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1. Introduction

Patients with type 2 diabetes mellitus (T2D) have a very high

prevalence of non-alcoholic fatty liver disease (NAFLD). The

prevalence of non-alcoholic steatohepatitis (NASH) in this

population ranges from 60–88% and is associated with increased

risk of developing liver fibrosis, cirrhosis and hepatocellular

carcinoma [1–5]. There exists an unmet need to develop de

novo hepato-protective medications as well as study the hepatic

effects of existing glucose lowering medications used in T2D.

Thiazolidinediones, such as pioglitazone, have, to date, been the

only class of glucose lowering medications consistently shown to

have beneficial hepatic effects [6–8].

Newer glucose lowering medications such as sodium glucose

co-transporter 2 (SGLT2) inhibitors and glucagon like peptide-1

receptor agonists (GLP-1 RA), provide the added benefit of weight

loss, which itself may have favourable effects on NAFLD

parameters. Canagliflozin, dapagliflozin and empagliflozin are

SGLT2 inhibitors with a mechanism of action related to glucosuria

[9,10], with a known ancillary effect of increasing plasma glucagon

levels [11–14]. SGLT2 inhibitors have been associated with

reduction in alanine aminotransferase (ALT) levels, a biomarker

for NAFLD, in limited studies [15,16] and change from baseline in

the liver-to-spleen attenuation ratio on computed tomography in a

recent, small, randomized trial comparing pioglitazone with
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A B S T R A C T

Aim. – The impact of new classes of glucose lowering medications on markers of non-alcoholic fatty

liver disease (NAFLD) associated with type 2 diabetes (T2D) have been inconsistent in their magnitude

and independence. This large retrospective study investigates changes in alanine aminotransferase (ALT)

levels among subjects initiated on newer classes of T2Dmedications in comparison to a reference control

group.

Methods. – We studied people with T2D from a large Canadian diabetes register, who had canagliflozin,

dapagliflozin, liraglutide, sitagliptin or no further treatment added to their diabetes treatments.

Stepwise multiple regression was used to determine the association of A1c and weight change on ALT.

Propensity score weighting was used to balance baseline characteristics between treatment groups.

Results. – A total of 3667 subjects met study criteria. ALT levels (mean follow-up 4.8 months) were

lower after treatment with sodium glucose co-transporter 2 (SGLT2) inhibitors, canagliflozin (�4.3 U/L,

P < 0.01) and dapagliflozin (�3.5 U/L, P < 0.01), compared to incretin agents, liraglutide (�2.1 U/L,

P < 0.01) and sitagliptin (�1.8 U/L, P < 0.01), each greater than the control group. Only the SGLT2

inhibitor treatment groups maintained a significant ALT reduction vs. control following multivariable

adjustment and propensity score weighting. Greater ALT reductions were seen with higher baseline ALT

for both the SGLT2 inhibitor treatment groups.

Conclusion. – SGLT2 inhibitors canagliflozin and dapagliflozin resulted in a weight and A1c-independent

reduction of ALT levels compared to incretin agents, with a dose-response observed at higher baseline ALT

levels. Further studies investigating the differential effects of these drug classes on NAFLD, and insulin/

glucagon levels as potential mechanism explaining these differences, should be performed.
�C 2018 Elsevier Masson SAS. All rights reserved.
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ipragliflozin [17]. GLP-1 RA and dipeptidyl peptidase-4 (DPP-4)

inhibitors have similar mechanisms of action in T2D i.e. glucose-

dependent insulin secretion together with inhibition of glucagon

release. Additionally, GLP-1 RAs delay gastric emptying and lead to

a reduction in appetite [18]. A meta-analysis of four observational

studies suggested that sitagliptin and liraglutide similarly de-

creased ALT levels [19,20]. In a small, controlled trial of NASH

patients with or without T2D – with 45 patients completing liver

biopsies – liraglutide was associated with resolution of NASH,

however these benefits were found to be proportional to the

amount of weight loss [20]. By contrast, in a recently published

controlled trial, 12 weeks of liraglutide or sitagliptin treatment did

not reduce hepatic steatosis or fibrosis in patients with T2D [21].

Hence, the glucose – and weight-independent effects of newer

glucose lowering medications (SGLT2 inhibitors and incretin

agents) on markers of NAFLD have been equivocal – with no

direct comparison to date. Thus, in the present large retrospective

study, we investigate the effects of two SGLT2 inhibitors

(canagliflozin and dapagliflozin), a DPP-4 inhibitor (sitagliptin)

and a GLP-1 RA (liraglutide) on ALT levels among patients with T2D

in comparison to a reference control group. We further investigate

the independence of these effects from A1c and weight change

using multivariable adjustment. Propensity score methods were

also used to balance baseline covariates between treatment

groups.

2. Material and methods

2.1. Study design

This retrospective study was conducted using an electronic

registry of patients followed in seven Ontario-based LMC Diabetes

& Endocrinology (LMC) centres. LMC is a multi-site, community-

based, specialist-led, referral-based, multidisciplinary clinic group

with a shared single electronic medical record. The LMC registry

has been previously described [22,23].

The study population was chosen based on a pre-defined

protocol, approved by an Ethics Review Board and registered on

clinicaltrials.gov (NCT03233178). Inclusion criteria were patients:

� with type 2 diabetes who had previously provided consent for

their registry data to be used for clinical research;

� who had started treatment with any one of the four glucose

lowering medications (canagliflozin, dapagliflozin, sitagliptin

and liraglutide) between January 1, 2012 and October 31, 2016;

� with medication persistence documented for >3 months on at

least one follow-up clinic visit;

� with one or more ALT lab values obtained in Ontario within

6 months prior (baseline) and 6 months after (follow-up)

starting the medication and;

� who had baseline values for HbA1c and body weight. Baseline

ALT was the closest measurement prior to starting the

medication.

Follow-up ALTwas the lastmeasurement, while the patientwas

still on the medication, within 6 months after starting. Control

group included any patient with type 2 diabetes that did not have a

glucose loweringmedication added between June 1, 2014 andMay

31, 2015. Patients were excluded if they had an A1c �7.0% at

baseline, if they were enrolled in a research protocol with an

investigational therapy, or if more than one glucose lowering

medication was initiated simultaneously. Other exclusions were

made for pregnancy, bariatric surgery, and known hepatic

disorders, including hepatitis B, hepatitis C, history of liver

transplant or documented history of alcohol abuse. Patients were

only included in the final treatment groups if they had values for

ALT, A1c and weight at baseline. All patients had complete

information for demographic variables, duration of diabetes, and

concomitant glucose lowering medications. The study was funded

independently by LMC Diabetes & Endocrinology, with no external

funding source. This study was carried out in accordance with the

principles of the Declaration of Helsinki (2004 version).

2.2. Data analysis

Baseline characteristics were summarized as mean � standard

deviation or percentages for continuous variables and categorical

variables, respectively. Baseline characteristics between the 5 patient

treatment groups were compared using the population standardized

differences, which is an appropriate criterion for assessing covariate

balance between>2 treatment groups [24]. Thiswas calculated as the

difference between the mean of a covariate for a given treatment and

the unweighted mean of a covariate for the pooled sample across all

treatments, divided by the standard deviation of the covariate for the

pooled sample across all treatments. For the purpose of this study, a

standardized difference of < 0.20 was considered small and the

variables between the groups were considered to be balanced [24].

To control for differences in baseline characteristics between

the treatment groups, we applied the inverse probability of

treatment weighting of the propensity score, defined as the

probability of treatment assignment conditional on measured

baseline covariates [25]. In our study, propensity scores were

estimated for each treatment group by a multinomial logistic

regressionmodel, with treatment group as the dependent variable,

and the following baseline variables as covariates: age, gender,

ALT, A1c,weight, insulin use, and interaction terms for age andA1c,

and age and weight. Treatment weights were calculated as the

reciprocal of the probability that a patient received the treatment

they received. Comparisonswithin treatment groups frombaseline

to follow-up for ALT, A1c, body weight and waist circumference

were performed using paired t-tests. A regression model was used

to assess differences in ALT change between the 5 treatment

groups, using the SURVEYREG procedure in SAS to account for the

weighting. Stepwise multivariable regression analysis was

conducted with serial adjustment for A1c change, weight change

and both combined.

Stratified analyses for baseline ALTwere then performedwithin

the weighted sample: stratifying by a clinical cut-off value of

ALT < or�30 IU/L as well as stratifying by baseline ALT tertiles. All

analyses were conducted using SAS version 9.4 (Cary, North

Carolina).

3. Results

A total of 3844patientsmet the study criteria. Onehundrend and

seventy-seven patients with very small propensity scores (<0.001)

were excluded. The final sample size of the five treatment groups

analyzed was: canagliflozin = 1325, dapagliflozin = 730, sitaglip-

tin = 661, liraglutide = 521 and control group = 430. Baseline cha-

racteristics, including background glucose loweringmedications, as

well asdosesof thenewlyaddedSGLT2 inhibitoror incretinagent for

each treatment group are listed in Table 1. Weighting the sample

successfully balanced all the baseline characteristics (standardized

difference<0.20),with the exception that the control group still had

a higher mean age compared to the population. Mean times for

follow-upALTafterdrug initiationwere similar across the treatment

groups.

All four treatment groups showed a significant reduction in

ALT on follow-up (Table 2): canagliflozin �4.3 � 11.8 IU/L, dapa-

gliflozin �3.5 � 14.3 IU/L, sitagliptin �1.8 � 15.6 IU/L, liraglutide
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�2.1 � 13.9 IU/L, (all P < 0.01), while ALT remained unchanged in the

control group. A1c reduction was observed at follow-up in each of

the 5 treatment groups. Canagliflozin, dapagliflozin and liraglutide

were each associated with significant weight loss and waist

circumference reduction, whereas the sitagliptin and control groups

showed minimal changes in weight and waist circumference.

Unadjusted ALT change from baseline was similar for intra-

class comparisons (Fig. 1): SGLT2 inhibitors (canagliflozin vs.

dapagliflozin), and incretin agents (sitagliptin vs. liraglutide). After

stepwise adjustment for A1C change, weight change separately or

combined adjustment for A1C and weight change, only the SGLT2

inhibitors (canagliflozin or dapagliflozin) showed significant ALT

change vs. all other treatment groups, (except for the dapagliflozin

vs. sitagliptin comparison, which did not reach statistical signifi-

cance). On the other hand, for the incretin agents (sitagliptin or

liraglutide), the unadjusted mean ALT was reduced compared

to the control group however, and even these comparisons lost

statistical significance following adjustment for A1c change

(Fig. 1). Notably, adjustment for weight change resulted in loss

of significant differences for liraglutide vs. control, but not for

sitagliptin vs. control comparisons (�2.3 IU/L, P < 0.01).

Propensity score weighting (Fig. 2) showed similar findings to

multivariable adjustment. In weighted between-group compari-

sons, statistically significant comparisons of ALT change were

observed only for the SGLT2 inhibitors: canagliflozin vs. sitagliptin

�2.2 (SE 0.7) IU/L (P < 0.01), canagliflozin vs. liraglutide �2.9 (SE

0.8) IU/L (P < 0.01) and canagliflozin vs. control �4.9 (SE 1.6) IU/L

(P < 0.01); dapagliflozin vs. liraglutide �1.9 (SE 0.9) IU/L (P = 0.03)

and dapagliflozin vs. control �3.8 (SE 1.6) IU/L (P = 0.02).

Stratified analyses for baseline ALT were performed within the

weighted sample in two ways: stratifying by a clinically-relevant

cut-off value of ALT < or �30 IU/L (Fig. 3) and stratifying by

baseline ALT tertile. Mean baseline ALT was 20.1 � 8.4 IU/L and

44.9 � 27.1 IU/L for the ALT < 30 IU/L and ALT �30 IU/L sub-groups,

respectively. Mean baseline ALT levels were 15.7 � 3.3 IU/L,

25.5 � 3.1 IU/L and 47.9 � 19.1 IU/L for each of the three tertiles.

Amongpatientswith lowALT at baseline (<30 IU/L), canagliflozin had

significantly greater reductions in ALT compared to sitagliptin,

liraglutide and the control group. Among patients with high ALT

(�30 IU/L) (Fig. 3) and patients in the highest ALT tertile, canagliflozin

had significantly greater reductions in ALT compared to the control

group and liraglutide, while dapagliflozin had significantly greater

reductions in ALT compared to liraglutide. Among patients in the

second ALT tertile, both canagliflozin and dapagliflozin had signifi-

cantly greater reductions in ALT compared to the control group. There

were no statistically significant differences in ALT change between

treatment groups for the lowest tertile of baseline ALT.

4. Discussion

In this retrospective study, two novel findings have emerged.

Firstly, subjects with T2D initiated on SGLT2 inhibitors had

clinically and statistically significant reductions in ALT levels

(especially in the sub-groups with high baseline ALT), with a

comparatively smaller reduction in ALT levels for incretin-based

treatments. Secondly, the beneficial effects of SGLT2 inhibitors on

ALT levels are independent of the changes in A1C and weight,

unlike the effects of incretin agents which appear to be mediated

through the A1c and weight reduction.

To our knowledge, this report is the first published study to

compare and contrast ALT levels between the newer glucose

lowering medication classes (SGLT2 inhibitor, DPP-4 inhibitor and

Table 1

Baseline characteristics of the canagliflozin, dapagliflozin, sitagliptin, liraglutide and control group.

Canagliflozin Dapagliflozin Sitagliptin Liraglutide Control Population

n 1325 730 661 521 430 3667

Age, (years) 60�10 58�10a 64�11a 58�90a 70�12a,b 61�11

Males, (%) 58 57 57 56 57 57

Diabetes duration, (yrs) 14�7 13�7 13�8 14�7 18�9a 14�8

ALT, (IU/L) 30.6�17.2 31.4�19.3 28.3�17.4 31.7�17.5 23.6�12.8a 29.7�17.4

A1c, (%) 8.5�1.1 8.6�1.2 8.4�1.2 8.6�1.2 7.9�1.0a 8.5�1.2

A1c, (mmol/mol) 69�12 70�13 68�13 70�13 63�11 69�13

Weight, (kg) 91�20 88�19 83�18a 100�21a 84�20a 89�21

BMI, (kg/m2) 32�6 31�6 30�6a 35�6a 31�6 32�6

Waist circumference, (cm) 107�14 105�13 103�14a 114�15a 104�15 106�15

FPG, (mmol/L) 9.3�2.8 9.3�2.4 8.9�2.7 9.3�2.8 8.3�2.6a 9.4�2.9

Triglycerides, (mmol/L) 1.86�1.46 1.91�2.32 1.85�1.51 1.99�1.18 1.56� 0.98a 1.90�1.60

Insulin, (%) 47 45 28a 50 74a 47

Metformin, (%) 96 96 97 96 63a 92

Sulfonylurea, (%) 45 46 39 47 22a 42

Dose of newly added glucose lowering medication, (%) 100mg: 73 5mg: 54 50mg: 19 0.6mg: 8

300mg: 27 10mg: 46 100mg: 81 1.2mg: 59

1.8mg: 23

Data is presented as mean� SD or as a %. ALT: alanine amino transferase; BMI: body mass index; FPG: fasting plasma glucose.
a Standardized dfference �0.20 before weighting.
b Standardized difference �0.20 after weighting.

Table 2

Within group three-six month changes in clinical outcomes.

Canagliflozin Dapagliflozin Sitagliptin Liraglutide Control

ALT, (IU/L) �4.3�11.8a �3.5�14.3a �1.8�15.6a �2.1�13.9a 0.3�11.1

A1C, (%) �0.8�1.0a �0.8�1.2a �0.8�1.2a �0.8�1.2a �0.1� 0.8a

A1c, (mmoL/moL) �8.7�10.9 �8.7�13.1 �8.7�13.1 �8.7�13.1 �1.1�8.7

Body weight, (kg) �2.5�3.2a �2.0�2.9a �0.6�2.7a �2.2�3.6a 0.2�2.6

Waist circumference, (cm) �1.3�4.2a �1.8�3.8a �0.8�4.2 �1.2�5.3a 0.6�3.8a

Data is presented as mean� SD. ALT: alanine aminotransferase.
a Significant change from baseline (P<0.01).
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GLP-1 RA). Overall, our study results are consistent with the

limited available literature, generally studying SGLT2 inhibitors

and incretin agents separately, which has suggested a potential

beneficial effect of these newer glucose lowering medications on

biomarkers of NAFLD [15–17,19]. Similar to our study results, the

beneficial hepatic effects associated with liraglutide were found to

be proportional to the amount of weight loss in the Liraglutide

Efficacy and Action in NASH (LEAN) trial [20]. Our study adds to

this literature by suggesting that the reduction in ALT levels is

higher for SGLT2 inhibitors compared to incretin agents –

especially in the sub-group with higher baseline ALT. In addition,

our finding of an independent ALT reduction effect with SGLT2

inhibitor initiation stands in contrast to a recent analysis of pooled

phase 3 randomized control trial data, which attributed the

[(Fig._1)TD$FIG]

Fig. 1. Comparison of ALT change between canagliflozin, dapagliflozin, sitagliptin, liraglutide and control: unadjusted, A1c adjusted, weight adjusted and fully adjusted (A1c

and weight adjusted) models. *: significantly different compared to control (P < 0.05); y: significantly different compared to liraglutide (P < 0.05); z: significantly different

compared to sitagliptin (P < 0.05).

[(Fig._2)TD$FIG]

Fig. 2. Comparison of ALT change between canagliflozin, dapagliflozin, sitagliptin, liraglutide and control using inverse probability of treatment weighting. *: significantly

different compared to control (P < 0.05); y: significantly different compared to liraglutide (P < 0.05); z: significantly different compared to sitagliptin (P < 0.05).
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canagliflozin-associated decrease in liver enzyme levels entirely to

weight and A1c changes [15]. Notably, patients with elevated

levels of ALT had been excluded in these phase 3 trials – which

could explain the different results compared to our study.

We did not study mechanisms that led to the apparent ALT

reduction in this retrospective clinical data-based study. Nonethe-

less, the opposing effects of SGLT2 inhibitors and incretin agents on

insulin: glucagon ratio are well established in the literature. SGLT2

inhibitors lead to glucagon stimulation leading to a fall in insulin:

glucagon ratio in both pre-clinical and clinical studies [11–

14]. Incretin agents lead to glucagon suppression and insulin

stimulation, resulting in a rise in the insulin: glucagon ratio.

Historically, insulin: glucagon ratio has been used as an index of

anabolism, with insulin as the most potent anabolic hormone in

the body, as opposed to glycogenolytic or catabolic activity of

glucagon in the liver [26]. Hence, it is mechanistically plausible

that these opposing glucagon effects may play a role in the

differential liver effects of these two classes of glucose lowering

medications. SGLT2 inhibitors, through glucosuria, may simulate

calorie restriction by suppressing malonyl coenzyme A, thus

allowing carnitine palmitoyl transferase 1 to distribute free fatty

acids to b-oxidation instead of fat deposition [13,27,28] – which

may explain their independent beneficial effect on NAFLD

associated in T2D in addition to being a possible explanation for

their protective effects documented in cardiovascular outcome

trials [29–31].

Due to the growing epidemic of NAFLD, in associationwith T2D,

there is an unmet clinical need for pharmacotherapy interventions

that might be added to the lifestyle interventions currently

recommended for management of these hepatic conditions

[31,32]. The novel results of this study are hypothesis-generating,

which should be further investigated inmechanistic studies aswell

as randomized trials comparing SGLT2 inhibitors and incretin

agents in subjects with NAFLD associated with T2D. Depending on

the results of future trials, it is plausible that medical management

for patients with T2D may incorporate the presence of NAFLD as

one of the clinical criteria for selection of appropriate glucose

lowering medication.

Limitations of this study include those inherent to a retrospec-

tive observational analysis. We employed both multivariable

adjustment as well as propensity score inverse probability of

treatment weighting in two efforts to overcome the variations in

background characteristics among the 5 treatment groups.

Additionally, residual confounding and selection bias were limited

in this retrospective analysis as unmeasured variables are unlikely

to have influenced the choice of glucose lowering medication in

our study. Another limitation of this study is that because of

the clinical nature of this registry data, we were only able to use

ALT levels as the sole surrogate marker for NASH. ALT has low

sensitivity and predictive value as a biomarker in screening for

NASH, and imaging or liver biopsy are preferred for liver

categorization [33], but ALT has been independently and strongly

associated with the presence of NAFLD and NASH on liver biopsy

[4,34–36]. Notably, because we compared the ALT change from

baseline (as a continuous variable) among the five study treatment

groups, the limitation of ALT in clinical diagnosis of NAFLD/NASH

does not detract from this study’s contribution. Finally, the

classification of a high ALT level has traditionally required

adjustment for gender [37]. However, the low likelihood of

gender-based treatment initiation in the study treatment groups

as well as the tertile analysis performed in this study overcomes

this limitation of use of an ALT level of 30 IU/L to define a clinically

high level, irrespective of gender.

5. Conclusions

Initiation of SGLT2 inhibitors (canagliflozin, dapagliflozin) in a

broad population of T2D patients was associated with a weight –

and A1c-independent effect in reducing ALT levels (especially

among those with higher baseline ALT levels); whereas the

relatively smaller ALT reduction observed following initiation of

[(Fig._3)TD$FIG]

Fig. 3. Statistically significant differences in ALT change between study treatment groups using inverse probability of treatment weighting stratified by low (ALT <30 U/L)

versus high (ALT �30 U/L) baseline ALT. In the low baseline ALT sub-group, there were significant differences in ALT change between canagliflozin and control (P = 0.03),

canagliflozin and sitagliptin (P = 0.02), and between canagliflozin and liraglutide (P = 0.02). In the high baseline ALT sub-group, there were significant differences in ALT

change between canagliflozin and control (P = 0.03), canagliflozin and liraglutide (P < 0.01), and between dapagliflozin and liraglutide (P = 0.04). * = significantly different

compared to control (P < 0.05); y = significantly different compared to liraglutide (P < 0.05).
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incretin therapies (sitagliptin, liraglutide) was found to be

dependent on their weight and A1c reductions. Further research

is needed to confirm and augment our study findings before a

strategy of prescribing newer glucose lowering medications to

patients suffering from NAFLD associated T2D can be applied to

clinical practice.

Guarantor of the article

Dr. Harpreet S. Bajaj accepts full responsibility for the conduct

of the study. He had access to all of the data and had control of the

decision to publish.

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Contribution of authors

H.S. Bajaj, R.E. Brown and R. Aronson designed, planned the

analysis and implemented the study.

R.E. Brown, L. Bhullar, N. Sohi and S. Kalra performed electronic

registry data queries and cleaned the data generated.

H.S. Bajaj, R.E. Brown and R. Aronson interpreted the data.

H.S. Bajaj and R.E. Brownwrote the first draft of themanuscript.

R.E. Brown performed the statistical analyses.

All authors critically revised the manuscript for important

intellectual content and approved the final manuscript.

Disclosure of interest

H.S. Bajaj has received grants or personal fees outside the

submitted work, from Abbott, AstraZeneca, Boehringer Ingelheim,

Eli Lilly and Company, Janssen Pharmaceutical, Merck & Co., Novo

Nordisk, Sanofi, Pfizer, Takeda Pharmaceuticals, Valeant Pharma-

ceuticals, and Medtronic Inc.

R. Aronson reports personal fees and research support outside

the submitted work from Novo Nordisk, Janssen, Sanofi, AstraZe-

neca, Eli Lilly, and research support from Merck and Boehringer

Ingelheim.

R.E. Brown, L. Bhullar, N. Sohi and S. Kalra declare that they have

no competing interest.

R.E.B., L.B., N.S. and S.K. have no conflicts of interest to declare.

Acknowledgements

None available.

References

[1] Amarapurkar D, Amarapurkar A, Patel N, Agal S, Baigal R, Gupte P, et al.
Nonalcoholic steatohepatitis (NASH)with diabetes: predictors of liver fibrosis.

Ann Hepatol 2006;5:30–3.

[2] Gupte P, Amarapurkar D, Agal S, Baijal R, Kulshrestha P, Pramanik S, et al. Non-
alcoholic steatohepatitis in type 2 diabetes mellitus. J Gastroenterol Hepatol

2004;19:854–8.
[3] Petit J-M, Guiu B, Masson D, Duvillard L, Jooste V, Buffier P, et al. Specifically

PNPLA3-mediated accumulation of liver fat in obese patients with type

2 diabetes. J Clin Endocrinol Metab 2010;95:E430–6.
[4] Leite N, Villela-Nogueira C, Pannain V, Bottino A, Rezende G, Cardoso C, et al.

Histopathological stages of nonalcoholic fatty liver disease in type 2 diabetes:
prevalences and correlated factors. Liv Int 2011;31:700–6.

[5] Loomba R, Abraham M, Tech B, Unalp A, Wilson L, Lavine J, et al. Association
between diabetes, family history of diabetes and risk of nonalcoholic steato-

hepatitis and fibrosis. Hepatology 2012;56:943–51.

[6] Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, et al. A placebo-
controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N

Eng J Med 2006;355:2297–307.

[7] Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C, et al. Long-term

pioglitazone treatment for patients with nonalcoholic steatohepatitis and
prediabetes or type 2 diabetes mellitus: a randomized trial. Ann Intern

Med 2016;165:305–15.
[8] Ohki T, Isogawa A, Iwamoto M, Ohsugi M, Yoshida H, Toda N, et al. The

effectiveness of liraglutide in nonalcoholic fatty liver disease patients with

type 2 diabetes mellitus compared to sitagliptin and pioglitazone. Sci World J
2012;2012:496453. http://dx.doi.org/10.1100/2012/496453.

[9] Sha S, Devineni D, Ghosh A, Polidori D, Chien S, Wexler D, et al. Canagliflozin, a
novel inhibitor of sodium glucose co-transporter 2, dose dependently reduces

calculated renal threshold for glucose excretion and increases urinary glucose

excretion in healthy subjects. Diab Obes Metab 2011;13:669–72.
[10] DeFronzo R, Hompesch M, Kasichayanula S, Liu X, Hong Y, Pfister M, et al.

Characterization of renal glucose reabsorption in response to dapagliflozin in
healthy subjects and subjects with type 2 diabetes. Diabetes Care 2013;36:

3169–76.
[11] Mudaliar S, Henry R, Boden G, Smith S, Chalamandaris A, Duchesne D, et al.

Changes in insulin sensitivity and insulin secretion with the sodium glucose

cotransporter 2 inhibitor dapagliflozin. Diabetes Technol Ther 2014;16:
137–44.

[12] Ferrannini E, Muscelli E, Frascerra S, Baldi S, Mari A, Heise T, et al. Clinical
medicine metabolic response to sodium-glucose cotransporter 2 inhibition in

type 2 diabetic patients. J Clin Invest 2014;124:499–508.

[13] Merovci A, Solis-herrera C, Daniele G, Eldor R, Fiorentino TV, Tripathy D, et al.
Dapagliflozin improves muscle insulin sensitivity but enhances endogenous

glucose production. J Clin Invest 2014;124:509–14.
[14] Hansen L, Iqbal N, Ekholm E, Cook W, Hirshberg B. Postprandial dynamics of

plasma glucose, insulin, and glucagon in patients with type 2 diabetes treated
with saxagliptin plus dapagliflozin add-on to metformin therapy. Endocr Pr

2014;20:1187–97.

[15] Leiter LA, Forst T, Polidori D, Balis DA, Xie J, Sha S. Effect of canagliflozin on
liver function tests in patients with type 2 diabetes. Diab Metab 2016;42:

25–32.
[16] Katsuyama H, Hamasaki H, Adachi H, Moriyama S, Kawaguchi A, Sako A, et al.

Effects of sodium-glucose cotransporter 2 inhibitors on metabolic parameters

in patients with type 2 diabetes: a chart-based analysis. J Clin Med Res
2016;8:237–43.

[17] Ito D, Shimizu S, Inoue K, Saito D, YanagisawaM, Inukai K, et al. Comparison of
ipragliflozin and pioglitazone effects on nonalcoholic fatty liver disease in

patients with type 2 diabetes: a randomized, 24-week, open-label, active-
controlled trial. Diabetes Care 2017;40:1364–72.

[18] Garber A. Long-acting glucagon-like peptide 1 receptor agonists. Diabetes Care

2011;34:S279–84.
[19] Carbone L, Angus P, Yeomans N. Incretin-based therapies for the treatment of

non-alcoholic fatty liver disease: a systematic review and meta-analysis. J
Gastroenterol Hepatol 2016;31:23–31.

[20] Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al. Liraglutide

safety and effi cacy in patients with non-alcoholic steatohepatitis (LEAN): a
multicentre, double-blind, randomised, placebo-controlled phase 2 study.

Lancet 2016;387:679–90.
[21] Smits MM, Tonneijck L, Muskiet MHA, Kramer MHH, Pouwels PJW, Bos ICP,

et al. Twelve week liraglutide or sitagliptin does not affect hepatic fat in

type 2 diabetes: a randomised placebo-controlled trial. Diabetologia
2016;59:2588–93.

[22] Bajaj H, Aronson R, Venn K, Ye C, Sharaan M. The need associated with
diabetes primary care and the impact of referral to a specialist-centered

Multi-disciplinary Diabetes Program (NADIR study). Can J Diabetes
2016;40:120–5.

[23] Aronson R, Orzech N, Ye C, Goldenberg R, Brown V. Specialist-led diabetes

registries and predictors of poor glycemic control in type 2 diabetes: insights
into the functionally refractory patient from the LMC Diabetes Registry data-

base. J Diabetes 2016;8:76–85.
[24] McCaffrey D, Griffin B, Almirall D, Slaughter M, Ramchand R, Burgette L. A

tutorial on propensity score estimation for multiple treatments using gener-

alized boosted models. Stat Med 2013;32:3388–414.
[25] Austin PC, Stuart EA. Moving towards best practice when using inverse

probability of treatment weighting (IPTW) using the propensity score to
estimate causal treatment effects in observational studies. Stat Med

2015;34:3661–79.
[26] Unger R. Glucagon and the insulin: glucagon ratio in diabetes and other

catabolic illnesses. Diabetes 1971;20:834–8.

[27] Rossetti L, Smith D, Shulman G, Papachristou D, Defronzo RA. Correction of
hyperglycemia with Phlorizin normalizes tissue sensitivity to insulin in dia-

betic rats. J Clin Invest 1987;79:1510–5.
[28] Bonner C, Kerr-conte J, Gmyr V, Queniat G, Moerman E, Thevent J, et al.

Inhibition of the glucose transporter SGLT2 with dapagliflozin in pancreatic

alpha cells triggers glucagon secretion. Nat Med 2015;21:512–7.
[29] Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.

Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes.
New Eng J Med 2015;373:2117–28.

[30] Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-REG
OUTCOME trial: a ‘‘thrifty substrate’’ hypothesis. Diabetes Care 2016;39:

1108–14.

[31] Neal B, Perkovic V, Mahaffey K, de Zeeuw D, Fulcher G, Erondu N, et al.
Canagliflozin and cardiovascular and renal events in type 2 diabetes. New

Eng J Med 2017;377:644–57.

H.S. Bajaj et al. / Diabetes & Metabolism 44 (2018) 493–499498

http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0215
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0215
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0215
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0220
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0220
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0220
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0220
http://dx.doi.org/10.1100/2012/496453
http://dx.doi.org/10.1100/2012/496453
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0230
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0230
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0230
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0230
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0235
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0235
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0235
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0235
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0240
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0240
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0240
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0240
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0245
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0245
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0245
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0250
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0250
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0250
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0255
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0255
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0255
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0255
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0260
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0260
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0260
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0265
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0265
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0265
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0265
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0270
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0270
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0270
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0270
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0275
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0275
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0280
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0280
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0280
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0285
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0285
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0285
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0285
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0290
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0290
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0290
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0290
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0295
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0295
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0295
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0295
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0300
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0300
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0300
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0300
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0305
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0305
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0305
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0310
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0310
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0310
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0310
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0315
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0315
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0320
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0320
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0320
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0325
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0325
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0325
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0330
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0330
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0330
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0335
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0335
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0335
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0340
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0340
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0340


[32] Chalasani N, Younossi Z, Lavine J, Diehl A, Brunt E, Cusi K, et al. The diagnosis

andmanagement of non-alcoholic fatty liver disease: practice guideline by the
American Gastroenterological Association. American Association for the Study

of Liver Diseases, and American College of Gastroenterology. Gastroenterology
2012;142:1592–609.

[33] Byrne CD, Targher G. EASL – EASD – EASO Clinical Practice Guidelines for the

management of non-alcoholic fatty liver disease: is universal screening ap-
propriate? Diabetologia 2016;59:1141–4.

[34] Verma S, Jensen D, Hart J, Mohanty S. Predictive value of ALT levels for non-
alcoholic steatohepatitis (NASH) and advanced fibrosis in non-alcoholic fatty

liver disease (NAFLD). Liv Int 2013;33:1398–405.

[35] Huang M, Greenson J, Chao C, Anderson L, Peterman D, Jacobson J, et al. One-

year intense nutritional counseling results in histological improvement in
patients with non-alcoholic steatohepatitis: a pilot study. Am J Gastroenterol

2005;100:1072–81.
[36] Kashyap SR, Diab DL, Baker AR, Yerian L, Bajaj H, Gray-mcguire C, et al.

Triglyceride levels and not adipokine concentrations are closely related to

severity of nonalcoholic fatty liver disease in an obesity surgery cohort.
Obesity 2009;17:1696–701.

[37] Prati D, Taioli E, Zanella A, Torre Della E, Butelli S, Del Vecchio E, et al. Updated
definitions of healthy ranges for serum aminotransferase levels. Ann Intern

Med 2002;137:1–9.

H.S. Bajaj et al. / Diabetes & Metabolism 44 (2018) 493–499 499

http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0345
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0345
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0345
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0345
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0345
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0350
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0350
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0350
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0355
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0355
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0355
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0360
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0360
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0360
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0360
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0365
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0365
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0365
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0365
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0370
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0370
http://refhub.elsevier.com/S1262-3636(18)30158-7/sbref0370

	Title
	Section1
	Section2
	Section3
	Section4

	Section5
	Section6
	Section7
	Section8
	Section9
	Section10
	Section11
	Acknowldgment
	Section12


