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SUMMARY

Aims: To investigate the rates and risk of hospitalisations in patients with type 2

diabetes (T2D) mellitus in England. Methods: This retrospective population-based

cohort study used computerised records from the General Practice Research Data-

base linked to Hospital Episode Statistics data in England. Patients with T2D from

January 2006 to December 2010 were selected. Primary outcome measures were

all-cause, non-diabetes-related, diabetes-related and hypoglycaemia-related hospi-

talisations. Factors associated with all-cause and diabetes-related hospitalisations

were investigated with Cox’s proportional hazards models. Results: Amongst

97,689 patients with T2D, approximately 60% had at least one hospitalisation

during the 4-year study period. Rates of hospitalisation were as follows: all-cause,

33.9 per 100 patient-years (pt-yrs); non-diabetes-related, 29.1 per 100 pt-yrs; dia-

betes-related, 18.8 per 100 pt-yrs and hypoglycaemia, 0.3 per 100 pt-yrs. The risk

of all-cause hospitalisation increased with hospitalisation in the previous year,

insulin use and the presence of major comorbidities. The risk of a diabetes-related

hospitalisation increased with age, female gender, insulin use, chronic renal insuffi-

ciency, hypoglycaemia (as diagnosed by a general practitioner) and diabetes-

related hospitalisation in the previous year. Conclusions: Patients with T2D are

hospitalised at a considerably high rate for causes directly related with diabetes

complications and stay longer in hospital. History of hospitalisation and compli-

cations of diabetes were found to be predictive of inpatient hospitalisations sug-

gesting previous hospitalisation episodes could serve as points of intervention.

This study highlights important areas for healthcare intervention and provides a

reminder for vigilance when risk factors for hospitalisation in patients with T2D

are present.

What’s known
The prevalence of diabetes among adults in the

United Kingdom is high. Patients with type 2

diabetes (T2D) are at an increased risk of vascular

complications, morbidity and mortality and are

twice as likely to be admitted to hospital and

experience prolonged stays, imposing a significant

burden to the healthcare system. Previous studies

that attempted to quantify hospitalisation rates

amongst patients with T2D in England were limited

to small and unrepresentative regional samples.

What’s new
This study is the first to examine a cohort of

nationally representative patients with T2D treated

in primary care with data linked to hospital

admission records in England. Results provide new

important insight into the frequency and

characteristics of hospitalisations amongst patients

with T2D in England to help healthcare

professionals improve the management of these

patients and their quality of life; thus, contributing

to decrease the burden to the National Health

Service.

Introduction

Diabetes is a complex group of metabolic disorders

associated with impaired insulin secretion and variable

degrees of peripheral insulin resistance (1). A progres-

sive condition, type 2 diabetes (T2D) is characterised

by deficient insulin activity arising from decreased

insulin secretion secondary to beta cell failure, com-

promised insulin action in peripheral target tissues, or

a combination of these abnormalities. The prevalence

of diabetes among adults in the United Kingdom

(UK) is estimated to be 6.8% (2), of which 90% are

estimated to be patients with T2D. A further million

people are estimated to remain undiagnosed (3).

Poor glycaemic control, blood pressure, low-den-

sity lipoprotein and cholesterol control (4), as well

as high body mass index (BMI) contribute to the

high burden of T2D to the healthcare system.

Patients with T2D are at an increased risk of vascu-

lar complications including cardiovascular (CV)

morbidity and mortality (5–8), and are twice as

likely to be admitted to hospital and experience

prolonged inpatient stays (9–11). As a consequence

of these complications, these patients are more than

twice as costly to manage than those without

diabetes (12). The direct cost is estimated to be

around 7–12% of total annual National Health Ser-

vice (NHS) expenditure in England (13,14); indirect
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societal and productivity costs have been estimated

to be even higher (14,15).

Evidence has shown that tight glycaemic control

(fasting blood glucose concentration less than

6 mmol/l) has an effect on reducing the risk of

microvascular complications (16) and optimal

patient management involves a challenging interplay

of factors (17). For example, striving for ideal glycae-

mic control may result in episodes of hypoglycaemia,

which may in turn have negative effects on medica-

tion adherence (18), while untreated severe hypo-

glycaemia can lead to inpatient hospital admissions

(19), and in rare cases, brain damage and death.

Current NHS policy targets improving the man-

agement of chronic disease patients, including those

with T2D, as an important strategy for improving

health outcomes and controlling healthcare expendi-

ture (20). Furthermore, identification of risk factors

for hospitalisation of patients with T2D and patient

subgroups who may be managed as outpatients is

important in reducing healthcare costs. Previous

studies have attempted to quantify hospitalisation

rates amongst patients with T2D in England; how-

ever, conclusions were limited to small and unrepre-

sentative samples in specific regions (21–23).
Accordingly, the aim of this study was to quantify

the frequency of hospitalisation amongst patients

with T2D in England and describe their characteris-

tics. Specifically, the objectives were to estimate the

rate of hospitalisations, report common primary

causes and characteristics of hospitalisations, and to

identify demographic, clinical and treatment-related

factors associated with all-cause and diabetes-related

hospitalisations amongst patients with T2D.

Methods

Data source
This retrospective cohort study utilised the linkage of

the General Practice Research Database (GPRD) and

the Hospital Episode Statistics (HES) data warehouse

in England, being the first known diabetes study of

this nature in the UK.

The GPRD1 (24), managed by the MHRA, com-

prises diagnostic and prescription data of 5.2 million

active patients from 640 practices which have passed

quality control validation. These practices are consid-

ered to be broadly representative of the wider UK

population (25).

The HES is a data source containing details of all

admissions to NHS hospitals in England (26),

including demographic data, dates of hospital admis-

sion, diagnoses and surgical procedures. Records are

coded using a combination of International Statisti-

cal Classification of Disease and Related Health

Problems (ICD-10) and Office of Population, Cen-

suses and Surveys Classification of Surgical Opera-

tions and Procedure (OPCS4) codes for diagnoses

and procedures, respectively.

At the time of the study, 56% of the 640 general

practices within the GPRD had individual patient

data anonymously linked to HES (KC, Personal

Communication, GPRD). Linkages were performed

using unique NHS number, date of birth, gender

and postcode of residence, and contained informa-

tion on admissions from 1 April 1997 through to 31

December 2011.

Cohort identification
We identified all active patients registered at GPRD

practices, 18 years of age and over, with T2D diag-

nosed or treated during, or prior to, the study per-

iod (January 2006 to December 2010). We defined

patients with T2D as either requiring: (i) a diagnosis

of T2D or a prescription for an oral antidiabetic or

glucagon-like peptide 1 (GLP-1) or (ii) a diagnosis

of T2D and insulin using Read codes, a standardised

clinical coding system used by general practitioners

(GPs) in the UK (27) (Data S1). Patients were

excluded if diagnosed with type 1 diabetes (T1D)

mellitus, gestational diabetes, polycystic ovary syn-

drome, were pregnant at the start of or during the

study period, did not have at least 1 day of follow-

up in their medical record or if the practice where

they received care did not meet data quality stan-

dards (24). The date of first diagnosis or prescrip-

tion of anti-diabetic medication in the study period

defined entry to the cohort. If patients were diag-

nosed or prescribed treatment prior to the study

period, they were defined as ‘prevalent’ and entry to

the study (index date) was set to 1 January 2006,

the start of the study period. Follow-up was defined

as time from study entry to the end of patient fol-

low-up (last data collection date [December 2011],

transfer out of the practice, end of HES record or

death, whichever came first, allowing for the oppor-

tunity of at least 1 year, up to 5 years of follow-up).

We restricted our study sample to patients from

practices that had consented to linkage with HES

records, if available, in accordance with the study

objectives. No statistically significant differences in

demographic and relevant clinical data were found

between linked and non-linked patients (data not

shown).

1Since 1 April 2012, the Clinical Practice Research Datalink
(CPRD) combines the resources of the GPRD and the Research
Capability Programme piloted over the last 4 years by the
National Institute for Health Research (NIHR). CPRD is hosted
and managed by the Medicines and Healthcare Products Regula-
tory Agency (MHRA).
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Outcome measures
The primary outcome of this study was hospital

admission in the HES records. The primary reason

for admission was identified by the responsible

healthcare practitioner at the time of hospital admis-

sion and used to classify admission by type: (i)

diabetes-related (including those related to hypo-

glycaemia) and (ii) non-diabetes-related. Classifica-

tion of reason for admission as diabetes-related was

based on a previously identified list of ICD-9 and

OPCS4 codes as described by Donnan et al. (28), as

appropriate, which included neurological, renal,

endocrine/metabolic, ophthalmic and CV complica-

tions. Non-diabetes-related hospitalisations included

all other reasons for hospitalisation not classified as

diabetes-related. Hospitalisation admission rates were

calculated overall and by age groups in 10-year

bands. A sensitivity analysis was conducted amongst

those who experienced a hypoglycaemia-related hos-

pitalisation as either the primary, or ‘other’ cause of

hospitalisation. Predictors of all-cause hospitalisa-

tions and diabetes-related hospitalisations were also

examined.

Analysis
Survival analysis was used to calculate unadjusted

rates of hospitalisation. All hospitalisation events

during follow-up, defined as the period from study

entry until end of follow-up or a hospital admission,

were used. Patients who experienced more than one

hospitalisation re-entered the study after the preced-

ing hospitalisation event. To take account of the

probability of repeated hospitalisation for the same

patient, hospitalisation events were clustered by

patient and hospitalisation type (29). Rates and 95%

confidence intervals (CIs) were reported by age

group and hospitalisation type.

Length of stay (LOS) and frequency of admission

were calculated using summary statistics (mean, stan-

dard deviation [SD], median, interquartile ranges

[IQR]) on all hospital events from a subsample of

patients with at least 12 months of follow-up,

excluding those with a missing discharge date. Same

day admissions and discharges were counted as

1 day admissions.

To investigate potential risk factors associated

with hospitalisation, a subgroup of prevalent

patients was used, as the risk factors (due to disease

severity and treatment patterns) for hospitalisation

are likely to differ from newly diagnosed patients.

Two groups of patients were analysed: (i) all preva-

lent patients, to investigate factors associated with

all-cause hospitalisation and (ii) a subset of preva-

lent patients who had experienced at least one hos-

pitalisation, to investigate factors associated with a

diabetes-related hospitalisation. A set of demo-

graphic, clinical and laboratory variables based on

previous studies were selected (a priori) as potential

risk factors, as defined by clinical Read codes, and

investigated for possible confounding effects, as

appropriate, at the start of the study period. Per-

centages of missing data were reported. The first

hospitalisation event in the study period was used

for the analysis, and the type of event (i.e., diabetes

vs. non-diabetes hospitalisation) determined categor-

isation of hospitalisation. Univariate analyses were

conducted using v2 tests for categorical variables

and t-test/Wilcoxon rank sum tests for continuous

variables. Multivariable Cox regression models were

used to identify factors associated with a hospitalisa-

tion, and a backward stepwise selection process was

used to identify the included covariates as those sta-

tistically significant at 95% level of confidence. Haz-

ard ratios and 95% CIs were reported. The

proportional hazard assumption was investigated by

testing for a non-zero slope of the scaled Schoenfeld

residuals on functions of time.

Analyses were performed using STATA/MP v.11 64bit

software package (StataCorp LP, College Station, TX).

The study was approved by the Independent Scientific

Advisory Committee that provides advice to the

MHRA on study design (ISAC protocol 11-072).

Results

Population demographics
We identified 97,689 patients with T2D and a

HES-linked GPRD record; mean age 64.9 years,

54.4% male, mean BMI 30.8 kg/m2 (SD: 6.3, 20.3%

missing). Clinical records from the 12 months prior

to the study period indicated that 44.7% of patients

had reasonably well-controlled levels of blood sugar

(median HbA1c 7.1%; IQR: 6.4–8.1; 26.1% miss-

ing). Average total cholesterol was 149.8 mg/dl (SD:

39.9; 42.8% missing). Mean estimated glomerular

filtration rate (eGFR) values were 68.3 ml/min (SD:

19.6; 9.9% missing). Overall 28,487 (29.2%)

patients were ‘incident’ cases diagnosed during the

study period. Of these patients, 23.6% received dia-

betes treatment at the time of diagnosis: biguanides

(87.8%) or sulphonylureas (11.6%). The remaining

69,202 (70.8%) patients were prevalent (i.e., had

been diagnosed prior to the study period). Amongst

these patients, 69.0% were receiving drug treatment

at the start of the study period: biguanides

(69.2%), sulphonylureas (41.5%) and long/interme-

diate acting insulin (19.8%). Median time since

T2D diagnosis for the prevalent patient group was

4.6 (IQR: 1.9–6.2) years at the start of the study

period.
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Rates of hospitalisation
The median follow-up duration per patient was

4.8 years (IQR: 2.9–4.9), which represented 763,292

patient-years (pt-yrs). During follow-up, 59.4% of

patients had at least one hospitalisation (65.0% in

the prevalent cohort; 45.8% in the incident cohort)

accounting for a total of 258,383 hospitalisation

admissions. The rates of hospitalisation were 33.9,

29.1, 18.8 and 0.3 per 100 pt-yrs for all-cause, non-

diabetes-related, diabetes-related and hypoglycaemia

related hospitalisations, respectively. Patients who

were hospitalised due to causes unrelated to diabetes

showed a higher rate of hospitalisation in younger

age groups. This pattern was not seen in patients

who were hospitalised for diabetes-related causes,

where rates increased steadily with age (Figure 1).

Reasons and characteristics of hospitalisation
The characteristics of hospitalisation by type of

admission are summarised in Table 1. The median

LOS was 1 day (IQR: 1–4) as more than half of the

hospitalisations (58.6%) were same day admissions

and did not require an overnight stay. For episodes

that required at least one overnight stay, median

LOS was 6 days (IQR: 3–13) for diabetes-related hos-

pitalisations and 5 days (IQR: 3–11) for non-diabe-

tes-related hospitalisations.

Amongst hospitalisation events classified as diabe-

tes-related, the most frequently occurring reasons

were: renal failure (33.6%), hypertension (12.6%)

and cataract (12.0%), which seldom required an

overnight stay. For those who did, admissions due to

renal failure had a mean LOS longer than the average

diabetes-related episodes. Hypoglycaemia-related

admissions accounted for 1.2% of diabetes-related

admissions, and more than 80% required an over-

night stay. For non-diabetes-related hospitalisations,

the most frequently occurring reasons were: athero-

sclerotic heart disease (3.1%), anaemia (1.7%) and

‘unspecified’ illness (1.4%).

Factors associated with hospitalisation
Among prevalent patients with T2D in the cohort,

40,770 (62.0%) had at least one (all-cause) hospitali-

sation after the start of the study period and com-

plete information for variables included in the Cox

model. Of these, a subset of 20,706 (50.8%) patients

had one or more diabetes-related hospitalisation(s)

during follow-up. Key demographic features and

comorbidities are summarised in Table 2.

The results of the Cox regression analyses are pre-

sented in Tables 3 and 4. For all-cause hospitalisa-

tion, hospitalisation in the previous year was the

strongest predictor; these patients were almost twice

as likely to experience a subsequent hospitalisation.

Other factors associated with all-cause hospitalisation

included insulin use, older age, male gender, higher

HbA1c values and presence of major comorbidities,

especially of the liver and kidney (as represented by

the eGFR) (Table 3). Factors associated with an

increased risk of a diabetes-related compared with a

non-diabetes-related hospitalisation are presented in

Table 4. A diabetes-related hospitalisation in previ-

ous year was the strongest predictor of subsequent

diabetes-related hospitalisation. A diagnosis of

chronic renal insufficiency or amputation on or prior

to the start of the study and insulin use were also

associated with a diabetes-related hospitalisation, as

well as higher HbA1c values and previous diagnosis

of hypoglycaemia.

Figure 1 Hospitalisation rates per 100 patient-years amongst patients with T2D by age group. Error bars represent 95%

confidence intervals of the rates
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Discussion

The rates of all-cause, non-diabetes-related and dia-

betes-related hospitalisations amongst patients with

T2D in England represent a significant burden to the

NHS (13,30). Approximately half the hospitalisation

events observed in this study were day admissions.

For those requiring at least one overnight stay, LOS

was higher for diabetes-related admissions. The most

frequent diabetes-related hospitalisations were related

to renal failure, hypertension and cataract; whilst for

non-diabetes-related hospitalisations atherosclerotic

heart disease, anaemia and ‘unspecified’ illness were

most frequently reported. Factors associated with all-

cause hospitalisation included hospitalisation in the

previous year, low eGFR, insulin use and presence of

major comorbidities. Although men were more likely

to be hospitalised, women were more likely to be

hospitalised for a diabetes-related cause. The risk of

a diabetes-related hospitalisation was found to

increase with insulin use, age, presence of chronic

renal insufficiency, hypoglycaemia (as diagnosed by a

GP) and diabetes-related hospitalisation in the previ-

ous year.

Comparison with previous literature
In the current study, the observed rate for all-cause

hospitalisations amongst patients with T2D (33.8 per

100 pt yrs) was higher than estimated from most

previous reports. Rates of 24.2% and 27.1% per year

were reported in patients from the Italian region

of Turin (31) and from Tayside, Scotland (28) addi-

tionally, rates of 31.5% and 50.7% were found in

a 4-year follow-up study in England (21) and over

3-year follow-up in Finland (32), respectively. How-

ever, these studies included limited populations

restricted to a specific geographic location, age group

or specific anti-diabetic treatment.

Furthermore, the rate of a diabetes-related hospital-

isation in the current study was higher than an Italian

study of patients with both T1D and T2D which

reported a proportion of 23.9% per year (33). Direct

comparison is difficult, as definitions of hospital-

isations due to diabetes-related complications and

healthcare settings that may influence inpatient admis-

sions are variable across studies and countries. This

study included a broad range of diabetes patients at

various stages of disease progression and severity, and

included day admissions as collected from hospital

records, in contrast with previous reports.

The rate of hospitalisation related to hypoglycaemia

reported was lower than found in previous studies

(19,34,35). This may be due to our methodology,

limiting the cause of admission to the primary diagno-

sis, or the possibility of misclassification of hypo-

glycaemia admissions. Service (36) reported that

hypoglycaemia has numerous causes including severe

systemic illness, advanced malnutrition, various medi-

cation use, malignancy and frailty. If recorded in place

of hypoglycaemia as the primary cause for hospital

admission, such cases would not be included in the

estimated rate. Previous studies reporting higher prev-

alence of hypoglycaemia-related admissions verified

the occurrence of hypoglycaemia with additional

information from the clinical records (21,34), while

others have used discharge data rather than admission

data (37). To test the sensitivity of our estimate,

the rate of hypoglycaemia-related admission was

calculated when hypoglycaemia was recorded either as

the primary, or ‘other’ cause of hospitalisation. This

Table 1 Characteristics of hospitalisations by type of admission amongst patients with T2D with at least 12 months of

follow-up

Hospitalisation characteristics All hospitalisations

Diabetes-related

hospitalisations

Non-diabetes-related

hospitalisations

Number of patients* 57,993 (100.00%) 27,441 (47.32%) 50,387 (86.88%)

Number of hospitalisation events n (%) 257,826 (100.00%) 97,759 (37.92%) 160,067 (62.08%)

Length of stay† (days) for each event Mean (SD) 5.11 (12.40) 4.19 (10.71) 5.67 (13.30)

Median (min, max) 1 (1, 673) 1 (1, 372) 1 (1, 673)

IQ range 1–4 1–2 1–5

Number of hospitalisation

events with ≥ 1 overnight

n (%) 106,797 (41.42%) 29,460 (30.14%) 77,337 (48.32%)

Length of stay (days) for

events requiring ≥ 1 overnight

Mean (SD) 10.93 (17.71) 11.59 (17.39) 10.67 (17.83)

Median

(min, max)

6 (2, 673) 6 (2, 372) 5 (2, 673)

IQ range 3–12 3–13 3–11

*Patients may be included twice if they had a diabetes and non-diabetes-related hospitalisation.

†Length of stay = 1 day for patients admitted and discharged on the same day.
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doubled the rate from 0.30 to 0.62 per 100 pt-yrs. This

remains lower than that seen in other studies focussing

on insulin or sulphonylurea use, which are known to

be predictors of severe hypoglycaemia (19,34,37–39),
in patients with T2D. In our study, both incident and

prevalent patients were included, and only 14.6% and

30.4% were being treated with insulin and sulphonylu-

reas (with or without insulin), respectively. For treated

patients, both insulin treatment and sulphonylurea use

were significantly associated with all-cause hospitalisa-

tion. Insulin treatment was also significantly associated

with diabetes-related hospitalisations.

Median duration of hospitalisation with an over-

night stay was found to be 6 days for diabetes, and

5 days for non-diabetes-related admissions in Eng-

land. These results are within estimates reported

from comparable countries ranging from 4.9 to

10.7 days (average of 8 days), and higher than those

found for non-diabetic patients (28,40–42). However,

LOS is likely to be influenced by country-specific

healthcare systems and coverage.

Previous studies reporting risk factors associated

with hospitalisation amongst patients with T2D

have reported conflicting results (21,43–45). We

found insulin treatment to be predictive of both

all-cause hospitalisations and diabetes-related hospi-

talisations, perhaps indicating increased duration

and severity of disease; a finding supported by a

United States claims database study and an Italian

study utilising hospital admission data (19,31).

Moss et al. found HbA1c level to be the strongest

predictive risk factor for hospitalisations; however

pre-existing chronic conditions were not evaluated

(21). Similar to results of the current study, previ-

ous studies have reported chronic complications

and severe comorbidities of T2D to increase risk of

hospitalisation (44,46). The presence of major com-

orbidities as risk factors for hospitalisation further

highlight the need to implement preventative strate-

gies as recently indicated by NICE public health

guidance 38, which encourage providers of public

health services to perform risk assessments in

higher risk population groups and match interven-

tions to risks identified (47). Disproportionate use

of healthcare resources, often as a consequence of

the heavy burden of comorbidities, has been

reported in previous studies of patients with diabe-

tes (48,49). Therefore, reduction of diabetes-related

Table 2 Patient characteristics at baseline amongst prevalent patients with T2D*

Patients with T2D All patients

No hospitalisation

(post-index)

≥ 1 All-cause

hospitalisation

(post-index)

≥ 1 Diabetes-

related

hospitalisation*

(post-index)

≥ 1 Non-diabetes-

related

hospitalisation*

(post-index)

Total patients, n (%) 65,756 (100.0%) 24,986 (38.0%) 40,770 (62.0%) 20,706 (50.8%) 20,083 (49.2%)

Male, n (%) 35,975 (54.7%) 14,296 (57.2%) 21,679 (53.2%) 11,018 (53.2%) 10,674 (53.2%)

Age, mean (SD) 67.1 (12.7) 64.5 (13.1) 68.8 (12.2) 70.8 (11.6) 66.6 (12.5)

Years since T2D diagnosis, mean (SD) 4.7 (3.4) 4.4 (3.3) 5.0 (3.6) 5.4 (3.7) 4.6 (3.3)

HbA1c value ≤ 6 months pre-index, mean (SD) 7.4 (1.4) 7.3 (1.4) 7.4 (1.5) 7.5 (1.5) 7.3 (1.4)

BMI value ≤ 12 months pre-index, mean (SD), (kg/m2) 30.2 (6.1) 30.2 (6.1) 30.2 (6.2) 30.0 (6.0) 30.5 (6.3)

eGFR, mean (SD), (ml/min) 66.6 (19.8) 69.4 (19.4) 64.9 (19.8) 62.0 (20.1) 67.9 (19.0)

Hospitalisation in previous year, n (%) 16,711 (25.4%) 4208 (16.8%) 12,503 (30.7%) 7186 (34.7%) 5325 (26.5%)

Insulin treatment, n (%) 9603 (14.6%) 2900 (11.6%) 6703 (16.4%) 4115 (19.9%) 2597 (12.9%)

Sulphonylurea treatment, n (%) 19,973 (30.4%) 7143 (28.6%) 12,830 (31.5%) 6904 (33.3%) 5933 (29.5%)

Peripheral circulatory disorder, n (%) 5930 (9.0%) 2115 (8.5%) 3815 (9.4%) 2063 (10.0%) 1753 (8.7%)

Neurological complications, n (%) 23,645 (36.0%) 7340 (29.4%) 16,305 (40.0%) 9460 (45.7%) 6851 (34.1%)

Cardiovascular complications, n (%) 5470 (8.3%) 1500 (6.0%) 3970 (9.7%) 2634 (12.7%) 1343 (6.7%)

Cancer, n (%) 6401 (9.7%) 1782 (7.1%) 4619 (11.3%) 2425 (11.7%) 2196 (10.9%)

Cerebrovascular complications, n (%) 1295 (2.0%) 401 (1.6%) 894 (2.2%) 558 (2.7%) 336 (1.7%)

Endocrine/metabolic complications, n (%) 3369 (5.1%) 987 (4.0%) 2382 (5.8%) 1439 (7.0%) 945 (4.7%)

Disorders of the liver, n (%) 380 (0.6%) 109 (0.4%) 271 (0.7%) 145 (0.7%) 126 (0.6%)

Diabetes-related hospitalisation in previous year, n (%) 6087 (9.3%) 1472 (5.9%) 4615 (11.3%) 3128 (15.1%) 1492 (7.4%)

Prior amputation, n (%) 973 (1.5%) 292 (1.2%) 681 (1.7%) 446 (2.2%) 235 (1.2%)

Chronic renal insufficiency, n (%) 1564 (2.4%) 375 (1.5%) 1189 (2.9%) 874 (4.2%) 316 (1.6%)

Hypoglycaemia (as reported by GP in previous year), n (%) 3070 (4.7%) 898 (3.6%) 2172 (5.3%) 1301 (6.3%) 873 (4.4%)

*The number of patients in the first three columns corresponds to the complete cases used in the Cox regression analyses of all-cause vs. no hospitalisation; the

latter two columns represent the complete cases used in the Cox regression analyses of diabetes vs. non-diabetes hospitalisation. Due to different variables included

in the respective models, there is a difference in the patient count of 19 patients.
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Table 3 Multivariable Cox regression analysis of all-cause hospitalisation (n = 40,770) vs. no hospitalisation

(n = 24,986) amongst hospital episode statistics-linked patients (presented in decreasing magnitude of adjusted HR)

Risk factors* No. of events

Person-years

at risk

Unadjusted

HR (95% CI) Adjusted HR (95% CI)†

Hospitalisation in previous year (yes vs. no) 13,776 30,000 2.20 (2.15–2.24) 1.91 (1.87–1.96)

Disorders of the liver (yes vs. no) 294 782 1.53 (1.36–1.72) 1.48 (1.31–1.67)

eGFR (ml/min)

≥ 60 23,987 110,000 Reference Reference

31–59 15,398 51,000 1.41 (1.38–1.44) 1.07 (1.05–1.10)

≤ 30 1385 2400 2.52 (2.39–2.66) 1.41 (1.33–1.49)

Cancer (yes vs. no) 4986 13,000 1.61 (1.57–1.66) 1.26 (1.22–1.30)

Cardiovascular complications (yes vs. no) 4245 9400 1.87 (1.81–1.93) 1.24 (1.19–1.28)

Insulin treatment (yes vs. no) 7277 23,000 1.37 (1.34–1.41) 1.23 (1.20–1.27)

Neurological complications (yes vs. no) 17,372 56,000 1.46 (1.43–1.48) 1.21 (1.19–1.23)

Cerebrovascular complications (yes vs. no) 965 2800 1.42 (1.34–1.52) 1.12 (1.04–1.19)

Endocrine/metabolic complications (yes vs. no) 2594 7600 1.42 (1.37–1.48) 1.12 (1.07–1.16)

Peripheral circulatory disorder (yes vs. no) 4146 15,000 1.12 (1.09–1.16) 1.08 (1.04–1.12)

Sulphonylurea treatment (yes vs. no) 13,597 52,000 1.13 (1.10–1.15) 1.05 (1.02–1.07)

Male gender 21,679 92,550 1.11 (1.09–1.13) 1.04 (1.02–1.07)

HbA1c (%) – 1 unit change 40,770 165,761 1.02 (1.01–1.02) 1.03 (1.02–1.04)

Age (year) – 1 year change 40,770 165,761 1.02 (1.02–1.02) 1.02 (1.02–1.02)

Time since diagnosis (years) – 1 year change 40,770 165,761 1.04 (1.04–1.04) 1.01 (1.01–1.01)

*A backwards stepwise selection process was used to identify significant covariates at the 95% level for addition to the multivariable

model.

†Adjusted for age, gender, eGFR values, HbA1c values, time since diagnosis, hospitalisation in the previous year, insulin treatment,

sulphonylurea treatment, peripheral circulatory disorders, neurological complications, cardiovascular complications, cancer,

cerebrovascular complications, renal complications, endocrine complications and liver disorders.

Table 4 Multivariable Cox regression analysis of diabetes-related (n = 20,706) hospitalisations vs. non-diabetes-related

(n = 20,083) hospitalisation

Risk factors* No. of events

Person-years

at risk

Unadjusted HR

(95% CI)

Adjusted

HR (95% CI)†

Diabetes-related hospitalisation in previous year (yes vs. no) 1301 10,700 2.03 (1.96–2.10) 1.70 (1.63–1.76)

eGFR (ml/min)

≥ 60 10,841 82,000 Reference Reference

31–59 8806 46,000 1.47 (1.43–1.52) 1.17 (1.13–1.20)

≤ 30 1059 2800 2.93 (2.75–3.12) 1.71 (1.59–1.84)

Prior amputation (yes vs. no) 446 1680 1.73 (1.58–1.89) 1.38 (1.26–1.52)

Diagnosis of chronic renal insufficiency (yes vs. no) 874 2540 2.29 (2.15–2.45) 1.34 (1.25–1.45)

Insulin treatment (yes vs. no) 4115 19,100 1.47 (1.42–1.51) 1.26 (1.22–1.31)

Diagnosis of hypoglycaemia (yes vs. no) 1301 6140 1.39 (1.32–1.47) 1.09 (1.03–1.15)

HbA1c (%) – 1 unit change 20,706 130,858 1.07 (1.06–1.08) 1.08 (1.07–1.09)

Age (year) – 1 unit change 20,706 130,858 1.03 (1.02–1.03) 1.02 (1.02–1.02)

Time since diagnosis (years) – 1 unit change 20,706 130,858 1.05 (1.04–1.05) 1.02 (1.01–1.02)

Male gender 11,018 69,580 0.99 (0.96–1.01) 0.93 (0.91–0.96)

*A backwards stepwise selection process was used to identify significant covariates at the 95% level for addition to the multivariable

model.

†Adjusted for age, gender, time since diagnosis, eGFR value, prior diabetes-related hospitalisation, prior amputation, chronic renal

insufficiency, insulin treatment and diagnosis of hypoglycaemia.
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complications in patients plays an important role

in reducing the cost of hospital admissions by

shortening and/or decreasing the frequency of hos-

pital stays (50).

Strengths and limitations of results
This is the first study examining a cohort of nationally

representative patents with T2D, treated in primary

care with data linked to hospital admission records in

England. Our study of observational data in general

practice allows assessment of risk factors associated

with hospitalisation in a UK primary care setting,

given management of patients with T2D in the UK dif-

fers from management in some other countries (31).

Diagnostic coding for diabetes within GPRD is

reliable with a high positive predictive value, likely

owing to Quality Outcomes Framework guidelines

introduced in 2004, where GPs are incentivised to

keep accurate and updated clinical records for

patients with specific conditions, including diabetes

(30,51). Therefore, our data are likely to be more

reliable and complete than other studies conducted

in primary care before this period.

Hospital admissions were classified as diabetes-

related according to a pre-specified list of reasons for

hospital admission (28). It is possible that some of

the conditions listed as non-diabetes-related, such as

atherosclerotic heart disease, are in fact a complica-

tion resulting from diabetes. Similarly, some hospital

admission reasons like hypertension, which may be

independent of diabetes, were not classified as such

in this study. These two factors have opposite effects

in the true estimation of the diabetes-related hospi-

talisation rate. As we were unable to further investi-

gate the timing of the original diagnoses, and

information gathered was limited to reason for hos-

pital admission, it was not possible to determine

whether hospital admission was due to a condition

predating diabetes diagnosis, or that developed as a

result of the condition.

We acknowledge that within the GPRD, HES link-

age is approximately 50% complete within England

and potential differences in linked compared to non-

linked populations could limit generalisability of our

findings. To this end, we compared non-linked

patients with T2D to the linked cohort and no

important differences in demographic and clinical

characteristics were found, suggesting that no system-

atic difference in data from the HES-linked and non-

linked practices exist within our cohort of patients.

Conclusions

Patients with T2D are hospitalised at a considerably

high rate for causes directly related to diabetes compli-

cations and stay longer in hospital, posing a significant

burden to healthcare systems. The most common pri-

mary reasons for a diabetes-related admission are asso-

ciated with renal failure, CV disease and development

of cataract. This study investigated risk factors for

inpatient admissions amongst patients with T2D, add-

ing important knowledge of risk factors associated

with these events in England. Previous hospitalisations

and the existence of comorbidities were found to be

significant predictors of inpatient hospitalisations.

As hospitalisations are both costly and can have a

significant impact on a patient’s quality of life, appro-

priate risk management plans should be developed to

prevent or appropriately manage serious complications

associated with diabetes. Reduction of these diabetes-

related complications would reduce direct health cost

by decreasing the frequency of hospital stays. Further-

more, admissions to hospital related to diabetes may be

indicative of patients with a higher disease burden and,

therefore, should serve as points of intervention.
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