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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Type 2 diabetes (T2D) is associated with an increased risk for major adverse liver outcomes (MALOs), yet guidelines for screening patients with
T2D for metabolic dysfunction–associated steatosis liver disease or fibrosis in clinical practice are only modestly implemented.

� What is the specific question we wanted to answer?
Do certain subgroups of individuals with T2D have an elevated risk for MALOs?

� What did we find?
Having or developing additional traits of the metabolic syndrome increases the rate of progression to MALOs in patients with T2D, and
hypertension has the strongest association with MALO risk, regardless of any metabolic combination.

� What are the implications of our findings?
This finding helps in narrowing down the specific group for directed casefinding among patients with T2D, potentially improving screening
efficiency.



Metabolic Syndrome Traits
Increase the Risk of Major
Adverse Liver Outcomes in
Type 2 Diabetes
Diabetes Care 2024;47:978–985 | https://doi.org/10.2337/dc23-1937

Ying Shang,1 Emilie Toresson Grip,1,2

Angelo Modica,3 Helena Skr€oder,2

Oskar Str€om,1,2 Fady Ntanios,4

Soffia Gudbj€ornsdottir,5,6 and

Hannes Hagstr€om1,7

OBJECTIVE

Type 2 diabetes (T2D) increases the risk for major adverse liver outcomes (MALOs),
including cirrhosis and its complications. Patients with T2D frequently have other
traits of the metabolic syndrome (MetS). It remains uncertain whether there is a syn-
ergistic effect of accumulatingMetS traits on futureMALO risk.

RESEARCH DESIGN AND METHODS

Patients with T2D without a history of liver disease were identified from national
registers in Sweden from 1998 to 2021. MetS traits included hypertension, low
HDL level, hypertriglyceridemia, obesity, and albuminuria, in addition to T2D.
MALO events were identified based on administrative coding from national regis-
ters until 31 October 2022. Data were analyzed using Cox regression models.

RESULTS

In total, 230,992 patients were identified (median age 64 years; 58% male), of whom
3,215 (1.39%) developed MALOs over a median follow-up of 9.9 years. Compared
with patients with one MetS trait (only T2D) at baseline, those with more than one
MetS trait had a higher rate of MALOs (adjusted hazard ratio [aHR] 2.33, 95% CI
1.53–3.54). The rate of MALOs increased progressively with increasing numbers of
MetS traits at baseline (aHR 1.28 per added trait, 95% CI 1.23–1.33). During follow-
up, patients who acquired additional MetS traits had a progressively higher rate of
MALOs. The MetS trait with the largest association with incident MALOs was hyper-
tension (aHR 2.06, 95% CI 1.57–2.71).

CONCLUSIONS

Having or acquiring additional traits of MetS increase the rate of progression to
MALOs in patients with T2D. These results could be used to inform screening ini-
tiatives for liver disease.

The metabolic syndrome (MetS) is a cluster of metabolic abnormalities that may af-
fect the liver. Metabolic dysfunction–associated steatotic liver disease (MASLD) (re-
cently renamed from nonalcoholic fatty liver disease) is considered the hepatic
phenotype of the MetS, affecting 38% of the global adult population (1,2) and
>55% of patients with type 2 diabetes (T2D) (3). Patients with T2D have more
than twice as high a risk of developing cirrhosis or liver cancer compared with the
general population (4). Recognizing this high risk for cirrhosis among patients with
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T2D, several international guidelines now
actively recommend screening for MASLD-
associated liver fibrosis in patients with
T2D. Nevertheless, the implementation of
such guidelines in clinical practice is mod-
est at best (5). Identifying subgroups of
patients with T2D who have a particularly
high risk might help narrow down the
target group intended for directed case-
finding initiatives and improve the effec-
tiveness of screening efforts.
A more severe metabolic state is asso-

ciated with a higher rate of progression
to cirrhosis, as evidenced by a study in-
volving patients with a diagnosis of
MASLD within a U.S. Veterans Affairs co-
hort (6). This study revealed a gradual
increase in cirrhosis and liver cancer risk
with the presence of additional meta-
bolic traits, with T2D exhibiting the
strongest association. However, for pa-
tients with T2D who already are at a
high risk, it remains unclear whether a
similar pattern is present. Additionally, it
is unclear if acquiring additional meta-
bolic traits beyond a T2D diagnosis fur-
ther amplifies this risk and which specific
traits hold the strongest association with
liver disease. Such information is impor-
tant as most patients with MASLD will
never develop liver-related outcomes (7).
Hence, a risk-based approach to screen-
ing or treatment has been advocated for
(8,9). That is, instead of solely aiming to
diagnose MASLD or fibrosis, one consid-
ers the risk a patient has for future liver-
related outcomes and tailors appropriate
actions accordingly.
Here, we used high-quality Swedish

national registers to investigate the as-
sociation between the number and sub-
types of MetS traits and the risk of
developing MALOs in Swedish patients
with T2D. Our hypothesis was that in-
creasing numbers of MetS traits at or
after a diagnosis of T2D would be asso-
ciated with an increase in the risk of
incident liver cirrhosis or complications
thereof.

RESEARCH DESIGN AND METHODS

Study Population
We used the Swedish National Diabetes
Register (NDR) to identify patients with
T2D. In NDR, T2D is defined using the
following epidemiological definition: re-
corded T2D in clinical records, treatment
with diet with or without oral antihyper-
glycemic agents, and treatment with oral

antihyperglycemic agents with or with-
out insulin (10). The NDR was initiated in
1996 and contains data for >90% of all
patients aged >18 years with T2D in
Sweden. This means that for patients di-
agnosed with T2D after 1996, their first
registration in NDR is typically the time
of their first diagnosis. The data are col-
lected by trained nurses and physicians
and include information on laboratory
tests and medication use obtained from
primary care and hospital outpatient
clinics.

We included all patients recorded in
the NDR between 1 January 1998 and
31 October 2021. The first entry date
was defined as baseline. Patients were
linked to several national registers using
their personal identity number, which is
assigned to all Swedish citizens (11). The
National Patient Register (NPR) contains
national coverage on hospital discharges
since 1987 and contains data on out-
patient visits in specialized care since
2001. It has a validity between 85 and
95%, depending on the diagnosis (12).
Specifically, for hepatocellular carcinoma
(HCC) and diagnoses related to cirrho-
sis, the validity rate ranges from 84 to
96% (13).

A total of 764,944 patients aged
>18 years at the time of registration
in NDR were eligible for inclusion (see
flowchart in Supplementary Fig. 1).
For the analysis on MetS traits to be
comparable to each other, patients in
the study sample needed to have in-
formation on the values for all MetS
traits in this study. Therefore, 520,605
patients who had missing information
on one or more of the MetS traits
were excluded. We further excluded
patients with preexisting MALOs and
liver diseases other than MASLD based
on ICD-10 codes and surgical proce-
dure data from NPR. We also excluded
patients with preexisting alcohol-
related disease to minimize the impact of
alcohol misuse. Since the use of ICD-10
codes began in 1997 in Sweden, we ap-
plied a look-back period of at least 1 year
to identify preexisting diseases, with start
of identification and follow-up from
1998. To reduce the potential impact of
medications that may induce liver steato-
sis or fibrosis, we excluded patients who
had ever used methotrexate or amiodar-
one prior to the index date from the Pre-
scribed Drug Register. The Prescribed
Drug Register was initiated in July 2005

and includes all drug dispensations at
any Swedish pharmacy. Patients who
emigrated before baseline were also
excluded. Diagnostic, surgical, and Ana-
tomical Therapeutic Chemical codes for
all diagnoses and medications used in
the study are listed in Supplementary
Tables 1–3.

MetS and Other Variables
We used World Health Organization (WHO)
1998 criteria to define the traits of the
MetS (14), a definition that has been en-
dorsed by the NDR for identifying the MetS
among patients with T2D (15). The WHO
definition may be better suited for popula-
tions with T2D because unlike other avail-
able definitions of the MetS, the WHO
definition specifically mandates the pres-
ence of T2D as a diagnostic requirement
(14), which is central to the pathophysiol-
ogy of the MetS. In addition to T2D, the
traits of MetS in this definition include hy-
pertension, obesity, hypertriglyceridemia, a
low level of HDL, and albuminuria. These
were defined based on laboratory test
data from the NDR, diagnoses from the
NPR, or dispensed medications from the
Prescribed Drug Register. Hypertension
was defined as systolic blood pressure
$140 mmHg or diastolic blood pressure
$90 mmHg, a recorded diagnosis of hy-
pertension, or any dispensed antihyperten-
sive medication. Obesity was determined
as BMI $30 kg/m2. A high level of trigly-
cerides was identified as plasma triglycer-
ide levels $1.7 mmol/L. A low level of
HDL was defined as <0.9 mmol/L for men
and <1.0 mmol/L for women. Finally, al-
buminuria was determined as a urinary
albumin excretion rate $20 mg/min or an
albumin-to-creatinine ratio $30 mg/mmol.
We also calculated the number of MetS
traits for each patient, which ranged from
one to six.

The following information from the
NDR recorded at each clinical visit was
also included: time since diabetes diag-
nosis (years), glycated hemoglobin A1c
(HbA1c) (mmol/mol), weight (kg), height
(m), total cholesterol (mmol/L), LDL
(mmol/L), estimated glomerular filtra-
tion rate (eGFR) (mL/min/1.73 m2), ac-
tive smoking, and physical activity (walking
or equivalent at least 30 min/day). Further-
more, the NDR contains information on
glucose-lowering medications (defined
as any oral medication or insulin), use of
glucagon-like peptide 1 receptor agonists
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(GLP-1RAs), and lipid-lowering drugs but
not on specific agents or doses. Besides
this, clinical history of cardiovascular dis-
ease (CVD) (including myocardial infarct,
hemorrhagic or ischemic stroke, and heart
failure), chronic kidney disease (CKD), and
other diseases included in the Charlson
comorbidity index were obtained through
linkage to the NPR (16). Hyperlipidemia
was determined by recorded diagnosis
in the NPR or any lipid-lowering drugs in
the NDR or Prescribed Drug Register. Data
on other medications, such as sodium–

glucose cotransporter 2 (SGLT-2) inhibi-
tors, were obtained from the Prescribed
Drug Register.

MALOs
We linked the NDR data set to the NPR,
the Swedish Cancer Register (SCR), and
the Causes of Death Register (CDR) to
identify liver disease outcomes between
1 January 1998 and 31 October 2022.
Malignancies are documented in the
SCR, which contains �96% of all diag-
nosed cancers in Sweden (17). The CDR
contains data on causes of death for all
Swedish citizens. It is mandatory for
Swedish physicians to report the cause
of death and any diagnosis that might
have contributed to death as recorded
the CDR (18). We used both primary
and contributing diagnoses to identify
outcomes in the NPR and CDR.

MALOs, as a composite outcome, were
defined as having any of the diagnoses de-
fined by ICD-10 codes or surgical proce-
dures in registers. These diagnoses include
liver cirrhosis, decompensated cirrhosis,
and associated complications (defined as
coding for chronic or unspecified hepatic
failure, esophageal varices with or without
bleeding, portal hypertension, hepatore-
nal syndromes, ascites, or liver trans-
plant), HCC, or death from any of these
(definitions listed in Supplementary
Table 1). In general, these diagnoses result
in contact with health care or in death, lead-
ing to a high capture rate of the outcome in
the relevant registries. Since the positive
predictive value for hepatic ascites is gener-
ally low, we excluded outcomes with ascites
because of other diseases, such as heart fail-
ure or extrahepatic cancer, defined as pre-
sent at or before the ascites diagnosis.

Statistical Analyses
Baseline characteristics of the study
population are expressed as median

and interquartile range (IQR) or fre-
quency and percentage, as appropriate.
The follow-up time started at the base-
line date, and patients were followed
until the first event of MALOs or were
censored at development of any other
liver disease than MASLD, emigration,
death, or the end of the study period
(31 October 2022), whichever occurred
first. Incidence rates (per 1,000 person-
years) were calculated as the number of
events divided by total person-time at
risk, displayed overall by the number of
metabolic traits and by each individual
trait in the MetS as measured at base-
line. A Cox proportional hazards model
was used to estimate hazard ratios
(HRs) and 95% CIs of the association be-
tween the risk of MALOs and prevalent
MetS by numbers and by individual
traits, where follow-up time was used
as the timescale. We reported results
from two models: model 1 was a uni-
variate model with only each respective
trait in the MetS as the dependent vari-
able, and model 2 was adjusted for all
MetS traits, age at baseline, sex, dura-
tion of T2D, HbA1c, CKD, CVD, eGFR, LDL,
smoking, hyperlipidemia, and glucose-
lowering treatments, all recorded at
baseline.

As the competing risk of non–liver-
related mortality, e.g., cardiovascular
death, is high in patients with T2D, we
calculated cause-specific hazard rates of
MALOs from a Cox regression model,
considering non–liver mortality as a com-
peting event. We did not use the Fine
and Gray model since the subdistribu-
tional hazard derived from this does not
have a straightforward interpretation and
only gives the direction and not the
strength of the association, which was
our primary research question (19,20).

Statistical interaction between the main
exposures (number and individual meta-
bolic traits) and median age at baseline
(age $65 or <65 years) and sex was
tested separately. The associations be-
tween different combinations of baseline
MetS traits and the risk of MALOs were
estimated using HRs while adjusting for
the same set of covariates at baseline. As
patients with T2D may develop additional
traits of the MetS during follow-up, we
further examined the association between
MetS and MALOs using time-varying Cox
regression, considering both prevalent
and incident metabolic traits. In brief, the
time-varying Cox regression analyzed

time to event with consideration of
time-varying exposures by using all
available data on MetS traits measured
at multiple visits. We fitted two sepa-
rate models, considering either the
number or the different combinations
of metabolic traits developed during
follow-up as exposures, and reported
corresponding HRs after adjusting for
covariates at baseline. The cumulative
incidence of MALOs by numbers of
metabolic traits at baseline were calcu-
lated based on the Aalen-Johansen es-
timator, accounting for the competing
risk of non–liver-related death (20).

A two-sided P < 0.05 was considered
statistically significant, except in the case
of interaction analysis, where P < 0.10
indicated the presence of a significant
multiplicative interaction. All statistical
analyses were performed using Stata MP
17.0 software (StataCorp).

Ethical Considerations
Ethics approval was granted from the
ethical review board in Sweden (regis-
tration no. 2021-04422).

Data and Resource Availability
Requests of sharing deidentified data
from this article will be considered on a
case-by-case basis. A detailed proposal
for how the data will be used is re-
quired, and a data access agreement
must be signed upon request.

RESULTS

We identified 230,996 patents with T2D
between 1998 and 2021. The median
age of patients was 63.6 (IQR 56.0–72.0)
years, and 58.2% were men. Among all
patients, 19.6% had albuminuria, 92.4%
had hypertension, 49.4% had hypertrigly-
ceridemia, 16.2% had low HDL levels,
and 46.5% had obesity. The median BMI
was 29.6 (IQR 26.5–33.4) kg/m2, and the
median Charlson comorbidity index was
1 (IQR 1–1). There were 22.2% patients
with preexisting CVD and 1.2% with CKD.
Baseline characteristics are presented in
Table 1.

Number of MetS Traits and Rate of
MALOs
During a median follow-up of 9.9 years
(corresponding to 2,235,356 person-years),
3,215 (1.39%; incidence rate 1.44/1,000
person-years) patients developed MALOs
(Table 2). Within these outcomes, 1,344
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cases of cirrhosis, 2,000 cases of decom-
pensated cirrhosis and its complications,
and 839 cases of HCC were identified.
Patients with additional metabolic
traits had a higher incidence of MALOs
(1.46/1,000 person-years for two or more
MetS traits vs. 0.56/1,000 person-years
for those with only T2D). Furthermore,
patients with a higher total number of
metabolic traits at baseline had a higher
incidence rate of MALOs, and the rate
progressively increased as the number of
metabolic traits increased, also after ad-
justing for other covariates (adjusted HR
[aHR] 1.28, 95% CI 1.23–1.33, Ptrend <

0.001) (Table 2A). Compared with pa-
tients with only T2D at baseline, having
more than one MetS trait was associated
with a 2.3-fold increased rate of MALOs

(95% CI 1.53–3.54); for those with all
MetS traits at baseline, the aHR was 4.09
(95% CI 2.50–6.68).

Individual MetS Traits and Rates of
MALOs
Patients with individual MetS traits had
a higher incidence rate of MALOs com-
pared with those who did not display
such traits (e.g., 1.50/1,000 person-
years for patients with hypertension vs.
0.48/1,000 person-years for those with-
out hypertension) (Table 2B). The stron-
gest association with incident MALOs
was found for patients who had hyper-
tension (aHR 2.06, 95% CI 1.57–2.71),
followed by obesity (aHR 1.38, 95% CI
1.28–1.50), low HDL levels (aHR 1.37,
95% CI 1.23–1.51), albuminuria (aHR 1.23,

95% CI 1.13–1.35), and hypertriglyceri-
demia (aHR 1.11, 95% CI 1.02–1.20)
(Table 2B). We did not detect any statis-
tical interaction between the number or
individual traits of MetS and age or sex
on the rate of MALOs (Pinteraction > 0.1
for all). Among the other covariates,
CKD (aHR 2.29, 95% CI 1.61–3.25),
smoking (aHR 1.36, 95% CI 1.23–1.52),
CVD (aHR 1.17, 95% CI 1.06–1.29), and
eGFR (aHR 1.01, 95% CI 1.00–1.01)
were associated with a higher rate of
MALOs, while LDL (aHR 0.81, 95% CI
0.78–0.85) and hyperlipidemia (aHR
0.69, 95% CI 0.64–0.75) were related to
a lower rate of MALOs in the fully ad-
justed models (Supplementary Table 4).

Combinations of MetS Traits and
Rates of MALOs
The associations of combinations of
baseline MetS traits with MALOs are
shown in Fig. 1. For the different combi-
nations, hypertension consistently had
the strongest association with incident
MALOs. For instance, patients with hy-
pertension had a higher rate of MALOs
(aHR 1.58, 95% CI 1.03–2.42) compared
with those with only T2D. For patients
with two additional MetS traits, those
with comorbid hypertension and obe-
sity had the highest rate of MALOs (aHR
2.77, 95% CI 1.80–4.26), followed by
those with hypertension and low HDL
(aHR 2.44, 95% CI 1.45–4.09). We con-
sistently observed higher event rates in
any combination of hypertension and
other MetS traits with regard to all
three and four combinations.

Cumulative incidences of MALOs by
the total number of MetS traits over
time are shown in Fig. 2. Overall, pa-
tients with additional MetS traits had a
higher probability of MALOs than those
with only T2D. The highest probability
was observed in patients with all traits
of the MetS. For instance, the 10-year
cumulative incidence of MALOs was
0.49, 0.87, 1.24, 1.23, 1.57, and 1.64%
for patients with only T2D, two, three,
four, five, and six MetS traits, respec-
tively (Supplementary Table 5). Regard-
ing individual metabolic traits, there
was a clear distinction in the probability
of MALOs between patients with hyper-
tension and those without. Similarly,
there was a difference in the likelihood
of outcome development among pa-
tients with obesity and without, and
among patients with a low HDL level

Table 1—Baseline characteristics of study population (N = 230,996)

Characteristic Complete case Median (IQR) or n (%)

Age at index (years) 230,996 63.6 (56.0–72.0)

Male 230,996 134,329 (58.2)

Calendar year of the index date 230,996

1998–2003 18,547 (8.0)
2004–2009 99,100 (42.9)
2010–2015 56,995 (24.7)
2016–2021 56,354 (24.4)

Metabolic traits

Albuminuria 230,996 45,378 (19.6)
Hypertension 230,996 213,376 (92.4)
Hypertriglyceridemia 230,996 114,048 (49.4)
Low levels of HDL 230,996 37,352 (16.2)
Obesity 230,996 107,449 (46.5)

Other lifestyle variables

BMI (kg/m2) 230,996 29.6 (26.5–33.4)
Overweight 230,996 89,051 (38.6)
Physical activity 163,523 143,298 (87.6)
Smoking 209,888 30,630 (14.6)

Clinical information

Time since T2D diagnosis (years) 221,018 1.0 (0.0–6.0)
CVD 230,996 48,547 (21.0)
Hyperlipidemia 230,996 120,170 (54.6)
CKD 230,996 2,348 (1.0)
Charlson comorbidity index 230,996 1 (1–1)

Pharmaceutical treatment

Any glucose-lowering drugs 230,996 152,898 (66.2)
Metformin 230,996 124,105 (53.7)
Insulin 230,996 40,890 (17.7)
GLP-1RAs 230,996 1,888 (0.8)
SGLT-2 inhibitors 230,996 1,721 (0.7)

Laboratory values

eGFR (mL/min/1.73 m2) 224,755 81.6 (68.1–96.6)
HbA1c (mmol/mol) 228,460 50.0 (44.0–59.0)
HDL (mg/dL) 230,996 1.2 (1.0–1.4)
LDL (mg/dL) 226,943 2.9 (2.3–3.6)
Triglycerides (mg/dL) 230,996 1.6 (1.2–2.3)
Urine albumin-to-creatinine ratio (mg/mmol) 12,471 0.9 (0.4–2.8)
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and without (Supplementary Fig. 2). When
considering incident traits of the MetS oc-
curring after baseline using time-varying
models, we observed slightly higher HRs
with regard to both number and different
combinations of MetS traits, providing ad-
ditional validity to our findings (Supple-
mentary Fig. 3).

Sensitivity Analysis
As the association might be driven by
the development of HCC, we conducted
a sensitivity analysis distinguishing between
patients who developed HCC and those

who did not. The results indicated that

both the individual and the total num-

ber of metabolic traits are associated

with HCC and non-HCC events; there-

fore, our estimates are robust (Supple-

mentary Table 6). We also found that

each metabolic trait is associated with a

higher risk of decompensated cirrhosis

and complications and that hyperten-

sion, obesity, and low HDL level consis-

tently demonstrate a higher risk across

the spectrum of cirrhosis (Supplementary

Table 7).

CONCLUSIONS

In this population-based cohort study of

>230,000 patients with T2D, we found

that an increasing number of metabolic

traits is associated with an increased risk

of MALOs in patients with T2D. Each ad-

ditional metabolic trait increased the risk

for liver-related outcomes in a step-

wise manner. We expand on previous

knowledge by also showing that acquiring

additional traits of the MetS after T2D di-

agnosis further increases the risk of liver-

related outcomes, suggesting a strong

Table 2—Incidence rate and HRs of MALOs associated with numbers and individual traits of the MetS present at baseline in
patients with T2D

Events/patients, n
Incidence rate per
1,000 person-years Crude HR (95% CI) aHR (95% CI)

Total population 3,215/230,996 1.44

A: Number of MetS traits

1 (only T2D) 29/5,794 0.56 Reference Reference
$2 3,186/225,202 1.46 2.55 (1.77–3.68) 2.33 (1.53–3.54)
2 609/56,664 1.07 1.86 (1.28–2.70) 1.55 (1.01–2.38)
3 1,109/77,706 1.47 2.56 (1.77–3.70) 2.35 (1.54–3.59)
4 926/61,632 1.57 2.74 (1.89–3.97) 2.69 (1.76–4.11)
5 471/25,369 2.01 3.56 (2.44–5.18) 3.42 (2.22–5.27)
6 71/3,831 2.12 3.78 (2.45–5.83) 4.09 (2.50–6.68)
Continuous MetS 1.22 (1.18–1.25) 1.28 (1.23–1.33)

B: Individual MetS traits

No albuminuria 2,421/185,618 1.33 Reference Reference
Albuminuria 794/45,378 1.92 1.46 (1.34–1.58) 1.23 (1.13–1.35)
No hypertension 68/17,620 0.48 Reference Reference
Hypertension 3,147/213,376 1.50 3.02 (2.37–3.83) 2.06 (1.57–2.71)
No hypertriglyceridemia 1,569/116,948 1.36 Reference Reference
Hypertriglyceridemia 1,646/114,048 1.51 1.11 (1.03–1.19) 1.11 (1.02–1.20)
No low HDL level 2,589 /193,644 1.36 Reference Reference
Low HDL level 626/37,352 1.86 1.38 (1.26–1.51) 1.37 (1.23–1.51)
No obesity 1,584/123,547 1.31 Reference Reference
Obesity 1,631/107,449 1.59 1.23 (1.14–1.31) 1.38 (1.28–1.50)

A: The model was adjusted for numbers of MetS traits (continuous), age, sex, smoking status, diabetes duration, HbA1c level, CKD, CVD,
eGFR, LDL level, hyperlipidemia, any diabetes treatment use, insulin, GLP-1RAs, and SGLT-2 inhibitors. B: The model was adjusted for albumin-
uria, hypertension, hypertriglyceridemia, low HDL levels, obesity, age, sex, smoking status, diabetes duration, HbA1c level, CKD, CVD, eGFR,
LDL level, hyperlipidemia, any diabetes treatment use, insulin, GLP-1RAs, and SGLT-2 inhibitors.

Figure 1—HRs and 95% CIs of baseline combinations of metabolic traits with MALOs in patients with T2D. The reference group comprises patients
with T2D without any metabolic traits. The numbers of baseline metabolic traits are displayed as a shade of colored squares. NA, not applicable;
TGR, triglycerides.
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association between poor metabolic health

and liver disease risk.
Additionally, we investigated which

individual parameters included in the
MetS, as well as other traits of poor
metabolic health that had differing as-
sociations with incident liver disease.
The strongest association was seen for
hypertension and CKD, whereas hyper-
lipidemia was negatively associated with
incident liver disease. This may possibly
be explained by a protective effect of
statin treatment (which was included
to define presence of hyperlipidemia),
which has been suggested to have hepa-
toprotective effects and is associated
with a reduced incidence of primarily
HCC in patients with T2D (21). The other
plausible explanation could be that pa-
tients with mutations in lipid-modifying
genes, such as PNPLA3, may have lower
blood lipid levels but a higher risk for de-
velopment of cirrhosis and HCC (22,23).
An alternate explanation might involve
hepatic synthetic failure during the early
stages of cirrhosis, leading to a decrease
in serum lipoprotein levels.
In the absence of primary care diag-

noses, similarly to hyperlipidemia, hy-
pertension was also defined by use of
antihypertensive treatments in addition
to having a recorded diagnosis in special-
ist care or an elevated blood pressure. As
such, the risk increase associated with hy-
pertension in this study may also warrant
additional studies that can disentangle
the effects associated with hypertension
and the associated medical treatment.
In summary, our findings suggest that

individualized risk prediction for incident

MALOs is possible in patients with T2D.
Future studies are needed to examine
whether established noninvasive tests,
such as the fibrosis 4 score or vibration-
controlled transient elastography, can
further increase prediction specifically
in patients with T2D.

Comparison With Previous Studies
Our findings are in accordance with
those of previous studies in this field in
that each additional metabolic trait in-
creased the risk of MALOs, regardless
of alcohol intake (24–26). Indeed, the
complex relationship between alcohol
consumption and MetS complicates its
individual impact of the MetS on liver
outcomes. We investigated this by ex-
cluding all patients who had alcohol-
related disease and found that even in
the absence of known alcohol over-
consumption with health care contacts,
metabolic factors are independently re-
lated to liver-related outcomes.

The traits of the MetS seemingly have
additive effects on the progression to cir-
rhosis, with hypertension demonstrating
the strongest association among the indi-
vidual traits. Indeed, any combination of
hypertension with other MetS traits was
associated with a higher risk of MALOs
compared with only T2D, while such risk
was not observed in the absence of hy-
pertension. The presence of hypertension
may indicate the occurrence of MASLD,
as suggested by a meta-analysis that
showed a bidirectional association be-
tween hypertension and MASLD inde-
pendent of other cardiometabolic risk
factors (27). As >90% of patients in

this cohort had hypertension, we exam-
ined which combination of MetS traits,
in addition to hypertension, conveyed
the highest risk of MALOs in our cohort.
We found that, in addition to hyper-
tension, patients with obesity had the
highest risk of MALOs, followed by
those with low HDL, among all the two
possible combinations of MetS traits.
The risk increased substantially when
patients had hypertension, low HDL,
and comorbid albuminuria or obesity.
This supports previous data from a
large U.S. Veterans Affairs cohort of
patients with a diagnosis of MASLD,
where those with diabetes and coexist-
ing hypertension and obesity or dyslipi-
demia had the highest risk for cirrhosis
or HCC (6). That study also found a
stepwise increase in risk for cirrhosis
and HCC with each additional metabolic
trait. Our findings extend this by includ-
ing a less selected population of pa-
tients, all of whom have T2D. This is
important since current guidelines pro-
mote screening for MASLD in all patients
with T2D (28,29), aiming to identify pa-
tients on the path to cirrhosis. Our find-
ings are important since they are more
generalizable to the larger T2D popula-
tion compared with previous data. A sys-
tematic review and meta-analysis found
that in >22.8 million individuals with
T2D, the overall risk of cirrhosis was
2.25-fold higher compared with people
without diabetes (26). We extend this
finding by showing that in patients with
T2D, there are distinct risk profiles, possi-
bly allowing for personalization of clinical
management and follow-up.

Previous studies of the association
between T2D and cirrhosis (30–33) of-
ten used mortality from cirrhosis as the
outcome rather than incidence of non-
fatal cirrhosis (31,33). Other studies re-
ported an association between diabetes
and more severe forms of liver disease,
such as occurrence of hepatic failure
(28,32). However, these studies did not
differentiate between type 1 diabetes
and T2D and were unable to study risk
factors for development of liver-related
outcomes.

Implications
Several important implications can be
made based on these data. Although this
study cannot show causality, our findings
suggest the importance of adequately

Figure 2—Cumulative incidence of MALOs by number of MetS traits at baseline.
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treating not only hyperglycemia in pa-
tients with T2D to reduce diabetes-
related complications but also other
comorbidities to reduce the risk for
liver-related outcomes. Treating and pre-
venting hypertension and obesity are
particularly crucial to prevent the devel-
opment of cirrhosis in this population.
In addition to its impact on liver-related
outcomes, a more severe metabolic pro-
file in patients with T2D also increases
the risk for cardiovascular events and
overall mortality (34). By extension, this
suggests that upcoming treatments for
MASLD might be holistically more effec-
tive if they also improve the full meta-
bolic profile of the patient. Data from
randomized controlled trials are needed
to corroborate this. In the absence of ap-
proved therapies to treat hepatic fibrosis
due to MASLD, screening for liver fibrosis
in all patients with T2D is currently con-
troversial. The findings from this study
may aid in identifying subgroups at high
risk of developing future liver disease,
which would be particularly efficient for
targeted screening initiatives. To deter-
mine the cost-effectiveness of different
interventions, such as screening for MASLD
or advanced fibrosis, health economic
evaluation is necessary. Our results sug-
gest that patients with T2D have different
metabolic risk factors, with a differing risk
of progression to MALOs. Recognizing
such distinct risk groups may be impor-
tant in future clinical guidelines to tailor
appropriate interventions and enhance
patient outcomes.

Strengths and Limitations
The major strengths of this study are the
use of high-quality registers with high
coverage, minimal loss to follow-up, and
an unprecedented sample size. Hence,
estimates are more precise, accurate,
and generalizable to the target popula-
tion than that of previous studies. While
large studies are often limited to register-
based coding of metabolic traits, we
used direct laboratory tests, in combina-
tion with medication use and register
coding, to define metabolic traits. We
further assessed the associations with re-
peated exposures to investigate whether
newly developed metabolic traits also
confer a higher risk of outcomes. We
used hard outcomes that are validated
and unlikely to be misclassified and that
are important to patients (13). Several

studies have shown that waist circumfer-
ence may be a better predictor of central
obesity than BMI and may also predict
progression to MALO better than BMI;
unfortunately, such data are not available
in the used data sources (35,36). Addi-
tionally, to combine different MetS traits,
we used categorized predictors. However,
continuous versions of each MetS trait
may provide an even more granular un-
derstanding. For instance, glycemic con-
trol is a better predictor for this purpose
than diabetes status as a binary parame-
ter (37). Combining continuous versions
of MetS traits should be a focus for future
studies. Another limitation is the lack of
direct data on the presence and severity
of MASLD, such as radiology or liver-
related blood biochemistry, which are not
available in the NDR. To address this limi-
tation and further explore the severity of
each MetS component, we plan to con-
duct future linkages to data sources that
provide such detailed information. Fur-
thermore, we excluded 486,377 patients
because of missing data on at least one
MetS trait. These patients tended to be
older and more likely to have MetS, CVD,
CKD, and severe diabetes as indicated by
insulin use compared with those included
in the study. Therefore, the estimated as-
sociations would have been stronger if we
had included all eligible patients in the
analysis.

In conclusion, in this large study of
patients with T2D in Sweden, we found
that an increasing number of metabolic
comorbidities is associated with a higher
rate of progression to MALOs, most likely
attributable to MASLD. Hypertension and
CKD were the parameters with the stron-
gest association, whereas no positive as-
sociation was seen for hyperlipidemia.
This finding helps in narrowing down the
specific group intended for directed case-
finding among patients with T2D, poten-
tially enhancing screening efficiency.
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