80(3-60,6-40) and 3-30(2-70,4-10) respectively]. T2DM was 20-30%
lower in second versus first generation SA and AC migrants [0-78(0-60,1-01) and 0-71(0-57,0-87)
respectively]. T2DM in mixed populations was lower than comparator ethnic minority groups
[MixESA versus SA 0-29(0-21,0-39), MixEAC versus AC 0-48(0-37,0-62)] and higher than
Europeans, in MixESA 1-55(1-11, 2-17), and in MixEAC 2-06 (1-53, 2-78). Improved adiposity
patterns in second generation migrants made an important contribution to risk reduction.
Greater socioeconomic deprivation accounted for 17% and 42% of the excess risk of T2DM in

MixESA and MixEAC compared to Europeans, respectively.

Conclusion: Excess T2DM risks in South Asians and African Caribbeans compared with
Europeans in the UK are attenuated by ~20% in second-generation migrants, demonstrating
the marked benefits of favourable changes in environmental risk factors. T2DM prevalence in
people of mixed ethnicity was also raised compared with Europeans, but considerably less
than in the ethnic minority group; persistent socioeconomic disadvantage accounted for some

of the residual excess.
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Introduction

Type 2 diabetes mellitus (T2DM) is estimated to affect 693 million people worldwide by 2045
(1). People of African Caribbean (AC) and South Asian (SA) descent have some of the highest
rates of T2DM in the world, often three to four times greater, respectively, than those of
European ancestry when compared in the same setting (2). Explanations for this excess risk

remain unclear.

Studies of migrant offspring, and people of mixed ethnicity, where distribution and inter-
relations of genetic and environmental explanatory factors differ, may offer fresh insights.
Previous studies suggest second and subsequent generations of migrants are at persistently
higher risk(3). In contrast, partial European ancestry has been associated with decreased, and
non-European ancestry with increased T2DM risk in admixed populations of Hispanic,

African American, Asian, and European descent (4,5).

To date, no study has combined mixed ethnicity comparisons and inter-generational analysis
in the same setting to triangulate evidence and understand the impact of mutable
environmental risk factors in determining risk. We hypothesised that while offspring of
migrants of either SA or AC ethnicity would retain the excess risks of T2DM of their parents,
people of mixed European/South Asian (MixESA), or mixed European/African Caribbean
(MixEAC) ethnicity would have risks of T2DM intermediate between each of the parental
ethnic groups. For the latter, we further hypothesised that T2DM differences across self-
reported ethnicities would largely be explained by differences in adiposity and other

socioeconomic factors.

Methods

Study design

We used data from UK Biobank, a large population-based cohort of over 500,000 men and

women aged 40-69 years recruited from primary care lists in the UK between 2006-2010 (6).
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The following data were collected by self-completion or nurse administered questionnaires:
self-defined ethnicity using the UK census classification (7), year of migration to the UK to
assign generational status, health behaviours including smoking (ever smoked), physical
activity (number of days/week of moderate physical activity more than ten minutes) and diet
(data from the touchscreen questionnaire on the reported frequency of intake of a range of
common food and drink items), and sociodemographic variables such as education and
Townsend deprivation score assigned by residential postcode (8). Height, weight and body
circumferences were measured directly, and bio-impedance was used to assess fat mass and

fat percentage (%). Participants were asked to recall birth weight.

A blood sample was taken for the measurement of biochemical markers in serum. HbAlc
(mmol/mol) was measured from blood samples taken at baseline, as outlined in the UK
Biobank protocol. Values above 195 mmol/mol (n=5) were considered outliers and excluded

from the analysis.

“Known T2DM” at recruitment was defined according to an algorithm based on self-report
data and medication; this algorithm has been validated against primary care records (9). “All

T2DM” included those with “Known T2DM” plus all those with an HbAlc > 47 mmol/mol.

Migration status (first or second generation) was defined based on the reported year of
migration. Self-assigned MixESA and MixEAC were the ethnic groups of interest, with

European, SA, and AC ethnicities for comparison.

Matching procedure

Sex and age matching was needed as ethnic minority populations in the UK are younger than
the general European origin population; in addition we wished to compare first (born abroad
— migrated to the UK) and second (born to two ethnic minority parents resident in the UK)
generation migrants. The reference group was the mixed or the second-generation group,
depending on the comparison. As the reference groups were the smallest, we matched to
optimise power employing 1:4 matching where possible, and 1:2 where the sample was

insufficient. Matching was performed at random within sex and five year age bands. Each
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matching procedure was performed independently to create unique datasets for each

analysis:

e MixESA (n=831) — SA — Europeans (1:4:4)
e MixEAC (n=1,045) — AC — Europeans (1:4:4)
¢ Second generation SA (n=1,115) — First generation SA — Europeans (1:1:2)

e Second generation AC (n=2,200) — First generation AC — Europeans (1:1:2)

Details of matching procedure and frequency distributions for each of the derived datasets

are shown in Supplement S1.

Dietary patterns

Crude food frequencies were captured by touchscreen questionnaire at baseline. Using a
principal component approach, we derived a ‘healthy’ diet variable characterised by fruit,
vegetable, fish and water consumption, and an “unhealthy’ diet variable, which included red

meat, processed meat and coffee drinking (further details in Supplement S2).

Statistical analyses

The mediators considered as possibly contributing to the association between ethnicity and
T2DM included: smoking; Townsend deprivation score as a proxy for socioeconomic status;
height, birth weight; years of education derived from qualifications based on the International
Standard Classification of Education (ISCED) coding (10); and adiposity measures. We
selected waist to hip ratio (WHR) as our key measure for adiposity in the SA analyses, and
body mass index (BMI) for the AC analysis, as these measures best accounted for ethnic
differences in T2DM in a previous population cohort analysis (2). Sensitivity analyses using

BMI in the SA and WHR for the AC were also performed (Supplement S3).

The extent to which adiposity pattern, deprivation, smoking, height and education mediated
the relationship between ethnicity and T2DM was explored in path models (the sample sizes
of these analyses are shown in Supplement S3). The total effect was the observed effect of
ethnicity on T2DM without adjustment; the direct effect was the remaining (independent)

effect of ethnicity on T2DM after adjustment for all variables depicted in the Directed Acyclic
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Graph (DAG) (Figure 1). The difference between the two, the indirect effect, is attributed to
each of the mediators singly or jointly following the DAG defined pathways. The indirect
effect can therefore be interpreted as the percentage of the total effect mediated by these

explanatory variables. All models were adjusted for age and sex (11).

Our initial DAG included physical activity and diet (Suppl. Figure s3.1). However these
behaviours were crudely assessed (physical activity was captured as number of days per week
doing more than 10 minutes moderate physical activity, dietary data relied on a 20 item food
frequency questionnaire). For this reason, we did not include these measures in subsequent
mediation analysis. Similarly, although birth weight was considered an important mediator,
only half of the sample had these data, severely diminishing analytical precision. Birth weight
was also therefore excluded from the final DAG (Figure 1), we did however perform
sensitivity analysis on complete case data (Supplement S4). Sensitivity analyses were also

performed replacing T2DM with HbAlc as the outcome (Supplement S3).

Statistical analyses comparing recruitment characteristics were performed in Stata 15.
Mediation analysis testing path models was performed with Mplus with MLR estimator and

Monte Carlo integration at 10,000.

Results

1. South Asians

1.1.  South Asians vs Europeans

T2DM prevalence was almost five times higher in SA (odds ratio (OR): 4-8 (3:6,6-4), compared
to Europeans (Figure 2). WHR in SA (0-89) was higher than in Europeans (0-86). Proportion
resident in the lowest quintile of deprivation was near double in SA (41%), compared to

Europeans (21%) (Table 1).

1.2.  Second vs first generation South Asians
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T2DM prevalence was a fifth (22%) lower in second (OR: 0-78 (0-60,1-01)) versus first
generation SA (Figure 2). WHR and proportion resident in the most deprived quintile were

marginally lower in second-generation migrants, and years of education as well (Table 1).
1.2.1. Mediation

The mediating variables we tested accounted for more than a third of the 22% lower risk of
T2DM in second versus first generation SA, with WHR making the strongest contribution

(30%) (Table 5, Suppl. figure s3.2C).
1.3. MixESA

T2DM prevalence was 55% higher in those of MixESA (OR: 1-55 (1-11,2-17)) compared to
Europeans, (Figure 2). WHR was similar in MixESA and Europeans, and markedly lower than
in SA. Residence in the most deprived quintile of deprivation in MixESA was intermediate
(28%) between that of SA (37%) and Europeans (19%), though MixESA had the most years in

education (Table 2). Heights were also intermediate.
1.3.1. Mediation

The analysed data could account for just over a quarter (28%) of the 55% excess risk of T2DM
in MixESA versus Europeans (Table 5, Suppl. Figures s3.2A and s3.3). Deprivation mediated
most of this association (17%), followed by WHR (9%). In contrast the higher educational
status in MixESA compared to Europeans partially mitigated their predisposition to T2DM (-
7%). A similar proportion of the markedly (71%) lower risk of T2DM in MixESA versus SA
(Figure 2) was accounted for by the above mediators, dominated by WHR (15%) (Table 5,

Suppl. figures s3.2B and s3.4).

2. African Caribbeans

2.1.  African Caribbeans vs Europeans

Similar inter-ethnic differences were observed when comparing people of AC and European

descent (Figure 2, Table 3). Specifically, T2DM risk in AC was three times that of Europeans
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(OR: 3-3 (27,4-1)). BMI in AC (28-2kg/m? and 30-8kg/m? in men and women, respectively) was
higher than in Europeans (27-7kg/m? in men, 26-7kg/m? in women). Ever smoking was less
prevalent in AC (16%) than in Europeans (30%). Residence in the bottom Townsend quintile

was over three times greater in AC (70%) than Europeans (21%).
2.2.  Second vs first generation African Caribbeans

Risk of T2DM was 29% lower in second (OR: 0-71 (0-57,0-87) compared to first generation AC
(Figure 2), also with lower BMI (29-1 versus 29-7kg/m? respectively) (Table 3). Residence in the
lowest quintile of deprivation was marginally lower in second, versus first generation
migrants, (60 vs. 70%). The proportion of ever smokers in second generation AC was double

that of first generation migrants (30% vs. 16%).
2.2.1. Mediation

About a fifth of the 29% lower risk of T2DM in second versus first generation AC was
accounted for, with equal contributions from deprivation and BMI (Table 5, Suppl. figure
s3.6C).

2.3. MixEAC

T2DM risk in MixEAC was double that of Europeans (OR: 2-06 (1-53,2-78)), but half that of AC
(OR: 0-48 (0-37,0-62)) (Figure 2). BMI in MixEAC (28kg/m? in both sexes) was close to that of
Europeans (27-8kg/m? in men, 26-8kg/m? in women) and lower than in AC (28-3kg/m? and
30-3kg/m? in men and women, respectively) (Table 4). Ever smoking was markedly more
prevalent in MixEAC (42%) than in AC (20%) and Europeans (30%). Residence in the bottom
Townsend quintile was highest in AC (63%), intermediate in MixEAC (48%) and lowest in

Europeans (19%). Educational attainment was lowest in MixEAC.
2.3.1. Mediation

About two thirds of the doubling in T2DM prevalence in MixEAC compared to Europeans

could be accounted for, largely by deprivation (42%), and BMI (11%) (Table 5, Suppl. figure
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s3.6A). In contrast, about a third of the halving in risk of T2DM in MixEAC versus AC could
be accounted for, mostly by BMI (16%) (Table 5, Suppl. Figure s3.6B).

3. Sensitivity analyses

Using BMI in the SA (instead of WHR) and WHR for the AC (instead of BMI), each accounted
for a lower proportion of the observed difference in T2DM risk than the originally selected

adiposity measure (Suppl. figures s3.5 and s3.7).

Associations and mediation patterns were similar when HbAlc replaced T2DM as the

outcome (Suppl. figures s3.8 and s3.9).

Sensitivity analysis on complete case data (Suppl. figures s4.2 and s4.4) for birthweight
showed that although it made some contribution to T2DM risk, the effect was not as strong as
other mediators included in our main models, though reduced numbers made estimates more

imprecise and restricted detailed analysis.
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Figure 1: Directed acyclic graph of ethnicity on type 2 diabetes in its finalised form for mediation analysis. Individual paths are labelled with lower case letters. Abbreviations-
T2DM: type 2 diabetes mellitus.
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Figure 2: Forest plot of odds ratios (OR) with 95% confidence intervals (95% Cl) for type 2 diabetes mellitus, age
and sex adjusted (where appropriate). Abbreviations- SA: South Asians, EUR: Europeans, gen: generation,
MixESA: mixed European/South Asians, MixEAC: mixed European/African Caribbeans.

Models OR (95% CI)
SAvsEUR

All * 4.80 (3.60,6.40)
Females 4 450 (2.50, 7.00)
Males * 510 (3.50, 7.40)

ndvs1stgen SA

All - 0.78 (0.60,1.01)
Females - 0.24 (0.57,1.25)
Males = 0.74(0.53,1.04)
MixESA vs EUR

All —_—— 1.85 (1.11,2.17)
Females —— 1.45 (0.87, 2.56)
Males —— 1.55 (1.04,2.43)
MixESA vs SA

All - 0.25 (0.21,0.39)
Females * 0.21 (0.13,0.34)
Males + 0.37 (0.25,0.54)
ACvsEUR

All —_—— 3.30 (270, 4.10)
Females * 4,40 (3.20,6.10)
Males —_—— 2.60 (2.00,3.50)

2ndvs1stgen AC

All * 0.71(0.57,0.87)
Females - 0.86 (0.49 0.29)
Malez = 0.76 (0.55, 1.03)
MixEAC vs EUR

All —_—— 208 (153 278)
Females —_—— 237 (1.62, 3.48)
Males e 187 (1.04 270)
MixEAC vs AC

All + 0.43 (0.37, 0.62)
Females - 0.53 (0.38 0.75)
Males - 0.40 (0.25, 0.52)

am 1 7.5


http://dx.doi.org/10.1101/2019.12.13.19014704
http://creativecommons.org/licenses/by-nd/4.0/

Table 1. Baseline characteristics of UK Biobank participants by ethnicity; European and South Asian origin groups. Data are n (%) and mean (standard deviation). First/ second
generation assigned by year of migration. European and South Asian first and second generation groups are age and sex-matched (2:1:1).

All Males Females All Males Females All Males Females

n (%) 2230 1072 (48) 1158 (52) 1115 536 (48) 579 (52) 1115 536 (48) 579 (52)
Age, yrs 47.1+6.7 46.626.4 47.5+6.9 46.616.7 46.246.5 47.0£6.9 46.9+6.7 46.5+6.5 47.3+6.9
Ever smoked, n (%) 667 (30) 362 (34) 305 (26) 197 (18) 140 (26) 57 (10) 155 (14) 133 (25) 22 (4)
Most deprived Townsend 457 (21) 229 (21) 228 (20) 425 (38) 209 (39) 216 (37) 450 (41) 244 (46) 206 (36)
quintile, n (%)
Townsend index -1.19 (0.25) -1.10(0.22)  -1.28(0.25)  0.32(0.40) 0.36 (0.49) 0.29 (0.29)  0.62(0.42) 0.96(0.21) 0.31(0.31)
Years of education-derived 15.8+0.7 15.8+ 0.3 158+ 1.0 150+1.3 151+14 148+1.2 15.3+ 0.8 15.8+0.5 14.8+ 0.7
Physical activity >10 mins, 3.542.3 3.542.3 3.542.3 3.442.3 3.3+2.4 3.542.3 3.442.4 3.442.3 3.442.4
days/ wk
Waist/ hip ratio 0.86+0.09 0.92+0.07 0.80+0.07 0.88+0.09 0.93+0.06 0.83+0.08 0.89+0.09  0.94+0.06  0.84+0.08
Weight, kg 79+17 87+15 71+15 75+16 82+15 69+14 73+14 80+13 63+13
Height, cm 17010 1777 164+7 165%9 17247 15946 16449 17146 15846
BMI, kg/m? 2745 284 26+5 2745 28+4 27+6 2745 27+4 2745
Fat mass, kg 23.849.8 21.7+8.4 25.7£10.6 24.0£9.4 21.4+7.8 26.3+10.2 23.548.5 20.746.9 26.0£7.1
Fat % 29.748.5 241459 35.0£7.2 31.5+¢8.4 25.545.3 37.146.8 31.748.2 25.5#5.0 37.546.0
Birth weight, kg 3.3£0.6 3.4£0.6 3.3£0.6 3.1£0.6 3.2£0.7 3.0£0.6 3.0£0.7 3.1£0.7 3.0£0.7
Diet

“Healthy”, n (%) 520 (23) 169 (16) 351 (30) 367 (33) 134 (25) 233 (40) 479 (43) 204 (38) 275 (48)

“Unhealthy”, n (%) 582 (26) 364 (34) 218 (19) 134 (12) 90 (17) 44 (8) 81 (7) 44 (8) 37 (6)
Known type 2 diabetes, n (%) 48 (2) 30 (3) 18 (2) 91 (8) 53 (10) 38 (7) 115 (10) 65 (12) 50 (9)
All type 2 diabetes, n (%) * 75 (3) 43 (4) 32 (3) 124 (11) 71 (13) 53 (9) 155 (14) 92 (17) 63 (11)
HbA1c mmol/mol 34.5(1.4) 35.1(0.7) 34.0(1.6) 38.2(2.5) 39.0(1.9) 37.5(2.8) 39.1(2.3)  39.8(1.9) 38.4(2.5)
Glucose mmol/I 4.97 (0.16) 5.06 (0.12) = 4.89(0.15)  5.18(0.27) 5.29 (0.20) 5.08(0.29) = 5.23(0.32) 5.26(0.31) 5.21(0.33)

*Includes known (algorithmically defined) diabetes and HbAlc > 47 mmol/mol
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Table 2. Baseline characteristics of UK Biobank participants by ethnicity; European and South Asian origin groups. Data are n(%) and mean(standard deviation). European, Mixed

European/South Asian and South Asian groups are age and sex-matched (4:1:4).

All Males Females

n (%) 3324 1392 (41.9) 1932 (58.1)
Age, yrs 52.318.5 51.718.4 52.6£8.5
Ever smoked, n (%) 1092 (33) 516 (37) 576 (30)
Most deprived Townsend 622 (19) 248 (18) 374 (19)
quintile, n (%)
Townsend index -1.47 (0.33) -1.49 (0.32) -1.45 (0.33)
Years of education-derived 152 £1.0 15.3+ 0.9 152+ 1.2
Physical activity >10 mins, 3.612.3 3.612.3 3.5+2.4
days/ wk
Waist/ hip ratio 0.86+0.09 0.93+0.06 0.81+0.07
Weight, kg 77.6£16.3 85.9+14.3 71.7+15.1
Height, cm 16949 17617 16316
BMI, kg/m? 27.2£4.9 27.6x4.3 26.91£5.3
Fat mass, kg 25+10 2248 27+11
Fat % 3149 2416 3617
Birth weight, kg 3.3+0.6 3.440.7 3.240.6
Diet

“Healthy”, n (%) 785 (24) 208 (15) 577 (30)

“Unhealthy”, n (%) 811 (24) 460 (33) 351 (18)
Known type 2 diabetes, n (%) 107 (3) 74 (5) 33(2)
All type 2 diabetes, n (%) * 140 (4) 88 (6) 52 (3)
HbA1c mmol/mol 35.1(1.7) 35.5 (1.5) 34.8 (1.7)
Glucose mmol/I 5.01 (0.14) 5.07 (0.13) 4.96 (0.14)

*Includes known (algorithmically defined) diabetes and HbAlc > 47 mmol/mol

All
831
52.248.5
309 (37)
259 (31)

-0.26 (0.37)
159 +1.4
3.542.4

0.86+0.09
74.6£15.7
16749
26.8+4.9
24+10
3149
3.2+0.7

Males
348 (41.9)
51.5£8.4
141 (40.5)
115 (33)

-0.15 (0.46)
16.0 £ 1.4
3.542.4

0.93+0.07
82.7+14.8
174+7
27.2+4.4
2149
24.516
3.2+0.7

68 (20)
106 (31)
25 (7)
33 (10)
37.8(2.1)
5.31(0.32)

Females
483 (58.1)
52.6%8.5
168 (35)
144 (30)

-0.34 (0.26)
159+ 1.4
3.642.4

0.82+0.07
68.7+13.7
16146
26.5+5.3
26x10
3617
3.1+0.6

172 (36)
77 (16)
14 (3)
19 (3)

35.8 (2.0)

4.95 (0.14)

All
3317
52.1+8.5
472 (14)
1239 (37)

0.28 (0.37)
14.9+ 0.7
3.542.4

0.89+0.09
72.6x14.2
16349
27.4+4.7
2419
3318
3.0+0.7

1531 (46)
212 (6)
477 (14)
599 (18)
40.2 (2.6)

5.34 (0.30)

Males
1392(41.9)
51.6£8.5
367 (26.5)
570 (41)

0.48 (0.39)
15.4 +0.4
34423

0.95+0.06
78.9+13.3
17147
27.1+4.1
21+7
2615
3.2+0.7

515 (37)
125 (9)
243 (18)
299 (22)
41.0 (2.5)

5.47 (0.34)

Females
1925(58.1)
52.548.5
105 (5.5)
669 (35)

0.14 (0.28)
14.6 0.6
3.642.4

0.85+0.07
68.1+13.0
157+6
27.7+5.0
2719
3816
3.0+0.7

1016 (53)
87 (5)
234 (12)
300 (16)
39.6 (2.5)

5.25 (0.23)
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Table 3. Baseline characteristics of UK Biobank participants by ethnicity; European and African Caribbean origin groups. Data are n(%) and mean (standard deviation). First/ second
generation assigned by year of migration. European and African Caribbean first and second generation groups are age and sex-matched (2:1:1).

n (%)

Age, yrs

Ever smoked, n (%)

Most deprived Townsend

quintile, n (%)

Townsend index

Years of education-derived

Physical activity >10 mins,

days/ wk

Waist/ hip ratio

Weight, kg

Height, cm

BMI, kg/m?

Fat mass, kg

Fat %

Birth weight, kg

Diet
“Healthy”, n (%)
“Unhealthy”, n (%)

Known type 2 diabetes, n (%)

All type 2 diabetes, n (%) *
HbA1c mmol/mol
Glucose mmol/I

Al
4400
47.7+5.8
1322 (30)
905 (21)

1.2 (0.27)
159+ 0.6
3.542.3

0.85+0.09
78+17
169.5+9.4
27.1£5.0
24+£10
30.5+8.8
3.310.6

1038
1213
112 (3)
150 (3)
34.5 (1.4)

24)
28)

— [ [ —

4.97 (0.16)

Males
1886 (43)
47.345.8
598 (32)
406 (22)

-1.12 (0.26)
159+0.5
35423

0.92+0.06
87+15
177.4+6.8
27.7+4.3
2218
24.0£5.8
3.4+0.6

267 (14)
701 (37)
69 (4)
92 (5)
35.1(0.7)
5.06 (0.12)

Females
2514 (57)
48.0+5.8
724 (29)
499 (20)

-1.26 (0.26)
15.9 £0.7
35423

0.81+0.07
72£15
163.6+6.2
26.7£5.5
26x11
35.3%7.3
3.3+20.6

771 (31)
512 (20)
43 (2)
58 (3)
34.0 (1.6)
4.89 (0.15)

*Includes known (algorithmically defined) diabetes and HbAlc > 47 mmol/mol

All
2200
47.5+5.7
655 (30)
1323 (60)

2.28(0.27)
15.3+0.9
3.62.3

0.86+0.08
84118
169.2+8.9
29.1+5.6
28+12
32.3%9.6
3.2+0.7

610 (28)
391 (18)
113 (5)
163 (7)
38.2 (2.5)
5.18 (0.27)

Males
943 (43)
47.045.6
329 (35)
554 (59)

2.23(0.19)
148+ 0.8
3.6+2.3

0.90+0.07
89+16
176.2+6.8
28.5%4.7
2219
24.3%5.9
3.4+0.7

Females
1257 (57)
47.845.7
326 (26)
769 (61)

2.31(0.32)
15.6+0.7
3.6£2.3

0.84+0.07
80£18
164+6.3
29.616.1
32+13
38.3+7.2
3.1+0.6

435 (35)
181 (14)
56 (5)
78 (6)
37.5(2.8)
5.08 (0.29)

All
2200
47.745.8
344 (16)
1525 (70)

3.14 (0.48)
15.9+ 0.7
3.5+2.3

0.87+0.07
83£16
167.4+8.4
29.7+5.4
29+12
33.949.5
3.4+0.7

593 (27)
236 (11)
184 (8)
227 (10)
39.1(2.3)

5.23 (0.32)

Males
943 (43)
47.345.7
223 (24)
665 (71)

3.36 (0.47)
16.2 £0.7
3.542.3

0.91+0.06
85+14
173.8+6.6
28.2+4.1
2218
25.4+5.4
3.5¢0.7

152 (16)
138 (15)
86 (9)
110 (12)
39.8 (1.9)
5.26 (0.31)

Females
1257 (57)
48.145.9
121 (10)
860 (69)

2.97 (0.41)
15.8+0.7
3.542.2

0.84+0.07
81+17
162.6+6.0
30.845.9
34+12
40.3+6.4
3.3+x0.7

441 (35)
98 (8)
98 (8)
117 (9)

38.4(2.5)

5.21 (0.33)
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Table 4. Baseline characteristics of UK Biobank participants by ethnicity; European and African Caribbean origin groups. Data are n (%) and mean(standard deviation). European,
Mixed European/African Caribbean and African Caribbean groups are age and sex-matched (4:1:4).

n (%)

Age, yrs

Ever smoked, n (%)

Most deprived Townsend

quintile, n (%)

Townsend index

Years of education-derived

Physical activity >10 mins,

days/ wk

Waist/ hip ratio

Weight, kg

Height, cm

BMI, kg/m?

Fat mass, kg

Fat %

Birth weight, kg

Diet
“Healthy”, n (%)
“Unhealthy”, n (%)

Known type 2 diabetes, n (%)

All type 2 diabetes, n (%) *
HbA1c mmol/mol
Glucose mmol/I

*Includes known (algorithmically defined) diabetes and HbAlc > 47 mmol/mol

All
4180
51.147.8
1289 (31)
829 (20)

-1.31(0.25)
15509
3.5+2.3

0.85+0.09
76.8+16.2
16849
27.1£5.0
25%10
3219
3.3+£0.6

1024 (25)
1052 (25)
109 (3)
144 (4)
34.8 (1.4)
4.98 (0.14)

Males
1436(34.4)
51.2+8.0
515 (36)
296 (21)

-1.22 (0.31)

15.7£ 0.5
3.5+2.3

0.93+0.06
86.514.3
176+7
27.8%4.2
2218
244459
3.4+0.7

35.1(1.2)
5.04 (0.09)

Females
2744(65.7)
51.1+7.6
774 (28)
533 (19)

-1.36 (0.19)
155+ 1.0
35423

0.81+0.07
71.7£14.7
164+6
26.845.3
27£11
35.6%7.3
3.3+0.6

811 (30)
548 (20)
58 (2)
79 (3)
34.6 (1.4)
4.95 (0.15)

All
1045
50.9+7.8
439 (42)
498 (48)

1.13 (0.52)
153+0.8
3.7¢2.3

0.85+0.09
79.0£16.5
168+9
28.0£5.3
27£11
32.949.2
3.2+0.7

Males
359(34.4)
51.0+8.0
160 (45)
161 (45)

0.88 (0.44)
15.2 1.1
3.842.3

0.92+0.07
87.4+14.6
177+7
28.0+4.3
2218
24.5%5.9
3.3+0.7

58 (16)

4.97 (0.17)

Females
686(65.7)
50.8+7.7
279 (41)
337 (49)

1.27 (0.51)
15.4 +0.7
3.62.3

0.82+0.08
74.7+15.8
163+7
28.0£5.8
29+11
37.3t7.4
3.2+0.7

239 (35)
122 (18)
29 (4)
44 (6)
36.2 (2.3)
4.94 (0.15)

All
4180
51.0+7.8
844 (20)
2634 (63)

2.60 (0.26)
154+ 0.8
3.6%2.2

0.87+0.08
82.216.1
167+9
29.65.5
29+12
34.7+9.4
3.3+x0.7

1339 (32)
455 (11)
416 (10)
534 (13)
39.2 (2.2)
5.10 (0.25)

Males
1436(34.4)
51.1+8.1
412 (29)
906 (63)

2.77 (0.34)
154+ 1.1
3.612.2

0.91+0.07
86.0+14.9
174+7
28.3+4.3
2218
25.3+5.8
3.4+0.7

294 (21)
210 (15)
183 (13)
227 (16)
40.0 (2.2)
5.23 (0.28)

Females
2744(65.7)
50.9+7.6
432 (16)
1728 (63)

2.52 (0.15)
15.5£ 0.7
3.612.2

0.84+0.07
80.2+16.3
16346
30.3+5.9
33+12
39.6+6.8
3.2+0.7

1045 (38)
245 (9)
233 (9)
307 (11)
38.7 (2.1)
5.04 (0.20)
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Table 5. Proportion of T2DM risk mediated by individual and joint effects of environmental risk factors comparing between generations of ethnic groups, and between those of mixed
and non-mixed ethnicity. Paths are shown in Figure 1. Total and direct effects are presented as log odds ratios (age and sex adjusted). The mediated percentages shown are rounded
to the nearest integer and for this reason they might not add up to the total mediated (*). Abbreviations- SA: South Asians, EUR: Europeans, gen: generation, MixESA: mixed
European/South Asians, MixEAC: mixed European/African Caribbeans, WHR: waist to hip ratio, BMI: body mass index.

South
Asians

Pathway

Generation
2vs1 SA
Ethnicity
MixESA vs EUR

MixESA vs SA

African
Caribbeans

Generation
2vs1 AC
Ethnicity

MixEAC vs EUR
MixEAC vs AC

Total effect

-0.070

0.076
-0.254

Total effect

-0.100

0.141
-0.154

Direct effect

—
QO
-

-0.046

0.055
-0.201

Direct effect

-0.078

0.055
-0.109

% Mediated by

Smoking

_ |

Deprivation

T
D
-~

Deprivation

BMI

11

11
16

Education

Education

Deprivation
Smoking

—
9.
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Education

Smoking
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Smoking

S 5
SBxr | = S=le
> I 2T ST
a= P£= 3=
3 Ll
(d--g) ' (m-n-g) ' (h-0-g)
3 1 -2
6 3 -3
1 1 1
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S . 5
g T B
2 1 0
5 0 -1
2 1 0

Deprivation
Education
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o

9

=

Deprivation
Education

Deprivation
Education
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9
Ix
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)

o

Deprivation
Education
Smoking

Deprivation
Height
WHR

A
o
<
?
=)
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Deprivation
Height
BMI

o

[ e

§5,

Z 8 I Total

&

(d-p-0-g)
1 34
1 28*
0 21

S5

=2 _

g g = Total

S o
0 22
1 61*
0 29
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Discussion

We show that T2DM prevalence was substantially higher in SA and AC compared with
Europeans. Second generation migrants, i.e. those born in the UK, of either SA or AC origin
retain high rates of T2DM, but importantly, these are reduced by about a fifth compared to
the first generation. In contrast, T2DM risks in people of MixESA, and of MixEAC ethnicities

approach those of Europeans.

The ~20% reduction in T2DM risk in second versus first generation migrants is comparable to
the long term effects of either lifestyle (27%) or metformin (18%) intervention on T2DM risk
over 15 years in the Diabetes Prevention Programme (12). In mediation analyses, lower WHR
in second-generation SA migrants appeared to account for a third of their lower risk of T2DM.
In contrast, only a quarter of the reduced T2DM risk in second versus first generation AC
migrants was accounted for by socioeconomic status and lower BMI. The impact of relatively
modest differences in adiposity measures (0.01 for WHR in SA, and 0.6 kg/m? for BMI in AC),
is striking. Unexplained differences in risk could be due to imprecise measurement of
adiposity status, for example ectopic depots in liver and elsewhere, and socioeconomic
deprivation, lack of such measures across the whole of life, or failure to account for other
unknown exposures which influence T2DM risk. For example, physical activity and diet, the
effects of which may not be wholly mediated by adiposity, although collected in UK Biobank,
lacked precision and were not included in our models. We performed a sensitivity analysis
on the subsample with self-reported birthweight, to capture early life determinants of T2DM,
and observed little impact, though we acknowledge the limitations both of self-report and the
reduced sample size. Importantly, these findings indicate the potential impact of
environmental risk factor modification in addressing the higher rates of T2DM in these ethnic

minority groups, confirming that these risks are not immutable.

In contrast to comparisons between first and second-generation migrants, who differ mainly
in terms of environmental exposures, when comparing mixed ethnic groups, both genetic
backgrounds and environmental exposures are likely to differ. T2DM risks in MixESA are
about 70% lower than SA, and about 50% lower in MixEAC than AC. In both mixed

populations, risks approached those of Europeans (1.5 fold excess in MixESA (versus 4.80-

17


http://dx.doi.org/10.1101/2019.12.13.19014704
http://creativecommons.org/licenses/by-nd/4.0/

medRXxiv preprint first posted online Dec. 15, 2019 ; doi: http://dx.doi.org/10.1101/2019.12.13.19014704 . The copyright holder for this
preprint (which was not peer-reviewed) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license .

fold in SAs), and 2.0 fold excess in MixEAC vs 3.30-fold in AC). Much of this residual excess
could be accounted for by continued socioeconomic disadvantage; 28% of MixESA, and 50%
of MixEAC people in this study resided in the most deprived neighbourhoods, compared to
~20% of Europeans. Socioeconomic deprivation contributed to much of the 1/3 and 2/3 excess
of T2DM in MixESA and MixEAC people respectively, with a smaller direct contribution from
adiposity measures (WHR and BMI, respectively). Interestingly, the greater levels of
education in MixESA mitigated somewhat against the potential excess risk of T2DM. In
contrast, markedly more favourable adiposity patterns or levels in the mixed ethnicity
samples, approaching those of Europeans, played a greater part in accounting for the 70%
lower risk of T2DM in MixESA versus SA, and for the halving in risk of T2DM in MixEAC

versus AC.

Previous studies for African ancestry, all from the US, report conflicting findings. While some
claim that only environmental factors (largely socioeconomic status and BMI) determine
ethnic differences in T2DM (13), others aver that genetic factors play a stronger (14) or major

role. There are no comparable studies of people of South Asian ethnicity.

People from ethnic minority groups, be it first generation migrants, their offspring, or those
of mixed ethnicity, continue to experience significant social disadvantage compared to their
white European counterparts. We show how this markedly increases T2DM risk, but
importantly also show how improvement in social circumstances can reduce the burden of
T2DM, to an extent similar to that observed in response to active lifestyle intervention or

medication.

There are limitations of this analysis. Response rates to UK Biobank were <5%. Responders
are likely to be healthier, and of higher socioeconomic status than non-responders, and this
bias may differ by ethnicity. However, ethnic differences in diabetes prevalence in our study
accord with those of previous, representative population cohorts (2). Further, we observed
marked ethnic differences in socioeconomic deprivation, of similar magnitude to that
anticipated from previous population studies (15). Years of education were derived from
qualification(s) using the ISCED coding, which may not be comparable across countries due

to differential access to educational opportunities, particularly for women. While UKB is
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large, numbers of mixed ethnicity, and those of ethnic minority groups who could readily be
matched by age and sex to people of mixed ethnicity, were modest, reducing the power of
analysis. However, the inclusion of those of mixed ethnicity is unique. Measures of diet and
exercise were deemed too imprecise to be included as mediators of the association between
ethnicity and T2DM. There might be unmeasured confounding that was not taken into
account and unquantifiable uncertainty in the percentages explained by mediation analysis.
Although birthweight was not included in the final analysis because of the reduced power
caused by missing data, sensitivity analysis showed the effect of this potential mediator was
unlikely to be strong. Performing a mixed ethnicity and inter-generational analysis, using self-
reported ethnicity, is a strength, as it enables the employment of different approaches to

address the same question.

While ethnic specific genetic variants for hyperglycaemia/diabetes have been reported (16—
18) and different effects of known variants observed (19), these currently are insufficient to
account for the observed marked ethnic differences in diabetes risk. It could be that variants
that account for adiposity measures rather than hyperglycaemia/diabetes should be studied,

as the former appears key to accounting for differences in diabetes risk.

Our mixed ethnicity and inter-generational analyses show that environmental risk factors,
largely related to socioeconomic status and obesity, make a strong contribution to ethnic
differences in T2DM risk. Relatively modest differences in risk factors in second-generation
migrants and in those of mixed ethnicity are associated with appreciably lower risks of T2DM.
This effect is similar to that achieved by effective pharmaceutical interventions and provides

evidence that the ethnic minority predisposition to diabetes is highly mutable.
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