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Summary
Background Extracellular matrix (ECM) dysregulation, manifesting as fibrosis or tissue destruction, is a hallmark of 
many chronic diseases, leading to organ dysfunction and mortality. However, ECM-related diseases are rarely 
considered as a unified group, and their burden remains poorly defined. We aimed to quantify the burden of 
ECM-related diseases by estimating prevalence and mortality.

Methods We conducted a register-based study using Danish health registers. Chronic diseases were classified as 
ECM-related, either fibrotic or tissue destruction diseases, based on ICD-10 codes by field experts. Prevalence 
was estimated using the Danish National Patient Register, and mortality using the Danish Register of Causes of 
Death. Analyses were stratified by sex, and key analyses were replicated using the UK Biobank cohort 
(Application ID 31823).

Findings Among 1701 ICD-10 level-two disease codes, we identified 194 fibrotic diseases and 137 tissue destruction 
diseases, totalling 331 ECM-related diseases. 19% (1120068/5945094) of the population had a fibrotic disease, 30% 
(1772148/5945094) a tissue destruction disease, and 38% (2250048/5945094) an ECM-related disease, with higher 
prevalence among women. Mortality rates recorded as underlying causes were 381, 159 and 540 per 100,000 
individuals for fibrotic, tissue destruction, and combined ECM-related diseases, accounting for 40% (22715/ 
56795), 17% (9513/56795) and 57% (32228/56795) of deaths. Mortality was higher when ECM-related diseases 
were recorded as contributing causes of death. Mortality was higher among men.

Interpretation ECM-related diseases impose a substantial burden through high prevalence and mortality. Recog
nition of ECM dysregulation as a disease mechanism may inform therapeutic strategies and public health planning.
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Introduction
The extracellular matrix (ECM) is a dynamic and 
multifunctional component of all tissues. It provides 
structural support while actively modulating cellular 
behaviour and maintaining tissue homeostasis. 
Continuous and tightly regulated ECM remodelling is 
essential for maintaining tissue integrity, architecture, 
and function across all organs, and plays important 
roles in physiological and pathological processes 
including infection, inflammation, tissue repair, and 
regeneration.1–3 When this balance is persistently dis
rupted, often in association with chronic inflammatory 
processes, ECM remodelling becomes dysregulated. It 
shifts towards either excessive matrix deposition 
(fibrosis) or excessive matrix degradation with tissue 
loss (tissue destruction).2–7 Together, these processes 
define a broad group of chronic ECM-related diseases 
characterized by persistent dysregulation of ECM ho
meostasis and chronic ECM remodelling that 
contribute substantially to chronic morbidity and 
mortality.

Fibrotic diseases include idiopathic pulmonary 
fibrosis, chronic kidney disease, cardiovascular disease, 
systemic sclerosis, and liver cirrhosis, and are also 
implicated in most solid tumours.4,6–11 Tissue destruc
tion diseases include osteoarthritis, osteoporosis, 
rheumatoid arthritis, inflammatory bowel diseases, and 

atopic dermatitis.12,13 Many of these conditions exhibit 
features of both fibrosis and tissue destruction. How
ever, ECM-related diseases can be classified according 
to whether chronic ECM remodelling predominantly 
results in tissue gain (fibrosis) or tissue loss (tissue 
destruction) over time. This reflects the net direction of 
chronic ECM remodelling rather than transient or 
stage-specific variation. Despite typically being consid
ered separately, these diseases share persistent dysre
gulation of ECM homeostasis as a common biological 
basis.4

Classifying ECM-related diseases as an overarching 
group may help link conditions with shared molecular 
processes currently studied in isolation. This may 
support the translation of therapies targeting the shared 
common ECM pathways. However, few studies have 
systematically defined shared ECM-related diseases 
across organ systems, and even fewer have quantified 
their combined population-level burdens.14 Conse
quently, the prevalence and mortality attributable to 
ECM dysregulation are likely underestimated, limiting 
the recognition of ECM-related pathology as a major 
public health challenge.

The Danish health registries provide a unique op
portunity to address these gaps through complete 
population coverage and long-term follow-up. In this 
study, we aimed to quantify the burden of ECM-related 

Research in context

Evidence before this study
We searched PubMed and Google Scholar for studies 
published up to Jan 22, 2026, using combinations of the 
terms “extracellular matrix”, “ECM”, “fibrosis”, “fibrotic 
diseases”, “tissue destruction”, “disease burden”, 
“prevalence”, and “mortality”.
ECM remodelling is increasingly recognised as a shared 
mechanism across chronic diseases; however, ECM-related 
diseases are rarely assessed as a unified disease group. Few 
studies have systematically classified ECM-related diseases 
across organ systems. Even fewer have quantified their 
combined population-level burden in terms of prevalence 
and mortality rates. Previous estimates have suggested 
fibrosis contributes to up to 50 chronic diseases and may be 
linked to more than 35% of deaths in Western populations. 
However, comparable estimates that capture tissue 
destruction conditions are limited.

Added value of this study
We systematically classified ICD-10 level two diagnoses 
according to fibrotic or tissue destruction pathophysiology 

and quantified their population burden. We identified 194 
fibrotic and 137 tissue destruction conditions, comprising 
331 ECM-related diagnoses in total. In 2023, 19% of the 
Danish population had a fibrotic disease, 30% had a tissue 
destruction disease, and 38% had an ECM-related disease 
overall. In 2024, the mortality rates were 381, 159 and 540 
per 100,000 individuals for fibrotic, tissue destruction, and 
combined ECM-related diseases (in total 40%, 17%, and 57% 
of all deaths).
By integrating diseases traditionally studied in isolation, this 
study provides a novel framework for quantifying the shared 
burden of ECM dysregulation at the population level.

Implications of all the available evidence
ECM-related diseases are common and are associated with 
substantial mortality. Treating ECM dysregulation as a shared 
disease framework could improve burden estimation and 
strengthen the rationale for research into therapies targeting 
common cellular effectors and ECM pathways, as well as 
inform disease surveillance, prevention strategies, and health 
policy prioritization.
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chronic diseases by classifying ICD-10 level-two di
agnoses according to ECM-related pathophysiology. 
Using Danish health registries, we estimated sex- 
specific prevalence and mortality rates for fibrotic 
diseases, tissue destruction diseases, and overall ECM- 
related diseases, and assessed mortality trends over a 
25-year period. Danish registry data have been shown to 
be broadly representative of other Western populations, 
supporting the generalisability of findings beyond 
Denmark.15,16 Key findings were externally replicated in 
the UK Biobank cohort.17

Methods
Study design and data sources
This register-based study included all individuals in 
Denmark with a civil registration number in the central 
person registry (CPR) from 1 January 1994 to 31 
December 2023. Data were obtained from the Danish 
National Patient Register (NPR) and the Danish Cause 
of Death Register, which contain information on all 
hospital contacts and causes of death coded according 
to the Danish version of the International Classification 
of Diseases, 10th Revision (ICD-10). ICD-10 was 
introduced in Denmark on 1 January 1994.15,16 The 
Danish health registries provide nationwide population 
coverage and complete longitudinal follow-up through 
the unique personal identification number assigned to 
all Danish residents. The registries are widely used for 
epidemiological research and have been extensively 
evaluated with generally high completeness and validity 
of recorded diagnoses and causes of death.15,16 Data 
were available up to 2023 from the NPR and up to 2024 
from the Cause of Death Register, with prevalence an
alyses covering 2013–2023 and mortality analyses 
including deaths from 1994 to 2024.

Study population
The study population was identified through the 
Danish Civil Registration System and included all in
dividuals in Denmark with an active personal identifi
cation number between 1 January 1994 and 31 
December 2024. At the end of 2024, 5945094 in
dividuals were alive and residing in Denmark. Over 
the study period, a total of 8504378 unique individuals 
were included, comprising all individuals with an 
active CPR number who resided in Denmark at any 
point during the study period, including those who 
subsequently died or emigrated. Outcome data were 
obtained by linking the NPR and the Cause of Death 
Register with a separate dataset containing ICD-10 
codes classified as fibrotic diseases, tissue destruc
tion diseases, or non-ECM diseases. No exclusions 
were applied prior to data extraction, which means 
that the entire Danish population formed the basis of 
the analysis.

Disease definitions
This study classifies chronic diseases based on pre
defined operational definitions of chronic ECM 
remodelling phenotypes. The classification was 
designed to identify chronic diseases in which persis
tent dysregulation of ECM homeostasis, reflected by 
either fibrosis or tissue destruction, represents a 
defining feature of disease pathology.

Fibrotic diseases
Chronic disorders, in which chronic ECM dysregulation 
in the form of fibrosis has been described as a patho
logical feature or component of the disease. These 
conditions are characterised by excessive ECM forma
tion relative to degradation, resulting in tissue remod
elling, structural disruption, and impaired organ 
function.

Tissue destruction diseases
Chronic disorders, in which chronic ECM dysregulation 
in the form of excessive matrix degradation has been 
described as a pathological feature or component of the 
disease. These conditions are characterised by excessive 
ECM degradation relative to formation, resulting in 
tissue loss, structural disruption, and impaired organ 
function, with replacement of normal ECM by fibrillar 
collagen-rich matrix.

ECM-related diseases
Chronic disorders characterised by chronic ECM dys
regulation and include both fibrotic diseases and tissue 
destruction diseases. This classification therefore cap
tures conditions characterised either by excessive ECM 
formation or excessive ECM degradation as part of their 
pathology.

Non-ECM diseases
Disorders not characterized by chronic persistent dys
regulation of ECM homeostasis according to the oper
ational criteria applied in this study.

The operational definitions are provided in 
Appendix S1.

Disease classification
The classification focused exclusively on chronic dis
eases, reflecting the long-term nature of ECM dysre
gulation. All the Danish ICD-10 level two disease codes 
(in total: 1701) were reviewed and coded into one of 
four mutually exclusive categories: fibrotic diseases, 
tissue destruction diseases, non-ECM diseases, or un
known. Classification was based on the operational 
definitions (Appendix S1), literature evidence, disease 
biology, and clinical relevance. A panel of domain ex
perts classified the ICD-10 codes. For each ICD-10 
chapter, codes were independently assessed by two ex
perts with relevant clinical expertise in that disease area 
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in a double-blinded, Delphi-inspired consensus pro
cess; a detailed description of the procedure is provided 
in Appendix S2. Where classification uncertainty arose, 
coders were required to consult at least three peer- 
reviewed publications describing the disease patho
physiology and its relationship to ECM remodelling. In 
cases of disagreement, a third expert adjudicated the 
final classification. Each ICD-10 code was assigned to 
one mutually exclusive category to prevent double 
counting.

Data integration and variable construction
Individual-level data from the NPR and Cause of Death 
Register were linked using pseudonymised identifica
tion numbers in the registries. The ECM classification 
dataset was linked to the registry data using ICD-10 
diagnosis codes. Only primary and secondary di
agnoses were included. For mortality analyses, the 
causes of death were categorised as underlying or 
contributing. A contributing cause indicator was 
defined as the presence of an ECM-related disease 
anywhere on the death certificate, regardless of whether 
it was recorded as the underlying cause of death or as 
an additional contributing cause. Fibrotic and tissue 
destruction diseases were analysed separately and 
combined into an overall ECM-related disease category.

Statistical analyses
Annual prevalence was estimated using a person-year 
dataset derived from the Danish Civil Registration 
System. Individuals were considered part of the popu
lation for a given year if they were alive and residing in 
Denmark on 31 December. Individuals were considered 
prevalent from their first recorded diagnosis onwards. 
For overall ECM-related disease, individuals were 
counted once, with onset defined by the earliest quali
fying diagnosis. For the combined ECM disease cate
gory, individuals were counted once regardless of 
whether they met the criteria for fibrotic, tissue 
destruction, or both disease categories. ECM disease 
onset was defined as the earliest diagnosis across do
mains. Although prevalence was calculated for 
1994–2023, only estimates from 2013 onwards are re
ported to encapsulate a 20-year look-back period and 
minimize potential bias due to left truncation. Preva
lence estimates were calculated for the total population 
and stratified by sex. Age-specific prevalence was addi
tionally calculated for 2023 and stratified by sex.

Mortality analyses covered the period 1994–2024. 
Annual mortality rates (MR) were calculated as deaths 
per 100,000 person-years, using the average population 
size between 1 January and 31 December as the de
nominator. MRs were computed separately for men 
and women and combined overall. Analyses were con
ducted for fibrotic, tissue destruction, and overall ECM- 
related diseases, considering both underlying and 
contributing causes of death. Temporal trends in 

mortality were evaluated using Poisson regression with 
calendar year entered as a continuous variable. Separate 
models were fitted for each disease group and for un
derlying and contributing causes. Sex-specific differ
ences in temporal patterns were assessed through 
interaction terms between sex and calendar year. 
Temporal trends are presented as mortality rate ratios 
(MRR) per calendar year with corresponding 95% 
confidence intervals. Age-specific mortality rates were 
additionally calculated throughout the study period and 
stratified by sex.

For age-specific analyses, individuals younger than 
40 years were combined into a single age category to 
comply with Danish registry data confidentiality re
quirements. For age-specific mortality analyses, calen
dar years were additionally aggregated into 2-year 
periods (with 2022–2024 presented as a 3-year period) 
to ensure robust estimates in small age- and sex-specific 
strata.

Prevalence and mortality estimates were derived 
from nationwide registry data covering the entire 
Danish population during the study period and thus 
represent population measures rather than sample- 
based estimates. Consequently, they are reported 
without accompanying standard errors or confidence 
intervals.

All statistical analyses were performed using R 
version 4.3.32024-02-29 and RStudio version 2023.12.1- 
402.

Validation in UK Biobank
To externally validate our findings, we replicated 
selected analyses in the UK Biobank cohort (Applica
tion ID 31823), a large prospective cohort of approxi
mately 500,000 participants,17 As a selected cohort 
rather than a complete population registry, UK Biobank 
differs fundamentally from the Danish register-based 
data and is subject to selection bias. Therefore, it was 
not used to validate absolute prevalence estimates, 
which are derived from the entire Danish population.17 

Accordingly, UK Biobank was used exclusively for 
external validation of mortality estimates for 2024, 
which were compared with corresponding mortality 
rates derived from the Danish registry data.

Role of the funding source
The funder had no role in study design, data collection, 
data analysis, data interpretation, manuscript prepara
tion, or the decision to submit the manuscript for 
publication.

Results
We classified 995 unique ICD10 codes into four major 
categories. The main groups were fibrotic diseases 
(n = 194) and tissue destruction diseases (n = 137), 
together constituting the total ECM-related disease 
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group (n = 331). The largest remaining group consisted 
of non-ECM diseases (n = 635). A smaller subset of 
codes (n = 29) could not be clearly categorised and were 
assigned as “unknown”, as shown in Fig. 1a. The full 
classification list is provided in Appendix S3.

As shown in Fig. 1b, neoplasms were the largest 
proportion of fibrotic diseases (49%), whereas muscu
loskeletal diseases were the largest in tissue destruction 
diseases (33%).

Prevalence of ECM-related diseases
Since 2013, the prevalence of fibrotic, tissue destruc
tion, and ECM-related diseases has remained relatively 
stable, with minor fluctuations.

In 2023, an estimated 19% of the Danish population 
lived with one or more fibrotic diseases (22.6% women, 
15.1% men), 30% with one or more tissue destruction 
diseases (31.4% women, 28.3% men), and 38% with 
one or more ECM-related diseases (41.5% women, 
34.2% men). Across all disease categories, the 

prevalence was consistently higher in women than in 
men. These patterns are shown in Fig. 2, while the 
prevalent ECM-disease distribution across ICD-10 
chapters is presented in Appendix S5.

A pronounced age-related increase in prevalence 
was observed across all disease categories (Fig. 3). The 
prevalence of ECM-related diseases increased from 
17.6% among individuals aged <40 years to 80.7% 
among those aged ≥85 years. Similarly, the prevalence 
of fibrotic diseases increased from 4.9% to 52.9%, and 
tissue destruction diseases increased from 14.4% to 
67.7%. While women generally exhibited a higher 
prevalence across age groups, the female predominance 
in fibrotic diseases diminished with age, and prevalence 
became higher among men in the oldest age groups as 
shown in Fig. 3.

Mortality associated with ECM-related diseases
As depicted in Fig. 4, the crude mortality rates for dis
eases related to ECM in 2024 differed depending on the 

Disease category Non-ECM Fibrotic Tissue destruction Unknown Total

Number of diseases 1341 194 137 29 1701

1b Proportion of diseases across disease categories by ICD 10 chapter- ECM diseases comprise fibrotic diseases and tissue
destruction diseases within one unified group of diseases*.

1a Total number of diseases by ECM disease category. ECM-related diseases are classified as fibrotic diseases (characterised by
excessive ECM formation) and tissue destruction diseases (characterised by excessive ECM degradation). Non-ECM and unknown
diseases are shown in grey.

*ICD-10 chapters representing less than 3% of the total are not labelled with percentages in the figure to improve readability.
ICD-10 chapters not displayed in the figure or included in the legend contain no ECM-related diseases.

100%

75%

50%

25%

0%
Fibrotic Tissue destruction ECM

Fig. 1: Distribution of extracellular matrix (ECM) related diseases.
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disease category and whether the condition was iden
tified as the underlying or a contributing cause of death.

Across all disease categories, mortality rates were 
higher when ECM-related diseases were recorded as 
contributing rather than underlying causes (Fig. 4a and 
b). For fibrotic diseases, the mortality rate was 381 per 
100,000 as the underlying cause and 504 per 100,000 as 
a contributing cause. The corresponding rates for tissue 
destruction diseases were 159 and 250 per 100,000. 
Overall, ECM-related diseases accounted for 540 deaths 
per 100,000 as the underlying cause and 647 per 
100,000 when contributing causes were included. The 
corresponding percentage distributions are presented 
in Appendix S6. The distribution of ICD-10 chapters 
among total deaths within each disease category in 2024 
is presented in Appendix S6.

Similar patterns were observed in the UK Biobank 
cohort (Fig. 4a and b), with slightly higher mortality 
rates for fibrotic (Danish MR: 381 vs UK MR: 470 per 
100,000) and overall ECM-related diseases (540 vs 623 
per 100,000) compared with results from the Danish 
registry, while rates for tissue destruction diseases were 
broadly similar (159 vs 153 per 100,000) for the un
derlying causes. Similar patterns were observed for the 
contributing causes of death.

Trends in mortality associated with ECM-related 
diseases
Between 1994 and 2024, crude mortality rates for ECM- 
related disease groups declined substantially, with 
similar temporal patterns across fibrotic, tissue 
destruction, and overall ECM-related diseases. Rates 
gradually decreased from the mid-1990s to the early 
2000s before stabilising. A marked discontinuity in 
2006 coincided with Denmark’s transition to electronic 
death certification, suggesting that part of the observed 
decline may reflect changes in reporting practices 
rather than changes in disease burden.16

Fibrotic diseases
Mortality due to fibrotic diseases declined between 1994 
and 2024 (Fig. 5a and b). As the underlying cause of 
death, mortality rates fell from 498.6 deaths per 100,000 
in 1994 to 381.1 deaths per 100,000 in 2024, with a 
gradual decline through the late 1990’s and the early 
2000s. When fibrotic diseases were recorded as contrib
uting causes, mortality rates were higher, but followed a 
closely parallel pattern, decreasing from 663.6 deaths per 
100,000 in 1994 to 504.7 deaths per 100,000 in 2024. The 
trends were similar for men and women, although men 
consistently exhibited slightly higher rates than women.
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Fig. 2: Annual prevalence of fibrotic (a), tissue destruction (b), and extracellular matrix (ECM)-related diseases (c) in Denmark, 2013–2023, and 
total prevalence by disease group in 2023 (d).
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a  Fibrotic diseases 

b  Tissue destruction diseases 

c  ECM-related diseases 
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Fig. 3: Age- and sex-specific prevalence of fibrotic (a), tissue destruction (b), and extracellular matrix (ECM)-related diseases (c) in 2023. 
Individuals younger than 40 years were grouped into a single category to comply with Danish registry data confidentiality regulations.
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Poisson regression analyses confirmed a significant 
annual decline in mortality from fibrotic diseases for 
both underlying and contributing causes from 1994 to 
2024 (Appendix S8). Mortality rate ratios indicated a 
stronger relative decline among women compared with 
men over time, as reflected by a significant sex-by-year 
interaction.

Tissue destruction diseases
Mortality from tissue destruction diseases declined be
tween 1994 and 2024 (Fig. 5c and d). As the underlying 
cause of death, mortality rates decreased from 204.2 
deaths per 100,000 in 1994 to 159.6 deaths per 100,000 
in 2024. When recorded as contributing causes, mor
tality was higher but followed a similar pattern, 
decreasing from 323.4 deaths per 100,000 in 1994 to 
252.3 deaths per 100,000 in 2024. The trends were 
nearly identical for both men and women.

Poisson regression analyses demonstrated signifi
cant long-term declines in mortality for tissue destruc
tion diseases, with sex-specific differences in temporal 
trends that were smaller than those observed for fibrotic 
diseases (Appendix S8).

ECM-related diseases
Combining all ECM-related diseases, mortality declined 
between 1994 and 2024 (Fig. 5e and f ). When ECM 
diseases were recorded as the underlying cause of 
death, mortality decreased from 702.9 deaths per 
100,000 in 1994 to 540.6 deaths per 100,000 in 2024. 

Mortality was higher when ECM diseases were listed as 
contributing causes, declining from 853.5 deaths per 
100,000 in 1994 to 647.5 deaths per 100,000 in 2024. 
Across both the underlying and contributing causes, 
the trends for men and women were closely aligned, 
with men consistently exhibiting slightly higher mor
tality but without substantial divergence over time.

Poisson regression analyses confirmed a significant 
annual reduction in ECM-related mortality and a 
modest but statistically significant sex-by-year interac
tion, indicating slightly faster relative declines among 
women (Appendix S8).

Age-specific mortality trends
Mortality increased markedly with age across all disease 
categories, with the highest mortality rates observed 
among individuals aged ≥70 years. Temporal declines 
were observed across most age-specific strata for both 
underlying and contributing causes of death (Appendix 
S9).

Discussion
ECM dysregulation, manifesting as fibrosis or tissue 
destruction, represents a fundamental process across a 
wide spectrum of chronic diseases. Despite this shared 
biological basis, ECM-related pathology is still rarely 
conceptualised as a unified disease group, contributing 
to an incomplete understanding of its population-level 
burden. This study addresses this gap by showing that 

a  Underlying cause of death b  Contributing cause of death 
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Fig. 4: Crude mortality rates for fibrotic, tissue destruction, and extracellular matrix (ECM)-related diseases by cause of death in Denmark in 
2024, compared with mortality rates from the UK Biobank cohort 2019, showing (a) underlying cause of death and (b) contributing cause of 
death. Fibrotic diseases are shown in purple, tissue destruction diseases in blue, and ECM-related diseases in green. For each disease category, 
darker shades represent Danish Registry estimates and lighter shades represent UK Biobank estimates.
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persistent dysregulation of ECM homeostasis can be 
understood as a shared biological basis underlying a 
broad range of diseases across different organ systems.

ECM-related diseases represent a substantially larger 
burden of disease than previously recognised,14 

encompassing 331 chronic diseases. 38% of the popu
lation live with at least one ECM-related disease, and 
ECM-related diseases contribute substantially to mor
tality, accounting for 647 deaths per 100,000 individuals 
in 2024 when contributing causes of death are consid
ered, corresponding to 68% of all deaths (Appendix S6).

We identified 194 fibrotic diseases and 137 tissue 
destruction diseases, comprising 331 ECM-related 
conditions, far exceeding the approximately 50 fibrotic 
conditions reported in earlier studies.14 This difference 
likely reflects the methodological choices. Previous 
studies primarily focused on diseases with well- 
established ECM remodelling, whereas we systemati
cally assessed ICD-10 level-two codes and classified 
them through a Delphi-inspired expert consensus pro
cess with independent, blinded evaluation by disease- 
area experts. In addition, neoplasms were classified 
individually rather than aggregated, resulting in the 
identification of numerous cancer entities with fibrotic 
pathology. Conversely, diseases characterised primarily 
by matrix degradation rather than excessive matrix 
deposition, such as chronic obstructive pulmonary 
disease and rheumatoid arthritis were classified as tis
sue destruction diseases or non-ECM-related diseases, 
consistent with the applied pathophysiological defini
tion.5,12,13,18 Together, these methodological differences 
explain the broader disease spectrum identified and 
highlight the value of a granular, reproducible frame
work for studying ECM-related pathology across organ 
systems.

The mortality analyses showed important differ
ences across disease groups. Neoplasms (ICD-10 
chapter 2) were the primary driver of mortality among 
fibrotic diseases, accounting for 68.0% of fibrotic deaths 
when underlying causes of death were considered and 
62.9% when contributing causes of death were included 
(Appendix S7). Respiratory diseases (ICD-10 chapter 
10) and diseases of the nervous system (ICD-10 chapter 
6) contributed most substantially to mortality within 
tissue destruction diseases (Appendix S7). Notably, 
mortality was substantially higher when ECM-related 
diseases were recorded as contributing causes of 
death, highlighting that ECM pathology frequently 
modifies disease trajectories rather than acting as the 
primary cause.19 This highlights the importance of 
considering contributing causes when estimating dis
ease burden.

The contrasting patterns observed across prevalence 
and mortality suggest that sex differences in disease 
progression and survival may play an important role.19–21 

This pattern is consistent with the well-described mor
tality-morbidity paradox, whereby women experience 

higher morbidity while men experience higher mortality 
across chronic diseases.19,22 Potential explanations 
include hormonal differences, sex differences in health- 
care utilisation, with women more likely to seek care 
and be diagnosed earlier, as well as higher levels of risk 
behaviours and later disease presentation among 
men.20–23 A similar pattern is observed for ICD-10 
Chapter 13 (musculoskeletal system and connective tis
sue diseases), which has the highest prevalence among 
ECM-related diseases (∼17%, Appendix S5) and a higher 
prevalence in women (approximately 5 percentage points 
higher than men; Appendix S5). Despite this, the chapter 
accounts for <5% of ECM-related deaths, both as un
derlying and contributing causes (Appendix S7), indi
cating a clear dissociation between disease burden and 
mortality. This is exemplified by osteoporosis, which is 
highly prevalent, especially among women, but rarely a 
direct cause of death. These findings support the 
importance of considering sex-specific patterns in sur
veillance and prevention strategies.

The combination of high prevalence and declining 
mortality suggests that more individuals are living 
longer with ECM-related diseases This pattern likely 
reflects improved diagnosis and treatment but also in
dicates a persistent burden of chronic disease.19,20,23 

Potential contributors include advances in chronic dis
ease management, implementation of national cancer 
screening programmes, and greater emphasis on early 
disease detection and treatment. Notably, the preva
lence was higher for tissue destruction diseases than for 
fibrotic diseases, whereas mortality showed the oppo
site pattern. This divergence suggests that tissue 
destruction diseases more often represent chronic 
conditions lived with over extended periods, while 
fibrotic diseases are more strongly associated with fatal 
disease trajectories. These findings underscore that 
improvements in survival may coexist with substantial 
ongoing disease burden, with important implications 
for quality of life and healthcare utilisation. The future 
trajectory of fibrotic diseases may also be influenced by 
the introduction of novel disease-modifying therapies. 
For example, resmetirom and semaglutide have 
demonstrated promising effects on MASH resolution 
and fibrosis-related outcomes, potentially altering the 
natural history of an important subset of fibrotic dis
eases.24,25 Improved treatment may delay disease pro
gression and extend survival, thereby influencing future 
estimates of disease burden.

This interpretation is consistent with the presence of 
mixed ECM phenotypes across disease courses. 
Pancreatic cancer provides a representative example, 
exhibiting both ECM deposition and degradation dur
ing progression, while the long-term disease trajectory 
is dominated by stromal accumulation, resulting in a 
predominantly fibrotic outcome.26

The identification of 331 diseases characterized by 
ECM remodelling in this study highlights the broad 

Articles

10 www.thelancet.com Vol 72 January, 2027



relevance of ECM-related pathology and suggests po
tential opportunities for therapeutic repositioning. This 
is particularly relevant given that several major domains 
of pharmaceutical research and development including 
oncology, immunology, metabolic diseases, central 
nervous system disorders, and cardiovascular condi
tions are also characterised by substantial ECM alter
ations. Shared ECM-related mechanisms across these 
therapeutic areas may offer opportunities for cross- 
indication drug development and drug repurposing 
strategies.

The major strength of this study lies in its nation
wide coverage, long follow-up, and systematic classifi
cation of ECM-related diseases using transparent 
criteria and blinded expert review, as well as the 
external validation of findings in the UK Biobank 
cohort.

Nevertheless, several limitations merit consider
ation. First, ECM-related diseases were defined as 
chronic diseases characterized by persistent dysregula
tion of ECM homeostasis, reflected by either fibrosis or 
tissue destruction. This classification should not be 
interpreted as implying absence of ECM involvement in 
diseases categorized as non-ECM diseases, as ECM 
biology contributes to the function and pathology of 
virtually all tissues. Rather, the classification was 
intended to identify diseases in which persistent dys
regulation of ECM homeostasis represents a defining 
feature of disease pathology. Furthermore, this does not 
imply that ECM dysregulation is a primary cause or 
driver of disease onset but rather reflects its recurrent 
involvement across chronic disease processes. Conse
quently, causal inference regarding ECM dysregulation 
cannot be made within this framework, as the classifi
cation is based on previously reported pathological and 
mechanistic descriptions rather than primary causal 
evidence. Second, manual classification of ICD-10 
codes introduces potential information bias,27 

although this was mitigated through independent cod
ing and adjudication. Third, NPR includes only hospital 
contacts, potentially underestimating prevalence for 
conditions commonly managed in primary care. For 
example, Jørgensen et al. (2016) have reported that 
approximately 80% of patients with type 2 diabetes in 
Denmark are treated in primary care settings.28 

Furthermore, prevalence estimates in this study were 
restricted to diagnoses recorded from 1995 onwards, 
which may have resulted in underestimation by 
missing earlier disease onset. To mitigate this limita
tion, we applied a 20-year retrospective observation 
window, increasing the likelihood that chronic cases 
were captured through subsequent hospital contacts. 
Fourth, misclassification in the Cause of Death Regis
ter, particularly for contributing causes and unspecified 
diagnoses, may bias mortality estimates, and changes 
in coding practices over time likely contributed to the 
observed discontinuity around 2006.16,29 Finally, 

although UK Biobank provided independent validation, 
it is not fully representative of the general population. 
Findings therefore primarily reflect Northern European 
populations and healthcare systems and may not 
generalise to other settings.17,30

In conclusion, ECM-related diseases represent a 
substantial and widespread disease burden, with high 
prevalence and a major contribution to population mor
tality, particularly when contributing causes of death are 
considered. Although mortality has declined over the 
past 25 years, it remains substantial and, together with 
persistent prevalence and pronounced sex-specific pat
terns, highlights the need to recognise ECM pathology as 
a shared framework for therapeutic strategies, epidemi
ological research, and public health planning.
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