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Endpoint was defined as the presence of any
moderate to severe non proliferative or pre-

proliferative diabetic retinopathy or proliferative
diabetic retinopathy or maculopathy in either

Median follow-up was 6 years.

People with type 1 diabetes of African Caribbean ethnicity are at increased risk 
of developing sight-threatening diabetic retinopathy

Study population
Ethnically diverse cohort of 1,876 
people (72.1%, Caucasian,
17.3% African Caribbean, 2.9% 
Asian, and 7.6% other) with type 1
diabetes living in London, U.K.
All people had no evidence of
retinopathy at baseline and were 
attending publically funded 
diabetes eye screening between 
2004 and 2018

Primary end point
Onset of referable 
sight-threatening 
diabetic retinopathy 

Key finding
African Caribbean people had 39%
greater risk of sight-threatening
diabetic retinopathy compared with
non-African Caribbean people
independent of traditional risk
factors

Hazard Ratio 1.39 95%CI [1.09-1.78]
P = 0.009 

Primary endpoint
Risk increased by 39%

ARTICLE HIGHLIGHTS

• We undertook this study because there is limited information in people with type 1 diabetes of the potential im-
pact of ethnicity on onset of referable sight-threatening diabetic retinopathy (STDR).

• We observed that people with type 1 diabetes of African Caribbean ethnicity are at 39% greater risk of STDR, in-
dependent of conventional risk factors.

• Enhanced retinal surveillance and risk factor control may be needed for African Caribbean people with type 1
diabetes.
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OBJECTIVE

There is limited information on the effect of ethnicity on the development of re-
ferable sight-threatening diabetic retinopathy (STDR) in people with type 1 diabe-
tes. This study describes the risk factors for STDR in a diverse cohort of people
with type 1 diabetes attending a regional diabetes eye screening service.

RESEARCH DESIGN AND METHODS

Clinical and digital retinal imaging data from 1,876 people with type 1 diabetes
(50% women, 72.1% Caucasian, 17.3% African Caribbean, 2.9% Asian, and 7.6%
other) with no retinopathy at baseline, attending surveillance eye screening were
reviewed. Referable STDR was defined as the presence of any moderate to severe
nonproliferative or preproliferative diabetic retinopathy or proliferative diabetic
retinopathy or maculopathy in either eye as per U.K. National Diabetic Eye Screening
criteria. Median follow-up was 6 years.

RESULTS

The median (interquartile range) age of the cohort was 29 (21, 41) years. Of the
cohort of 1,876 people, 359 (19%) developed STDR. People who developed STDR
had higher baseline HbA1c, raised systolic blood pressure (SBP), longer diabetes
duration, and were more often of African Caribbean origin (24% vs. 15.6%; P < 0.05
for all). In multivariable Cox regression analyses, African Caribbean ethnicity (hazard
ratio [HR] 1.39, 95% CI 1.09–1.78, P = 0.009), baseline SBP (HR 1.01, 95% CI
1.00–1.01, P = 0.033), and baseline HbA1c (HR 1.01, 95% CI 1.00–1.01, P = 0.0001)
emerged as independent risk factors for STDR.

CONCLUSIONS

We observed that people with type 1 diabetes of African Caribbean ethnicity are
at significantly greater risk of STDR. Further research is required to understand
the mechanisms that explain this novel observation.

Despite advances in clinical care over recent decades, there remains a significant
clinical burden of diabetic retinopathy (DR) (1), which remains the leading cause of
blindness in people aged between 25 and 75. Recent studies report a prevalence
of DR of 48.4% in people with type 1 diabetes and 28.3% in people with type 2
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diabetes (2,3). Similarly, a systematic review
noted a prevalence of sight-threatening
DR (STDR) of 6.17% and documented a
threefold higher prevalence of DR in type 1
diabetes compared with type 2 diabetes
(77.3% vs. 25.2%) (1).

The most recent meta-analysis pre-
dicted that the number of people world-
wide with DR and STDR is projected to
rise to 160.50 million and to 44.82 million
in 2045 (1), respectively, and observed
that people of African ancestry have the
highest prevalence of STDR. The authors
hypothesized ethnicity is a risk factor for
STDR independent of geographical regions.
The authors were, however, unable to
ascertain whether people with type 1
diabetes of certain ethnic groups were
specifically at a higher risk of STDR as the
diagnosis of type of diabetes was not
available.

A global pooled meta-analysis using
individual participant data has reported
the key risk factors for DR as longer dia-
betes duration, HbA1c, and raised blood
pressure (4). After adjusting for these risk
factors, people with type 1 diabetes were
still 8.7 times more likely to have STDR
compared with those with type 2 diabe-
tes (3). Most studies that have reported
the risk factors and predictors for progres-
sion of DR have been in Caucasian people
with type 1 diabetes.

As there is a paucity of knowledge
about the association between ethnicity
and progression of DR to STDR in type 1
diabetes, we analyzed baseline and long-
term follow-up data in an ethnically diverse
cohort of people with type 1 diabetes
undergoing routine surveillance for dia-
betes eye disease in South London.

RESEARCH DESIGN AND METHODS

Clinical and demographic data were col-
lected from 1,876 people with a diagnosis
of type 1 diabetes, who had no baseline
evidence of retinopathy in either eye, at-
tending annual surveillance diabetes eye
screening in South London between 2004
and 2018. The local general population of
South East London is ethnically diverse,
>30% of people being of African Carib-
bean heritage (4). There are currently no
data on the prevalence of type 1 diabetes
in people of African Caribbean heritage in
London or nationally. More than 70% of
our cohort was Caucasian, and national
data (from a predominantly Caucasian gen-
eral population) suggest a prevalence of

type 1 diabetes of 0.6–0.7% in the U.K.
based on recent estimates of �403,000
people with type 1 diabetes (5).

Diabetes-related clinical and biochemi-
cal data, anonymized at the source, for
the cohort collected within a time span
between 2004 and 2018 from electronic
patient records at two large teaching
hospitals in London were acquired. The
following variables were available, includ-
ing demographics (date of birth, date of
death—if applicable, sex, ethnicity, which
was self-reported, and date of diabetes
diagnosis), anthropometrics (weight and
height), systolic blood pressure (SBP) and
diastolic blood pressure (DBP), and labo-
ratory measurements (serum creatinine,
urine albumin–to–creatinine ratio [ACR]),
HbA1c, total cholesterol, and triglycerides.
Serum creatinine measurements were
used to calculate estimated glomerular
filtration rate (eGFR) values according to
the Chronic Kidney Disease Epidemiology
Collaboration equation.

We collated data from the South East
London Diabetes Eye Screening Program
on status and results, with retinopathy
and maculopathy grade assessments made
from fundus photography of dilated pupils
with a nonmydriatic digital camera as per
national diabetes eye screening specifi-
cations (6).

The UK National Diabetes Eye Screen-
ing Committee (UK NSC) guidelines for
the standardization of retinopathy grading
were followed (6,7). The screening pro-
gram is well established, with 100% of
patients diagnosed with diabetes being
offered annual screening. The program
achieves a target of >85% of uptake an-
nually; however, a 2% lower screening
uptake in the most-deprived areas com-
pared with the least-deprived areas has
been observed, but people of African or
Caribbean origin did not have lower
screening attendance for eye screening
in recent studies (6,8).

The UK NSC guidelines classify the
condition as no retinopathy (R0), back-
ground retinopathy (R1), preproliferative
retinopathy (R2), and proliferative retino-
pathy (R3), with or without referable
maculopathy (M0 or M1, respectively),
previous photocoagulation, and ungrad-
able. Grades of R1M1, R2M0, R2M1,
R3M0, and R3M1 are classified as refer-
able STDR and require referral to second-
ary care hospital eye (ophthalmology)
clinics or for more frequent assessment
in a surveillance clinic. No retinopathy

was defined as the UK NSC retinopathy
grades of R0 and M0. The primary end
point was defined as any of the UK NSC
retinopathy grades R2, R3, or M1 in either
eye, detected upon screening, as this is
defined by the UK NSC as STDR requiring
urgent referral.

The criteria used for the UK NSC grad-
ing and relationship to the Early Treat-
ment Diabetic Retinopathy Study (ETDRS)
scale have been described previously (7).
In brief, R0 level identifies no detected
DR (equivalent to ETDRS level 10), R1
level identifies a minimum of at least the
presence of one microaneurysm and/or
retinal hemorrhage and is equivalent to
ETDRS levels 14–35. R2 level is the pres-
ence of multiple deep, round, or blot
hemorrhages, and/or definite intraretinal
microvascular abnormality, and/or venous
beading, and/or reduplication, and is
equivalent to levels 43–53 on the ETDRS
scale. R3 level indicates the presence of
proliferative DR (including fibrous prolifer-
ation), equivalent to a minimum of ETDRS
level 61. M1 (maculopathy) represents
the presence of any exudate in the central
foveal area or a group of exudates within
the macula region, or the presence of a
microaneurysm or hemorrhage within the
central foveal area in association with a re-
duced visual acuity taken to be a surrogate
marker of diabetic maculopathy. M0 is pre-
sent in the absence of any M1 features.

Specialist trained staff take digital color
retinal photographs of two standard 45�

fields (macula and disc centered) per eye
after dilation of the pupils. Trained as-
sessors in a central location grade the
presence and severity of DR using a multi-
level, internally and externally quality-
assured grading process that meets national
recommendations (6).

To create our baseline data set, we
considered the date of the first diabetes
eye screening review for each patient as
the initial date of the study and extracted
all other baseline values of the rest of the
variables as the closest value to this date,
within a 1-year span. All other variables
that had not been measured within that
span were considered missing. The fol-
low-up duration was defined as the last
available eye screening result. For people
who developed the primary end point of
STDR between the baseline eye screening
and follow-up eye screening, the time pe-
riod between these two screening events
was used as the time taken for the pri-
mary end point to occur. Follow-up was
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to the last available date on eye screening
data set or 5 March 2018, date of death,
or date of incident STDR.
Exclusion criteria included documented

history of DR at baseline, nondiabetic eye
diseases, absence of annual follow-up eye
screening, and pregnancy. Of the total co-
hort of 3,875 people with type 1 diabetes
who had retinopathy assessments be-
tween 2004 and 2018, 2,219 people had
no evidence of DR at baseline. Of these
2,219 people, 343 were excluded due to
absence of follow-up. The prevalence of
African Caribbean people in the 343 people
excluded due to lack of follow-up data was
22%. A total 1,867 people with no baseline
retinopathy and with annual follow-up eye
photograph data were therefore included in
the study. A total of two digital fundus photo-
graphs were taken per eye, and the total
number of photographs per individual per
year was four. Median follow-up was 6 years.
The diagnosis of type 1 diabetes was

extracted from eye screening and pri-
mary care records. We measured socio-
economic status using the Index of Multiple
Deprivation (IMD). Scores are ranked ac-
cording to population deciles, with 1 in-
dicating highest level of deprivation and
10 being the most affluent (9). This was
a retrospective study conducted in line
with local protocols using existing anony-
mized routine clinical data accessed di-
rectly by the clinical team and approved
by hospital data governance committees.

Statistical Methods
Our primary end point was onset of STDR
from baseline retinopathy grade R0 and
maculopathy grade M0 to R2 and above
and/or the onset of M1. Prognostic value
of covariates was tested by univariable
Cox regression and log-rank tests, and
those with P values <0.2 were consid-
ered for the multivariable Cox regression
models, unless they were deemed clini-
cally relevant, in which case they were
included in the multivariate analysis irre-
spective of statistical significance in the
univariate model. To identify variables
and combinations of variables with the
best prognostic value, a step-down pro-
cedure was followed for model selection.
For individuals who developed the pri-
mary end point of STDR between the
baseline eye screening and follow-up eye
screening, the time between these two
screening events was used as the time
taken for the primary end point to occur.

Only variables with <30% missing
within the baseline data set were in-
cluded in the analysis. All missing base-
line data for continuous variables were
imputed by predictive mean matching
using the “mice” package in RStudio
1.3.959 (Posit Software). Analyses were
performed in data sets, with and without
imputation of missing values. For statisti-
cal comparisons of variables between
retinopathy stages, one-way ANOVA or
Wilcoxon rank sum tests were used for
continuous variables and x2 tests for cat-
egorical variables. For computation, pre-
sentation, assessment of performance,
validation, and calibration of the models,
we used R statistical functions. Data are
presented as median and interquartile
range (IQR) for variables without a nor-
mal distribution and mean ± SD for data
with normal distribution with the appro-
priate parametric and nonparametric
testing, respectively. Proportional hazard
assumptions were checked by graphs of
scaled Schoenfeld residuals, and Schoen-
feld individual tests for model validation
bias-corrected indexes and calibration
was also performed. To examine the ef-
fect of all-cause mortality on the primary
end point of STDR, competing risk analy-
ses using Fine-Gray regression models
were performed. All statistical analysis
was done within RStudio 1.3.1073 soft-
ware under R 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Baseline Characteristics
The baseline characteristics of our study
population of 1,876 (50% women) are
summarized in Table 1. Of the cohort,
72.1% were Caucasians, 17.3% were Af-
rican Caribbean, 2.9% were Asian, and
7.6% were other (including mixed eth-
nicities). Median (IQR) age and duration
of diabetes were 29 (21, 41) years and
6 (2, 12) years, respectively. Median age
at the time of diagnosis was 19 (IQR 11,
30) years. We did not have full informa-
tion on smoking status or use of medica-
tions, such as blood pressure medications
and lipid-lowering drugs, on the database.
The median IMD decile of the cohort was
3 (IQR 2, 5). The median duration of dia-
betes at time of screening from time of
diagnosis was 6 years (IQR 2, 12).

Of the 1,867 people, 359 (19%) pro-
gressed to STDR at the end point, while
1,442 did not over the duration of follow-

up. During the follow-up, 75 people died
before reaching STDR and were therefore
not included in our primary analyses.
People who died were older, had longer
duration of diabetes, higher SBP and DBP
levels, higher urine ACR, and lower eGFR
than those who did and did not progress
to STDR (see Supplementary Table 1).

Table 2 summarizes the comparison
of baseline characteristics between peo-
ple who progressed to STDR and those
who did not. Duration of diabetes, total
cholesterol, SBP, and HbA1c were higher
and eGFR was lower in those with pro-
gression to STDR. We also observed that
people of African Caribbean origin were
more likely to progress to STDR (Table 2).

We did not observe any significant
impact of deprivation as determined by
the IMD score on the development of
STDR (median IMD score was 3 [IQR 2, 5])
in people with and without the end point.
Similarly we also did not observe any dif-
ferences in IMD scores between African
Caribbean and non–African Caribbean peo-
ple (IMD was 3 [IQR 2, 5] in both groups).
In our study, African Caribbean people had
similar median duration of follow-up at-
tendances to eye screening and no dif-
ferences in missing data compared with
non–African Caribbean people.

Of the 359 people who reached end
point of STDR during follow-up, 66 de-
veloped R2, 293 developed maculop-
athy grade M1 (with and without R2 or
R3), and 27 (7.5%) developed R2 or R3
and M1. Only maculopathy without R2
or R3 developed in 266 people and only
R2 and R3 without maculopathy devel-
oped in 19 and 16 people, respectively.
Supplementary Table 2A reports the num-
ber for each component of the retinopa-
thy end point in African Caribbean and
non–African Caribbean people. We ob-
served that people of African Caribbean or-
igin compared with non–African Caribbean
people had a nearly twofold higher risk of
onset of $R2 (9.7% vs. 4.2%) and similarly
for onset of M1, this was 21% vs. 15%, re-
spectively (Supplementary Table 2B).

Table 3 reports the baseline character-
istics in African Caribbean people versus
people of non–African Caribbean origin.
People of the African Caribbean group
were younger, had shorter duration of
diabetes, lower weight, more prevalent
albuminuria, and higher baseline HbA1c
compared with non–African Caribbean
people. SBP and DBP, BMI, eGFR, and
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total cholesterol at baseline were com-
parable in both groups.

In multivariable Cox regression mod-
els, African Caribbean ethnicity (hazard
ratio [HR] 1.39, 95% CI 1.09–1.78, P =
0.009), baseline SBP (HR 1.01, 95% CI

1.00–1.01, P = 0.033), and baseline HbA1c
(HR 1.01, 95% CI 1.00–1.01, P = 0.0001)
emerged as significant independent risk
factors for progression to STDR (Fig. 1).

Our results indicate a 1% increase in
risk of STDR for each 1 mmol/mol rise

in baseline HBA1c or 1 mmHg rise in
SBP. Similarly, the increased hazard of
1.39 (95% CI 1.09–1.78, P = 0.009) sug-
gests that people of African Caribbean
origin with type 1 diabetes have a 39%
greater risk of developing STDR than
non–African Caribbean people and that
this significant effect is independent of
conventional risk factors for retinopathy
such as baseline HBA1c or SBP or DBP.

The observed notable association be-
tween the ethnicity and progression to
STDR is further demonstrated in the
Kaplan-Meier survival curve for STDR
comparing African Caribbean versus other
ethnicities (Fig. 2).

In further analyses only in people of
African Caribbean origin, those who de-
veloped STDR had higher HbA1c (median
[IQR] 92 [70, 122] mmol/mol vs. 80 [61,
111] mmol/mol) and total cholesterol lev-
els (mean ± SD, 4.46 ± 0.91 mmol/L vs.
4.84 ± 1.04 mmol/L) compared with peo-
ple who did not, with no other statisti-
cally significant differences observed
(Supplementary Table 3).

Of the 1,876 cohort, 75 people died
over the duration of follow-up before
reaching STDR or end of follow-up over
the duration of follow-up and were there-
fore not included in our primary analyses.
In competing risk analyses where death
was a competing event with STDR, we
observed a similar significant independent
effect of African Caribbean ethnicity on
higher risk of developing STDR (Supple-
mentary Table 4).

CONCLUSIONS

We observed in a contemporary longi-
tudinal data study in an ethnically di-
verse cohort of 1,876 people with type 1
diabetes, with no DR at baseline, the
novel finding that African Caribbean eth-
nicity is a predictor of STDR independent
of traditional risk factors for DR progres-
sion and socioeconomic status (10–12).

The majority of studies investigating the
role of ethnicity in DR have been in people
with type 2 diabetes. The Multi-Ethnic
Study of Atherosclerosis in 778 people
with type 2 diabetes aged 45–85 reported
that the prevalence of STDR was higher
in African Americans and Hispanic people,
but these differences were not statistically
significant when adjusted for risk factors
such as duration of diabetes, HbA1c, and
SBP and DBP (13). Similar observations of
higher prevalence of DR among African

Table 1—Baseline clinical and biochemical characteristics of 1,876 people with
type 1 diabetes with no evidence of retinopathy

Characteristic N = 1,876

Age, years 29 (21, 41)

Duration of diabetes, years 6 (2, 12)

Age at diabetes diagnosis, years 19 (11, 30)

Sex

Female 940 (50)
Male 936 (50)

Ethnicity

Asian 55 (2.9)
African Caribbean 326 (17.3)
Caucasian 1,352 (72.1)
Other 143 (7.6)

BMI, kg/m2 24.33 ± 4.83

HbA1c, mmol/mol 70 (57, 95)

ACR, mg/mmol 16 (6, 44)

Cholesterol, mmol/L 4.58 ± 0.96

SBP, mmHg 120.05 ± 15.37

DBP, mmHg 72.17 ± 9.63

eGFR, mL/min/1.73 m2 94 (76, 116)

Data are presented as median (IQR), mean ± SD, or n (%).

Table 2—Comparison of baseline clinical and biochemical characteristics in
people with type 1 diabetes with and without development of STDR

Characteristic

No progression Progression

P valuen = 1,442 n = 359

Age, years 29 (21, 39) 28 (20, 40) 0.6

Sex 0.7

Female 724 (50) 184 (51)
Male 718 (50) 175 (49)

Ethnicity

Non–African Caribbean 1,218 (84) 273 (76)
African Caribbean 224 (16) 86 (24) <0.001

Duration of diabetes, years 5 (2, 11) 8 (4, 14) <0.001

HbA1c, mmol/mol 69 (56, 94) 77 (61, 98) <0.001

BMI, kg/m2 23.7 (21.1, 26.4) 24.0 (21.7, 27.0) 0.2

SBP, mmHg 119.40 ± 15.31 121.16 ± 14.30 0.05

DBP, mmHg 71.91 ± 9.68 72.58 ± 9.40 0.2

ACR, mg/mmol 18 (6, 44) 13 (5, 43) 0.026

Cholesterol, mmol/L 4.54 ± 0.95 4.74 ± 0.99 <0.001

eGFR, mL/min/1.73m2 96 (77, 118) 92 (75, 112) 0.016

Data are presented as median (interquartile range), mean ± SD, or n (%). Data from 75 people
who died during follow-up before the end of study are not included in this table.
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Americans but no differences in STDR
people with type 2 diabetes has been
reported in the U.S. (14,15).
Cross-sectional studies in people with

type 2 diabetes attending screening pro-
grams in the U.K. demonstrated that
the prevalence of STDR was higher in
African Caribbean people compared with
Caucasians (9,16,17). A study of >50,000
people, including 3,323 people with
type 1 diabetes, documented a greater
prevalence of retinopathy in African Carib-
bean people; however, the observations in

type 1 diabetes were not statistically signif-
icant. A cross-sectional study from the
U.S., where data were combined from
people with type 1 diabetes from two
ethnicities (White American and Black
American), reported that the prevalen-
ces of DR of any level or STDR were
similar in both ethnic groups (16).

There are limited longitudinal studies
on the progression rates of DR to STDR
in people with type 1 diabetes from
ethnically diverse populations. A 6-year
follow-up study in 508 African American

people (including children) with type 1
diabetes, of whom �60% had evidence of
DR at baseline, observed that 21.6% of
the cohort progressed to STDR. The in-
creased risk of STDR was associated with
lower socioeconomic status, older age, kid-
ney disease, higher HbA1c, and worse hy-
pertension control (15). In that study,
compared with ours, baseline HbA1c was
much higher, at 13.5% (124 mmol/mol),
and 80% of people with baseline HbA1c
of $16.2% (153 mmol/mol) showed pro-
gression of DR during follow-up. In con-
trast to our study, people below the age
of 18 were included, and the progression
of DR was the highest among people
aged 10–19 years. Indeed, there is evi-
dence that a rapid progression of DR is
associated with a shorter duration of dia-
betes in African American people (17–19).
The lower rates of STDR observed in his-
torical studies of type 1 diabetes may be
in part related to the competing risk of
premature mortality, which can be greater
in African Americans with type 1 diabetes,
with one study demonstrating 18% of the
cohort had died at 3 years of follow-up
(20).

The mechanisms that explain our re-
sults of increased risk of STDR in African
Caribbean people with type 1 diabetes
need further investigation. Our study
was not designed to identify the puta-
tive reasons or mechanisms; however,
we can speculate there may be multiple
explanations for our results. Low socio-
economic status has been linked to
increased morbidity and mortality in
diabetes; however, an association with
progression of DR is uncertain, with con-
flicting data reported (17,21,22). In our
study, we did not observe any significant
impact of deprivation as measured by
the IMD on onset of STDR. We cannot
exclude that those with more depriva-
tion may cluster in certain ethnic groups
(23,24) and therefore may also be less
likely to attend diabetes eye screening
(6). Indeed, a 2% lower screening uptake
in the most-deprived compared with the
least-deprived areas has been observed
(6). If this is the case, the findings we
observed may be an underestimation of
risk in certain ethnic groups. Conversely,
no differences between African Carib-
bean and Caucasian people with diabe-
tes attending eye screening in London
has been reported (6,8). Further studies,
including sensitivity analyses in ethnically
diverse cohorts, are clearly needed to

Table 3—Baseline characteristics of 1,876 people with type 1 diabetes stratified
according to African Caribbean and non–African Caribbean ethnicity

Characteristic

Non–African Caribbean African Caribbean

P valuen = 1,550 n = 326

Age, years 30 (22, 41) 27 (16, 38) <0.001

Duration of diabetes, years 6 (2, 13) 4 (2, 8) <0.001

Sex 0.1

Female 760 (49) 177 (54)
Male 784 (51) 149 (46)

HbA1c, mmol/mol 68 (56, 90) 85 (63, 114) <0.001

BMI, kg/m2 24.0 (21.4, 26.7) 23.4 (21.0, 26.6) 0.13

Weight, kg 70 (60, 82) 66 (55, 78) <0.001

SBP, mmHg 120.21 ± 15.15 119.25 ± 16.34 0.2

DBP, mmHg 72.18 ± 9.50 72.11 ± 10.25 0.9

ACR mg/mmol 13 (5, 44) 39 (8, 44) <0.001

Cholesterol, mmol/L 4.58 ± 0.96 4.57 ± 0.97 0.8

eGFR, mL/min/1.73m2 95 (76, 115) 92 (71, 123) 0.9

Data are presented as median (interquartile range), mean ± SD, or n (%). Of the cohort of
1,876, 75 people died during follow-up, and their data are included in this table.

Figure 1—Multivariable Cox regression analyses of variables associated with the development
of STDR in an ethnically diverse cohort of people with type 1 diabetes.
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better understand the factors influencing
eye screening attendance in all health
care systems.

Genetic predisposition to progression
of DR has been described (19,20) but
has not been replicated in some studies
(21). Whether our observation of en-
hanced risk of STDR in African Caribbean
people is related to specific genetic
markers requires further investigation.

A negative “legacy” impact of poor gly-
cemic control may explain our results. In-
deed, studies in younger people with
type 1 diabetes have demonstrated higher
HbA1c in African Caribbean people com-
pared with their Caucasian counterparts,
which persists even after adjustment for
socioeconomic status and diabetes dura-
tion (25–27). Disparities and unequal
access to technology to aid diabetes self-
management and optimize glucose con-
trol, higher rates of hypoglycemia and
ketoacidosis, and socioeconomic factors
have been proposed as possible reasons
for the observed ethnic differences in
glycemic control (25–30). All these stud-
ies in numerically smaller cohorts with
shorter duration of follow-up compared
with our study were, however, unable to
assess the impact of ethnicity on retinop-
athy progression.

There are several limitations of our
study. The results from an urban, ethni-
cally diverse environment are unlikely
to be representative of national cohorts.
Our median length of follow-up was
6 years; while this is longer than in some
recent cohort studies, we acknowledge

the need for longer follow-up studies. Al-
though we did not observe a significant
impact of deprivation as measured by
the IMD on onset of STDR, other meas-
ures of socioeconomic status and depri-
vation are needed to further assess the
impact of social and economic factors.
We observed a numerically greater inci-
dence of both retinopathy and maculop-
athy in African Caribbean individuals;
however, our study was not designed to
evaluate the relative contribution and im-
pact of ethnicity on the components of
the composite STDR end point

A major limitation of our study is the
lack of data and information on medica-
tions and smoking status. These data were
not captured in our study, and we cannot
therefore exclude that the observed results
may be related to differences in use of
medications that have demonstrated ben-
efits for retinal and other vascular compli-
cations of diabetes (31,32).

In our study, we did not have a formal
laboratory diagnosis of type 1 diabetes
as we relied on medical records. We can-
not exclude that people with ketosis-prone
diabetes may have been labeled with
type 1 diabetes. It is recognized that
clinical features, such as higher BMI,
heavier body weight, or older age, are
more prevalent in ketosis-prone diabetes
(33). However, no significant differences in
these parameters were observed between
African Caribbean and non–African Carib-
bean people in our cohort.

The median age at diagnosis of diabetes
in our cohort was 19 years, and, therefore,

our results cannot be extrapolated to peo-
ple with younger age of onset of type 1
diabetes.

We acknowledge as a further limita-
tion only including baseline HbA1c in our
analyses models and not time-weighted
HbA1c. Further studies with time-weighted
HbA1c data to see whether this correlates
with STDR are needed. Ethnic differences
in HbA1c are well documented, and we
cannot exclude an effect of ethnicity on
HbA1c measurements (34).

The strengths of our study include its
contemporaneous nature and having a
cohort with ethnic diversity representa-
tive of urban-dwelling people with type 1
diabetes. The use of standardized digital
fundal photographic eye screening by a
single provider with real-world clinic-
based measures and assessments, access
to linked data, including socioeconomic
status, and laboratory data from a single
unit with standardized processes are fur-
ther strengths of our work.

In a recent study from our group, we
observed enhanced greater risk of dia-
betic kidney disease progression in peo-
ple with type 1 diabetes of African
Caribbean ethnicity compared with non-
African-Caribbean ethnicity (35), inde-
pendent of traditional risk factors for
kidney disease. The results we report in
this study for STDR are consistent with
our observations for kidney disease and
suggest potential common pathways for
faster progression of microvascular dis-
ease in people with type 1 diabetes of
African Caribbean ethnicity.

A large number of people with type 1
diabetes are at risk for progression to
STDR, with significant heterogeneity in
the rates and risks of progression. Stud-
ies such as ours in a distinctive urban
cohort of ethnically diverse people with
type 1 diabetes can help identify new
risk factors that aid risk stratification
and better identify people at high risk
of STDR. The information learned from
such studies can facilitate changes in
clinical care and pathways to enable
earlier identification and treatment of
modifiable risk factors to delay progres-
sion of DR (1,18,32).

In summary, we observed in a multi-
ethnic cohort of people with type 1 dia-
betes managed in a publically funded
health care system the novel finding of
African Caribbean ethnicity as an inde-
pendent predictor of STDR. This enhanced
risk was independent of traditional risk

Figure 2—Cumulative hazard for the development of STDR stratified by ethnicity.
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factors for DR. Further research is required
to better understand pathophysiology
that may explain the association be-
tween African-Caribbean ethnicity and
higher risk of progression to STDR in
people with type 1 diabetes.
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