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NAFLD A Multisystem Disease

atherogenesis and in the development of insulin resistance and
NAFLD [54,58,71,72,75,143–145]. As briefly discussed above
when considering the link between NAFLD and T2DM, emerging
evidence also suggests that altered gut microbiota can influence
the development and progression of NAFLD, possibly through
the increased intestinal absorption of multiple bacterial products
[59]. In this complex situation, the liver may function both as the
target organ of the resulting systemic abnormalities and the
source of several pathogenic mediators that may amplify

vascular/cardiac and kidney damage. Indeed, NAFLD, especially
its necro-inflammatory variant (NASH), may exacerbate hepatic/
peripheral insulin resistance, cause atherogenic dyslipidemia,
and release a myriad of pro-inflammatory molecules and vasoac-
tive and thrombogenic molecules that play important roles in the
pathophysiology of cardiovascular/cardiac diseases and CKD
[1,18,75,125,126,143–146]. In this dangerous scenario (as also
depicted in Fig. 3), emerging evidence also suggests that the
coexistence of obesity-related increases in fat accumulation in
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Fig. 3. Schematic representation of the putative mechanisms underlying the contribution of NAFLD to the increased risk of cardiovascular disease (CVD), chronic
kidney disease (CKD) and other structural and arrhythmic cardiac complications. The complex and intertwined interactions among NAFLD, abdominal obesity and
insulin resistance make it extremely difficult to dissect out the specific role of the liver and the underlying mechanisms responsible for the association between NAFLD and
the risk of developing CVD, CKD and other structural cardiac complications (i.e., aortic valve sclerosis, cardiac dysfunction/hypertrophy, congestive heart failure and atrial
fibrillation). NAFLD might be associated with such complications either as a consequence of shared cardio-metabolic risk factors and co-morbidities or as a marker of
ectopic fat accumulation in other organs. For instance, myocardial steatosis and increased pericardial fat volume as well as fatty kidney and increased renal sinus fat volume
may exert local adverse effects that result in structural and functional derangements of the myocardium and kidneys. However, in this dangerous and intricate scenario,
growing evidence indicates that NAFLD is not only a simple marker of vascular/cardiac and kidney damage but also may play a part in the pathophysiology of CVD, CKD and
other cardiac complications. Indeed, NAFLD may directly contribute to the development and progression of these vascular/cardiac complications through the hepatic
production of lipids, atherogenic lipoproteins, the induction of hepatic/peripheral insulin resistance and dysglycaemia (i.e., increased hepatic glucose production), and the
systemic release of numerous potentially pathogenic mediators (i.e., pro-inflammatory biomarkers, pro-oxidant molecules, and pro-coagulant and pro-fibrogenic factors).
(CRP, C-reactive protein; FGF-21, fibroblast growth factor-21; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; PAI-1, plasminogen activator
inhibitor-1; TNF, tumour necrosis factor).
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Comorbidities Associated With NASH:

Younossi ZM, et al. Hepatology. 2016;64:73-84.

Meta-analysis: data from studies that diagnosed NAFLD by imaging (US, CT, MRI/SPECT) and NASH by histology in NAFLD patients.
Number of studies reporting for NASH: obesity (n=4); type 2 diabetes (n=9); hyperlipidemia/dyslipidemia (n=4); hypertension (n=4); metabolic syndrome (n=2).
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NAFLD and Cardiac Associations

• NAFLD is associated with 
• Endothelial dysfunction
• Increased carotid artery intima thickness
• Increased arterial stiffness and elevated coronary calcium scores
• Coronary artery disease (CAD)
• Aortic valve sclerosis
• Cardiac arrhythmias, such as atrial fibrillation 
• Diastolic dysfunction

Byrne  et al; J Hep 2015
Targher et al; J Hep 2016
Mantovani A et al; Plos One 2015
Käräjämäki AJ et al; Plos One 2015



Diastolic dysfunction is three times more common 
in patients with NAFLD

Mantovani A et al; Plos One 2015



NAFLD is associated
with fatal and 
non-fatal incidence 
of cardiovascular 
events

risk appeared to increase with greater 
severity of NAFLD

Targher et al; J Hep 2016



Cardiovascular Disease Is the Most Common Cause of 
Death/Liver Transplantation in NAFLD/NASH
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Angulo P, et al. Gastroenterology. 2015;149:389-397.

PRELHIN: Prognostic Relevance of Liver Histology In NAFLD (retrospective, longitudinal NAFLD/NASH cohort (n=619; 1975-2005) in the US, Europe, and Thailand.
Overall mortality/liver transplantation (193/619).



Association of NAFLD with CKD

• Accumulating evidence indicates that the presence and severity of 
NAFLD is strongly associated with an increased prevalence of CKD 

• 20% to 55% , compared to 5–30% in those without NAFLD. 

• The presence and severity of NAFLD predicts the development of 
incident CKD, independent of traditional cardiorenal risk factors 

• Despite the growing evidence linking NAFLD to CKD, whether a causal 
association exists has not been definitively established 

Targher et al; Nature Rev Neph 2017
Targher et al, Diab Care 2014



Meta-Analysis: CKD and NAFLD

• A total of 9 observational studies with 96,595 adult individuals (34.1% with 
NAFLD) 

• Predominantly Asian descent, and 4653 cases of incident CKD stage ≥3 
• Median of 5.2 years
• Patients with NAFLD had a significantly higher risk of incident CKD than 

those without NAFLD ([HR] 1.37, 95% CI 1.20–1.53; I2 = 33.5%). 
• Patients with more ‘severe’ NAFLD (according to ultrasonography and non-

invasive fibrosis markers) were also more likely to develop incident CKD 
(HR 1.50, 95% CI 1.25–1.74; I2 = 0%); this risk appeared to be even greater 
among those with ultrasound- diagnosed NAFLD and a high-intermediate 
NAFLD fibrosis score (n = 1 study; random-effects HR 1.59, 95% CI 1.31–
1.93). 

Mantovani et al; Metabolism 2017



In the Context of NASH cirrhosis

• NAFLD is also the most rapidly growing indication for simultaneous 
liver–kidney transplantation . 

• In the US, more than 10% of the adult population (and more than 
25% of individuals older than 65 years) have CKD. 

• NAFLD and CKD share risk factors
• Hepatorenal syndrome, can develop in cirrhotic patients with portal 

hypertension. 

Singal et al; Transplantation 2016
McCullough, K. et al. Nephrol. Dial. Transplant  2012



NAFLD & CA

Association between non-alcoholic fatty liver
disease and cancer incidence rate

Graphical abstract Authors

Non-alcoholic fatty liver disease

Breast cancer
HR 1.92; p = 0.01

Hepatocellular carcinoma
HR 16.73, p = 0.008

Colorectal cancer
HR 2.01, p = 0.02

• 25,947 subjects with median 7.5 years of follow-up
• Overall cancer incidence rate per 100,000 person-years: 
  782.9 (NAFLD) vs. 592.8 (no NAFLD)

Highlights
! NAFLD was associated with HCC development.

! NAFLD was associated with colorectal cancer development in
males.

! NAFLD was associated with breast cancer development in
females.

! High NFS and high FIB-4 score were associated with
developing all cancers and HCC.

Gi-Ae Kim, Han Chu Lee, Jaewon Choe, ...,
Ju Hyun Shim, Kang Mo Kim, Young-Suk Lim

Correspondence
hch@amc.seoul.kr
(H.C. Lee) drchoe@hotmail.com
(J. Choe)

Lay summary
Non-alcoholic fatty liver disease (NAFLD)
is associated with developing hepatocel-
lular carcinoma (HCC). There have been
limited data on the association between
NAFLD and extrahepatic cancers. This
study demonstrated that patients with
NAFLD showed a higher association with
the development of HCC, colorectal can-
cer in males, and breast cancer in females.
A high NAFLD fibrosis score and a high
fibrosis-4 score showed a strong associa-
tion with the development of all cancers
and HCC.

http://dx.doi.org/10.1016/j.jhep.2017.09.012
! 2017 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2018, 68, 140–146

Research Article
Genetic and Metabolic Diseases

JOURNAL 
OF HEPATOLOGY

Kim et al; J Hep 2017



NAFLD & CA
• NAFLD was associated with 90% 

higher risk of malignancy IRR= 1.9 
(95%CI 1.3, 2.7). 

• The highest risk increase was 
noted in liver cancer, IRR=2.8 
followed by uterine IRR=2.3 
stomach IRR=2.3, pancreas 
IRR=2.0 (95%CI 1.2, 3.3) and 
colon cancer IRR=1.8 

• In reference to non-obese 
controls, NAFLD was associated 
with higher risk of incident 
cancers (IRR=2.0) while obesity 
alone was not (IRR=1.0). 

Allen et al; J Hep 2019



NAFLD is Associated with Many Other Risk Factors

• Obesity

• Type 2 diabetes

• Dyslipidemia

• Metabolic syndrome*

• Polycystic ovary syndrome

• Hypothyroidism

• Obstructive sleep apnea

• Hypopituitarism

• Hypogonadism

• Psoriasis

• Sarcopenia

• Psychological

Common Comorbidities
With Established Association

Other Conditions
Associated With NAFLD

Chalasani N, et al. Hepatology. 2018;67:328-357.

*ATP III definition (requires the presence of ≥3 of the following features):
(1) waist circumference >102 cm in men or >88 cm in women; (2) triglyceride level ≥150 mg/dL; (3) HDL cholesterol level <40 mg/dL in men and <50 mg/dL in women;
(4) SBP ≥130 mm Hg or DBP ≥85 mm Hg; and (5) fasting plasma glucose level ≥110 mg/dL.



Considerations in NASH Cirrhosis Trials

NASH/NAFLD NASH (F2) NASH  with 
compensated 
Cirrhosis

NASH with 
Decompensated 
Cirrhosis

Kidneys Proteinuria Proteinuria
CKD

CKD CKD
ESRD

1) Medications may 
affect GFR

2) Cr is being used for 
inclusion/exclusion

3) If GFR is used, cr
formulas are usually 
used

1) Medications may 
affect GFR

2) Cr is being used for 
inclusion/exclusion

3) If GFR is used, cr
formulas are usually 
used

1) Medications may 
affect GFR

2) Cr is being used for 
inclusion/exclusion

3) If GFR is used, cr
formulas are usually 
used

4) GFR is not accurately  
calculated in 
obese/cirrhotics

1) Medications may 
affect GFR

2) Cr is being used for 
inclusion/exclusion

3) If GFR is used, cr
formulas are usually 
used

4) GFR is not accurately  
5) calculated in 

obese/cirrhotics
6) Development of HRS
7) Use of diuretics and 

ascites issues in this 
population



Considerations in NASH Cirrhosis Trials
NASH/NAFLD NASH (F2) NASH  with compensated 

Cirrhosis
NASH with 
Decompensated Cirrhosis

Cardiac • Endothelial
dysfunction

• Increased arterial 
stiffness and elevated 
coronary calcium 
scores

• Endothelial
dysfunction

• Increased arterial 
stiffness and elevated 
coronary calcium 
scores

• Diastolic dysfunction
• Hx of CVD/MIs

• Increased arterial 
stiffness and elevated 
coronary calcium 
scores

• Diastolic dysfunction
• Hx of CVD/MIs
• Cirrhosis

cardiomyopathy

• Increased arterial 
stiffness and elevated 
coronary calcium 
scores

• Diastolic dysfunction
• Hx of CVD/MIs
• Cirrhosis

cardiomyopathy

1) Cardiac function is 
not assessed

2) Some medications 
may worsen lipid
profile 

3) Some  trials exclude 
patients with history 
of cardiac events

1) Cardiac function is 
not assessed

2) Some medications 
may worsen lipid
profile 

3) Some  trials exclude 
patients with history 
of cardiac events

1) Cardiac function is 
not assessed

2) Some medications 
may worsen lipid
profile)

3) Some  trials exclude 
patients with history 
of cardiac events

1) Cardiac function is 
not assessed

2) Some medications 
may worsen lipid
profile 

3) Some  trials exclude 
patients with history 
of cardiac events

4) Development of HPS, 
PPH…



Examples of Risk Stratification 
from Similar Systemic Diseases



Stage 0 Normal health Stage 1
At risk of disease 

Stage 2 Established disease Stage 3 Advanced disease 

A) Airway Normal Neck<43cm Mild OSA Neck≥43cm 
Asthma/COPD 

Requires CPAP 

B) BMI 35-39.9 kg/m2 40-50 kg/m2 >50 kg/m2 

C) CV risk <10% 10-19% ≥20% Stable CAD 

D) Diabetes FPG < 5,6 HbA1 < 5,7 IFG
HbA1c 5.7-6.4% 

DM2
HbA1c < 9% 

DM2 
HbA1c ≥ 9% 

E) Economic complications None None Workplace disadvantage Disabled

F) Functional Limitation ≥3 h moderate physical 
activity/week 

1-2 h moderate physical 
activity/week 

<1 h moderate physical activity/week 

G) Gonadal Dysfunction Normal Hyperandrogenemiac PCOS Infertility

H) Health status Normal Anxiety/depression without 
medication 

Moderate depression Severe Depression

I) Image Normal Does not like looking in 
mirror 

Avoid mirrors/body image dysphoria Severe eating disorder

K) Kidney Normal GFR <60 mL/min GFR <30 mL/min GFR <15 mL/min 

L) Liver Normal NAFL NASH Cirrhosis

M) Malignancies None HCC Others Metastatic

S) Sarcopenia Normal SMI < 50 cm2/m2 in men and < 39 
cm2/m2 in women)
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Stage 0 Normal health Stage 1
At risk of disease 

Stage 2 Established disease Stage 3 Advanced disease 

A) Airway Normal Neck<43cm Mild OSA Neck≥43cm 
Asthma/COPD 

Requires CPAP 

B) BMI 35-39.9 kg/m2 40-50 kg/m2 >50 kg/m2 

C) CV risk <10% 10-19% ≥20% Stable CAD 

D) Diabetes FPG < 5,6 HbA1 < 5,7 IFG
HbA1c 5.7-6.4% 

DM2
HbA1c < 9% 

DM2 
HbA1c ≥ 9% 

E) Economic complications None None Workplace disadvantage Disabled

F) Functional Limitation ≥3 h moderate physical 
activity/week 

1-2 h moderate physical 
activity/week 

<1 h moderate physical 
activity/week 

G) Gonadal Dysfunction Normal Hyperandrogenemiac PCOS Infertility

H) Health status Normal Anxiety/depression 
without medication 

Moderate depression Severe Depression

I) Image Normal Does not like looking in 
mirror 

Avoid mirrors/body image 
dysphoria Severe eating disorder

K) Kidney Normal GFR <60 mL/min GFR <30 mL/min GFR <15 mL/min 

M) Malignancies None HCC Others Metastatic

S) Sarcopenia
(need modification)

Normal SMI < 50 cm2/m2 in men and < 39 
cm2/m2 in women)



Obesity is not the  
Same In ALL

Resource

Profound Perturbation of the Metabolome in Obesity
Is Associated with Health Risk

Graphical Abstract

Highlights
d Obesity results in a profound perturbation of the plasma

metabolome

d At any given BMI, abnormal metabolomes associate with

different health outcomes

d At any given BMI, different genetic obesity risks do not

change the metabolome

d Ametabolome signature effectively tracks changes in obesity

Authors

Elizabeth T. Cirulli, Lining Guo,

Christine Leon Swisher, ...,

Bernard Thorens, J. Craig Venter,

Amalio Telenti

Correspondence
liz.cirulli@gmail.com (E.T.C.),
atelenti@scripps.edu (A.T.)

In Brief
Obesity is a heterogeneous and complex

disease that is imprecisely measured by

BMI. Cirulli et al. used non-targeted

metabolomics and whole-genome

sequencing to identify metabolic and

genetic signatures of obesity and find that

the metabolome captures clinically

relevant phenotypes of obesity and is a

better health predictor than genetic risk.

Cirulli et al., 2019, Cell Metabolism 29, 488–500
February 5, 2019 ª 2018 The Author(s). Published by Elsevier Inc.
https://doi.org/10.1016/j.cmet.2018.09.022

• Obesity is a heterogeneous and complex 
disease that is imprecisely measured by 
BMI. 

• UK study

• Obesity results in a profound perturbation 
of the plasma metabolome 

• At any given BMI, abnormal metabolomes 
associate with different health outcomes 

• At any given BMI, different genetic obesity 
risks do not change the metabolome 

• A metabolome signature effectively tracks 
changes in obesity 

Cirulli et al; Cell Metabolism 2019



Diabetes Cluster Classification

• 8980 from the Swedish All New Diabetics in 
Scania cohort. 

• Clusters were based on six variables 
• (glutamate decarboxylase antibodies, age at 

diagnosis, BMI, HbA 1c , and homoeostatic model 
assessment 2 estimates of β-cell function and 
insulin resistance), 

• Related to prospective data from patient 
records on development of complications 
and prescription of medication. 

• Replication was done in three independent 
cohorts: the Scania Diabetes Registry 
(n=1466), All New Diabetics in Uppsala 
(n=844), and Diabetes Registry Vaasa 
(n=3485).

Articles
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width and the second step does hierarchical clustering, 
was done in SPSS version 23 for two to 15 clusters using 
log-likelihood as a distance measure and Schwarz’s 
Bayesian criterion for clustering. k-means clustering was 
done with a k value of 4 using the kmeansruns function 
(runs=100) in the fpc package in R version 3.3.1. Only 
individuals negative for GADA were included because the 
k-means method does not accommodate binary variables 
and all individuals who were GADA positive were 
clustered together with the TwoStep method. Cluster-
centre coordinates in ANDIS are shown in the appendix.

Clusterwise stability was assessed through resampling 
the dataset 2000 times and computing the Jaccard 
similarities to the original cluster.17 Generally, stable 
clusters should yield a Jaccard similarity of greater than 
0·75.17 Cluster labels were assigned by examining cluster 
variable means. 

Statistical analysis
We calculated the risk of complications using Cox 
regression in SPSS version 23, including covariates. 
Post-hoc comparisons of effects across clusters were 
tested in Stata version 13.1.

Associations between clusters and genotypes were 
calculated with the maximum likelihood estimation 
method in SNPtest2 version 2.5.2.18 A p value of less 
than 0·010 was considered significant in the genetic-
association analyses. The equality of odds ratios (ORs) 
across strata was tested with seemingly unrelated 
estimation in Stata version 13.1. Bonferroni correction 
was used to determine significance for multiple tests. 
Genetic risk scores were calculated on the basis of the 
number of risk alleles weighed by their effect sizes 
reported in previous genome-wide association studies. 
Logistic regression was done for each cluster against the 
controls in SPSS version 23.

Role of the funding source
The funding sources had no part in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. EA and LG had full access to all data and were 
responsible for the decision to submit for publication.

Results
We first analysed the ANDIS cohort, consisting of 
14 652 patients with newly diagnosed diabetes from 
Sweden, 932 (6·4%) of whom were registered before age 
18 years and were not included in our analysis of adult 
diabetes. Of the 13 720 adult patients, 204 (1·5%) had 
type 1 diabetes, 723 (5·3%) had LADA, 162 (1·2%) had 
secondary diabetes (coexisting pancreatic disease), and 
519 (3·8%) were unclassifiable because of missing data. 
The remaining 12 112 (88·3%) patients were considered 
to have type 2 diabetes (appendix).

To classify patients into novel diabetes subgroups, first 
we used the TwoStep clustering method in 8980 patients 
in the ANDIS cohort with complete data available for the 
clustering variables. The minimum silhouette width was 
found for five clusters in both men (n=5334) and women 
(n=3646) in the ANDIS cohort, and patient distributions 
and characteristics were similar in men and women 
(appendix). We verified the results using k-means 
clustering in GADA-negative patients, resulting in 
similar cluster distributions to TwoStep, with the same 
overall cluster characteristics in both sexes (figures 1, 2; 
appendix). Cluster stability was estimated as Jaccard 
means,17 which were greater than 0·8 for all clusters, 
regardless of sex.

Cluster 1, including 577 (6·4%) of the 8980 clustered 
patients, was characterised by early-onset disease, relatively 
low BMI, poor metabolic control, insulin deficiency, and 
presence of GADA (appendix), and was labelled as severe 
autoimmune diabetes (SAID). Cluster 2, including 1575 

Figure 2: Cluster characteristics in the ANDIS cohort
Distributions of HbA1c and age at diagnosis, and BMI, HOMA2-B, and HOMA2-IR at registration, in the ANDIS cohort for each cluster. k-means clustering was done separately for men and women; 
pooled data are shown here for clusters 2–5. SAID=severe autoimmune diabetes. SIDD=severe insulin-deficient diabetes. SIRD=severe insulin-resistant diabetes. MOD=mild obesity-related diabetes. 
MARD=mild age-related diabetes. HOMA2-B=homoeostatic model assessment 2 estimates of β-cell function. HOMA2-IR=homoeostatic model assessment 2 estimates of insulin resistance. ANDIS=All 
New Diabetics in Scania.
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assays (Thermo Fisher Scientific, Carlsbad, CA, USA) at 
the Clinical Research Center in Malmö, Sweden. In 
ANDIS, 5625 of the clustered individuals were geno-
typed, of whom 1714 were excluded because of non-
Swedish origin and 164 were excluded because they had 
a call rate of less than 90%. MDC-CVA samples (controls) 
were genotyped at the Broad genotyping facility with the 
Infinium OmniExpressExome-8 version 1.0 BeadChip 
array (Illumina, San Diego, CA, USA). Quality control 
was done as previously described.13 All single-nucleotide 
polymorphisms (SNPs) were in Hardy–Weinberg equili-
brium in the controls.

Definitions of diabetes and diabetic complications
Type 1 diabetes was defined as GADA positive and 
C-peptide concentrations of less than 0·3 nmol/L. LADA 
was defined as GADA positive and C-peptide concen-
trations of 0·3 nmol/L or higher.

Estimated glomerular filtration rate (eGFR) was 
calculated with the Modification of Diet in Renal Disease 
formula.14 Chronic kidney disease was defined as an eGFR 
of less than 60 (stage 3A) or less than 45 (stage 3B) for 
more than 90 days (onset of chronic kidney disease 
was set as the start of this period). End-stage renal disease 
was defined as at least one eGFR below 15 mL/min per 
1·73 m².

Macroalbuminuria was defined as at least two of 
three consecutive visits with an albumin excretion rate of 
200 µg/min or higher, an albumin excretion rate 
of 300 mg per day or higher, or an albumin to creatinine 
ratio of 25 mg/mmol or higher for men and 35 mg/mmol 
or higher for women.

Diabetic retinopathy was diagnosed by an ophthalmologist 
on the basis of fundus photographs.15 Coronary events were 
defined by International Classification of Diseases (ICD)-10 
codes I20-21, I24, I251, and I253-I259. Stroke was defined 
by ICD-10 codes I60-I61 and I63-I64. Individuals with 
known previous events were excluded.

Cluster analysis
Model variables were selected on the premise that patients 
develop diabetes when they can no longer increase their 
insulin secretion (whatever the reason) to meet the 
increased demands imposed by obesity and insulin 
resistance, and because they were easily obtainable from 
different clinical settings without interpretation and 
included the minimum number of laboratory tests. We 
chose BMI, age at onset of diabetes, and homoeostasis 
model assessment (HOMA) 2 estimates of β-cell function 
(HOMA2-B) and insulin resistance (HOMA2-IR) based 
on C-peptide concentrations (which performs better than 
insulin in patients with diabetes) calculated with the 
HOMA calculator (University of Oxford, Oxford, UK).16 
Presence or absence of GADA was included as a binary 
variable. Cluster analysis was done on values centred to a 
mean value of 0 and an SD of 1. In ANDIS, men and 
women were clustered separately to avoid stratification 

due to sex-dependent differences in the cluster variables 
and to provide separate cohorts for validation of results. 
Patients with secondary diabetes (n=162) and extreme 
outliers (>5 SDs from the mean; n=42) were excluded. 
TwoStep clustering, in which the first step estimates the 
optimal number of clusters on the basis of silhouette 

Figure 1: Patient distribution according to method of classification
(A) Distribution of ANDIS patients (n=8980) according to traditional 
classification. (B) Distribution of ANDIS patients (n=8980) according to 
k-means clustering. (C) Distribution of patients in the Scania Diabetes Registry 
(n=1466) according to k-means clustering. (D) Distribution of patients in the 
All New Diabetics in Uppsala cohort (n=844) according to k-means clustering. 
(E) Distribution of DIREVA patients with newly diagnosed diabetes (n=878) 
according to k-means clustering. (F) Distribution of DIREVA patients with 
longer-term diabetes (n=2607) according to k-means clustering. LADA=latent 
autoimmune diabetes in adults. SAID=severe autoimmune diabetes. 
SIDD=severe insulin-deficient diabetes. SIRD=severe insulin-resistant diabetes. 
MOD=mild obesity-related diabetes. MARD=mild age-related diabetes. 
ANDIS=All New Diabetics in Scania. DIREVA=Diabetes Registry Vaasa.
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Diabetes Cluster Classification

• Cluster 3 (most resistant to insulin) 
had significantly higher risk of diabetic 
kidney disease than individuals in 
clusters 4 and 5, but had been 
prescribed similar diabetes treatment. 

• Cluster 2 (insulin deficient) had the 
highest risk of retinopathy. 

• In support of the clustering, genetic 
associations in the clusters differed 
from those seen in traditional type 2 
diabetes. 
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(17·5%) patients and labelled as severe insulin-deficient 
diabetes (SIDD), was GADA negative but otherwise 
similar to cluster 1: low age at onset, relatively low BMI, 
low insulin secretion (low HOMA2-B index), and poor 
metabolic control. Cluster 3, labelled as severe insulin-
resistant diabetes (SIRD) and including 1373 (15·3%) 
patients, was characterised by insulin resistance (high 
HOMA2-IR index) and high BMI. Cluster 4, including 
1942 (21·6%) patients, was also characterised by obesity 
but not by insulin resistance, and was labelled as mild 
obesity-related diabetes (MOD). The 3513 (39·1%) patients 
in cluster 5 (labelled as mild age-related diabetes [MARD]) 
were older than patients in other clusters, but showed, 
similar to cluster 4, only modest metabolic derangements.

We used three independent cohorts to replicate the 
clustering: SDR (n=1466), ANDIU (n=844), and DIREVA 
(n=3485). In SDR, the optimal number of clusters was 
also estimated to be five, and k-means (k=4) and TwoStep 
clustering yielded similar results (92·4% clustered 
identically). Patient distributions and cluster charac-
teristics were similar to ANDIS (figure 1; appendix). 
Jaccard bootstrap means were greater than 0·8 for all 
clusters. k-means clustering in ANDIU also replicated 
the results from ANDIS (figure 1; appendix). In the 
DIREVA cohort, we found that clustering gave similar 
results in 2607 patients with longer diabetes duration 
(mean 10·15 years [SD 10·34]) as in 878 patients with 
newly-diagnosed diabetes (diabetes duration <2 years; 
figure 1; appendix).

To be clinically useful, patients would need to be 
assigned to clusters without de-novo clustering of a full 
cohort. Therefore, we assigned patients in replication 
cohorts to clusters on the basis of which cluster they 
were most similar to, calculated as their Euclidian 

distance from the nearest cluster centre derived from 
ANDIS coordinates, and found similar distributions 
(appendix). Sensitivity and specificity were highest in 
ANDIU and DIREVA patients recruited soon after 
diagnosis (appendix), probably reflecting how and when 
clustering variables were obtained.

We then compared disease progression, treatment, and 
development of diabetic complications between clusters 
in ANDIS. Clusters 1 and 2 had substantially higher 
HbA1c at diagnosis than the other clusters, a difference 
persisting throughout follow-up (figure 3). Ketoacidosis 
at diagnosis was most frequent in cluster 1 (31% [124/406]) 
and cluster 2 (25% [259/1033]; vs <5% in other clusters; 
appendix). HbA1c was the strongest predictor of 
ketoacidosis at diagnosis (OR 2·73, 95% CI 2·47–3·03; 
p<0·0001, per 1 SD change; appendix). Cluster 3 had the 
highest prevalence of non-alcoholic fatty liver disease 
(appendix). ZnT8A auto antibodies were primarily seen in 
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Figure 3: Mean HbA1c over time in the All New Diabetics in Scania cohort

Figure 4: Antidiabetic therapy in All New Diabetics in Scania cohort during follow-up
(A) Time to sustained insulin use. (B) Time to metformin treatment. (C) Time to treatment with oral medication 
other than metformin. (D) Time to reach treatment goal (HbA1c<6·9% [52 mmol/mol]). 
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patients with SAID (27% [79/289] vs <2% in other clusters; 
appendix).

At registration, insulin had been prescribed to 
212 (42%) of 506 patients in cluster 1 and 389 (29%) of 
1339 patients in cluster 2, but to less than 4% of patients 
in clusters 3–5 (appendix). Time to sustained insulin use 
was shortest in cluster 1 (hazard ratio [HR] 26·87, 95% CI 
21·17–34·11, vs cluster 5; figure 4; appendix), followed by 
cluster 2 (10·97, 8·73–13·77, vs cluster 5). The proportion 
of patients on metformin was highest in cluster 2 and 
lowest in cluster 1 (figure 4; appendix), but was also low 
in cluster 3, which would be expected to benefit the most 
from metformin, showing that traditional classification 

is unable to tailor treatment to the underlying pathogenic 
defects. Kidney function and adverse reactions had no 
major effect on the proportions of patients taking 
metformin at this early stage of disease (appendix). 
Patients in cluster 2 had the shortest time to second oral 
diabetes treatment (figure 4; appendix) and the longest 
time to reach the treatment goal (HbA1c<6·9% 
[52 mmol/mol]; figure 4).

In ANDIS, patients in cluster 3 had the highest risk of 
developing chronic kidney disease during mean 
follow-up of 3·9 years (SD 2·3; appendix). For stage 3A 
chronic kidney disease (eGFR <60 mL/min), the age-
adjusted and sex-adjusted risk was more than two times 

Figure 5: Progression of disease over time by cluster 
(A) Time to chronic kidney disease (at least stage 3B) in the ANDIS cohort. (B) Time to macroalbuminuria in the ANDIS cohort. (C) Time to end-stage renal disease in the SDR cohort (data presented for 
SDR rather than ANDIS because of availability of longer-term follow-up). (D) Time to at least mild non-proliferative or proliferative diabetic retinopathy in the SDR cohort (insufficient data for 
retinopathy available in ANDIS). (E) Time to coronary events in the ANDIS cohort. Kidney function was not tested at diagnosis and, therefore, onset was set to the first screening date; it is not known how 
many patients were already affected at diagnosis. ANDIS=All New Diabetics in Scania. SDR=Scania Diabetes Registry. 
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The Point to Make

•Other systemic diseases have considered 
long term complications and response to 
treatment for risk stratification

•This is logical especially that these 
complications may worsen the disease 
course and lead to mortality 
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