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Abstract

Background: The prevalence of some immune-mediated diseases (IMDs) shows distinct differences between
populations of different ethnicities. The aim of this study was to determine if the age at diagnosis of common IMDs
also differed between different ethnic groups in the UK, suggestive of distinct influences of ethnicity on disease
pathogenesis.

Methods: This was a population-based retrospective primary care study. Linear regression provided unadjusted and
adjusted estimates of age at diagnosis for common IMDs within the following ethnic groups: White, South Asian,
African-Caribbean and Mixed-race/Other. Potential disease risk confounders in the association between ethnicity and
diagnosis age including sex, smoking, body mass index and social deprivation (Townsend quintiles) were adjusted for.
The analysis was replicated using data from UK Biobank (UKB).

Results: After adjusting for risk confounders, we observed that individuals from South Asian, African-Caribbean and
Mixed-race/Other ethnicities were diagnosed with IMDs at a significantly younger age than their White counterparts
for almost all IMDs. The difference in the diagnosis age (ranging from 2 to 30 years earlier) varied for each disease and
by ethnicity. For example, rheumatoid arthritis was diagnosed at age 49, 48 and 47 years in individuals of African-
Caribbean, South Asian and Mixed-race/Other ethnicities respectively, compared to 56 years in White ethnicities. The
earlier diagnosis of most IMDs observed was validated in UKB although with a smaller effect size.

Conclusion: Individuals from non-White ethnic groups in the UK had an earlier age at diagnosis for several IMDs than
White adults.

Keywords: Autoimmune inflammatory diseases, Immune-mediated diseases, Ethnicity, South Asian, African-
Caribbean, Diagnosis, Rheumatic diseases, Ageing

Background that cause damage to tissues and organs in response to
The prevalence of immune mediated diseases (IMDs) is  self-antigens [1]. Studies into individual diseases such
increasing worldwide together with associated mortal-  as systemic lupus erythematosus (SLE) and rheumatoid
ity and morbidity rates. IMDs are a group of diseases arthritis (RA) have shown that their incidence and preva-
lence differ between ethnic groups [2, 3]. Recent studies
report the highest incidence of SLE to be in the African-
Caribbean population [4, 5] and the highest incidence
of RA in the South Asian population [3]. Other studies
have reported the incidence of IMDs such as vitiligo and
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autoimmune thyroid disease (AIT) to be higher in these
ethnic groups [3, 6].

Importantly, several studies indicate that severe disease
involving major organs occurs at a younger age in differ-
ent ethnic populations, which may indicate an earlier age
of onset [7—10]. If the onset of IMDs is earlier in certain
ethnic groups, this would likely result in longer disease
duration and increase the risk of long-term disease com-
plications which has implications for healthcare utilisa-
tion. Additionally, if individuals from these ethnic groups
develop IMDs at an earlier age, this may suggest that eth-
nicity influences immune responses relevant to disease
pathogenesis as well as potentially more broadly. How-
ever, we are not aware of any large-scale epidemiological
studies that assess differences in diagnosis ages between
different ethnic groups.

We therefore initiated a study to compare diagnosis
ages of IMDs between different ethnic groups within
the UK.

Methods

Our study applied data from IQVIA Medical Research
Data (IMRD-UK) [Scientific Review Committee Refer-
ence Number: 18THINO064], which is an electronic health
records (EHR) database of primary care patients in the
UK. IMRD-UK is representative of the UK population in
terms of demographic structure and common morbidity
prevalence [11]. The ethnicity of patients was recorded
by general practices through self-reporting by patients.
Information relating to symptoms, diagnoses and refer-
rals are recorded within IMRD-UK using Read Codes, a
clinical hierarchy coding system [12].

This study was a population-based retrospective study
with a cohort of ~4.5 million. The study period was set
between 1st January 2006 (ethnicity recording at optimal
completeness) and 31st December 2020, and patients of
all ages were considered for the study. General practices
in this study were included 12 months after their instal-
ment of EHR or 12 months from the practice’s acceptable
mortality recording dates to reduce under-recording of
events [13, 14]. In addition, patients were only allowed
to enter the study after 12 months of registration with an
eligible general practitioner. Furthermore, a patient with
more than one autoimmune condition could contribute
to more than one disease group.

Ethnicity in this study was categorised broadly into the
four most common groups based on the 2011 UK cen-
sus classification [15]: (1) White (British, Irish, other
White); (2) South Asian (Bangladeshi, Pakistani, Indian,
Sri Lankan, British Asian or other South Asian); (3) Afri-
can-Caribbean (Black African, Black Caribbean, Black
British or other Black people); and (4) Mixed-race/Other
ethnic groups (including Chinese, Vietnamese, and other
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South-East Asian). The most recent record of ethnicity
was utilised in this study.

Outcomes of IMDs, as well as fibromyalgia (FM), as a
comparator chronic but non-autoimmune disease, were
identified by relevant Read Codes (Additional file 1).
IMDs included in the analysis were: AIT; coeliac disease;
inflammatory bowel disease (IBD); myasthenia gravis
(M@); multiple sclerosis (MS); psoriasis; pernicious anae-
mia (PA); RA; SLE; Sjogren’s syndrome; and vitiligo. Read
Code lists for all IMDs considered are detailed in a previ-
ous study [16]. Patients were followed up from index date
(study entry) until the earliest of the following end points
which marked the exit date: diagnosis date, death date,
study end date, date patient transferred from GP, or last
date of data collection from a given GP.

UK Biobank (UKB) [application number: 31224] is a
cross-sectional study of approximately 500,000 partici-
pants, aged between 40 and 69 years, that were recruited
between 2006 and 2010 [17]. The data collected include
detailed information on health and lifestyle as well as
genetic data.

The dates of the First Occurrence of Health Outcomes
data were extracted using the ICD-10 codes from cate-
gory 1712 (Table S1). Ethnic background was determined
from field 21000. The data sources included ICD-10
codes obtained from hospital inpatient data, death Regis-
ter records, self-reported and from read codes in the pri-
mary care data.

Statistical analysis

Baseline covariates were summarised using appropri-
ate descriptive statistics, stratified by ethnicity. Median
(interquartile range, IQR) for continuous variables due
to their skewed distribution and frequency (%) for cat-
egorical variables were used to describe the baseline
characteristics. Linear regression was used to provide
unadjusted and adjusted estimates of age at diagnosis
by ethnicity. Checks were performed to ensure that the
assumptions of linear regression were not violated, and
no evidence of heteroscedasticity was found. Additional
tests confirmed that the residuals (errors) of the regres-
sion line were approximately normally distributed. Base-
line record of sex, smoking, body mass index (BMI) and
social deprivation (Townsend quintiles) were considered
as potential confounders in the association between eth-
nicity and age at diagnosis of the outcome conditions.
Patients in which the date of diagnosis preceded the
baseline date were excluded from the analysis. In addi-
tion, missing data from each covariate were treated as
a separate missing category and included in the regres-
sion analysis to enable the same number of patients to be
compared across the different analyses. All analyses were
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performed using Stata 16 SE, and a p-value <0.05 was
considered statistically significant.

Comparisons of the ages at IMDs diagnosis were
between the three main groups: South Asian, African-
Caribbean, and Mixed-race/Other and the White ethnic
group, both with and without adjustment for relevant
potential confounding variables.

Results

Study cohort characteristics

The baseline study characteristics include the highest
proportion of adults aged over 50 years in White (18.5%)
group followed by South Asian (7.7%), African-Caribbean
(6.8%) and Mixed-race/Other (5.5%) groups (Table 1).
The African-Caribbean group contain the highest pro-
portion (13.8%) of obese participants (BMI >30) followed
by White (12.3%), South Asian (7.8%) and Mixed-race/
Other (6.3%) groups. However, BMI data were miss-
ing or considered implausible (BMI values < 14 or > 75)
from a considerable proportion of the cohort (Table 1).
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The proportion of participants who were most socially
deprived was higher amongst the three non-White ethnic
groups in comparison to White group although informa-
tion was missing for a considerable proportion of partici-
pants (Table 1). The highest proportion of smokers was
from the White group and the highest proportion of non-
smokers were from the South Asian group (Table 1).

Age at diagnosis by ethnicity

There were significant differences in the ages at diagno-
sis of IMDs between the four ethnic groups after adjust-
ing for sex and potential lifestyle confounders (smoking,
BMI and levels of social deprivation) (Table 2). Age at
disease diagnosis for all IMD cases combined, adjusted
for risk factors, revealed that patients were diagnosed on
average 4 years earlier in the African-Caribbean group
and 6 years earlier in both the South Asian and Mixed-
race/Other groups than those from the White group
(Table 2 and Fig. 1). Age at diagnosis of almost all IMDs
was earlier in patients of South Asian ethnicity (Fig. 1).

Table 1 IMRD-UK study characteristics of the age at diagnoses of IMDs in different ethnic groups

Description White Mixed-race/Other African-Caribbean South Asian
Total patients (n) (n=3,902,748) (n=199,520) (h=172,329) (n=250,755)
Sex n (%)
Male 1,886,048 (48.33) 92,835 (46.53) 82,722 (48.00) 131,192 (52.32)
Female 2,016,700 (51.67) 106,685 (5347) 89,607 (52.00) 119,563 (47.68)

Age (years) median (IQR)
Age category (years) n (%)
Under 18
18-34
35-54
55 and above
BMI (kg/m?) median (IQR)
BMI Category (kg/m?) n (%)
Underweight/normal (up to 24.9)
Overweight (25-29.9)
Obese (30 and above)
Missing or implausible
Townsend quintiles n (%)
1 (least deprived)
2
3
4
5 (most deprived)
Missing
Smoking status n (%)
Non-smoker
Smoker
Ex-smoker
Missing

32.00 (19.00-49.00)

937,782 (24.03)
1,170,835 (30.00)
1,074,047 (27.52)
720,084 (18.45)
25.00 (22.00-28.00)

1,150,095 (29.47)
771,355 (19.76)
478,606 (12.26)
1,502,692 (38.50)

634,187 (16.25)
610,020 (15.63)
660,340 (16.92)
618,324 (15.84)
466,411 (11.95)
913,466 (23.41)
1,643,268 (42.11)
746,446 (19.13)
561,268 (14.38)
951,766 (24.39)

27.00 (14.00-37.00)

57,049 (28.59)
82,026 (41.11)
49,430 (24.77)
11,015 (5.52)

23.00 (20.00-26.00)

74,866 (37.52)
29,475 (14.77)
12,638 (6.33)

82,541 (41.37)
16,278 (8.16)
17,024 (8.53)
28,424 (14.25)
35,568 (17.83)
33452 (16.77)
68,774 (34.47)

107,008 (53.63)
24,719 (12.39)
14,381 (7.21)
53412 (26.77)

29.00 (13.00-40.00)

52,651 (30.55)

56,095 (32.55)

51,912 (30.12)
1,671 (6.77)

26.00 (23.00-29.00)

40,217 (23.34)
33,740 (19.58)
23,698 (13.75)
74,674 (43.33)

7390 (4.29)
9793 (5.68)
22,160 (12.86)
33,686 (19.55)
43,131 (25.03)
56,169 (32.59)

98,327 (57.06)
16,499 (9.57)
10,051 (5.83)
47,452 (27.54)

29.00 (14.00-38.00)

68,599 (27.36)
100,714 (40.16)
62,251 (24.83)
19,191 (7.65)

24.00 (21.00-27.00)

81,302 (32.42)
48,327 (19.27)
19,617 (7.82)
101,509 (40.48)

20472
22,395
39,543

8.16)
8.93)
15.77

1,656 (20.60
44,886 (17.90

(
(
(
(
(a
1,803 (28.63

)
)
)
)

149,154 (59.48)
23,555(9.39)
12,335 (4.92)
65,711 (26.21)
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Table 2 Unadjusted and adjusted differences in age at disease diagnoses in different ethnic groups using White ethnicity as the
reference group in the IMRD-UK cohort

N (%) Age/years Mean (SD) Unadjusted models Adjusted models?

Coefficient P-val. (95% Cl) Coefficient P-val. (95% Cl)

Systemic lupus erythematosus

White 1213 (81.7) 485 (16.2) Ref. Ref.

Mixed-race/Other 78 (5.3) 414119 —7.00 <0001 —978 —422 —608 <0.001 —887 —328

African-Caribbean 95 (6.4) 426(15.8) — 581 <0.001 —911 =251 — 472 <0.001 —769 —176

South Asian 99 (6.7) 40.1 (15.7) — 835 <0001 —115 —-514 —600 <0.001 —893 —306
Vitiligo

White 3563 (71.1) 384 (19.5) Ref. Ref.

Mixed-race/Other 303 (6.1) 30.3(19.9) —813 <0001 —1046 —579 —234 <0.001 — 3838 —080

African-Caribbean 260 (5.2) 339(21.8) — 446 <0001 —718 —=173 —157 0.08 —334 020

South Asian 883 (17.6) 29.1(21.3) — 927 <0001 —1081 —772 —264 <0.001 —368 —1.60
Rheumatoid arthritis

White 7992 (91.7) 56.8 (15.4) Ref. Ref.

Mixed-race/Other 148 (1.7) 476 (14.5) —9.13 <0001 —1149 —677 —746 <0.001 —963 —529

African-Caribbean 159 (1.8) 494 (15.3) —739 <0001 —979 —499 —582 <0001 —814 —350

South Asian 414 (4.8) 48.3(14.8) — 847 <0001 —994 —701 —7.14 <0.001 —854 —573
Psoriasis

White 37,631 (928) 44.6(19.0) Ref. Ref.

Mixed-race/Other 820 (2.0) 37.9(15.8) — 6.64 <0001 —774 =554 —513 <0.001 —609 —4.18

African-Caribbean 405 (1.0) 373(17.8) —7.31 <0001 —906 —557 —413 <0001 =543 —282

South Asian 1685 (4.2) 382(16.3) — 641 <0.001 —721 — 561 —4.79 <0.001 —543 —415
Pernicious anaemia

White 4382 (92.6) 61.5(184) Ref. Ref.

Mixed-race/Other 42 (0.9) 50.5 (18.0) —11.06 <0001 —1647 —565 —843 <0.001 — 1354 —332

African-Caribbean 59 (1.3) 502 (16.6) —11.36 <0001 —1561 —7.12 —1051 <0001 —1449 —652

South Asian 248 (5.2) 53.1(15.6) — 840 <0001 —1041 —639 —9.00 <0.001 — 1097 —702
Myasthenia gravis

White 515(92.5) 61.3(16.3) Ref. Ref.

Mixed-race/Other 8 (1.4) 30.0(9.9) — 3137 <0.001 —3800 —2475 —27.00 <0.001 — 3191 —2208

African-Caribbean 13 (2.3) 38.8(124) — 2253 <0001 —2920 —1585 —19.19 <0.001 —2508 —1331

South Asian 21 (3.8) 54.0 (20.4) — 742 0.09 — 1611 127 — 482 0.24 — 1292 329
Inflammatory bowel disease

White 7711 (92.6) 43.6(18.3) Ref. Ref.

Mixed-race/Other 137 (1.6) 33.6(14.7) — 995 <0001 —1243 =747 =712 <0.001 —926 —498

African-Caribbean 104 (1.3) 37.7(16.8) —590 <0001 —913 =266 —307 0.02 —564 —051

South Asian 380 (4.6) 36.2(16.1) — 741 <0001 —908 —574 —479 <0.001 — 615 —343
Coeliac

White 4994 (94.3) 409 (21.7) Ref. Ref.

Mixed-race/Other 52 (1.0) 24.8 (15.4) — 16.06 <0.001 —2026 —1186 —949 <0.001 — 1247 —652

African-Caribbean 17 (0.3) 36.2(20.2) — 473 0.32 — 1409 463 —4.06 0.26 —11.16 3.05

South Asian 234 (44) 327(17.2) — 821 <0001 —1050 —592 —639 <0001 —800 —478
Autoimmune thyroid disease

White 3868 (87.0) 449 (14.7) Ref. Ref.

Mixed-race/Other 223 (5.0) 41.8(11.9) —3.05 <0001 —469 —-142 —190 0.02 —349 —-031

African-Caribbean 129 (2.9) 42.1(11.8) — 272 0.01 —480 —-064 —190 0.06 —386 007

South Asian 226 (5.1) 387 (12.3) —6.13 <0001 —780 —447 —607 <0001 =763 —45]1

Multiple sclerosis
White 2374 (94.0) 440(13.1) Ref. Ref.
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Table 2 (continued)

N (%) Age/years Mean (SD) Unadjusted models Adjusted models?
Coefficient P-val. (95% Cl) Coefficient P-val. (95% Cl)

Mixed-race/Other 44 (1.7) 347 (10.6) —930 <0001 —1244 —6.16 —840 <0001 —1153 =527

African-Caribbean 46 (1.8) 427 (12.4) —133 047 —490 225 —0.17 092 —352 319

South Asian 62 (2.5) 37.1(109) —692 <0001 —967 —416 —596 0.00 —869 —324
Sjogren’s syndrome

White 902 (89.2) 56.9 (14.1) Ref. Ref.

Mixed-race/Other 26 (2.6) 55.6 (12.5) —-132 0.59 —6.15 351 —0.10 097 —463 443

African-Caribbean 21 (2.1) 479 (10.7) —9.08 <0001 —1364 —451 — 821 <0.001 — 1275 —367

South Asian 62 (6.1) 448(14.3) —12.16 <0001 —1583 —849 —1123 <0001 —1477 =770
Fibromyalgia

White 10,603 (91.8) 45.7(12.2) Ref. Ref.

Mixed-race/Other 198 (1.7) 43.7 (10.9) —1.99 0.01 —352 —047 —182 0.01 —328 —036

African-Caribbean 214 (1.9) 459(11.5) 0.14 0.86 — 142 169 033 0.67 — 119 186

South Asian 531 (4.6) 44.2(11.0) —1.54 <0001 —250 —058 —158 <0001 =253 —064
Autoimmune inflammatory diseases combined (ADs)

White 73437 (909) 464 (19.3) Ref. Ref.

Mixed-race/Other 1848 (2.3) 37.7(16.7) —878 <0001 —955 —801 —6.12 <0001 —676 —548

African-Caribbean 1275 (1.6) 39.7 (18.1) —6.74 <0001 —775 =574 —423 <0.001 —500 —345

South Asian 4216 (5.2) 37.7(183) — 871 <0001 —927 —814 —574 <0001 —530 —6.18

@ Adjusted for sex, deprivation, BMI categories and smoking status

Vitiligo-

SLE-

Sjogren's-
Rheumatoid arthritis-

Psoriasis-
Ethnicity
Afro-Caribbean
. Mixed-race/Other
. South Asian

Pernicious Anaemia-

Myasthenia Gravis- @ O

Multiple sclerosis-

IMDs-

IBD-
Fibromyalgia- \
Coeliac- 4'—' @ E
AT ® #
|

-30 -20 -10 0
Earlier diagnosis of IMDs in minority ethnic groups in comparison to White group (coefficient=0)/years
Fig. 1 Coefficient plot demonstrating the earlier diagnoses age of IMDs (Y-axis) in the different ethnic minority groups with comparison to
the reference White group (indicated by dashed line to the right). The figure was generated using the age at diagnosis after adjustments for
confounding variables: BMI, smoking status, sex and social deprivation

The Mixed-race/Other group followed a similar trend to  group. Although the African-Caribbean group also fol-
South Asians except for Sjogren’s syndrome where the lowed a similar trend to the other two non-White groups,
diagnosis age was not statistically different to the White  they differed for MS and AIT where the diagnosis age was
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not significantly different to the White group (Table 2).
In contrast, there was no difference between the White
and African-Caribbean groups in the diagnosis age for
EM. The difference in FM diagnosis age was small at 1.6
years and 1.8 years in the South Asian, Mixed-race/Other
groups, respectively, in comparison to the White group
(Table 2, Fig. 1).

Rheumatic diseases

Rheumatoid arthritis

RA was diagnosed 7.1 years (95% CI=8.54 to —5.73,
p=<0.001) earlier in the South Asian group than the
White group, after adjustments for sex, BMI, smoking
and deprivation (Table 2). RA was diagnosed 7.5 years
(95% C1=5.29-9.63, p=<0.001) earlier in the Mixed-race/
Other group relative to the White group, after statistical
adjustments. The mean age at diagnosis was also signifi-
cantly earlier by 5.8 years (95% CI= 3.5-8.14, p=<0.001)
in the African-Caribbean group relative to the White
group (Table 2).

Systemic lupus erythematosus and Sjogren’s syndrome

The total number of cases of SLE was low (#=95, n=99,
n=78 in African-Caribbean, South Asian and Mixed-
race/Other, respectively) in three of the ethnic groups
compared to the White group (n=1213). Our data show
that whilst the African-Caribbean group were diagnosed
4.7 years earlier (95% CI=1.76-7.69, p=<0.001), the
South Asian and Mixed-race/Other groups had an even
earlier age at diagnosis by 6.0 years (95% CI=3.06—-8.93,
p=<0.001) and 6.1 years (95% CI=3.28-8.87, p=<0.001),
respectively (Table 2). Similarly, the number of cases of
Sjogren’s syndrome was low in three of the ethnic groups
(Table 2). We did not detect a significant difference in the
diagnosis age of Sjogren’s between Mixed-race/Other and
the White group, but the South Asian group were diag-
nosed 11.2 years (95% CI=7.70-14.77, p=<0.001) earlier.

Gastrointestinal diseases

Inflammatory bowel disease and coeliac disease

There were significant differences in diagnosis ages of
IBD between the different ethnic groups (Table 2). The
age of IBD diagnosis was earlier, after adjustments, by 7.1
(95% CI=4.98-9.26, p=<0.001), 4.8 (95% CI=2.72-3.42,
p=<0.001) and 3.1 (95% CI=0.15-5.13, p=<0.001) years
in the Mixed-race/Other, South Asian and African-Car-
ibbean groups, respectively. Our data indicated coeliac
disease diagnosis age, after adjustments, to be signifi-
cantly earlier by 6.4 years (95% CI=4.78-8.0, p=<0.001)
in the South Asian group. The diagnosis age in the Afri-
can-Caribbean group varied greatly as reflected by the
large confidence interval and was not significantly dif-
ferent to the White group (p =0.26). In the Mixed-race/
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Other group, coeliac disease was diagnosed earlier by up
to 9.5 years (95% CI=6.52-12.47, P=<0.001).

Pernicious anaemia

The age at diagnosis of PA was significantly earlier by
10.7 (95% CI=6.52—14.49, P=<0.001) years in the Afri-
can-Caribbean group than the White group and earlier
by 9 years (95% CI=7.02-10.97, P=<0.001) in the South
Asian group compared with the White group. The diag-
nosis was earlier by 8.4 years (CI=3.32-13.54, p=<0.01)
in the Mixed-race/Other group (Table 2).

Neurological diseases

Multiple sclerosis and myasthenia gravis

There was no significant difference in MS diagnosis
age between the African-Caribbean and White groups.
Although the diagnosis was significantly earlier by 8.4
and 6.0 years in Mixed-race/Other and South Asian
groups, respectively (Table 2). MG was diagnosed 27.0
years earlier in the Mixed-race/Other (n=8) group than
the White group, although the number of cases was
small. Similarly, a difference of 19.2 years was observed in
the age at M@ diagnosis in the African-Caribbean (n=13)
group, but the age disparity was not as great (4.8 years) in
the South Asian group (n=21).

Immune-mediated skin conditions

Psoriasis

The diagnosis ages, after adjustments, were 5.1 (95%
CI=4.18-6.09, p=<0.001), 4.8 (95% CIl=4.15-5.43,
p=<0.001) and 4.1 (95% CI=2.82-5.43, p=<0.001) years
in Mixed-race/Other, South Asian and African-Caribbean
groups, respectively, in comparison to the White group.
The unadjusted diagnosis age showed a higher difference
in diagnosis ages between the different ethnic groups
(Table 3).

Vitiligo

The differences in the ages at diagnosis, without adjust-
ments for covariates, were 9.3, 8.1 and 4.5 years earlier
in the South Asian, Mixed-race/Other and African-Car-
ibbean groups, respectively. In the adjusted models,
the age disparity between the three ethnic groups was
reduced to 2.6 (95% CI=1.60-3.68, p=<0.001), 2.3 (95%
CI=0.80-3.88, p=<0.001) and 1.6 years (95% CI=0.20—
3.34, p=0.08) earlier in South Asians, Mixed-race/Other
and African-Caribbean groups, respectively, but was still
statistically significant (Table 3).

Autoimmune thyroid disease

There was no significant difference in the diagnosis age of
AIT between the African-Caribbean and White groups.
The diagnosis age difference was small, but significant,
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Table 3 Unadjusted and adjusted differences in age at disease diagnoses in different ethnic groups using White ethnicity as the
reference group, data from UK Biobank

Age/years Unadjusted models Adjusted models®
N (%) mean (SD) Coefficient P-val. (95% ClI) Coefficient P-val. (95% Cl)

Systemic lupus erythematosus

White 888 (87.4) 49.8 (14.7) Ref. Ref.

Mixed-race/Other 31 (3.1) 424 (12.6) —7.34 0.00 —11.83 —285 —634 0.01 —10.89 —1.80

African-Caribbean 60 (5.9) 438(138) =599 0.00 — 960 —239 —553 <0.01 —923 — 184

South Asian 37 (3.6) 46.2 (14.5) —3.60 0.14 —833 1.14 —3.31 017 — 801 1.39
Vitiligo

White 1016 (87.4) 48.7 (15.9) Ref. Ref.

Mixed/other 35(3.0) 502 (15.9) 152 0.57 —3.78 6.83 0.80 0.76 — 437 597

African-Caribbean 24.(2.1) 513(108) 263 0.24 —-1.72 6.98 1.96 039 —253 6.44

South Asian 88 (7.6) 46.0 (14.5) — 2.67 0.10 — 584 0.50 — 290 0.07 —6.04 0.24
Rheumatoid arthritis

White 11,173 (94.2) 55.7(15.2) Ref. Ref.

Mixed-race/Other 190 (1.6) 53.6(14.9) —2.09 0.06 — 422 0.05 — 132 0.23 — 345 0.82

African-Caribbean 206 (1.7) 545(138) —1.17 0.23 —3.06 073 —0.55 0.58 — 248 1.38

South Asian 296 (2.5) 54.1(13.1) —1.56 0.04 —3.07 —004 —131 0.09 — 284 0.21
Psoriasis

White 14,466 (96.7) 45.1(19.5)

Mixed-race/Other 185(1.2) 46.0 (15.7) 0.92 043 —1.36 3.20 1.26 0.28 —1.03 3.54

African-Caribbean 55(04) 486 (15.1) 3.50 0.08 — 048 748 323 0.11 —-0.77 723

South Asian 260 (1.7) 486 (15.6) 349 0.00 1.56 541 332 <0.01 138 526
Pernicious anaemia

White 3334 (93.6) 56.9 (12.7) Ref. Ref.

Mixed-race/Other 24.(0.7) 52.0(14.2) — 481 0.09 — 1040 0.78 — 373 0.15 — 8.86 141

African-Caribbean 28(0.8) 547(0127) =214 037 —6.79 251 —2.10 032 —623 2.02

South Asian 175 (4.9) 56.0(11.5) —0.81 0.37 — 2.56 0.94 —1.60 0.06 —3.26 0.07
Myasthenia gravis

White 465 (95.3) 57.3(15.8) Ref. Ref.

Mixed-race/Other 9(1.8) 55.8 (6.0) —1.56 0.44 —553 241 — 361 0.1 —8.00 0.78

African-Caribbean 10 (2.0) 516(102) =574 0.07 —11.95 048 —354 0.20 —9.01 1.93

South Asian 4(0.8) 62.8(9.7) 541 0.21 —3.03 13.86 593 032 — 581 17.67
Inflammatory bowel disease

White 7252 (95.7) 489 (16.8) Ref Ref

Mixed-race/Other 102 (1.4) 50.2 (16.0) 1.27 043 —1.85 438 1.18 0.46 — 191 427

African-Caribbean 58 (0.8) 506(134) 164 035 —1.81 5.09 0.90 062 —263 442

South Asian 163 (2.2) 49.2 (15.1) 0.26 0.83 —2.08 261 — 003 0.98 —2.39 2.34
Coeliac

White 4609 (97.3) 56.3(13.8) Ref. Ref.

Mixed-race/Other 50(1.1) 533(11.2) —3.01 0.06 —6.11 0.10 —3.01 0.06 —6.17 0.14

African-Caribbean 29 (0.6) 495155 =675 0.02 —1232 —118 =707 0.01 — 1266 — 147

South Asian 51 (1.1) 522 (11.5) —4.03 0.01 —7.18 —088 —431 0.01 — 745 —1.16
Multiple sclerosis

White 2410 (97.9) 447 (12.5) Ref. Ref.

Mixed-race/Other 25(1.0) 426 (9.5) —2.08 0.27 — 577 1.60 — 232 0.21 — 598 1.34

African-Caribbean 18(0.7) 452 (9.1) 0.54 0.80 —3.60 468 0.29 0.89 — 3.66 423

South Asian 10 (0.4) 513(180) 662 0.22 —397 1720  7.00 0.19 —3.55 17.55

Sjogren’s syndrome
White 1015(934) 64.4(9.0) Ref. Ref.
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Table 3 (continued)
Age/years  Unadjusted models Adjusted models®
N (%) mean (SD) Coefficient P-val. (95% CI) Coefficient P-val. (95% Cl)
Mixed-race/Other 6 (0.6) 63.7 (7.4) —071 0.80 —6.18 4.75 —032 0.91 —573 5.09
African-Caribbean 27 (2.3) 57.6(10.1) —6.75 0.00 —10.54 —297 =576 <0.01 —954 —1.99
South Asian 39 (3.6) 63.5(9.3) —0.84 0.58 —3.79 211 — 040 0.80 — 340 261
Autoimmune inflammatory diseases combined (ADs)
White 42,664 (95.4) 50.0(17.4) Ref. Ref.
Mixed-race/Other 611(1.4) 494 (152)  —060 0.33 — 182 0.62 — 040 0.52 —162 0.81
African-Caribbean 459 (1.0) 50.8(14.2) 0.79 0.24 —0.52 2.09 0.58 0.39 —0.73 1.88
South Asian 1009 (2.3) 51.0(145) 097 0.04 0.06 1.88 092 0.05 0.01 1.83

2 Adjusted for sex, deprivation, BMI categories and smoking status

in Mixed-race/Other group (Table 3). Of the three non-
White ethnic groups, the South Asian group differed the
most in diagnosis age of AIT by 6.1 years (95% CI=4.51—
7.63, p=<0.001).

Non-IMD comparator disease

Fibromyalgia: We used FM as a comparator disease
which is a common disorder of pain regulation but is not
an autoimmune or inflammatory disease. The diagno-
sis of FM was slightly earlier by 1.6 (95% CI=0.64—-2.54,
p=<0.001) and 1.8 (95% CI=0.36—3.28, p=0.001) years in
South Asian and Mixed-race/Other groups, respectively,
in comparison to the White group (Table 2). However,
there was no statistically significant difference in the ages
at diagnosis between the African-Caribbean and White
groups. Furthermore, removing cases of concomitant
IMDs did not alter these results.

Validation in UK Biobank

We used UKB to validate our observations and were able
to confirm the earlier diagnosis in the three non-White
ethnic groups for most IMDs although with a lower effect
size (Table 3). However, we did not detect a difference in
the diagnosis ages between the four ethnic groups when
comparing all IMDs cases summed together (Table 3).
Comparisons of diagnosis age could not be made for AIT
and FM due to the lack of diagnosis dates in UKB. The
IBD cases included ulcerative colitis and Crohn’s disease
combined.

Rheumatic diseases

Rheumatoid arthritis

RA was diagnosed earlier by 1.3, 0.6 and 1.3 years, after
adjustments, in South Asian, African-Caribbean, and
Mixed-race/Other groups, respectively, in comparison
to the White group, although only reaching near signifi-
cance for the South Asian group (Table 3).

SLE and Sjogren’s syndrome

The diagnosis ages of SLE were earlier by 5.5 (p=0.01)
and 6.3 (p=<0.01) years in African-Caribbean and
Mixed-race/Other groups, respectively. In contrast, SLE
diagnosis age in the South Asian group, after adjust-
ments, was 3.3 years earlier than the White group, though
not significant (p=0.17). Interestingly for Sjogren’s syn-
drome, the diagnosis age was significantly earlier for the
African-Caribbean group in comparison to the White
group by 5.8 years (95% CI=1.99-9.54, p=<0.01). In con-
trast, there were no significant differences, in diagnosis
ages, between the other three groups.

Gastrointestinal diseases

Inflammatory bowel disease, coeliac disease

There were no significant differences in diagnosis ages
of IBD between the four ethnic groups (Table 3). For
Coeliac disease, the diagnosis age was earlier in all three
non-White ethnic groups compared to the White group,
which was statistically significant after adjustments for
covariates (Table 3), with the African-Caribbean group
diagnosed the earliest by 7.1 years (95% CI=1.47-12.66,
p=0.01).

Pernicious anaemia

The diagnosis ages of PA were earlier in all three non-
White groups in comparison to the White group
although this difference was small and not significant
(Table 3).

Neurological diseases

Multiple sclerosis and myasthenia gravis

MS was diagnosed earlier by 2.3 years (95% Cl= 1.34—
5.98, p=0.21) in the Mixed-race/Other group but was 7.0
years later (95% Cl=— 3.55-17.55, p=0.19), in the South
Asian group than in the White group, though neither
reached significance (Table 3). MG was diagnosed earlier
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by 3.5 and 3.6 years in the African-Caribbean and Mixed-
race/Other groups, respectively, in comparison to the
White group although not significant. The diagnosis age
in the South Asian group was later by 5.9 years than in
the White group, although again not significant (Table 3).
The number of cases of MS and MG was small in all three
ethnic groups making it difficult to draw conclusions
(Table 3).

Immune-mediated skin conditions

Psoriasis

Psoriasis was diagnosed later by 3.3 years (95% Cl=
1.38-5.26, p=<0.01) in the South Asian group compared
with the White group but the later diagnosis by 3.2 (95%
Cl=- 0.77-7.23, p=0.11) and 1.3 (95% CI=— 1.03-3.54,
p=0.28) years in African Caribbean and Mixed-race/
Other groups, respectively, were not significant.

Vitiligo
Vitiligo was diagnosed earlier by 2.9 years (95% Cl= —
6.04—0.24, p=0.07) in South Asians compared to the
White group; however, there were no statistical differ-
ences in the ages at diagnosis between the other ethnic
groups.

Discussion

Although it is known that the prevalence of IMDs varies
by ethnicity, we did not find any publication that investi-
gated the disparities in the ages at diagnoses between dif-
ferent ethnic groups. For example, an earlier age of onset
of MS with higher disease severity scores was reported
in the Black ethnic group in a US study, although the
authors did not specify the degree of difference in the age
of onset [18]. Two early studies of PA identified a much
younger age of onset in Black and Latin American ethnic
groups [19, 20] but without adjustments for confounding
variables. This was also the case for SLE where the age
at diagnosis was determined to be younger in the Black
ethnic group (39.4 years, SD 15.9) in comparison to the
White ethnic group (45.4 years, SD 17.7) but again with
no adjustments for lifestyle factors [8].

Here we examined the ages at diagnosis of all common
IMDs in four different ethnic groups in a UK cohort of
~4.5 million. We report for the first time that even after
adjustment for potential lifestyle risk factors such as
smoking, BMI and social deprivation, that South Asian,
African-Caribbean, and Mixed-race/Other ethnicities
have an earlier diagnosis of most IMDs in comparison to
the White ethnic group. The number of years that diag-
nosis age is earlier by differs with the specific IMD and by
ethnic group and ranges from 2 to 27 years.

We used UKB data to validate our findings and the
trend was similar between the two data sets for most
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IMDs although the effect size was lower in the UKB
cohort and for several IMDs did not reach significance.
There are several possible explanations for this. Firstly,
the number of participants in the UKB diagnosed with
IMDs was lower (n=44,743) than in the IMRD-UK
(n=80,776). Secondly, UKB is known to have a low rep-
resentation of non-White ethnicities and is not repre-
sentative of the UK population [21]. In UKB, the three
non-White ethnic groups make up 4.7% (n=2079) of all
IMDs cases whereas in the IMRD-UK dataset they rep-
resent 9% (n=7339) of all diagnosed IMDs. Thirdly, UKB
participants are generally older and less likely to be from
socioeconomically deprived areas [21]. Finally, the dis-
ease classification is slightly different in UKB from that in
IMRD-UK. Read Codes were used to identify the specific
IMDs within the IMRD-UK whilst ICD-10 codes were
used to identify the different IMDs in UKB from either
the hospital admissions records (HAR) or self-reports.
Each of these factors could affect the determination of
mean age at diagnosis.

However, there were also some inconsistencies
between the IMRD-UK and UKB data. This includes
psoriasis, which was actually diagnosed at a later age
in the South Asian group in comparison to the White
group and there were no differences in the ages at diag-
nosis between White, African-Caribbean and Mixed-
race/Other ethnic groups. A potential explanation could
be that of the 14,966 cases in UKB with diagnosis dates
more than half were self-reports or from HAR records.
It is possible that diagnosis dates obtained from HAR are
secondary to another condition and therefore not relia-
ble for determining the true age at diagnosis of psoriasis.
Similarly, the self-reported diagnosis dates are less reli-
able as it is only the diagnosed condition that is verified
by a healthcare professional and not the date. Remov-
ing cases with self-reported dates and diagnosis dates
obtained from HAR reduced the number of cases to <10
in each of the three non-White ethnic groups, precluding
statistical analysis. Similarly, for MG and MS, there was
a disagreement between the two datasets for the South
Asian group, but the number of cases was <10 in UKB
making it difficult to draw conclusions.

A recent study from the US demonstrated that the inci-
dence of IBD has increased by 39% and 134% in White
and non-White individuals, respectively, between 1970
and 2010 [22]. Although we did not distinguish between
the subtypes of IBD, we detected that the Mixed-race/
Other group were diagnosed with IBD the earliest, by
7.1 years, in comparison to all other ethnic groups. This
is also in agreement with a previous study which indi-
cated that the median age at diagnosis for Crohn’s disease
was the lowest in the Other ethnic group and highest in
the White group [23] albeit not statistically significant
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possibly due to the small cohort size of the Other ethnic
group (n=37).

A possible explanation for the observed earlier diagno-
sis age of IMDs in non-White groups, even after adjust-
ments for BMI, could be the presence of a systemic
pro-inflammatory state at an earlier age [24-27]. This
hypothesis is supported by findings of only a slight differ-
ence in FM diagnosis age, a non-IMD, between the four
ethnic groups. Previous large-cohort population stud-
ies have demonstrated that, irrespective of BMI, South
Asians have higher levels of visceral, intermuscular and
hepatic fat and significantly less total lean abdominal/
back muscle mass than other ethnicities [28]. This could
be a cause of the higher levels of pro-inflammatory adi-
pokines such as resistin and lower levels of anti-inflam-
matory adiponectin detected in healthy individuals of
this population [28, 29]. The combination of these factors
likely contributes to a pro-inflammatory state as indi-
cated by high hsCRP levels in South Asians [29]. How-
ever, exactly how increased inflammation could lead to
earlier onset of IMDs is unclear. Inflammation has been
shown to be one of the core processes driving ageing
[30] and an intriguing possibility is that the biological
ageing process occurs at different rates in different eth-
nicities. There are now methods to assess an individual’s
biological as opposed to their chronological age based
upon assessment of DNA methylation at specific sites,
termed epigenetic clocks [31]. Such analyses have shown
differences in biological ageing between ethnicities, for
example Americans of Hispanic ethnicity had a higher
extrinsic biological age compared to Whites and African
Americans had a lower extrinsic biological age [32]. Age-
ing of the immune system, immunesenescence, is well
documented and includes a predisposition to autoim-
munity [33]. Inmunesenescence both contributes to sys-
temic inflammation and is increased by it and has been
shown to occur at younger ages in IMDs such as RA [34].
The raised inflammation at an early age in non-White
populations could accelerate immunesenescence and
increase the risk of autoimmunity.

An additional explanation for earlier onset of IMDs
in different ethnic minority groups includes the role of
diet and the composition of the gut microbiome. Khine
et al. compared the gut microbiome of pre-adolescents
in Malaysia and China and reported a major influ-
ence of diet in the two ethnic groups [35], whilst other
studies report that ethnicity per se influences the gut
microbiome [36, 37]. The onset of IMD may be initiated
subsequent to systemic inflammation which is highly
influenced by the microbiome and is altered in several
IMDs, including IBD and RA. RA patients have been
shown to have a reduced diversity in the gut microbiota
than healthy individuals [38]. Whilst certain bacterial
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species are more abundant in RA patients, others are
scarce. For example, there is a higher composition of the
bacterial species Colinsella sp., in RA patients and this
has been shown to promote an increase in gut permeabil-
ity and inflammation initially at a local level which then
spreads to joints [38, 39]. Assessing microbiota diversity
in different ethnic groups with IMDs would identify asso-
ciations with disease prevalence and could suggest a role
in the earlier age of onset.

Furthermore, other environmental factors such as
psychosocial stress and socio-economic status may also
contribute to the earlier onset of IMDs, though socio-
economic status was taken into consideration in our
analysis. This is supported by a recent Swedish popu-
lation level sibling study that detected an association
between stress-related disorders and an increased risk of
IMDs [40]. Similar associations between post-traumatic
stress disorders and an increased risk of IMDs have also
been reported in large cohort studies [40, 41]. Lastly, the
latest mendelian randomisation studies have reported a
higher educational attainment with a protective benefit
towards risk of RA [42]. The level of educational attain-
ment is known to be affected by socio-economic inequal-
ities. However, further studies are required to fully assess
the risk of IMDs attributed to individual socio-economic
factors and the earlier onset of disease.

Finally, a further potential explanation could be that
patients from ethnic minority groups may have a dif-
ferent mode of onset of disease (e.g., a more abrupt and
severe onset, as opposed to an insidious and mild onset).
It is also likely that the measures of the ‘mode of disease
onset; ‘disease severity’ or ‘disease activity’ will be differ-
ent across the different IMDs and future studies should
use approaches to capture these constructs that are spe-
cific for each of the IMDs.

Limitations of study

The study limitations include missing ethnicity data how-
ever, this should not compromise the observations in this
study as we assume the missing data to be absent from all
ethnic groups and not disproportionately from a specific
ethnic group. Furthermore, the proportional representa-
tion of the non-White groups reflects the UK population
as per 2011 census data. Although, self-reported ethnic-
ity could be a potential confounder.

Some IMDs such as SLE and Sjogren’s syndrome take
several years to be diagnosed due to initial non-specific
symptoms [43]. It is therefore likely that the onset of dis-
ease is substantially earlier than the age at diagnosis. An
additional issue, particularly in the South Asian group,
is patient’s reluctance to seek medical help early, which
inevitably means a later diagnosis after disease onset
[44—-47]. Together these factors imply that the actual age
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of onset of IMDs is likely to be even earlier, by perhaps
several years, than the diagnosis age in certain ethnic
groups.

Another limitation is that our ethnicity grouping is
broad, and it is likely that there is variation in diagnosis
ages within each ethnic grouping. This is especially true
for the Mixed-race/Other group, which includes several
diverse ethnic groups and potentially dilutes the overall
effect.

Using Read Codes for case definitions may also be
imperfect and there may be a small amount of misclassi-
fication of IMDs, for example by including some patients
with a non-autoimmune aetiology. To mitigate this as
much as possible we used Read Codes which had been
validated previously [3, 16]. Lastly, the number of cases
of the rarer IMDs such as SLE, MG and Sjogren’s syn-
drome were very small, although the earlier age at SLE
diagnosis was detected in all three ethnic groups in com-
parison to the White group, consistent with previous
studies [48].

Conclusions

In conclusion, we observed an earlier age at diagnosis for
almost all IMDs in non-White ethnic groups in compari-
son to the White group. Earlier onset of disease may sug-
gest differing pathogenesis with ethnicity. The healthcare
implication would be to screen patients from non-White
ethnic groups at an earlier age to allow novel treatment
interventions such as reversal of the ageing processes if
accelerated biological ageing was identified as the cause
of the earlier onset of IMDs. Earlier intervention may
delay disease progression to severe disease and disability
due to IMDs.
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