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ABSTRACT
Objective  Fibrosis is a pathological feature that can occur 
in a wide range of diseases including diabetes mellitus. We 
investigated whether in people with type 1 (T1DM) or type 
2 diabetes mellitus (T2DM), glycaemia or diabetes-related 
complications are associated with fibrotic diseases.
Design and setting  Retrospective cohort study using 
UK Clinical Resource Datalink (CPRD) Aurum and Hospital 
Episode Statistics.
Participants  We included people with prevalent T1DM or 
T2DM as of 31 December 2015 (recorded in CPRD Aurum), 
eligible for linkage with Hospital Episode Statistics and 
followed up for 3 years.
Outcome measures  We defined diabetes status using 
blood/urine biomarkers and complications. In the T2DM 
cohort, we also investigated exposures of hyperglycaemia, 
insulin resistance and metformin prescription. Fibrotic 
condition diagnoses were determined from both primary 
and secondary care records. Logistic regression analyses 
were undertaken to understand the strength of association 
between diabetes status/diabetic complications and 
fibrotic conditions, respectively.
Results  The T1DM cohort consisted of 9669 people while 
the T2DM cohort included 504 066 people. In T1DM, we 
found that albuminuria was associated with lung fibrosis 
(ORadj: 2.07, 99% CI 1.35 to 2.17), and microvascular 
complications were associated with atherosclerosis 
(ORadj: 1.81, 99% CI 1.18 to 2.77) and cardiomyopathy 
(ORadj 1.53, 99% CI:1.15 to 2.04). In the T2DM cohort, 
both glycaemia above target and diabetes complications 
were associated with most fibrotic conditions.
Conclusions  Within the T1DM population, no consistent 
association between diabetes status and all fibrotic 
diseases was observed. More research is required to 

understand whether the association between diabetes 
complications and fibrotic diseases is due to shared risk 
factors or whether glycaemia in T2DM may be influenced 
by fibrotic pathology.

INTRODUCTION
Multiple long-term conditions (MLTCs) 
are associated with decreased quality of life, 
increased risk of mortality and people with 
MLTCs are more likely to die prematurely.1–5 
MLTCs are a research priority, to minimise 
risks to patients by understanding potential 
effects of polypharmacy, and inform changes 
to healthcare structures and practices.6–9

Fibrotic conditions are characterised by 
excessive, uncontrolled deposition of extra-
cellular matrix, leading to impaired organ 
function and failure.10–12 Fibrosis is associated 
with ageing and it is thought that the prev-
alence of fibrotic conditions will continue 
to increase.13 14 Fibrotic multimorbidity is 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Large cohort of everyone with type 1 or type 2 dia-
betes recorded in a large representative electronic 
healthcare database.

	⇒ Multiple exposures were explored, defined using 
both clinical diagnoses and test results.

	⇒ We were unable to define drug adherence and in-
stead used prescription data as a proxy.
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defined as the presence of two or more fibrotic condi-
tions in the same individual.15 A recent Delphi survey 
established consensus for 265 diseases as being fibrotic; 
diabetes mellitus reached consensus as ‘sometimes but 
not always’ being a fibrotic condition.16 As a result, we 
have further investigated whether more severe disease 
(using complications and treatments as a proxy) was asso-
ciated with fibrotic conditions. We hypothesised that more 
significant hyperglycaemia, attenuated response to hypo-
glycaemic therapies and greater propensity to complica-
tions may be associated with fibrosis. By conducting this 
retrospective cohort study, we aimed to explore whether 
diabetes complications and severity are associated with 
fibrotic conditions.

Therefore, we looked to further understand if type 
1 diabetes mellitus (T1DM) or type 2 diabetes mellitus 
(T2DM) was associated with fibrotic conditions with 
respect to diabetes status and complications. We investi-
gated whether microvascular complications of retinop-
athy, neuropathy and nephropathy were associated with 
fibrotic conditions. As such, retinopathy and neuropathy 
were defined using codes present in primary care records 
(as this cannot be confirmed through testing), while 
nephropathy was defined as persistently increased albumin 
to creatinine ratio (ACR) and persistently decreased 
estimated glomerular filtration rate (eGFR). We further 
looked to explore whether evidence of kidney damage in 
people with diabetes was associated with fibrotic condi-
tions. We did this by using single and multiple test results 
of ACR and eGFR. We looked to understand in people 
with T2DM, whether glucose above target was associated 
with fibrotic conditions. Glucose above target was defined 
as glycated haemoglobin (HbA1c) ≥7.5%/ 58 mmol/mol. 
It was also hypothesised that insulin-dependent diabetes 
may be associated with fibrotic conditions.17 18 Insulin-
dependent diabetes was defined in the population with 
T2DM who were prescribed insulin. We were also inter-
ested in exploring whether metformin was protective of 
fibrotic conditions in people with T2DM.19–21

METHODS
Data source and study population
To conduct this retrospective cohort study, we used the 
December 2023 build of the Clinical Practice Research 
Datalink Aurum database. Aurum contains pseudony-
mised primary care data covering 24% general prac-
titioner (GP)-registered patients in England22 and is 
representative in terms of age, sex, ethnicity, geograph-
ical region and social deprivation.23 Primary care data 
were linked to secondary care data from NHS England’s 
Hospital Episode Statistics (HES) Admitted Patient Care 
(APC) database and Index of Multiple Deprivation data 
(IMD).

Diabetes diagnoses were identified in primary care 
records, codelists used to identify T1DM and T2DM 
are available on GitHub. We conducted two prospective 

cohort studies, using the data of people with either T1DM 
or T2DM, as of the 31 December 2015.

Broad inclusion criteria required that people had to be 
at least 18 years of age, have a recorded sex (the number 
of indeterminate cases was low and therefore excluded) 
and people had to have at least one record of T1DM 
or T2DM in their primary care records between the 1 
January 2015 and 31 December 2015 (baseline period). 
More study-specific criteria required that people had to 
be enrolled at their GP before the 1 January 2015 and 
remain enrolled until at least 31 December 2018, the 
patient’s data had to be eligible for linkage to HES APC 
and IMD. Two discrete populations (T1DM and T2DM, 
respectively) were used throughout this study and at no 
point combined (online supplemental figure 1). The 
index date was the 31 December 2015 (online supple-
mental figure 2).

Exposures
Microvascular complications
A binary composite exposure of microvascular complica-
tions was defined using codes for neuropathy, retinopathy 
and persistently increased ACR and persistently decreased 
eGFR, see below.

Biomarkers of microvascular complications
In both cohorts, we explored whether elevated albumin 
creatinine ratio (ACR) and decreased eGFR were associ-
ated with fibrotic conditions. To investigate this, we used 
data recorded in the 2 years prior to the index date to 
identify at least one measurement of ACR and eGFR. 
Raised ACR was defined as >3 mg/mmol and decreased 
eGFR was defined as <60 mL/min (online supplemental 
figure 2).

We then explored how the strength of associations 
changed when using multiple readings of ACR and 
eGFR instead of a single instance. Persistently raised/
decreased measurements were defined as a minimum 
of two measurements of ACR/eGFR, which were raised 
or decreased (respectively) in the 3-year period prior to 
index date (online supplemental figure 2).

Glucose above target
In the T2DM cohort, we explored the association between 
glycaemia and fibrotic conditions. We used records of the 
most recent measure of HbA1c prior to the index date. 
A binary exposure was created, indicating if the most 
recent value was below 7.5%/58 mmol/mol, or if HbA 1c≥ 
7.5%/58 mmol/mol indicating glucose above target.

Prescribed medications
To understand whether insulin-treated T2DM was associ-
ated with fibrotic conditions compared with T2DM not 
requiring insulin, we defined a binary exposure of insulin 
prescription; one indicated evidence of at least one 
prescription for insulin in the year prior to index date 
(online supplemental figure 2).

As metformin is commonly prescribed to people with 
T2DM, to help with control of blood glucose levels, we 
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investigated whether prescription of metformin was 
protective of development of fibrotic conditions by 
creating a binary metformin exposure, defined as at least 
one prescription in the baseline period (online supple-
mental figure 2).

Outcomes
Fibrotic conditions previously defined using a Delphi 
methodology were identified in both Clinical Resource 
Datalink Aurum and HES APC, respectively.16 All codel-
ists used in the analysis of this paper are available from 
https://github.com/NHLI-Respiratory-Epi/Diabetes-​
FMM. The following groups of fibrotic conditions were 
included in the analysis: atherosclerosis, biliary fibrosis, 
blood vessel fibrosis, cardiomyopathy, integumentary 
fibrosis, intestinal/pancreatic fibrosis, liver fibrosis, repro-
ductive fibrosis, lung fibrosis, skeletal fibrosis, systemic 
fibrosis, urinary fibrosis (inclusive of kidney fibrosis) and 
cardiac valve fibrosis.

Statistical analysis
Baseline characteristics of age (continuous), sex (male/ 
female), smoking status (never smoker/ex-smoker/
current smoker), deprivation (1, least deprived—5, most 
deprived, defined from IMD data) and prevalence of 
single and multiple fibrotic conditions were defined as of 
the index date. We report the point prevalence of fibrotic 
conditions as of the index date, we compared prevalences 
of fibrotic conditions in exposed (with diabetic compli-
cations or insulin-treated or glucose above target) and 
non-exposed (without diabetic complications, not insulin-
treated and HbA1c below target) groups, detailing when 
the percentage of people with the condition was more 
than double in the exposed group compared with the 
non-exposed group.We have suppressed small numbers 
to preserve anonymity and therefore do not report preva-
lences lower than 1%.

Multinomial logistic regression was applied to analyse 
the risk (referring to the relative risk ratio, RRR) of being 
diagnosed with one or more than one fibrotic condition 
(in the 3 years post index date), in the exposed groups 
compared with those in the non-exposed groups (refer-
ence group). Fully adjusted models included the following 
‘core’ covariates: age, sex, smoking status, deprivation, 
hypertension severity and number of fibrotic conditions 
as of the index date.

We analysed associations between diabetic complica-
tions/status and each fibrotic condition, respectively. 
Multivariable logistic regression was applied to investigate 
the association between diabetic complications/status 
and diagnosis of fibrotic diseases in the 3 years after the 
index date. To account for multiple testing, the CI was 
increased to 99%. Fully adjusted models included adjust-
ment for ‘core’ covariates. People with a fibrotic condi-
tion at baseline were excluded from the analysis where 
the outcome was the fibrotic condition that they had.

We further investigated whether the identified associ-
ations were due in part to other unmeasured covariates. 

To understand whether associations were explained 
by other chronic conditions, we additionally adjusted 
for Charlson Comorbidity Index (CCI). We looked to 
understand whether associations were due to oral corti-
costeroids (OCS); as such, we adjusted for OCS use 
in the baseline period (defining use as at least three 
prescriptions of OCS). To try to disentangle the effect of 
diabetes duration, we adjusted for duration of diabetes 
(defined as the amount of time between the first entry 
of a diabetes code and the index date) within sensitivity 
analysis. Body mass index (BMI) was not included in the 
primary analysis as it was missing in 7.1% and 11.5% of 
T1DM and T2DM cohorts, respectively. However, within 
a sensitivity analysis, we included BMI (defined as under-
weight, BMI<18.4, 18.5≤normal BMI≤24.9, 25.0≤over-
weight≤29.9, obese≥30.0) in logistic regression model.

Patient and public involvement
This work is part of a larger grant investigating multiple 
organ fibrosis: DEfining MechanIsms Shared across 
mulTI-organ Fibrosis to prevent the development of long-
term multimorbidity (DEMISTIFI). Those working on 
DEMISTIFI are committed to patient and public involve-
ment and have engaged with patients and families with 
fibrosis across the course of this study.

RESULTS
We defined a cohort of 9669 people with T1DM and 
504 066 people with T2DM as of the index date.

In the cohort of people with T1DM, microvascular 
complications were common. People with microvascular 
complications were slightly older than those without 
(figure  1). Of the 6730 people with measures of ACR 
and eGFR in the baseline period, 19.78% had elevated 
ACR with normal eGFR, 11.98% had elevated ACR and 
decreased eGFR and 9.40% had normal levels of ACR 
with decreased eGFR. A total of 5338 people with T1DM 
had at least two tests for both ACR and eGFR, 58.04% 
had normal levels of both ACR and eGFR. Individual 
baseline characteristics, relative to evidence of diabetes 
complications and status for the T1DM cohort, can be 
found in online supplemental tables 1–3. Overall, 17.11% 
(95% CI 16.36% to 17.86%) were diagnosed with intes-
tinal/pancreatic fibrosis; skeletal fibrosis was the second 
most common fibrotic condition, affecting 17.03% (95% 
CI 16.28% to 17.78%) of the cohort (table 1). The crude 
and fully adjusted RRR of developing fibrotic multi-
morbidity was significantly higher in people with T1DM 
with the explored exposures, compared with the people 
without evidence (table 2, online supplemental table 4).

Of the 337 332 people with T2DM and a measure-
ment of both ACR and eGFR, 8.87% had elevated ACR 
and decreased eGFR and 11.16% had normal ACR with 
decreased eGFR. People with decreased eGFR (irrespec-
tive of ACR) were on average 13 years older than those 
with normal levels of ACR and eGFR. Of the 267 324 
people with T2DM and multiple measurements for 
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both ACR and eGFR, 14.82% had persistently elevated 
ACR with normal eGFR, 9.43% had persistently elevated 
ACR and persistently decreased eGFR and 13.85% had 
normal ACR with persistently decreased eGFR. People 
with persistently decreased eGFR (irrespective of ACR) 
were on average 12 years older than those with normal 
ACR and eGFR. Of the 487 590 people who had at least 
one recorded HbA1c measurement in the 2 years prior 
to the index date, 32.35% had glucose above target. Of 
the 504 066 people with T2DM, 5.73% had evidence of 
microvascular complications. People with microvascular 
complications were on average 12 years older than those 
without. 18.15% of people with T2DM were prescribed 
insulin and 31.39% were prescribed metformin. Baseline 
characteristics, relative to evidence of diabetic compli-
cations and status in the T2DM cohort, can be found 
in online supplemental tables 5–10. The most prevalent 
fibrotic condition was skeletal fibrosis, affecting 26.82% 
(95% CI 26.70% to 26.94%) of the cohort, intestinal/pan-
creatic fibrosis was found in the records of 26.36% (95% 
CI 26.24% to 26.48%) of people (table  1). The fully 
adjusted RRR of being diagnosed with single and multiple 
fibrotic conditions was significantly higher in people with 

all explored diabetic complications and definitions of 
diabetes status (except metformin), compared with those 
without (table 2, online supplemental table 4).

Type 1 diabetes mellitus

Exposure: all microvascular complications
Prevalence of fibrotic conditions did not differ with 
respect to microvascular complications (online 
supplemental table 11). People with microvascular 
complications were 1.79 times more likely to be diag-
nosed with atherosclerosis and 1.49 times more likely 
to be diagnosed with cardiomyopathy (figure  2A, 
online supplemental table 12).

Exposure: ACR/eGFR measurements
Atherosclerosis, blood vessel fibrosis, cardiomyop-
athy, lung fibrosis, systemic fibrosis, urinary fibrosis 
and valve fibrosis were more common in those with 
decreased eGFR when compared with those with 
normal ACR and eGFR (online supplemental table 
13). Increased ACR (irrespective of eGFR) was associ-
ated with lung fibrosis (figure 2B, online supplemental 

Figure 1  Percentage of people with and without diabetic complications in type 1 and type 2 cohorts. The size of the pie chart 
is proportional to the overall cohort size. Numbers within the pie chart indicate the percentage. ACR, albumin to creatinine ratio; 
eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin.
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table 14). Compared with normal levels of ACR and 
eGFR, all subgroups of ACR/eGFR were associated 
with urinary fibrosis.

Exposure: persistently raised ACR/eGFR measurements
Prevalence of fibrotic conditions differed with respect to 
multiple measures of ACR/eGFR (online supplemental 
table 15). People with persistently elevated ACR were 
at least two times more likely to be diagnosed with lung 
fibrosis, compared with those with normal levels of ACR 
and eGFR (figure 2C, online supplemental table 16).

Sensitivity analysis
Findings were unchanged when additionally adjusting 
for CCI, OCS, diabetes duration and BMI, respectively 
(online supplemental tables 17–28).

Type 2 diabetes mellitus
Exposure: all microvascular complications
Atherosclerosis, integumentary fibrosis, lung fibrosis, 
systemic fibrosis, urinary fibrosis and valve fibrosis were 
more common in people with microvascular compli-
cations (online supplemental table 29). An inverse 

association between microvascular complications and 
liver fibrosis was observed in the fully adjusted model 
(figure  3A, online supplemental table 30). Microvas-
cular complications were associated with most fibrotic 
conditions.

Exposure: ACR/eGFR measurements
Atherosclerosis, blood vessel fibrosis, lung fibrosis and 
systemic fibrosis were more prevalent in those with 
decreased eGFR (online supplemental table 31). Integu-
mentary fibrosis and valve fibrosis was more common in 
those with elevated ACR and decreased eGFR. All three 
exposures pertaining to increased ACR or decreased 
eGFR were associated with: lung fibrosis, skeletal fibrosis, 
systemic fibrosis, urinary fibrosis and valve fibrosis 
(figure 3B, online supplemental table 32).

Exposure: persistently raised ACR/eGFR measurements
Integumentary fibrosis, lung, systemic and valve fibrosis 
affected a greater percentage of people with persistently 
increased ACR and persistently decreased eGFR 
compared with those with normal levels (online supple-
mental table 33). All three exposures were associated 
with atherosclerosis, lung, skeletal, systemic, urinary and 
valve fibrosis (compared with people with normal levels 
of ACR and eGFR) (figure 3C, online supplemental table 
34). Persistently raised ACR (irrespective of eGFR) was 
associated with cardiomyopathy, while persistently raised 
ACR with persistently decreased eGFR was associated with 
integumentary fibrosis.

Exposure: glucose above target
With respect to HBA1c, the proportion of people with 
fibrotic conditions did not differ (online supplemental 
table 35). The results of fully adjusted logistic regression 
analyses found that higher HbA1c was associated with 
atherosclerosis, blood vessel fibrosis, cardiomyopathy, 
liver fibrosis, lung fibrosis and valve fibrosis (figure 3D, 
online supplemental table 36).

Exposure: insulin prescription
The prevalence of fibrotic conditions did not differ with 
respect to insulin prescription (online supplemental table 
37). Insulin prescription was associated with all fibrotic 
conditions excluding biliary fibrosis and urinary fibrosis 
(figure 3E, online supplemental table 38).

Exposure: metformin prescription
Prevalence of fibrotic conditions did not differ with 
regards to metformin prescription (online supplemental 
table 39). Crude logistic regression analyses indicated a 
potential protective effect of metformin against the diag-
nosis of fibrotic conditions; however, this did not hold 
in fully adjusted analyses. Prescription of metformin was 
associated with cardiomyopathy when all covariates were 
accounted for (OR 1.06, 99% CI 1.01 to 1.11). No other 
associations (protective or otherwise) were observed 
when comparing the data of those prescribed and not 

Table 1  Prevalence of fibrotic conditions (as of the index 
date) in type 1 and type 2 diabetes mellitus (T1DM/T2DM) 
cohorts

Point prevalence of fibrotic 
conditions % (95% CI)

T1DM cohort T2DM cohort

Atherosclerosis 3.08
(2.74 to 3.43)

4.24
(4.18 to 4.29)

Biliary 2.44
(2.13 to 2.75)

3.69
(3.64 to 3.75)

Blood vessel 1.47
(1.23 to 1.71)

2.25
(2.21 to 2.29)

Cardiomyopathy 14.39
(13.39 to 15.09)

18.13
(18.03 to 18.24)

Integumentary 5.08
(4.64 to 5.52)

5.14
(5.08 to 5.20)

Intest/panc 17.11
(16.36 to 17.86)

26.36
(26.24 to 26.48)

Liver 3.98
(3.59 to 4.37)

6.44
(6.38 to 6.51)

Reproductive 2.39
(1.93 to 2.85)

2.40
(2.34 to 2.46)

Lung 5.00
(4.56 to 5.43)

12.08
(11.99 to 12.17)

Skeletal 17.03
(16.28 to 17.78)

26.82
(26.70 to 26.94)

Systemic 1.58
(1.33 to 1.83)

1.94
(1.90 to 1.98)

Urinary 4.09
(3.69 to 4.48)

4.09
(4.03 to 4.14)

Valve 3.01
(2.67 to 3.35)

6.75
(6.68 to 6.82)
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Table 2  Relative risk ratio (RRR) of being diagnosed with one or more fibrotic conditions comparing the exposed and non-
exposed groups.

Type 1 diabetes mellitus Type 2 diabetes mellitus

Adjusted RRR (95% CI) P value Adjusted RRR (95% CI) P value

Exposure: ACR elevated/eGFR norm

One fibrotic condition 1.25
(1.07 to 1.45)

0.005 1.12
(1.10 to 1.15)

<0.001*

More than one fibrotic condition 1.51
(1.27 to 1.80)

<0.001* 1.42
(1.38 to 1.45)

<0.001*

Exposure: ACR elevated/eGFR decreased

One fibrotic condition 1.72
(1.38 to 2.13)

<0.001* 1.43
(1.38 to 1.47)

<0.001*

More than one fibrotic condition 3.53
(2.86 to 4.34)

<0.001* 2.77
(2.68 to 2.86)

<0.001*

Exposure: ACR norm/eGFR decreased

One fibrotic condition 1.23
(0.98 to 1.54)

0.073 1.21
(1.17 to 1.24)

<0.001*

More than one fibrotic condition 2.03
(1.62 to 2.54)

<0.001* 1.74
(1.68 to 1.79)

<0.001*

Exposure: persistent ACR elevated/eGFR norm

One fibrotic condition 1.20
(1.00 to 1.44)

0.052 1.14
(1.11 to 1.17)

<0.001*

More than one fibrotic condition 1.47
(1.19 to 1.81)

<0.001* 1.42
(1.38 to 1.47)

<0.001*

Exposure: persistent ACR elevated/persistent eGFR decreased

One fibrotic condition 1.79
(1.41 to 2.26)

<0.001* 1.48
(1.43 to 1.54)

<0.001*

More than one fibrotic condition 4.16
(3.31 to 5.23)

<0.001* 2.92
(2.82 to 3.02)

<0.001*

Exposure: ACR norm /persistent eGFR decreased

One fibrotic condition 1.43
(1.14 to 1.81)

0.002* 1.25
(1.21 to 1.29)

<0.001*

More than one fibrotic condition 2.43
(1.92 to 3.07)

<0.001* 1.86
(1.80 to 1.92)

<0.001*

Exposure: Microvascular complications

One fibrotic condition 1.14
(1.03 to 1.26)

0.011 1.40
(1.36 to 1.45)

<0.001*

More than one fibrotic condition 1.26
(1.13 to 1.41)

<0.001* 2.28
(2.21 to 2.36)

<0.001*

Exposure: Elevated HbA1c

One fibrotic condition 1.07
(1.06 to 1.09)

<0.001*

More than one fibrotic condition 1.18
(1.16 to 1.20)

<0.001*

Exposure: Insulin prescription

One fibrotic condition 1.51
(1.48 to 1.54)

<0.001*

More than one fibrotic condition 2.33
(2.28 to 2.37)

<0.001*

Exposure: Metformin prescription

One fibrotic condition 0.95
(0.93 to 0.96)

<0.001*

More than one fibrotic condition 0.79
(0.78 to 0.81)

<0.001*

The fully adjusted model was adjusted for diabetic complications, age, sex, deprivation, smoking status and number of fibrotic conditions at baseline and 
hypertension severity.
*indicates a statistically significant p-value.
ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin.
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prescribed metformin (figure  3F, online supplemental 
table 40).

Sensitivity analyses
Microvascular complications were not protective of liver 
fibrosis when including adjustment for CCI (online 
supplemental table 41) and elevated ACR with normal 
eGFR was no longer associated with reproductive fibrosis 
(online supplemental table 42), findings were otherwise 
unchanged (online supplemental tables 42–44). Insulin 
prescription was not associated with reproductive fibrosis, 
adjusting for CCI (online supplemental table 45). Results 
did not change with respect to metformin prescription 
(online supplemental table 46). Findings were unchanged 
when additionally including OCS and diabetes duration 
(respectively) in logistic regression models (online supple-
mental tables 47–59). When including BMI in models, 
normal levels of ACR with decreased eGFR were no longer 
associated with valve fibrosis (online supplemental table 
60). Normal ACR with persistently decreased eGFR was 
not associated with atherosclerosis or valve fibrosis when 
including BMI (online supplemental table 61). When 
including BMI, glucose above target was not associated 

with blood vessel fibrosis (online supplemental table 62), 
all other findings were consistent (online supplemental 
tables 63–64).

DISCUSSION
Using observational data, we investigated whether 
diabetes status and diabetic complications were associ-
ated with fibrotic diseases. In T1DM, albuminuria was 
found to be associated with lung fibrosis, while microvas-
cular complications were associated with atherosclerosis 
and cardiomyopathy. In those with T2DM, most diabetes 
complications were associated with future diagnosis of 
fibrotic conditions. This study supports the hypothesis 
(specifically in people with T2DM) that more significant 
hyperglycaemia, attenuated response to hypoglycaemic 
therapies and greater propensity to complications are 
associated with fibrosis.

Both hyperglycaemia and hypoglycaemia upregu-
late inflammation, lead to increased oxidative stress 
and disrupted DNA repair mechanisms and can lead 
to the activation of transforming growth factor beta 

Figure 2  Association of diabetic complications and fibrotic conditions in a type 1 diabetic cohort. (A) Microvascular 
complications, (B) Single measures of ACR and eGFR, (C) Multiple measures of ACR and eGFR. ACR, albumin to creatinine 
ratio; eGFR, estimated glomerular filtration rate.
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Figure 3  Association of diabetic complications and fibrotic conditions in a type 2 diabetic cohort. (A) Microvascular 
complications, (B) single measures of ACR and eGFR, (C) multiple measures of ACR and eGFR, (D) glucose above target, 
(E) insulin prescription, (F) metformin prescription. ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate.
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signals.24–28 These mechanisms are also implicated in 
fibrosis29–32; therefore, it is important to understand 
whether diabetes mellitus is associated with fibrotic 
conditions and whether this is due to shared biological 
mechanisms.

Albuminuria is a marker of both renal impairment 
and endothelial dysfunction and can indicate systemic 
vascular damage.33 In a COPD population, albuminuria 
has been shown to be associated with COPD severity.34 It 
has also been shown that increased albuminuria is asso-
ciated with a higher risk of developing lung cancer.35 
It is believed that here we have been the first to estab-
lish an association between albuminuria (in those with 
T1DM) and lung fibrosis; this too could be a result of 
vascular damage. It has been postulated that vascular 
abnormalities are both causal and consequential in idio-
pathic pulmonary fibrosis (IPF) pathobiology.36 However, 
previous genetic studies have found no evidence of a 
direct causal relationship between diabetes (including 
exposures of HbA1c, fasting insulin level and BMI) and 
IPF.37 Thus, it is not currently clear whether endothelial 
dysfunction and shortened telomeres represent shared 
causal mechanisms of diabetes with more significant and 
treatment-resistant hyperglycaemia, and further studies 
are required to determine the nature of these associa-
tions.38 39

Furthermore, T2DM is more common in older people 
and is associated with shorter telomere length,40 41 and 
these mechanisms are shared in people with fibrotic 
disease.42 43 The association between fibrotic diseases and 
both hyperglycaemia and microvascular complications in 
T2DM requires further research to understand how these 
findings interact with the well-understood micro- and 
macrovascular complications related to hyperglycaemia 
and insulin resistance.

Regular monitoring and screening of diabetes manage-
ment and complication status is important for the 
prevention, identification and optimisation of diabetes 
complications. Completing the care processes for people 
with diabetes has been associated with reduced all-cause 
mortality.44 We have shown that diabetes complications 
are associated with fibrotic conditions. As such, we believe 
it may be important to further explore the possibility of 
screening patients with T2DM and diabetic complica-
tions for fibrotic conditions, to aid earlier detection of 
fibrotic conditions and provide more specific patient care 
given new knowledge. Currently, people with diabetes 
are screened for cardiovascular diseases, this screening 
process could present an opportunity for expansion to 
include fibrotic conditions. Many important questions 
must be first explored, for instance, which screening 
processes should be employed, the cost effectiveness as 
well as the feasibility of altering current screening proto-
cols, the regularity of screening and the establishment of 
required baseline characteristics to qualify for screening 
(eg, age, presence of diabetes complications). This would 
be a significant undertaking requiring the expertise of 
multiple disciplines.

More research is required to fully understand what 
underpins this observed association between albuminuria 
(possibly due to vascular leak) and pulmonary fibrosis and 
potential implications for clinical practice. It is important 
to understand whether observed associations are due to 
shared pathways and risk factors, as this will contribute 
towards better drug targets (including drug repurposing), 
potentially for multiple diseases. It is important to under-
stand which shared risk factors are associated with the 
development of diabetes and fibrotic conditions to better 
understand this comorbid relationship. Also, it would 
be useful to further understand whether in people with 
diabetes and diabetes complications, there is a greater 
risk of other clinical features, including cardiovascular 
diseases as well as mortality.

Strengths and limitations
The main strength of this analysis is that we have used 
routinely collected EHRs to understand the associa-
tion between diabetes status and complications with 
fibrotic conditions. These records are commonly used 
in research as they capture a broad amount of informa-
tion regarding health and treatment. However, it is also 
important to acknowledge a limitation of these data. They 
are entered (in primary care) by the treating clinician; 
in some instances, key details and information may not 
be recorded using clinical codes. Another limitation of 
using data regarding prescribed medications (in this 
instance insulin and metformin) is that this data relates 
to the prescription of the drug and not the dispensation 
or adherence. The results of tests were used to identify 
exposures in this analysis; however, sometimes a clini-
cian may enter that a test has been performed but the 
result of the test may not be recorded. This would mean 
that the exposure could not be defined in this instance. 
Therefore, our analysis of these exposures only included 
the data of people with a recorded result. Here, we 
have conducted a study primarily analysing the associa-
tion between a diabetes-related exposure and a fibrotic 
disease. However, we acknowledge that the date of entry 
of a fibrotic code does not equate to when a disease first 
manifested and, therefore, this adds complexity when 
trying to disentangle the direction of effect. However, 
in all analyses where a person had the fibrotic condition 
prior to the index date, we ensured they were removed 
from the respective analysis. A strength of this analysis is 
that we have also included further investigation of covari-
ates which may explain the observed associations in sensi-
tivity analyses. This extra work helps to contextualise and 
support the main study findings. With regard to the main 
covariates used in analysis, we believe these were well 
posed as in the fully adjusted models, the effect sizes were 
smaller; however, residual confounding (such as phys-
ical activity, dietary patterns and medication adherence) 
may explain some associations. Insulin-treated T2DM is 
a potentially heterogeneous and confounded group and, 
therefore, caution should be applied when interpreting 
results of this subgroup. It is important to acknowledge 
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that when conducting logistic regression analysis, only 
people with a minimum of 3 years of follow-up (therefore 
must be alive and continuously enrolled at their GP prac-
tice) were included in this analysis. As a result, immortal 
time bias may have led to an underestimation of associa-
tions, as high-risk patient may have died within this time 
and therefore would not contribute data.

CONCLUSIONS
In people with T2DM, complications were associated with 
a greater relative risk of fibrotic conditions. The specific 
associations found were between albuminuria and lung 
fibrosis and microvascular complications and athero-
sclerosis/cardiomyopathy, respectively. Also, associations 
in people with T2DM, between diabetic complications, 
diabetes status and the development of fibrotic conditions 
were consistently observed. These findings may suggest 
that complicated T2DM may have a fibrotic component.

Author affiliations
1School of Public Health, Imperial College London, London, UK
2Department of Health Services Research and Policy, London School of Hygiene & 
Tropical Medicine, London, UK
3Division of Public Health and Epidemiology, University of Leicester, Leicester, UK
4NIHR Leicester Biomedical Research Centre, Leicester, UK
5Department of Respiratory Medicine, University College London, London, UK
6National Heart and Lung Institute, Imperial College London, London, UK
7Department of Metabolism, Digestion and Reproduction, Imperial College London, 
London, UK
8Skin Unit, Royal Marsden Hospital NHS Trust, London, UK
9Department of Endocrinology, Chelsea and Westminster Healthcare NHS Trust, 
London, UK

Acknowledgements  We would like to thank the wider DEMISTIFI consortium, 
namely: Andrew Thorley, Anna Duckworth, Ali-Reza Mohammadi-Nejad, Aloysious 
Aravinthan, Anthony Harbottle, Armando Mendez Villalon, Chris Scotton, Christopher 
Denton, Daniel Lea, Dorothee Auer, Ebrima Joof, Eleanor Cox, Elizabeth Eves, 
Elizabeth Robertson, Emma Blamont, Fasihul Khan, Gina Parcesepe, Gordon Moran, 
Guruprasad Aithal, Hilary Longhurst, Jane Paxton, Karen Piper Hanley, Kate Frost, 
Leo Casmino, Lisa Chakrabarti, Margot Roeth, Maria Kaisar, Martin Craig, Michael 
Nation, Mohammad Alireza Kisomi, Mujdat Zeybel, Neil Guha, Nicholas Selby, Nick 
Oliver, Nick Selby, Olivia C Leavy, Penny Gowland, Philip Quinlan, Rachel Chambers, 
Richard Hubbard, Rob Slack, Rutger Ploeg, Sam Moss, Sara Fawaz, Scott Turner, 
Shauntelle Quammie, Simon Johnson, Stamatios N Sotiropoulos, Stuart Astbury, 
Susan Francis, Tom Giles, Valerie Quinn, Wendy Adams, Xin Chen, Zhendi Gong.

Collaborators  Andrew Thorley, Anna Duckworth, Ali-Reza Mohammadi-Nejad, 
Aloysious Aravinthan, Anthony Harbottle, Armando Mendez Villalon, Chris Scotton, 
Christopher Denton, Daniel Lea, Dorothee Auer, Ebrima Joof, Eleanor Cox, Elizabeth 
Eves, Elizabeth Robertson, Emma Blamont, Fasihul Khan, Gina Parcesepe, Gordon 
Moran, Guruprasad Aithal, Hilary Longhurst, Jane Paxton, Karen Piper Hanley, Kate 
Frost, Leo Casmino, Lisa Chakrabarti, Margot Roeth, Maria Kaisar, Martin Craig, 
Michael Nation, Mohammad Alireza Kisomi, Mujdat Zeybel, Neil Guha, Nicholas 
Selby, Nick Oliver, Nick Selby, Olivia C Leavy, Penny Gowland, Philip Quinlan, Rachel 
Chambers, Richard Hubbard, Rob Slack, Rutger Ploeg, Sam Moss, Sara Fawaz, 
Scott Turner, Shauntelle Quammie, Simon Johnson, Stamatios N Sotiropoulos, 
Stuart Astbury, Susan Francis, Tom Giles, Valerie Quinn, Wendy Adams, Xin Chen, 
Zhendi Gong.

Contributors  GMM contributed towards data curation, formal analysis, 
investigation, methodology, visualisation and writing of the original draft and 
review and editing. SC contributed towards formal analysis and writing—review 
and editing. STM contributed towards writing—review and editing. RC contributed 
towards writing—review and editing. GJ contributed towards writing—review and 
editing. RJA contributed towards writing—review and editing. LVW contributed 
towards writing—review and editing. IS contributed towards writing—review and 
editing. NO contributed towards investigation and writing—review and editing. 

DLM, NO contributed towards investigation and writing—review and editing. JKQ 
contributed towards conceptualisation, investigation, methodology, resources, 
supervision, writing—original draft and review and editing. All authors gave final 
approval and agreed to be accountable for all aspects of work, ensuring integrity 
and accuracy. JKQ is the guarantor of this work and, as such, had full access to all 
the data in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.

Funding  This work was supported by an MRC UKRI, grant number MR/W014491/1.

Disclaimer  The funder of the study had no role in study design, data collection, 
data analysis, data interpretation or writing of the report.

Competing interests  GMM has nothing to report. SC has nothing to report. 
STM has nothing to report. RCC 10 reports receiving funding from a collaborative 
framework agreement with Chiesi 11 Farmaceutici S.p.A. outside the submitted 
work. RGJ has received grants from Astra 12 Zeneca, Biogen, Galecto, Genetech, 
GlaxoSmithKline, Nordic Biosciences, RedX and 13 Pliant and consulting fees 
from AdAlta, Apollo Therapeutics, AstraZeneca, Brainomix, 14 Bristol Myers 
Squibb, Chiesi, Cohbar, Daewoong, GlaxoSmithKline, Veracyte, 15 Resolution 
Therapeutics, Pliant and personal fees for advisory board participation or speaking 
fees Boehringer Ingelheim, Chiesi, Galapagos, Vicore, Roche, Patient M Power and 
AstraZeneca. RJA has nothing to report. LVW reports grants from OrionPharma, 
GlaxoSmithKline, Genentech and AstraZeneca, consulting fees from Galapagos and 
Boehringer Ingelheim, non-financial support from AstraZeneca. IS is part of the 
advisory board and shareholder of patient M Power. He is also part of the research 
fellowship to Rayne Foundation. NO research support from Dexcom, Medtronic, 
and Roche Diabetes; has participated in advisory groups for Dexcom, Medtronic, 
and Roche Diabetes; and has received fees for speaking from Astra Zeneca,Sanofi, 
Dexcom, Tandem, Medtronic, and Roche Diabetes. DM has nothing to report. JKQ 
has been supported by institutional research grants from the Medical Research 
Council, NIHR, Health Data Research, GSK, BI, AZ, Insmed, Sanofi and received 
personal fees for advisory board participation, consultancy or speaking fees from 
GlaxoSmithKline, Sanofi, Chiesi, AstraZeneca.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication  Not applicable.

Ethics approval  Ethical approval was obtained to conduct this research study 
(protocol number: 24_003977).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data may be obtained from a third party and are 
not publicly available. CPRD has NHS Health Research Authority (HRA) Research 
Ethics Committee (REC) approval to allow the collection and release of anonymised 
primary care data for observational research (NHS HRA REC reference number: 
05/MRE04/87). Each year CPRD obtains Section 251 regulatory support through 
the HRA Confidentiality Advisory Group (CAG), to enable patient identifiers, without 
accompanying clinical data, to flow from CPRD contributing GP practices in 
England to NHS Digital, for the purposes of data linkage (CAG reference number: 
21/CAG/0008). The protocol for this research was approved by CPRD’s Research 
Data Governance (RDG) Process (protocol number: 24_003977) and the approved 
protocol is available on request. Linked pseudonymised data were provided for 
this study by CPRD. Data are linked by NHS Digital, the statutory trusted third party 
for linking data, using identifiable data held only by NHS Digital. Select general 
practices consent to this process at a practice level with individual patients having 
the right to opt-out.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

ay 19, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

27 O
cto

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103426 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://bmjopen.bmj.com/


11Massen GM, et al. BMJ Open 2025;15:e103426. doi:10.1136/bmjopen-2025-103426

Open access

ORCID iDs
Georgie May Massen https://orcid.org/0000-0003-4355-6546
Iain Stewart https://orcid.org/0000-0002-1340-2688
Jennifer K Quint https://orcid.org/0000-0003-0149-4869

REFERENCES
	 1	 Williams JS, Egede LE. The Association Between Multimorbidity and 

Quality of Life, Health Status and Functional Disability. Am J Med Sci 
2016;352:45–52. 

	 2	 Nunes BP, Flores TR, Mielke GI, et al. Multimorbidity and mortality in 
older adults: A systematic review and meta-analysis. Arch Gerontol 
Geriatr 2016;67:130–8. 

	 3	 Willadsen T, Siersma V, Nicolaisdóttir D, et al. Multimorbidity and 
mortality. J Comorb 2018;8. 

	 4	 Storeng SH, Vinjerui KH, Sund ER, et al. Associations between 
complex multimorbidity, activities of daily living and mortality among 
older Norwegians. A prospective cohort study: the HUNT Study, 
Norway. BMC Geriatr 2020;20:21. 

	 5	 Jani BD, Hanlon P, Nicholl BI, et al. Relationship between 
multimorbidity, demographic factors and mortality: findings from the 
UK Biobank cohort. BMC Med 2019;17:74. 

	 6	 Multiple long-term conditions (multimorbidity): a priority for global 
health research. Available: https://acmedsci.ac.uk/policy/policy-​
projects/multimorbidity [Accessed 13 Jul 2023].

	 7	 Aggarwal P, Woolford SJ, Patel HP. Multi-Morbidity and 
Polypharmacy in Older People: Challenges and Opportunities for 
Clinical Practice. Geriatrics 2020;5:85. 

	 8	 The Lancet. Making more of multimorbidity: an emerging priority. The 
Lancet 2018;391:1637. 

	 9	 Multimorbidity or multiple long-term conditions (MLTC). Available: 
https://www.ukri.org/what-we-do/our-main-funds-and-areas-​
of-support/browse-our-areas-of-investment-and-support/​
multimorbidity-or-multiple-long-term-conditions-mltc/ [Accessed 13 
Jul 2023].

	10	 Murtha LA, Morten M, Schuliga MJ, et al. The Role of Pathological 
Aging in Cardiac and Pulmonary Fibrosis. Aging Dis 2019;10:419–28. 

	11	 Selman M, Pardo A. Fibroageing: An ageing pathological feature 
driven by dysregulated extracellular matrix-cell mechanobiology. 
Ageing Res Rev 2021;70:101393. 

	12	 Wynn TA. Cellular and molecular mechanisms of fibrosis. J Pathol 
2008;214:199–210. 

	13	 Ageing and health. Available: https://www.who.int/news-room/fact-​
sheets/detail/ageing-and-health [Accessed 20 Nov 2023].

	14	 Chowdhury SR, Chandra Das D, Sunna TC, et al. Global and regional 
prevalence of multimorbidity in the adult population in community 
settings: a systematic review and meta-analysis. eClinicalMedicine 
2023;57:101860. 

	15	 Massen GM, Whittaker HR, Cook S, et al. Using Routinely 
Collected Electronic Healthcare Record Data to Investigate Fibrotic 
Multimorbidity in England. Clin Epidemiol 2024;16:433–43. 

	16	 Massen GM, Allen RJ, Leavy OC, et al. Classifying the 
unclassifiable—a Delphi study to reach consensus on the fibrotic 
nature of diseases. QJM 2023;116:429–35. 

	17	 Role of insulin resistance in the development of nonalcoholic fatty liver 
disease in people with type 2 diabetes: from bench to patient care | 
diabetes spectrum | american diabetes association. Available: https://​
diabetesjournals.org/spectrum/article/37/1/20/154184/Role-of-Insulin-​
Resistance-in-the-Development-of [Accessed 12 Feb 2025].

	18	 Kalavalapalli S, Leiva EG, Lomonaco R, et al. Adipose Tissue Insulin 
Resistance Predicts the Severity of Liver Fibrosis in Patients With Type 2 
Diabetes and NAFLD. J Clin Endocrinol Metab 2023;108:1192–201. 

	19	 Rangarajan S, Bone NB, Zmijewska AA, et al. Metformin 
reverses established lung fibrosis in a bleomycin model. Nat Med 
2018;24:1121–7. 

	20	 Wu M, Xu H, Liu J, et al. Metformin and Fibrosis: A Review of Existing 
Evidence and Mechanisms. J Diabetes Res 2021;2021:6673525. 

	21	 Teague TT, Payne SR, Kelly BT, et al. Evaluation for clinical benefit of 
metformin in patients with idiopathic pulmonary fibrosis and type 2 

diabetes mellitus: a national claims-based cohort analysis. Respir Res 
2022;23:91. 

	22	 Clinical practice research datalink. CPRD Aurum; 2023. Available: 
https://doi.org/10.48329/7njs-8a57

	23	 Wolf A, Dedman D, Campbell J, et al. Data resource profile: 
Clinical Practice Research Datalink (CPRD) Aurum. Int J Epidemiol 
2019;48:1740–1740g. 

	24	 Rohm TV, Meier DT, Olefsky JM, et al. Inflammation in obesity, 
diabetes, and related disorders. Immunity 2022;55:31–55. 

	25	 Chen H-Y, Ko M-L, Chan H-L. Effects of hyperglycemia on the TGF-β 
pathway in trabecular meshwork cells. Biochimica et Biophysica Acta 
(BBA) - General Subjects 2024;1868:130538. 

	26	 González P, Lozano P, Ros G, et al. Hyperglycemia and Oxidative 
Stress: An Integral, Updated and Critical Overview of Their Metabolic 
Interconnections. Int J Mol Sci 2023;24:9352. 

	27	 Kahal H, Halama A, Aburima A, et al. Effect of induced hypoglycemia 
on inflammation and oxidative stress in type 2 diabetes and control 
subjects. Sci Rep 2020;10:4750. 

	28	 Lima J, Moreira NCS, Takahashi P, et al. Oxidative stress, dna 
damage, and transcriptional expression of dna repair and 
stress response genes in diabetes mellitus. In: Passos GA, ed. 
Transcriptomics in Health and Disease. Cham: Springer International 
Publishing, 2022: 341–65.

	29	 Meng X-M, Nikolic-Paterson DJ, Lan HY. TGF-β: the master regulator 
of fibrosis. Nat Rev Nephrol 2016;12:325–38. 

	30	 Liu Z-Y, Song K, Tu B, et al. Crosstalk between oxidative stress and 
epigenetic marks: New roles and therapeutic implications in cardiac 
fibrosis. Redox Biol 2023;65:102820. 

	31	 Antar SA, Ashour NA, Marawan ME, et al. Fibrosis: Types, Effects, 
Markers, Mechanisms for Disease Progression, and Its Relation 
with Oxidative Stress, Immunity, and Inflammation. Int J Mol Sci 
2023;24:4004. 

	32	 Makena P, Kikalova T, Prasad GL, et al. Oxidative Stress and Lung 
Fibrosis: Towards an Adverse Outcome Pathway. Int J Mol Sci 
2023;24:12490. 

	33	 Mendy A, Salo PM, Wilkerson J, et al. Albuminuria as a Predictor of 
Mortality from Chronic Lower Respiratory Disease and from Influenza 
and Pneumonia. Ann Am Thorac Soc 2021;18:2093–5. 

	34	 Shayo FK, Lutale J. Albuminuria in patients with chronic obstructive 
pulmonary disease: a cross-sectional study in an African patient 
cohort. BMC Pulm Med 2018;18:125. 

	35	 Luo L, Kieneker LM, Yang Y, et al. An increase in albuminuria is 
associated with a higher incidence of malignancies. Clin Kidney J 
2024;17:sfae009. 

	36	 May J, Mitchell JA, Jenkins RG. Beyond epithelial damage: vascular 
and endothelial contributions to idiopathic pulmonary fibrosis. J Clin 
Invest 2023;133:e172058. 

	37	 Moss ST, Minelli C, Leavy OC, et al. Assessing causal relationships 
between diabetes mellitus and idiopathic pulmonary fibrosis: a 
Mendelian randomisation study. Thorax 2025;80:133–9. 

	38	 Cheng F, Carroll L, Joglekar MV, et al. Diabetes, metabolic disease, 
and telomere length. Lancet Diabetes Endocrinol 2021;9:117–26. 

	39	 Wang J, Dong X, Cao L, et al. Association between telomere 
length and diabetes mellitus: A meta-analysis. J Int Med Res 
2016;44:1156–73. 

	40	 Salpea KD, Talmud PJ, Cooper JA, et al. Association of telomere 
length with type 2 diabetes, oxidative stress and UCP2 gene 
variation. Atherosclerosis 2010;209:42–50. 

	41	 Zhao J, Miao K, Wang H, et al. Association between Telomere 
Length and Type 2 Diabetes Mellitus: A Meta-Analysis. PLoS ONE 
2013;8:e79993. 

	42	 Idiopathic pulmonary fibrosis and telomeres - PMC. Available: 
https://pmc.ncbi.nlm.nih.gov/articles/PMC9740997/ [Accessed 24 
Oct 2024].

	43	 Mulet A, Signes-Costa J. Idiopathic Pulmonary Fibrosis and 
Telomeres. J Clin Med 2022;11:6893. 

	44	 Valabhji J, Barron E, Gorton T, et al. Associations between reductions 
in routine care delivery and non-COVID-19-related mortality in 
people with diabetes in England during the COVID-19 pandemic: a 
population-based parallel cohort study. Lancet Diabetes Endocrinol 
2022;10:561–70. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

ay 19, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

27 O
cto

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103426 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://orcid.org/0000-0003-4355-6546
https://orcid.org/0000-0002-1340-2688
https://orcid.org/0000-0003-0149-4869
http://dx.doi.org/10.1016/j.amjms.2016.03.004
http://dx.doi.org/10.1016/j.archger.2016.07.008
http://dx.doi.org/10.1016/j.archger.2016.07.008
http://dx.doi.org/10.1177/2235042X18804063
http://dx.doi.org/10.1186/s12877-020-1425-3
http://dx.doi.org/10.1186/s12916-019-1305-x
https://acmedsci.ac.uk/policy/policy-projects/multimorbidity
https://acmedsci.ac.uk/policy/policy-projects/multimorbidity
http://dx.doi.org/10.3390/geriatrics5040085
http://dx.doi.org/10.1016/S0140-6736(18)30941-3
http://dx.doi.org/10.1016/S0140-6736(18)30941-3
https://www.ukri.org/what-we-do/our-main-funds-and-areas-of-support/browse-our-areas-of-investment-and-support/multimorbidity-or-multiple-long-term-conditions-mltc/
https://www.ukri.org/what-we-do/our-main-funds-and-areas-of-support/browse-our-areas-of-investment-and-support/multimorbidity-or-multiple-long-term-conditions-mltc/
https://www.ukri.org/what-we-do/our-main-funds-and-areas-of-support/browse-our-areas-of-investment-and-support/multimorbidity-or-multiple-long-term-conditions-mltc/
http://dx.doi.org/10.14336/AD.2018.0601
http://dx.doi.org/10.1016/j.arr.2021.101393
http://dx.doi.org/10.1002/path.2277
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
http://dx.doi.org/10.1016/j.eclinm.2023.101860
http://dx.doi.org/10.2147/CLEP.S463499
http://dx.doi.org/10.1093/qjmed/hcad050
https://diabetesjournals.org/spectrum/article/37/1/20/154184/Role-of-Insulin-Resistance-in-the-Development-of
https://diabetesjournals.org/spectrum/article/37/1/20/154184/Role-of-Insulin-Resistance-in-the-Development-of
https://diabetesjournals.org/spectrum/article/37/1/20/154184/Role-of-Insulin-Resistance-in-the-Development-of
http://dx.doi.org/10.1210/clinem/dgac660
http://dx.doi.org/10.1038/s41591-018-0087-6
http://dx.doi.org/10.1155/2021/6673525
http://dx.doi.org/10.1186/s12931-022-02001-0
https://doi.org/10.48329/7njs-8a57
http://dx.doi.org/10.1093/ije/dyz034
http://dx.doi.org/10.1016/j.immuni.2021.12.013
http://dx.doi.org/10.1016/j.bbagen.2023.130538
http://dx.doi.org/10.1016/j.bbagen.2023.130538
http://dx.doi.org/10.3390/ijms24119352
http://dx.doi.org/10.1038/s41598-020-61531-z
http://dx.doi.org/10.1038/nrneph.2016.48
http://dx.doi.org/10.1016/j.redox.2023.102820
http://dx.doi.org/10.3390/ijms24044004
http://dx.doi.org/10.3390/ijms241512490
http://dx.doi.org/10.1513/AnnalsATS.202009-1226RL
http://dx.doi.org/10.1186/s12890-018-0694-5
http://dx.doi.org/10.1093/ckj/sfae009
http://dx.doi.org/10.1172/JCI172058
http://dx.doi.org/10.1172/JCI172058
http://dx.doi.org/10.1136/thorax-2024-221472
http://dx.doi.org/10.1016/S2213-8587(20)30365-X
http://dx.doi.org/10.1177/0300060516667132
http://dx.doi.org/10.1016/j.atherosclerosis.2009.09.070
http://dx.doi.org/10.1371/journal.pone.0079993
https://pmc.ncbi.nlm.nih.gov/articles/PMC9740997/
http://dx.doi.org/10.3390/jcm11236893
http://dx.doi.org/10.1016/S2213-8587(22)00131-0
http://bmjopen.bmj.com/

	Association between hyperglycaemia, diabetes complications and development of fibrotic conditions among people living with type 1 and type 2 diabetes in England: a retrospective cohort study using UK Clinical Resource Datalink Aurum and Hospital Episode S
	Abstract
	Introduction﻿﻿
	Methods
	Data source and study population
	Exposures
	Microvascular complications
	Biomarkers of microvascular complications
	Glucose above target
	Prescribed medications

	Outcomes
	Statistical analysis
	Patient and public involvement

	Results
	Type 1 diabetes mellitus
	Exposure: all microvascular complications
	Exposure: ACR/eGFR measurements
	Exposure: persistently raised ACR/eGFR measurements
	Sensitivity analysis

	Type 2 diabetes mellitus
	Exposure: all microvascular complications
	Exposure: ACR/eGFR measurements
	Exposure: persistently raised ACR/eGFR measurements
	Exposure: glucose above target
	Exposure: insulin prescription
	Exposure: metformin prescription
	Sensitivity analyses


	Discussion
	Strengths and limitations

	Conclusions
	References


