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Approximately 60 000 people in England have coexisting type 2
diabetes mellitus (T2DM) and severe mental illness (SMI). They
are more likely to have poorer health outcomes and require
more complex care pathways compared with those with T2DM
alone. Despite increasing prevalence, little is known about the
healthcare resource use and costs for people with both
conditions.

primarily by mental health and non-mental health-related hospital admissions. Key predictors of higher total costs were older
age, comorbid hypertension, use of antidepressants, use of firstgeneration antipsychotics, and increased duration of living with
both conditions. Expected lifetime costs were approximately
£35 000 per person with both SMI and T2DM. Extrapolating
nationally, this would generate total annual costs to the National
Health Service of around £250 m per year.

Aims

Conclusions

To assess the impact of SMI on healthcare resource use and
service costs for adults with T2DM, and explore the predictors of
healthcare costs and lifetime costs for people with both
conditions.

Our estimates of resource use and costs for people with both
T2DM and SMI will aid policymakers and commissioners in service planning and resource allocation.

Method
This was a matched-cohort study using data from the Clinical
Practice Research Datalink linked to Hospital Episode Statistics
for 1620 people with comorbid SMI and T2DM and 4763 people
with T2DM alone. Generalised linear models and the Bang and
Tsiatis method were used to explore cost predictors and mean
lifetime costs respectively.

Severe mental illness; type 2 diabetes; cost; resource use;
matched cohort study.

Background

Results
There were higher average annual costs for people with T2DM
and SMI (£1930 higher) than people with T2DM alone, driven
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Background

Aims

Severe mental illness (SMI), including bipolar disorder,
schizophrenia, and other psychotic disorders, has a dramatic
impact on physical health and life expectancy. Studies show that
people with SMI die on average 15 to 20 years earlier than the
general population,1,2 incurring over three times more health
service expenditure (including primary and secondary care) than
those without SMI.3,4 SMI often co-occurs with chronic physical illnesses, including diabetes.5–7 In the UK, type 2 diabetes mellitus
(T2DM) is twice as common among people with SMI as those
without,8 and each condition influences the severity of the other.7
Currently, approximately 60 000 people in England live with coexisting diabetes and SMI,9 and this number is likely to increase.8,10
Although the relationship between T2DM and SMI has been
previously explored,7 little is known about the healthcare resource
use and costs for people with both conditions. Having SMI may
lead to increased resource use in primary care,11 admissions to hospital12–14 and all-cause readmission and potentially preventable
readmissions,15–17 but it is unclear how resource consumption
and economic costs are split across primary and secondary care settings for people with T2DM and SMI. Also, predictors of healthcare
costs for this group remain unknown.

To address this evidence gap, we aimed to: (a) compare healthcare
resource use and costs for people with T2DM and SMI (exposed)
with people with T2DM but no SMI (unexposed); (b) investigate
the predictors of healthcare costs for people with both T2DM and
SMI (exposed); and (c) extrapolate the lifetime costs for people
with T2DM and SMI (exposed).
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Method
Data source
We used a matched-cohort study design. Data were extracted from
the Clinical Practice Research Datalink (CPRD) GOLD, a database
of individual patient records from UK primary care practices18
covering 9% of the population and broadly representative in
terms of age and gender.19 Data include patient demographics,
symptoms, diagnoses, prescriptions, tests, and referrals from
primary care were further linked to the Hospital Episode Statistics
(HES) for secondary care information, the Office for National
Statistics data for mortality, and the Index of Multiple
Deprivation (IMD) for area deprivation. Since HES is England-
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based (not UK-based like the CPRD), our sample only includes
practices in England.
Study population
Patients with a first diagnosis of T2DM and SMI between 1 April
2000 and 31 March 2016, and who were aged 18 or over for both
conditions were drawn from the CPRD database. T2DM was classified by the presence of diagnostic codes in primary or secondary
care data, and SMI was characterised by the presence of at least
one diagnosis for schizophrenia, schizoaffective disorder, bipolar
disorder, depression with psychosis, or other affective disorder
(such as affective psychoses, unspecified affective psychoses and
other affective psychoses) in primary or secondary care data.
Diagnoses were based on Read codes20 in CPRD and ICD-10
codes21 in HES. Detailed code lists are described in Lister et al.22
People with SMI and T2DM were matched, with a maximum
ratio of 1:4, to people diagnosed with T2DM between 1 April
2000 and 31 March 2016 but without SMI, on age (plus or minus
2 years), gender and primary care practice. Matching methods
have been described in more detailed elsewhere.23 All participants
had at least 15 months’ continuous health records up to research
standard, and at least 1 year of follow-up. All the resource utilisation
within the follow-up period was considered for the analysis. The
methods for determining the start and end dates of follow-up and
the baseline characteristics identification period (15-month
window) are presented in Supplementary Appendix 1 available at
https://doi.org/10.1192/bjp.2021.131.
Baseline characteristics included age at diagnosis of T2DM,
gender, ethnicity, area deprivation, comorbidity and medication
use. Details about derivation of variables and resolving disagreements between CRPD and HES have been described elsewhere.22,23
Area deprivation was categorised in five quintiles based on residential postcodes using IMD 2010 calculated at the Lower layer Super
Output Area level.
Cardiovascular comorbidities at baseline were measured by the
clinical diagnosis of cardiovascular disease (CVD) and hypertension. Comorbidity was summarised by the number of Charlson
comorbidities,24 excluding diabetes and diabetes with complications. Medication was defined based on prescription of three
types of medications (antidiabetes drugs, antidepressants and antipsychotics) at least once within a 15-month window. Identified
baseline characteristics were used to adjust analyses for sample
heterogeneity or to explore potential cost predictors.

calculated by the duration multiplied by the costs per minute of
staff time. Different members of staff, such as doctors and practice
nurses, attracted different unit costs. Data about the latter were
extracted from the Unit Costs of Health and Social Care (2018).26
Multiple visits to the same staff on the same day were considered
as duplicates and discarded, whereas visits to different staff on the
same day were counted separately.
Prescription data were derived from the Therapy data-set of
CPRD. Prescription costs were calculated by the number of prescriptions multiplied by unit costs from the Prescription Cost
Analysis 2018.27 Prescription records were costed at British
National Formulary subparagraph level, which provides detailed
information about a drug, including chemical substance, strength
and formulation. Higher hierarchy levels (paragraph, section, or
chapter) were used where subparagraph codes were unavailable.
Diagnostic test data were derived from the test data-set of CPRD
and included diagnostic imaging, diagnostic services and pathology
services. Following the costing approach proposed in Ride et al,25
the test records were first grouped into Healthcare Resource
Groups (HRGs) that are also used in National Health Service
(NHS) Reference Costs 2017/18.28 HRGs are the NHS equivalent
of the diagnosis-related groups in the USA, and the NHS
Reference Costs are average unit costs for NHS activities. Costs
were estimated using the type of tests multiplied by the unit costs
from the NHS Reference Costs. Details of the grouping method,
including the Read codes and corresponding HRGs appear in
Supplementary Appendix 3.
Secondary care/hospital care costs

The use and cost of secondary care was calculated only for admissions to general hospitals (including non-specialist mental health
providers). Admissions to specialist mental health hospitals such
as psychiatric hospitals were not included due to data constraint.
Both number of admissions and number of in-patient days were
reported as secondary care resource use. Hospital activities, such
as diagnoses and procedures, were first grouped into HRGs using
HRG4 + 2017/18 Reference Costs Grouper29 and then linked to
the national average costs from the NHS Reference Costs 2017/1828
at spell level. Hospital admissions and associated costs were further
split into mental and physical health-related admissions using HRG
codes.30
Statistical methods

Resource use and cost estimation
Resource use and cost estimation included both primary and secondary care services. Primary care services included general practitioner (GP) or primary care physician consultations, practice nurse
consultations, prescriptions and diagnostic tests. Secondary care
services comprised in-patient stays in general hospitals. All included
resources were costed using a bottom-up costing approach, and calculated costs were expressed in 2018 British pounds. An overview of
all the sources of healthcare utilisation data and unit costs (both
primary and secondary care) is shown in Supplementary
Appendix 2.
Primary care costs

Data relating to primary care utilisation were extracted from CPRD
based on Read codes,20 a clinical coding system that classifies diagnoses, patient characteristics, procedures and tests for primary care
in the UK. Our study included costs associated with primary care
consultations, prescriptions and diagnostic tests. Following the
approach proposed by Ride et al,25 consultation costs were

The resource utilisation and costs of both people with T2DM, with
and without SMI, were presented at aggregate annual level. A twophase analysis was conducted. The first phase estimated differences
in resource use and costs between groups using a matched-cohort
design. Unadjusted comparisons compared simple averages of
annual resource utilisation and costs. Adjusted comparisons were
performed using a series of generalised linear models (GLMs),
appropriate for non-negative and highly skewed cost and resource
data.31 All GLM regressions were adjusted for age at diagnosis of
T2DM (continuous variable), gender, ethnic group, time since diagnosis of T2DM (continuous variable) and characteristics at diagnosis of T2DM, including area deprivation, comorbid hypertension,
comorbid CVD, number of Charlson comorbidities (continuous
variable), medications (antidepressant and antidiabetes drugs) and
financial year in order to account for sample heterogeneity.
Choices of distributional family and link functions of all GLMs
were informed by the Park test32 and the Pregibon link test.33 To
ensure robustness of GLM results, a sensitivity analysis without
extreme values, defined as those over the 99th percentile, was also
conducted.
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Table 1 Baseline characteristics of people with severe mental illness
(SMI) and type 2 diabetes mellitus (T2DM) (exposed) and matched people
with T2DM but no SMI (unexposed)

Total

Exposed
(T2DM with
SMI)

Unexposed
(T2DM without
SMI)

People, n (%)
6383
1620
4763
Matched unexposed individuals, n (%)
1 unexposed
158 (9.8)
individual
2 unexposed
332 (20.5)
individuals
3 unexposed
579 (35.7)
individuals
4 unexposed
551 (34.0)
individuals
Age at diagnosis, mean (s.d.)
T2DM
57.9 (12.6)
57.4 (12.9)
58.0 (12.5)
SMI
47.8 (17.2)
Gender, n (%)
Male
3080 (48.3)
780 (48.1)
2300 (48.3)
Female
3303 (51.7)
840 (51.9)
2463 (51.7)
SMI diagnosis, n (%)
Schizophrenia
850 (52.5)
Bipolar disorder
524 (32.3)
Depression and
140 (8.6)
psychosis
Schizoaffective
83 (5.1)
disorder
Mixed and other
23 (1.4)
Diagnosis order, n (%)
SMI then T2DM
1269 (78.3)
T2DM then SMI
351 (21.7)
Ethnic group, n (%)
White
5264 (82.5)
1375 (84.9)
3889 (81.7)
Asian, Black, other,
726 (11.4)
203 (12.5)
523 (11.0)
mixed ethnicity
Unknown
393 (6.2)
42 (2.6)
351 (7.4)
Deprivation, n (%)
1st quintile (least
972 (15.2)
217 (13.4)
755 (15.9)
deprived)
2nd quintile
1210 (19.0)
275 (17.0)
935 (19.6)
3rd quintile
1215 (19.0)
281 (17.3)
934 (19.6)
4th quintile
1475 (23.1)
401 (24.8)
1074 (22.5)
5th quintile (most
1505 (23.6)
445 (27.5)
1060 (22.3)
deprived)
Unknown
6 (0.1)
1 (0.1)
5 (0.1)
Comorbidities, n (%)
2141 (33.5)
510 (31.5)
1631 (34.2)
Cardiovascular
diseasea
Hypertensiona
3513 (55.0)
777 (48.0)
2736 (57.4)
Number of Charlson
0.51 (0)
0.49 (0)
0.51 (0)
comorbidities,
mean (median)
0, n (%)
3915 (61.3)
1001 (61.8)
2914 (61.2)
1, n (%)
1880 (29.5)
485 (29.9)
1395 (29.3)
2, n (%)
440 (6.9)
99 (6.1)
341 (7.2)
≥3, n (%)
148 (2.3)
35 (2.2)
113 (2.4)
Medications, n (%)
Antidepressants
1696 (26.6)
792 (48.9)
904 (19.0)
Antipsychotics
First generation
360 (5.6)
307 (19.0)
53 (1.1)
Second
760 (11.9)
733 (45.3)
27 (0.6)
generation
Antidiabetes
893 (14.0)
251 (15.5)
642 (13.5)
Death at the end of follow-up, n (%)
Yes
740 (11.6)
234 (14.4)
506 (10.6)
No
5643 (88.4)
1386 (85.6)
4257 (89.4)
Average follow-up time for matched-cohort analysis (years)b
Mean (s.d.)
6.4 (3.7)
6.1 (3.6)
6.5 (3.7)
Median (minimum–
5.8 (1–16)
5.4 (1–16)
5.9 (1–16)
maximum)
c
Average follow-up time for cost predictor analysis (years)
(Continued )
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(Continued )

Total

Exposed
(T2DM with
SMI)

Mean (SD)
Median (minimum–
maximum)

Unexposed
(T2DM without
SMI)

5.3 (3.5)
4.5 (0.5–16)

a. Including those diagnosed by general practitioners.
b. From date of T2DM diagnosis to study end date.
c. From date of diagnosis of both T2DM and SMI to study end date.

The second phase focused on people with both T2DM and SMI
only. The cost predictors of total, primary care and secondary care
costs were explored using the multivariate GLM method as
described above. Lifetime costs (costs from having T2DM and
SMI to death) were estimated using the Bang and Tsiatis partition
method, which estimates mean costs by adjusting survival when
these costs are right censored.34 Average lifetime cost for those
that died within the follow-up period was also calculated for the
purposes of comparison. Furthermore, to estimate the economic
impact of people with T2DM and SMI to the NHS each year, prevalence-based healthcare costs were calculated based on the prevalence reported in the National Diabetes Audit9 and the average
annual cost estimated in this study. All analyses were performed
using SAS software, version 9.4 (SAS Institute, North Carolina,
US) and Stata version 15 (StataCorp LP, College Station, TX, USA).
Ethics approval and consent to participate
A data-use agreement for CPRD records and linked HES and Office
for National Statistics mortality data was granted by the
Independent Scientific Advisory Committee (ref: 17_161R).
Individual patient consent is not required for observational CPRD
studies, but patients have the opportunity to opt out of contributing
to the database.
Results
Descriptive statistics
A total of 6383 people (1620 exposed and 4763 matched unexposed
participants) were included in the analysis with 1 023 257 primary
care contacts and 22 253 hospital admission spells. Table 1 shows
baseline characteristics for the total sample, and the two groups.
The mean age of the sample population was 57.9 years
(s.d. = 12.6). Overall, 48.3% were male, 82.5% were White, 55.0%
had hypertension, 33.5% had CVDs, 26.6% were prescribed antidepressants and 17.5% received antipsychotics.
People with both T2DM and SMI (exposed) and people with
T2DM but no SMI (unexposed) were similar for age, gender and
ethnicity. As expected, those with SMI were more likely to have
been prescribed psychotropic medications (antidepressants and
antipsychotics) (chi-square, P < 0.001).
Annual resource utilisation and costs
The annual resource use and costs for the two groups are presented
in Table 2. People with SMI used more primary and secondary care
services on average every year compared with those without SMI.
On average, people with SMI received 20 primary care contacts
every year, and the majority were non-prescription or test-related
consultations. They spent a mean of 10.2 (s.d. = 29.1) days in hospital per annum, and the majority were non-mental health related
(details in Supplementary Appendix 4). The main differences
between the two groups were the all-cause annual number of
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Table 2 Average resource use per person per year for people with severe mental illness (SMI) and type 2 diabetes mellitus (T2DM) (exposed) and
matched people with T2DM alone (unexposed)
Adjusteda

Unadjusted
Exposed
(T2DM + SMI)

Total
n
Resource use, mean (s.d.)
Primary care contactsc
Consultation only
Medicine prescription related
Test related
In-patient stays
Annual number of admissionsd
Mental health relatede
Non-mental health related
Annual number of in-patient days
Mental health related
Non-mental health related
Cost, mean (s.d.), £
Total
Primary care contacts
In-patient stays
Mental health related
Non-mental health related

6383

1620

Unexposed
(T2DM only)
4763

Total
6383

Exposed
(T2DM + SMI)
1620

Unexposed
(T2DM only)

Pb

4763

16.3
9.5
5.7
1.3

(10.6)
(7.1)
(4.6)
(1.5)

20.1
12.1
6.9
1.3

(12.3)
(8.4)
(5.7)
(1.5)

15.0
8.7
5.4
1.2

(9.7)
(6.4)
(4.1)
(1.5)

16.8
9.8
5.9
1.3

(6.5)
(3.8)
(2.6)
(0.5)

20.9
12.7
7.2
1.4

(7.8)
(4.4)
(3.2)
(0.5)

15.3
8.8
5.5
1.3

(5.3)
(2.9)
(2.2)
(0.5)

<0.001***
<0.001***
0.245
0.491

0.6
0.2
0.6
4.7
0.9
3.8

(1.7)
(0.1)
(1.7)
(17.4)
(8.9)
(14.5)

0.8
0.1
0.7
10.2
3.2
7.0

(2.0)
(0.3)
(2.0)
(29.1)
(15.6)
(24.0)

0.6
0.0
0.6
2.9
0.1
2.8

(1.6)
(0.1)
(1.6)
(10.3)
(4.6)
(9.1)

0.6
0.0
0.6
6.0
2.3
4.6

(0.6)
(0.1)
(0.4)
(14.0)
(10.5)
(9.6)

0.9
0.1
0.7
15.1
8.9
10.1

(0.7)
(0.2)
(0.4)
(24.3)
(19.3)
(16.1)

0.6
0.0
0.6
2.8
0.1
2.8

(0.5)
(0.0)
(0.4)
(4.9)
(0.3)
(4.7)

0.001**
<0.001***
0.018*
<0.001***
<0.001***
<0.001***

2619
618
2001
156
1844

(7215)
(614)
(7100)
(1672)
(6834)

4059
804
3255
511
2745

(12 231)
(786)
(12 181)
(2771)
(11 771)

2129
555
1574
36
1538

(4238)
(529)
(4050)
(1039)
(3889)

2707
637
2171
343
1982

(2705)
(331)
(3034)
(1475)
(2562)

4473
849
3883
1271
3154

(3767)
(411)
(4544)
(2720)
(3578)

2109 (1888)
565 (263)
1588 (1945)
27 (83)
1584 (1954)

<0.001***
<0.001***
<0.001***
<0.001***
<0.001***

a. Adjusted for age at diagnosis of T2DM, gender, ethnic group, time since diagnosis of T2DM, and characteristics at diagnosis of T2DM, including area deprivation, comorbid hypertension,
comorbid cardiovascular disease, number of Charlson comorbidities, medications (antidepressant and antidiabetes drugs) and financial year.
b. For difference between adjusted cases and controls.
c. Including all the consultation records from medical staff with associated Read code.
d. Number of admissions is at the spell level. Hence, if a person transfers to another hospital, it will count as two admissions.
e. Spells contain mental health-related Healthcare Resource Groups codes.
***P < 0.001, **P < 0.01, *P < 0.05.

hospital in-patient days (10.2 and 2.9 days for exposed and unexposed individuals, respectively), the annual number of consultations
(12.1 contacts for exposed versus 8.7 contacts for unexposed individuals) and the all-cause annual number of admissions (0.8 admissions for people with SMI versus 0.6 for those without SMI). The
differences remained significant even after extreme values were
removed (Supplementary Appendix 5).
Unadjusted mean annual costs per patient were £4059 (s.d. = 12
231) for people with SMI. This is £1930 higher compared with those
without SMI, with £2129 (s.d. = 4238). Admission to hospital was
the main contributor to the annual costs, accounting for 80.2%
and 73.9% of overall healthcare expenditure for those with and
without SMI, respectively.
Table 2 summarises the results of the GLM models adjusting for
age at diagnosis of T2DM, gender, ethnic group, time since diagnosis of T2DM and characteristics at diagnosis of T2DM, including
area deprivation, comorbid hypertension, comorbid CVD,
number of Charlson comorbidities and medications (antidepressant
and antidiabetes drugs). Adjusted differences in resource utilisation
and costs between those with and without SMI were significant, with
the exception of differences in the numbers of prescription-related
and test-related consultations (further details in Supplementary
Appendix 6).
Cost predictors of total costs for people with T2DM and
SMI
The results of the analysis using GLM models for predictors of total,
primary and secondary care costs for those with T2DM and SMI can
be found in Table 3. Key predictors of higher total costs for those
were older age at diagnosis (for the latest of SMI or T2DM),
comorbid hypertension, use of antidepressants, use of first-generation antipsychotics, and longer duration of both T2DM and SMI.
For example, the average marginal effect of time since having
T2DM and SMI is £1666 (95% CI 1160–2172), suggesting that the
total cost was increased by £1666 (95% CI 1160–2172) when

people lived one additional year of living with both conditions. In
addition, younger age, female gender, White ethnicity, diagnosis
with bipolar disorder or depression and psychosis, comorbid hypertension, increased number of Charlson comorbidities, and use of
antidepressants, antipsychotics or antidiabetes drugs were associated with higher primary care costs. For secondary care costs,
the significant cost predictors were age, comorbid hypertension
and duration of illness.
Lifetime and prevalence-based costs for people with
T2DM and SMI
Of the 1620 people with T2DM and SMI, 234 (14.4%) died within
the follow-up period, leaving 85.6% of people with cost data censored. The average lifetime cost for those that died within the
follow-up period was estimated at £26 354. The average lifetime
cost increased to £34 518 when living participants were included,
and censored cost data were considered using the Bang and
Tsiatis partition method.27 The study time period was partitioned
into 1-year time intervals, and average costs incurred in each interval were multiplied by the inverse probability of not being censored.
Weighted costs were summed across intervals and divided by the
sample size to account for censoring. Regarding prevalence-based
costs, it was estimated that people with SMI and T2DM cost NHS
(England) £268 380 000 per year based on the prevalence reported
in the National Diabetes Audit,9 and the adjusted average annual
cost of £4473 (s.d. = 3767) reported in Table 2.
Discussion
Main findings
This study, to the best of our knowledge, is the first to estimate the
resource use and costs of people with T2DM and SMI using information from both primary and secondary care sources. The presence of SMI was associated with increased resource use and costs

405
https://doi.org/10.1192/bjp.2021.131 Published online by Cambridge University Press

Wang et al

Table 3

Cost drivers of total cost for people with severe mental illness (SMI) and type 2 diabetes mellitus (T2DM) (exposed)a
Total (n = 1620)
Average marginal
effect (£)

Age at diagnosis of having
both T2DM and SMI
Gender
Male
Female
Ethnic group
White
Asian, Black, other,
mixed ethnicity
Unknown
Type of SMI
Schizophrenia
Schizoaffective disorder
Bipolar disorder
Depression and
psychosis
Otherb
Deprivation
1st quintile (least
deprived)
2nd quintile
3rd quintile
4th quintile
5th quintile (most
deprived)
Unknown
Comorbidities
Cardiovascular disease
Hypertension
Number of Charlson
Comorbidities
Medication
Antidepressants
Antipsychotics
First generation
Second generation
Antidiabetes
Time since having T2DM
and SMI (years)
Familyc
Linkc

Primary care (n = 1620)

Secondary care (n = 1620)

95% CI

Average marginal
effect (£)

95% CI

(34 to 245)

−22**

(−39 to −6)

Reference
1362

(−1103 to 33 826)

Reference
917***

(537 to 1297)

Reference
728

(−1531 to 2988)

Reference
560

(−3425 to 4544)

Reference
−251*

(−500 to −2)

Reference
2172

(−2661 to 7005)

−13 699***

(−15 930 to −11 468)

−1860***

(−2580 to −1140)

−12 198***

(−13 852 to −10 544)

Reference
−262
2605
26

(−5464 to 4940)
(−191 to 5400)
(−4285 to 4336)

Reference
557
515*
839*

(−354 to 1468)
(79 to 952)
(56 to 1621)

Reference
−874
1961
−2144

(−5564 to 3815)
(−740 to 4663)
(−5443 to 1155)

3363

(−8021 to 14 746)

(−207 to 4164)

2003

(−6193 to 10 198)

140**

Reference
374
861
−289
931

1979
Reference

(−3886
(−3456
(−4235
(−3093

to
to
to
to

4633)
5179)
3657)
4954)

52
203
6
409

202***

95% CI
(101 to 304)

Reference
(−608 to 713)
(−467 to 875)
(−617 to 629)
(−223 to 1042)

−163
192
−770
236

(−5171 to −583)

−13 397***

(−16 945 to −9849)

(−4741
(−3989
(−4884
(−3871

to
to
to
to

4413)
4737)
3344)
4343)

−16 728***

(−20 129 to −13 326)

−547
2820*
1660

(−3398 to 2304)
(190 to 5451)
(−111 to 3431)

377
639**
603***

(−62 to 815)
(234 to 1043)
(321 to 885)

−1235
2137*
1150

(−3804 to 1335)
(87 to 4187)
(−287 to 2587)

2836*

(241 to 5431)

1056***

(645 to 1467)

1932

(−595 to 4458)

(195 to 6592)
(−224 to 4841)
(−2274 to 4686)
(1160 to 2172)

1332***
649**
708*
875***

(826 to 1839)
(247 to 1051)
(163 to 1252)
(752 to 963)

1993
2214
410
947***

(−1013 to 4998)
(−274 to 4702)
(−2571 to 3490)
(524 to 1370)

3394*
2308
1206
1666***
Gamma
Log

−2877*

Average marginal
effect (£)

Gamma
Log

Gamma
Log

a. The financial year at T2DM or SMI diagnosis (whichever was the latest) was adjusted in all the analyses.
b. Other included other affective disorder and mixed conditions.
c. Both family and link functions are the model specifications of corresponding generalised linear model. Also please add some extra spacing between “Time since having T2DM and SMI
(years)” and “Family”
***P < 0.001, **P < 0.01, *P < 0.05.

for people with diabetes. The significant cost differences were
mainly driven by secondary care services, and were related to
higher numbers of admissions and days in hospital. As expected,
people with SMI had higher numbers of mental health-related
admissions and in-patient days compared with those without.
However, people with T2DM and SMI also had, on average, more
non-mental health admissions and in-patient days. One possible
explanation for this is ‘diagnostic overshadowing’; previous
studies have shown that having a SMI diagnosis can overshadow
diabetes care35,36 leading to later presentations of physical illnesses
that are then more likely to require a non-mental health hospital
admission. Regular physical health checks, appropriate treatment
for diabetes and greater support for diabetes self-management
have been proposed for people with T2DM and SMI, in order to
improve health outcomes and reduce healthcare costs.37 Similarly,
as the majority (78.3%) of individuals with T2DM and SMI developed diabetes after SMI, such health checks and treatments may
also delay or prevent the onset of diabetes and provide clinical
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and economic benefits.38 Importantly, some non-mental health
admissions and in-patient days are unrelated to diabetes and may
benefit from further investigation.
Another possible explanation for the long average non-mental
health-related in-patient days is that managing a greater number
of comorbidities (SMI) is associated with lengthier admissions.39,40
For our study group, this could be exacerbated because of lack of
continuity of care, poor coordination with secondary care or lack
of person-centred care. Further investigation of the underlying
mechanisms behind this finding is needed.
For people with T2DM and SMI, older age, White ethnicity,
female gender, more comorbidities (including hypertension), use of
antidepressants or antipsychotics and increased duration of living
with both T2DM and SMI were associated with higher healthcare
costs. Among these cost predictors, ethnicity, gender, use of antidepressants or antipsychotics, and number of Charlson comorbidities
only had a significant impact on costs in primary care. This finding
complements previous findings showing that people with T2DM
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and SMI had higher average annual costs than those with T2DM
alone, and indicates that more attention should be given to coordination of care for people with these characteristics, in order to reduce
healthcare costs and improve outcomes. These cost predictors may
also help policymakers to project future costs and to manage costs.
Findings related to cost predictors also reveal some probable
interacting drivers of inequalities. Complementing previously
found inequalities in prevalence and health outcomes for people
with T2DM and SMI,9,41 our study indicates that inequality in
healthcare costs also exists in relation to ethnicity, gender and
age. For example, female gender and White ethnicity were associated with higher primary care costs, suggesting that males and
those from a minority ethnic background may have less access to
primary care or may be less engaged. This aligns with findings for
individuals with SMI alone.25
Our results also show that older age is associated with higher
costs (lower costs in primary care, but higher costs in secondary
care), suggesting that older people may have less access to essential
primary care, resulting in increased risk of complications, and
require more secondary care resources. Similar findings have been
observed for individuals with T2DM alone,42 whereas Ride et al25
presented a reverse directional effect of age in people with SMI
alone. Data limitations prevented us exploring whether inequalities
were because of the severity of illness, complications of T2DM, problems navigating the healthcare system or synergies between these
circumstances. Future studies might untangle these observations
to map the relationship between disadvantage, discrimination and
health outcomes in order to create an environment that can more
fairly meet the health needs of individuals with T2DM and SMI.
Finally, the study demonstrated the substantial economic costs
associated with people with both T2DM and SMI in England. In
terms of incidence-based healthcare costs, the average total cost
from diagnosis to death was around £35 000. Regarding prevalence-based healthcare costs, SMI and diabetes multimorbidity
costs the NHS approximately a quarter of a billion pounds per
year. Moreover, the prevalence of both conditions is rising.8 Thus,
the annual economic impact is likely to increase, which should
make management of this comorbidity an NHS priority.
Interventions aimed at minimising the impact of SMI (for example,
integrated care and supporting patient empowerment43) or improving T2DM care (for example, weight reduction44 and non-pharmacologic interventions45) may help to reduce healthcare costs and
improve patient outcomes.
Comparison with findings from other studies
Several studies found that individuals with T2DM and SMI were more
likely to experience in-patient admissions compared with people with
just T2DM.12–14 Both Kurdyak et al14 and Guerrero Fernández de
Alba et al12 used data from single-payer health insurance systems to
study resource use in the population, but their findings were subject
to limitations, such as short-term resource-use data (1-year admission
to hospital data in Kurdyak et al and 2-year admission to hospital data
in Guerrero Fernández de Alba et al), geographic area (Ontario in
Kurdyak et al and Aragón in Guerrero Fernández de Alba et al) and specific type of SMI (such as schizophrenia). By contrast, Krein et al
examined 1-year all-cause hospital admissions in people with
T2DM and all types of SMI in the USA.13 However, the use of data
from the US Department of Veterans Affairs healthcare system may
limit its generalisability to health services outside the Department of
Veterans Affairs system. Nonetheless, our study findings are in line
with these three studies. As with Krein et al’s study,13 our study
focused on all types of SMI. Furthermore, the use of cohort data
from CPRD and HES ensured all the resource use was captured, and

the long-term effects were examined (mean follow-up time: 6.4 years,
Table 1).
Limitations
Our study was subject to certain limitations in terms of representativeness. Although patients in CPRD broadly represent the general
population,18 we cannot ascertain the representativeness of people
with T2DM and SMI. This is because our inclusion criteria required
individuals to be registered with the practice for at least 15 months,
whereas some people with SMI may have transient care relationships with general practice. Also, the representativeness of our
study sample can be affected by undetected T2DM or SMI; previous
analyses have shown that SMI is often unrecognised among individuals treated for diabetes.46 Furthermore, people with SMI often
have undiagnosed diabetes because of difficulties accessing the
healthcare system.47 Additionally, the data linkage of UK-based
CPRD and England-based HES data may have restricted our sampling to individuals registered to CPRD general practices in
England that participated in HES data linkage, potentially differing
from the average practice. Finally, although people with missing
ethnicity data accounted for a small proportion of the study population (Table 1), they played an important role in the matchedcohort analysis. As shown in Table 2 and Supplementary
Appendix 6, people with missing ethnicity were associated with
low resource use and costs. Although it is possible that care providers are less likely to record ethnicity for individuals not attending
services, the missing ethnicity value is likely to cause an underestimation of the difference between those with and without SMI.
Notwithstanding these limitations, the generalisability of our findings was supported by the UK National Diabetes Audit9 that
reported a similar distribution to our study group for characteristics
such as age at T2DM diagnosis, gender, deprivation and ethnicity.
Our study was also subject to limitations for our cost and
resource-use analyses. We are likely to have underestimated some
costs because of data constraints preventing us including costs for
out-patient services, emergency department and community
mental healthcare, the latter being one of the main components of
total annual costs for individuals with SMI.25 In the current
matched-cohort analysis, only the resource use and costs of secondary care have been stratified by mental-health/non-mental health.
As important differences of resource use could also occur in
primary care, the stratification of primary care resource use
should be considered in future studies. Finally, averaging costs
over multiple years for the matched cohort analysis can limit appreciation of cost trajectories (i.e. costs peak around the time of diagnosis and then tail off). Nevertheless, annual cost results and
relevant information can provide valuable information for decision
modelling, especially for Markov model construction.
Implications
Our findings indicate that the healthcare costs for people with both
T2DM and SMI are substantial. Costs were influenced by age, ethnicity, number of comorbidities and the length of time living with
both T2DM and SMI. The results also confirmed that the presence
of SMI is associated with increased resource use and costs among
people with T2DM. Such differences were primarily driven by secondary care and were related not only to mental health-related but
also non-mental health-related hospital admissions, highlighting
the need for better coordination of care. The findings can support
policymakers and commissioners in service planning and resource
allocation. Furthermore, the mechanisms leading to more frequent
hospital admissions should be investigated. Finally, strategies to
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delay the onset of T2DM should be adopted by policymakers, in
order to reduce healthcare costs and improve patient outcomes.
Han-I. Wang , Department of Health Sciences, Seebohm Rowntree Building,
University of York, UK; Lu Han, Department of Health Services Research and Policy,
Faculty of Public Health and Policy, London School of Hygiene and Tropical Medicine, UK;
Rowena Jacobs, Centre for Health Economics, University of York, UK; Tim Doran,
Department of Health Sciences, Seebohm Rowntree Building, University of York, UK;
Richard I. G. Holt , Human Development and Health Academic Unit, Faculty of
Medicine, University of Southampton, UK; and Southampton National Institute for Health
Research Biomedical Research Centre, University Hospital Southampton NHS Foundation
Trust, UK; Stephanie L. Prady, Department of Health Sciences, Seebohm Rowntree
Building, University of York, UK; Simon Gilbody , Department of Health Sciences,
Seebohm Rowntree Building, University of York, UK; and Hull York Medical School,
University of York, UK; David Shiers, Division of Psychology and Mental Health/Greater
Manchester Mental Health NHS Trust/Primary Care and Health Sciences (Keele
University), University of Manchester, UK; Sarah Alderson, Leeds Institute for Health
Sciences, University of Leeds, UK; Catherine Hewitt, Department of Health Sciences,
Seebohm Rowntree Building, University of York, UK; Jo Taylor, Department of Health
Sciences, Seebohm Rowntree Building, University of York, UK; Charlotte
E. W. Kitchen , Department of Health Sciences, Seebohm Rowntree Building,
University of York, UK; Sue Bellass, Leeds Institute for Health Sciences, University of
Leeds, UK; Najma Siddiqi , Department of Health Sciences, Seebohm Rowntree
Building, University of York, UK; Hull York Medical School, University of York, UK; and
Bradford District Care NHS Foundation Trust, UK
Correspondence: Han-I Wang Email: han-i.wang@york.ac.uk
First received 19 Mar 2021, final revision 4 Aug 2021, accepted 08 Aug 2021

Supplementary material
To view supplementary material for this article, please visit https://doi.org/10.1192/bjp.2021.
131

Funding
This publication presents independent research funded by the National Institute for Health
Research (NIHR) Health Services and Delivery Research (HS&DR) programme (ref 15/70/26).
S.G., N.S., S.L.P. and R.J. were also funded by the NIHR Yorkshire and Humber Applied
Research Collaboration (NIHR YH-ARC), https://www.arc-yh.nihr.ac.uk/. The views expressed
are those of the authors and not necessarily those of the HS&DR programme, the NHS, the
NIHR or the Department of Health and Social Care.

Acknowledgements
We would like to express our appreciation to John Radford and DIAMONDS Voice Patient and
Public Involvement group for providing advice and insights to support this research. We would
also like to extend our special thanks to Jennie Lister for her contribution in project management and Dr Jemimah Ride, Centre for Health Policy, School of Population and Global Health,
University of Melbourne, Australia for her valuable advice on methodology.

Data availability
Researchers can apply to access Clinical Practice Research Datalink (CPRD) data with linkage to
Hospital Episode Statistics (HES) through https://www.cprd.com/. Data sharing agreements
with CPRD do not permit data sharing with third parties. All formulae and additional sources
of information are presented in the paper and Supplementary materials. The SAS and stata
code for cleaning and analysing the data can be provided upon reasonable request.

Author contributions

National Institute for Health and Care Excellence (NICE) centre for guidelines; a Board member
of the National Collaborating Centre for Mental Health (NCCMH); a Clinical Advisor (paid consultancy basis) to the National Clinical Audit of Psychosis (NCAP); these are the personal
views of D.S. and not those of NICE, NCCMH or NCAP. D.S. has received personal fees from
Wiley Blackwell publication ‘Promoting Recovery in Early Psychosis’ 2010, ISBN 978-1-40514894-8, joint editor in receipt of royalties, outside the submitted work; personal fees received
as member of the current NICE guideline development group for Rehabilitation in adults with
complex psychosis and related severe mental health conditions. N.S. is a member of the
British Journal of Psychiatry editorial board but did not take part in the review or decision-making process of this paper. H.-I.W., L.H., R.J., S.L.P., T.D., J.T., C.E.W.K. and S.B. declare no conflicts
of interest.

References
1 Chesney E, Goodwin GM, Fazel S. Risks of all-cause and suicide mortality in
mental disorders: a meta-review. World Psychiatry 2014; 13: 153–60.
2 Parks J, Svendsen D, Singer P, Foti M. Morbidity and Mortality in People with
Serious Mental Illness. National Association of State Mental Health Program
Directors. Medical Directors Council, 2006 (https://www.nasmhpd.org/content/
morbidity-and-mortality-people-serious-mental-illness).
3 Baughman KR, Bonfine N, Dugan SE, Adams R, Gallagher M, Olds RS, et al.
Disease burden among individuals with severe mental illness in a community
setting. Community Ment Health J 2016; 52: 424–32.
4 Lee S, Rothbard A, Choi S. Effects of comorbid health conditions on healthcare
expenditures among people with severe mental illness. J Ment Health
Abingdon Engl 2016; 25: 291–6.
5 De Hert M, Correll CU, Bobes J, Cetkovich-Bakmas M, Cohen D, Asai I, et al.
Physical illness in patients with severe mental disorders. I. Prevalence, impact
of medications and disparities in health care. World Psychiatry 2011; 10:
52–77.
6 Diabetes UK. Us, Diabetes and a Lot of Facts and Stats. Diabetes UK, 2019
(https://www.diabetes.org.uk/resources-s3/2019-02/1362B_Facts%20and%
20stats%20Update%20Jan%202019_LOW%20RES_EXTERNAL.pdf).
7 Balhara YPS. Diabetes and psychiatric disorders. Indian J Endocrinol Metab
2011; 15: 274–83.
8 Reilly S, Olier I, Planner C, Doran T, Reeves D, Ashcroft DM, et al. Inequalities in
physical comorbidity: a longitudinal comparative cohort study of people with
severe mental illness in the UK. BMJ Open 2015; 5: e009010.
9 NHS Digital. National Diabetes Audit 2016-17 Report 1 Care Processes and
Treatment Targets: Severe Mental Illness. NHS Digital, 2018 (https://files.
digital.nhs.uk/pdf/s/a/national_diabetes_audit_2016-17_report_1_smi__care_processes_and_treatment_targets.pdf).
10 NHS Digital. National Diabetes Audit 2017-18 Report 1 Care Processes and
Treatment Targets. NHS Digital, 2019 (https://digital.nhs.uk/data-and-infor
mation/publications/statistical/national-diabetes-audit/report-1-care-pro
cesses-and-treatment-targets-2017-18-full-report).
11 Rathmann W, Pscherer S, Konrad M, Kostev K. Diabetes treatment in people
with type 2 diabetes and schizophrenia: retrospective primary care database
analyses. Prim Care Diabetes 2016; 10: 36–40.
12 Guerrero Fernández de Alba I, Gimeno-Miguel A, Poblador-Plou B, GimenoFeliu LA, Ioakeim-Skoufa I, Rojo-Martínez G, et al. Association between mental
health comorbidity and health outcomes in type 2 diabetes mellitus patients.
Sci Rep 2020; 10: 19583.
13 Krein SL, Bingham CR, McCarthy JF, Mitchinson A, Payes J, Valenstein M.
Diabetes treatment among VA patients with comorbid serious mental illness.
Psychiatr Serv Wash DC 2006; 57: 1016–21.
14 Kurdyak P, Vigod S, Duchen R, Jacob B, Stukel T, Kiran T. Diabetes quality of
care and outcomes: comparison of individuals with and without schizophrenia. Gen Hosp Psychiatry 2017; 46: 7–13.

N.S., R.I.G.H., D.S., S.G., R.J., T.D., C.H., S.L.P., J.T. and S.A. designed and directed the project. S.B.
and C.E.W.K. contributed to project management. H.-I.W. and L.H. processed the data,
designed and performed the data analyses. R.J. verified the analytical methods. H.-I.W. took
the lead in writing the manuscript. All authors provided critical feedback and helped shape
the research, analysis and manuscript.

15 Chwastiak LA, Davydow DS, McKibbin CL, Schur E, Burley M, McDonell MG,
et al. The effect of serious mental illness on the risk of rehospitalization among
patients with diabetes. Psychosomatics 2014; 55: 134–43.

Declaration of interest

17 Stockbridge EL, Chhetri S, Polcar LE, Loethen AD, Carney CP. Behavioral health
conditions and potentially preventable diabetes-related hospitalizations in the
United States: findings from a national sample of commercial claims data. PLoS
One 2019; 14: e0212955.

S.A. has received funding from the Wellcome Institutional Strategic Support Fund and a
National Institute of Health Research (NIHR) Clinical Trials Fellowship. S.A. is a member of the
Health Services & Delivery Research funding committee. S.G. is deputy chair of the NIHR
Health Technology Assessment (HTA) Commissioning Board, and a member of the HTA
Commissioning Committee, the HTA Funding Committee Policy Group, and the HTA PostFunding Committee teleconference. C.H. is a member of the NIHR HTA Commissioning
Board (2015-current). R.I.G.H. has received honoraria for speaker engagement, conference
attendance or advisory boards from: AstraZeneca, Boehringer-Ingelheim, European
Association for the Study of Diabetes, Eli Lilly, Janssen, Menarini, Mylan, Novo Nordisk and
Omniamed, Otsuka. R.I.G.H. was a member of the HTA Prioritisation Committee C (Mental
Health, Women and Children’s Health) until July 2019. D.S. is an expert advisor to the

408
https://doi.org/10.1192/bjp.2021.131 Published online by Cambridge University Press

16 Druss BG, Zhao L, Cummings JR, Shim RS, Rust GS, Marcus SC. Mental
comorbidity and quality of diabetes care under Medicaid: a 50-state analysis.
Med Care 2012; 50: 428–33.

18 Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van Staa T, et al.
Data resource profile: clinical practice research datalink (CPRD). Int J Epidemiol
2015; 44: 827–36.
19 Campbell J, Dedman D, Eaton S, Gallagher A, Williams T. Is the CPRD gold
population comparable to the UK population? Pharmacoepidemiol Drug Saf
2013; 22: 280.
20 Chisholm J. The read clinical classification. BMJ 1990; 300: 1092.

Healthcare resource use, diabetes and severe mental illness

21 World Health Organization. ICD-10: International Statistical Classification of
Diseases and Related Health Problems: Tenth Revision (2nd edn). World Health
Organization, 2004.

37 Sajatovic M, Dawson NV, Perzynski AT, Blixen CE, Bialko CS, McKibbin CL, et al.
Best practices: optimizing care for people with serious mental illness and
comorbid diabetes. Psychiatr Serv Wash DC 2011; 62: 1001–3.

22 Lister J, Han L, Bellass S, Taylor J, Alderson S, Doran T, et al. Improving Diabetes
Outcomes for People with Severe Mental Illness: A Longitudinal Observational
and Qualitative Study in England. NIHR Journals Library, 2021.

38 National Institute for Health and Care Excellence. Public Health Guideline
[PH38] Type 2 Diabetes: Prevention in People at High Risk. NICE, 2017 (https://
www.nice.org.uk/guidance/ph38).

23 Han L, Doran T, Holt RIG, Hewitt C, Jacobs R, Prady SL, et al. The impact of
severe mental illness on healthcare use and health outcomes for people with
type 2 diabetes. Br J Gen Pract 2021; 71(709): e565–73.

39 Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of
multimorbidity and implications for health care, research, and medical education: a cross-sectional study. Lancet 2012; 380: 37–43.

24 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis 1987; 40: 373–83.

40 Payne RA, Abel GA, Guthrie B, Mercer SW. The effect of physical multimorbidity,
mental health conditions and socioeconomic deprivation on unplanned admissions to hospital: a retrospective cohort study. CMAJ 2013; 185: E221–228.

25 Ride J, Kasteridis P, Gutacker N, Aragon Aragon MJ, Jacobs R. Healthcare costs
for people with serious mental illness in England: an analysis of costs across
primary care, hospital care, and specialist mental healthcare. Appl Health Econ
Health Policy 2020; 18: 177–88.

41 Das-Munshi J, Ashworth M, Dewey ME, Gaughran F, Hull S, Morgan C, et al.
Type 2 diabetes mellitus in people with severe mental illness: inequalities by
ethnicity and age. Cross-sectional analysis of 588 408 records from the UK.
Diabet Med J 2017; 34: 916–24.

26 Curtis LA, Burns A. Unit Costs of Health and Social Care 2018. University of
Kent, 2018.

42 Bermudez-Tamayo C, Besançon S, Johri M, Assa S, Brown JB, Ramaiya K. Direct
and indirect costs of diabetes mellitus in Mali: a case-control study. PLoS ONE
2017; 12.

27 NHS Digital. Prescription Cost Analysis - England, 2018. NHS Digital, 2020
(https://digital.nhs.uk/data-and-information/publications/statistical/prescrip
tion-cost-analysis/2018).
28 NHS Digital. NHS Reference Costs 2017/18. NHS Disgital, 2018.
29 NHS Digital. HRG4 + 2017/18 Reference Costs Grouper. NHS Digital (https://
digital.nhs.uk/services/national-casemix-office/downloads-groupers-andtools/costing-hrg4-2017-18-reference-costs-grouper).
30 NHS Digital. ISB 0070: Healthcare Resource Groups (HRGs). NHS Digital (https://
digital.nhs.uk/data-and-information/information-standards/information-stan
dards-and-data-collections-including-extractions/publications-and-notifica
tions/standards-and-collections/isb-0070-healthcare-resource-groups-hrgs).
31 Jones AM. Models for Health Care. HEDG Work Pap, University of York, 2010
(https://www.york.ac.uk/media/economics/documents/herc/wp/10_01.pdf).
32 Manning WG, Mullahy J. Estimating log models: to transform or not to transform? J Health Econ 2001; 20: 461–94.
33 Pregibon D. Goodness of link tests for generalized linear models. J R Stat Soc
Ser C Appl Stat 1980; 29: 15–14.
34 Bang H, Tsiatis AA. Estimating medical costs with censored data. Biometrika
2000; 87: 329–43.

43 Papachristou Nadal I, Cliffton C, Chamley M, Winkley K, Gaughran F, Ismail K.
Exploring healthcare professionals’ perspectives of barriers and facilitators to
supporting people with severe mental illness and type 2 diabetes mellitus.
Health Soc Care Community 2020; 28: 690–7.
44 Heald AH, Martin JL, Payton T, Khalid L, Anderson SG, Narayanan RP, et al.
Changes in metabolic parameters in patients with severe mental illness over a
10-year period: a retrospective cohort study. Aust N Z J Psychiatry 2017; 51:
75–82.
45 Grøn AO, Dalsgaard E-M, Ribe AR, Seidu S, Mora G, Cebrián-Cuenca AM, et al.
Improving diabetes care among patients with severe mental illness: a systematic review of the effect of interventions. Prim Care Diabetes 2018; 12:
289–304.
46 Li C, Ford ES, Zhao G, Balluz LS, Berry JT, Mokdad AH. Undertreatment of
mental health problems in adults with diagnosed diabetes and serious
psychological distress: the behavioral risk factor surveillance system, 2007.
Diabetes Care 2010; 33: 1061–4.
47 Holt RIG, Mitchell AJ. Diabetes mellitus and severe mental illness: mechanisms
and clinical implications. Nat Rev Endocrinol 2015; 11: 79–89.

35 Cimo A, Dewa CS. Symptoms of mental illness and their impact on managing
type 2 diabetes in adults. Can J Diabetes 2018; 42: 372–81.
36 Mulligan K, McBain H, Lamontagne-Godwin F, Chapman J, Flood C, Haddad M,
et al. Barriers to effective diabetes management - a survey of people with
severe mental illness. BMC Psychiatry 2018; 18: 165.

409
https://doi.org/10.1192/bjp.2021.131 Published online by Cambridge University Press

