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Abstract
Background: Ethnic inequalities in health are well-known and partly explained by social determinants such as
poorer living and working conditions, health behaviours, discrimination, social exclusion, and healthcare accessibility
factors. Inequalities are known both for self-reported health and for diseases such as diabetes, cardiovascular
diseases, respiratory diseases, and non-specific chest pains. Most studies however concern individual diseases or
self-reported health and do not provide an overview that can detect gaps in existing knowledge. The aim of this
study is thus to identify ethnic inequalities in inpatient hospital admission for all major disease categories in
England.
Methods: Observational study of the inpatient hospital admission database in England enhanced with ethnicity
coding of participants’ surnames. The primary diagnosis was coded to Level 1 of the Global Burden of Disease
groups. For each year, only the first admission for each condition for each participant was included. If a participant
was readmitted within two days only the first admission was counted. Admission risk for all major disease groups
for each ethnic group relative to the White British group were calculated using logistic regression adjusting for age
and area deprivation.
Results: 40,928,105 admissions were identified between April 2009 and March 2014. Ethnic inequalities were found
in cardiovascular diseases, respiratory diseases, chest pain, and diabetes in line with previous studies. Additional
inequalities were found in nutritional deficiencies, endocrine disorders, and sense organ diseases.
Conclusions: The results of this study were consistent with known inequalities, but also found previously
unreported disparities in nutritional deficiencies, endocrine disorders, and sense organ diseases. Further studies
would be required to map out the relevant care pathways for ethnic minorities and establish whether preventive
measures can be strengthened.
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Introduction
Reducing inequalities in health has explicitly been part
of the government agenda in the United Kingdom (UK)
since 1997 [1, 2]. Ethnic inequalities in health are mainly
caused by poorer living and working conditions, discrimination, marginalisation and differences in health and
health seeking behaviours [3–7]. In exceptional cases,
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some groups are genetically predisposed to certain diseases such as sickle cell anaemia [3, 7]. Major conditions
with known ethnic inequalities include diabetes, respiratory diseases, cardiovascular diseases, and non-specific
chest pains [3–7]. National Health Service (NHS) hospitals monitor their use by ethnic group in the national
database, Hospital Episode Statistics (HES), so that inequalities can be detected and ameliorated through adjustments in care provision and preventive action [8]. In
this study we analyse hospital admission records by ethnic group across all major disease categories in the

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Petersen et al. BMC Public Health

(2021) 21:862

Global Burden of Disease (GBD) classification in 2009–
2013 [9]. The study is intended to identify health inequalities across a wide spectrum of health conditions
among in-patient admissions across England and its regions. There is an extensive literature on ethnic inequalities in health in the UK [3], but usually these pertain to
individual diseases or self-reported health and do not
provide an overview that can detect gaps in existing
knowledge.

Methods
Hospital admission records were obtained from NHS
England’s Hospital Episode Statistics (HES), April 2009–
March 2014 (financial years 2009–2013). Because some
ethnic groups are relatively small, data on hospital admission for five years were analysed assuming that the
2011 Census population would be representative of the
at-risk populations that year as well as two years before
and two years after. Diagnoses in HES are coded to the
10th version of International Classification of Diseases
(ICD10) system [10]. Data on the primary diagnosis for
each admission were for the purpose of this study coded
with definitions for the GBD conditions (Level 1). This
high-level disease classification was developed for international comparison of health and healthcare factors,
e.g. Cardiovascular diseases (2G) or Respiratory diseases
(2H) [9]. If a patient was re-admitted within two days,
only the first admission was counted. If a patient had
more than one admission for the same condition in a
year, only the first admission was kept. Area deprivation
quintiles were coded at local authority level [11].
There is a growing literature about the use of names
to impute ethnicity in studies where this information is
not routinely collected or not otherwise available
through data linkage [6, 12–14]. Software developed at
University College London [13, 15] has been used in
over 60 scientific studies and social equity audits in applications as diverse as accident and emergency department utilisation [16], residential segregation [17], labour
market discrimination [18], and the composition of company boards [19]. To address problems with missing
self-reported ethnicity information in HES, the Ethnicity
Estimator (EE) software was deployed in this study [12,
13]. To retain full anonymity, this step was carried out
in an air-gapped, secure data facility by NHS Digital
linking name information in the Patient Demographic
Service to HES. The sensitivity of the EE software in predicting the self-reported ethnic group was calculated.
This study was part of a bigger project that reconciled
ethnicity data within NHS over time (1999–2014) and
between NHS, Censuses 2001 and 2011, and aggregation
of ethnic groups in census outputs for small areas.
“Arab” was grouped with “Other” in census outputs as
there is no category for “Arab” in the NHS ethnicity
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classification. “Black other” was grouped with “Other” to
reconcile how coded and aggregated in Census data tables for small areas. Preliminary work showed that surname imputation tends to inflate the White Irish group
relative to self-reported data and the admission results
for White Irish with imputed data are not shown.
The odds ratios of admission for different ethnic minorities were estimated with White British group as
reference using logistic regression controlling for age in
20-year bands between 0 and 99 years of age and area
deprivation quintile for each condition and all-cause
hospitalisation. The analyses were repeated without surname imputation for sensitivity.
To identify geographic inequalities, the incidence of
all-cause hospitalisation was calculated at local authority
level and standardised by age and sex using the Census
2011 denominators and 2013 European Standard
Population weights [20]. Counts below 20 cases were
suppressed. Ethical approval was obtained from Bromley
REC (Reference: 13/LO/1355) for analyses of patientlevel HES data. The HES data licence reference is
DARS-NIC-28051-Q3K7L.

Results
There was a total of 40,928,105 admissions of 24,997,325
patients in 2009/13 of which 9.7% had missing selfreported ethnicity (Table 1). The total number of admissions by condition can be found in Table 2.
The regression analyses showed a diverse picture
where ethnic minorities have significantly higher admission for some conditions and lower for others (Table 3).
These include higher risks for e.g. cardiovascular diseases for Bangladeshi and Pakistani or higher diabetes
admission risk for the Black Caribbean group. It also
showed that Pakistani, Other, and White other had
higher admission risk than the White British group for
most conditions, while Chinese and mixed ethnicity had
significantly lower admission risk. Nutritional deficiencies were particular high for Bangladeshi, Pakistani, and
Other (the dominant nutritional deficiency for all ethnic
groups was iron deficiency anaemia). Endocrine disorders were higher in Black African, Black Caribbean, and
Other (the dominant endocrine disorder for these
groups were sickle-cell disorders). Sense organ diseases
were higher in Other and South Asian groups (the dominant sense organ condition for all ethnic groups was
cataracts). Non-specific chest pain admission, an early
symptom of cardiovascular disease, was notably also very
high in South Asians and the Other group. The risks
deattenuated in analyses adjusted for area deprivation
quintile in addition to age, especially for high-risk
groups, which indicates that higher admission risk was
partly explained by residence in deprived regions
(Table 4).
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Table 1 NHS-recorded and EE-imputed ethnicity on HES admissions, 2009–2013
Ethnic Group

NHS-recorded

%

NHS-recorded with EE imputed

%

Asian Other

420,374

1.0

466,531

1.1

Bangladeshi

224,393

0.6

251,056

0.6

Chinese

117,965

0.3

140,002

0.3

Indian

748,626

1.8

862,019

2.1

Pakistani

742,705

1.8

856,327

2.1

Black African

498,148

1.2

572,557

1.4

Black Caribbean

377,545

0.9

395,783

1.0

Other

907,138

2.2

939,075

2.3

White Other

1,623,917

4.0

1,903,032

4.7

White British

30,610,616

74.8

33,540,602

82.0

White Irish

273,845

0.7

466,241

1.1

Mixed

409,095

1.0

409,095

1.0

Missing

3,973,738

9.7

125,785

0.3

Total

40,928,105

100

40,928,105

100

For all-cause hospitalisation the risk was particularly
high among patients with Pakistani (OR 1.28; 95% CI
1.28–1.29) and Other (1.83; 1.83–1.83) background
compared to White British (Table 5; Table S3 for
analysis without surname imputation). The maps
showed that the risk of hospitalisation for White British was generally higher in Northern metropolitan
areas (Fig. 1). For Pakistani (Fig. 2) and Other (Fig. 3),
ethnic groups with higher risk of admission compared
to White British, the regional distribution was more
complex and widespread.
When the records with missing ethnicity was replaced
with EE categories, only 0.3% of admissions where without ethnicity coding. The sensitivity of the EE-prediction
relative to NHS-recorded ethnicity varied by ethnic
group: White British (89.6%), Pakistani (80.7%), Indian
(73.9%), Chinese (71.0%), Bangladeshi (63.0%), Black
African (54.9%), White Other (46.2%), White Irish
(44.8%), Asian Other (20.7%), Black Caribbean (9.5%),
Other (4.9%), and Mixed (0%). The regression analyses
were repeated without the surname imputation for
sensitivity and yielded similar results (Table S1, S2, S3,
Supplementary materials).

Discussion
Ethnic inequalities in health are well-known and partly
explained by a combination of poorer living and working
conditions and differences in health and health seeking
behaviours [3–7]. The results of this study were consistent with known inequalities for diabetes, cardiovascular
diseases, respiratory diseases, non-specific chest pains as
well as previously unreported disparities in nutritional

deficiencies, endocrine disorders, and sense organ
diseases.
South Asians, Pakistani and Bangladeshi groups more
than Indian, have relatively high risk of diabetes, coronary heart disease [21–24], asthma [5, 25], and certain
gastrointestinal diseases [26]. The Pakistani group is also
associated with higher risk of respiratory disease admission [27].
Black ethnic groups have higher risk of hypertension
and diabetes [21]. Older studies showed higher risk of
asthma admission among Black ethnic groups [28], while
a more recent study did not find a higher risk of first
asthma admission in Black ethnic groups compared to
the White British group [25].
The results of this study confirmed previously reported risks for cardiovascular diseases, chest pain,
and respiratory diseases with a few exceptions, e.g.
Bangladeshis were not strongly associated with diabetes and respiratory disease admission and South
Asians were not associated with gastrointestinal diseases. The reason for the latter is likely to be that the
previous study only found an association for two less
common gastrointestinal diseases, ulcerative colitis
and Crohn’s disease [26], and that any association
could have been swamped out by more common
gastrointestinal disorders less specific to any particular ethnic group.
For diabetes, the Black Caribbean group had more
than twice the admission risk of the White British group.
The results also showed inequalities in areas that – to
our knowledge - have not previously been reported in
the UK, i.e. higher risk of nutritional deficiencies
(Bangladeshi and Pakistani), endocrine disorders (Black
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Table 2 Total number of admissions by Global Burden of Disease (Level 1) category in England, 2009–2013
GBD Level 1 Conditions

Freq.

1A Infectious and parasitic diseases

828,652

%
2.0

1B Respiratory infections

1,458,212

3.6

1C Maternal conditions

4,469,195

10.9

1D Perinatal conditions

455,236

1.1

1E Nutritional deficiencies

330,211

0.8

2A Malignant neoplasms

1,566,246

3.8

2B Other neoplasms

981,990

2.4

2C Diabetes mellitus

160,722

0.4

2D Endocrine disorders

515,230

1.3

2E Neuro-psychiatric conditions

1,965,073

4.8

2F Sense organ diseases

2,078,647

5.1

2G Cardiovascular diseases

2,699,978

6.6

2H Respiratory diseases

1,485,766

3.6

2I Digestive diseases

4,994,943

12.2

2 J Genito-urinary diseases

3,166,208

7.7

2 K Skin diseases

1,124,447

2.7

2 L Musculoskeletal diseases

3,981,799

9.7

2 M Congenital anomalies

307,166

0.8

2 N Oral conditions

1,187,828

2.9

30 Injuries

3,140,995

7.7

X102 Nonspecific chest pain

882,626

2.2

X176 Contraceptive and procreative management

150,778

0.4

X251 Abdominal pain

945,531

2.3

X257 Other aftercare

551,236

1.3

X259 Residual codes – unclassified

402,126

1.0

XR Symptoms signs and abnormal clinical and laboratory findings

528,269

1.3

XZ Factors influencing health status and contact with health services

568,870

1.4

Other

126

0.0

Total

40,928,105

100

African, Black Caribbean, and Other), and sense organ
diseases (South Asian and Other).
Nutritional deficiencies can generally be classed as
preventable and further studies would be required to
identify relevant preventive measures for the identified ethnic groups, especially Bangladeshi, Pakistani
and Other. The dominant nutritional deficiency was
iron deficiency anaemia, which can be associated
with dietary deficiency, increased loss or requirement, or malabsorption due to underlying health
conditions [29].
This high-level analysis revealed ethnic inequalities in
endocrine disorders for the Black African group, Black
Caribbean group, and the Other group. The dominant
endocrine disorder for these groups were sickle-cell

disorders, which are rare genetic disorders typically
found in persons with ancestors from sub-Saharan Africa [30].
Sense organ diseases were higher in Other and South
Asian groups. The dominant sense organ condition for
all ethnic groups was cataracts. This pattern is consistent
with a UK survey of South Asian patients that showed
higher cataract prevalence than the general population
of the UK and the US [31].
The overall results show that ethnic disparities are
wide ranging and involving many different care pathways. For some of these pathways there are well
established secondary preventive care in the primary
and community care sector, e.g. the monitory of patients with diabetes or heart conditions in general
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Table 3 Age-adjusted odds ratios of admission incidence relative to White British group. Blue shading shows odds ratios
significantly below White British group; red shading above. Darker tones show less than half and more than twice, respectively. Nonsignificant (ns) results shown on background. NHS-recorded ethnicity replaced with EE prediction where missing
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Table 4 Age- and deprivation-adjusted odds ratios of admission incidence relative to White British group. Blue shading shows odds
ratios significantly below White British group; red shading above. Darker tones show less than half and more than twice,
respectively. Non-significant (ns) results shown on background. NHS-recorded ethnicity replaced with EE prediction where missing
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Table 5 Age- and deprivation- adjusted odds ratios (OR 95% CI) for all-cause hospitalisation. NHS-recorded ethnicity replaced with
EE prediction where missing
Ethnic group

Case (N)

No case (N)

Age- adj. OR (95% CI)

P

Age-deprivation-adj. OR (95% CI)

P

White British

33,540,548

177,855,632

Ref

–

Ref

–

Asian Other

466,524

3,630,486

0.85 (0.85–0.86)

<.001

0.84 (0.84–0.84)

<.001

Bangladeshi

251,031

1,931,539

0.93 (0.92–0.93)

<.001

0.88 (0.87–0.88)

<.001

Chinese

140,011

1,757,504

0.51 (0.51–0.51)

<.001

0.50 (0.50–0.50)

<.001

Indian

862,039

6,116,471

0.88 (0.88–0.88)

<.001

0.86 (0.85–0.86)

<.001

Pakistani

856,301

4,705,109

1.28 (1.28–1.29)

<.001

1.21 (1.21–1.21)

<.001

Black African

572,582

4,316,123

0.94 (0.94–0.95)

<.001

0.90 (0.90–0.90)

<.001

Black Caribbean

395,784

2,559,296

0.90 (0.90–0.91)

<.001

0.86 (0.86–0.86)

<.001

Other

939,127

3,466,723

1.83 (1.83–1.83)

<.001

1.76 (1.76–1.76)

<.001

White Other

1,903,020

10,247,030

1.14 (1.14–1.14)

<.001

1.13 (1.12–1.13)

<.001

Mixed

409,131

5,555,264

0.55 (0.55–0.55)

<.001

0.54 (0.53–0.53)

<.001

practice. This raises the question – in general and for
further research - whether preventive infrastructures
are used optimally by ethnic groups with known
higher risk profiles, i.e. whether more could be done
to prevent hospitalisation. This particular study was

designed to detect ethnic inequalities in admissions
overall and further studies would be required to narrow in on particular unmet needs and any specific
barriers that ethnic groups may face navigating the
healthcare system.

Fig. 1 Map of all-cause hospitalisation per 100,000 population, 2009–2013, for White British
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Fig. 2 Map of all-cause hospitalisation per 100,000 population, 2009–2013, for Pakistani

After more than two decades of policies and initiatives
to explicitly reduce ethnic inequalities in the UK [1, 2], a
review published in 2020 disconcertingly found evidence
of persistent inequalities across many domains [3]. The
review also found ethnic minorities less satisfied with
the health services than the White British group and that
they reported longer waiting times before being seen by
a cancer specialist.
Chinese and mixed ethnic groups typically had
much lower admission incidence that the White British group. The Chinese minority are known to have
lower hospitalisation risk, good self-reported health
[22], and lower mortality risk [32]. While the Chinese
minority may have fewer health needs, they might
also be less well recorded by NHS services compared
to other groups due to a preference for traditional
Chinese medicine [33].
Self-reported ethnicity information was missing for
7.3% of patients and was reduced to 0.2% by imputing
ethnicity from patient surname to give a more
complete representation. The sensitivity for the
surname-derived information was better in some

groups, e.g. more than 90% for White British and just
above 50% for Black African. These biases must be
acknowledged although limited since only 7.3% of patients in HES had no ethnicity data. The regression
analyses in this study however yielded similar results
with and without the surname imputation. The differences in sensitivity of the EE software are consistent
with other studies and reflect factors such as differences in naming practices, sense of belonging, and
migration history [13]. Although the sensitivity of the
software is not equal for all groups, the alternatives
in most cases are to analyse the data as complete
case or imputing as if missing at random. The EE
software is currently under development to improve
its sensitivity and range not least for more recent expansions of the Census ethnicity classification with
groups such as Arab and Roma.
A survey of cancer patients found consistency between NHS-recorded and self-reported ethnicity for
95% of participants [34]. This is a strength in relation
to the use of self-reported ethnicity denominators
from the Census.
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Fig. 3 Map of all-cause hospitalisation per 100,000 population, 2009–2013, for Other ethnic group

Conclusion
The study found stark disparities between ethnic minorities in hospitalisation for a sweep of conditions. Ethnic inequalities in health are well known for conditions such as
cardiovascular diseases, respiratory diseases, and diabetes,
but this study also found inequalities in nutritional deficiencies, endocrine disorders, and sense organ diseases.
Further studies would be required to map out the relevant care pathways for ethnic minorities and establish
whether preventive measures can be strengthened.
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