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Introduction: SGLT-2 inhibitors are shown to be nephroprotective, slowing progression
of nonalcoholic steatohepatitis (NASH) in addition to improving glycemic control in
patients with type 2 diabetes (T2D). To date, no real-life clinical data is available on the
effect of SGLT-2 inhibitors on urine albumin-creatinine ratio (ACR) and liver enzymes in a
Middle Eastern population. Therefore, we evaluated the effect of dapagliflozin (DAPA) on
urine ACR, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) when
added to standard therapy for T2D.

Methods: This is an observational study of 40 patients with T2D in whom DAPA was
added to their existing anti-diabetic regimen to improve glycemic control. The primary
outcomes were changes in serum transaminase level and urine albumin-to-creatinine ratio
(ACR). Secondary outcomes include changes in glycosylated hemoglobin (HbA1C), body
mass index (BMI), oral hypoglycemic agents and insulin dose.

Results: Whole group analysis showed a reduction in ALT (p<0.0001), (AST) (p=0.009),
ACR (p=0.009) and BMI (p<0.0001) following DAPA treatment. Further sub-group
analysis showed that patients on insulin and DAPA combination had a reduction in
ACR (p=0.0090), ALT (p=0.0312), BMI (p=0.0007) and HbA1c (p<0.0001) compared to
the sulfonylurea and DAPA combination group. In the sulfonylurea and DAPA combination
group, there was a reduction in the sulfonylurea requirement following DAPA therapy
(p=0.0116), with reductions in ALT (p=0.0122), AST (p=0.0362), BMI (p=0.0026) and
HbA1c (p<0.0001) but with no change in ACR (p=0.814).
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Conclusion: In routine clinical practice, the addition of DAPA to standard medical therapy
is well tolerated and beneficial for T2D patients and is associated with a reduction of ALT
and ACR.
Keywords: diabetes mellitus type 2, dapagliflozin, albumin-creatinine ratio (ACR), glycosylated hemoglobin,
alanine aminotransferase
INTRODUCTION

The relationship between diabetes and heart disease is well
recognized and, as reported in the Framingham heart study,
there is a ~2-3 fold increased risk of arteriosclerosis in patients
with type 2 diabetes (T2D) (1). In the United Kingdom
Prospective Diabetes Study (UKPDS), poor glycemic control in
patients with T2D was associated with an increased risk of
diabetes complications and, with each percentage drop in
HbA1c, there was a 14% risk reduction in myocardial
infarction (2). Diabetes is the leading cause for end stage renal
disease (ESRD) and microalbuminuria is recognized as an
independent risk factor for cardiovascular disease in patients
with T2D (3). The annual rate of progression from normo-
albuminuria to microalbuminuria in T2D is about 2% per year,
2.8% per year for progression from micro- to macroalbuminuria
and 2.3% per year for progression from macroalbuminuria to
elevated plasma creatinine or renal replacement therapy (4). As
diabetic nephropathy progresses from the normoalbuminuric
stage to ESRD, the annual death rate due to cardiovascular
disease also increases (4).

Non-alcoholic fatty liver disease (NAFLD) is a spectrum of
liver disease with high prevalence in T2D patients. The prevalence
of NAFLD in T2D is 2-fold higher than in non-diabetic patients;
conversely, the risk of developing T2D increases by 5-fold in
patients with NAFLD (5, 6). Moreover, NAFLD can increase the
risk of complications in T2D and, reciprocally, the presence of
T2D in patients with NAFLD can enhance the progression to
fibrosis (7). Various molecular and metabolic changes which
occur in a genetically predisposed individual contribute to the
pathogenesis of NAFLD; based on euglycemic clamp studies, the
pathogenesis of NAFLD, and its association with insulin
resistance and hyperinsulinemia, indicates that it is a feature of
metabolic syndrome (8).

Although many anti-diabetic agents have been tested for
efficacy against NAFLD, lifestyle modification remains the
main therapeutic option, as there is no specific medication
licensed for its treatment. A calorie-restricted diet along with
exercise has shown histological improvement in the liver in
NAFLD patients (9).

Randomized clinical studies in non-diabetic patients with
thiazolidinediones, highly selective agonists for peroxisome
proliferator-activated receptor gamma (PPARϒ) which
sensitize adipose tissue to insulin actions and increase uptake
of fatty acids in the liver, failed to show an improvement in liver
enzyme levels, insulin resistance or a reduction in steatosis or
inflammation. Thiazolidinediones also failed to show
improvement in histological findings (10).
e | www.frontiersin.org 2
The glucagon-like peptide-1 (GLP-1) analogue, liraglutide, has
been shown to improve insulin sensitivity in hepatocytes and
adipose tissue in hyperinsulinemic euglycemic clamp studies (11).
The Lifestyle, Exercise and Nutrition (LEAN) study, a 48-week
randomized, double blind, placebo-controlled study in patients with
non-alcoholic steatohepatitis (NASH) showed histological
resolution of NASH when these patients were treated with
liraglutide 1.8 mg once daily compared to placebo (12).

Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are a
new class of oral hypoglycemic agents used to lower blood
glucose in T2D patients. These drugs have shown a reduction
in oxidative stress and inflammatory markers and improved
plasma levels of aminotransferase, steatosis, inflammation and
fibrosis in animal models of NAFLD (13). The Effect of
Empagliflozin on Liver Fat (E-Lift) trial showed that treatment
with empagliflozin reduced liver fat [magnetic resonance imaging
(MRI)-derived proton density fat fraction (MRI-PDFF)] and
alanine transferase (ALT) levels in patients with T2D and
NAFLD (14).

The current study is an observational analysis of patients with
regular follow up in our diabetic clinic. We observed a high
prevalence of class 1 obesity in our patients, with a mean BMI of
32.6 ± 6 kg/m2 in our cohort, and prior radiological assessment
was not done to exclude NAFLD or NASH. Previous
epidemiological studies from Qatar have shown an overall
prevalence of Metabolic Syndrome of 48.8% (15). The high
prevalence of obesity and elevated ALT (5) is associated with
increased risk of T2D and prompted us to look at the effect of
DAPA on liver enzymes and ACR.

Our study objective was to determine the effect on liver
enzymes and urine albumin-creatinine ratio (ACR) when
DAPA as added-on to existing antidiabetic medications in
patients with T2D. This study was done in a real-life clinic
setting serving a Middle Eastern population.
METHODS

Study Design
Observational data was collected from patients with T2D, who
were initiated on DAPA 10 mg as add-on therapy to their
existing antidiabetic agent from June 2017 to September 2018.
All patients enrolled in this study had standard diabetes care to
discuss lifestyle and diet with diabetes educators, and patients
were advised to continue with their normal routine activities. A
total of 40 patients were included in the study. All patients were
seen in the diabetic clinic at Hamad Medical Corporation.
Patient data was collected within 6-months prior to initiation
October 2021 | Volume 2 | Article 733693
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of DAPA and 12-14 months post-treatment with DAPA. All
patients were on established antidiabetic medications prior to
initiation of DAPA therapy. In our cohort, 18 patients were
taking a sulphonylurea (45%), 39 patients were taking metformin
(98.0%), 26 patients were taking a DPP4 inhibitor (65.0%) and 10
patients (25%) were taking a GLP-1 agonist prior to initiation of
DAPA therapy, and 2 patients were started on a GLP-1 agonist at
7 months after initiation of DAPA. Eighteen patients (45%) were
on insulin therapy. Five patients were on a combination of
insulin and oral triple therapy (sulphonylurea + DPP4
inhibitor + metformin and insulin). Seven patients were on a
GLP-1 agonist and insulin. Eighteen patients were on a
combination of an oral hypoglycemic agent (sulphonylurea +
DPP4 inhibitor + metformin). Demographic and biochemical
data collected included weight, BMI, HbA1c, lipid profile,
alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and urine ACR. Patients were reviewed in clinic every 4
months and blood biochemistry was repeated at 0, 6 and 12
months. Data was collected retrospectively between June 2017
and September 2018 and, for statistical purposes, initial data
(prior to initiation of DAPA) and final data at 12 months was
analyzed. The primary outcome was to measure change in
liver enzymes and urine ACR following initiation of DAPA as
add-on therapy to existing antidiabetic medications. Secondary
outcomes were reduction in hypoglycemic agents and
glycosylated hemoglobin (HbA1C).

Patients were included if they were >20 years of age, had
documented T2D and were newly initiated on DAPA as add-on
therapy to their existing antidiabetic medications that was not
changed for at least 4 months prior to DAPA initiation. Patients
were excluded if they had DAPA therapy initiated prior to
participation in the current study or those lost to follow up.
Frontiers in Clinical Diabetes and Healthcare | www.frontiersin.org 3
In addition, patients with pre-existing liver disease such as
hepatitis, autoimmune liver disease, alcoholic liver disease, or
any known drug induced liver disease were also excluded from
the study. All patients enrolled in the study denied consumption
of alcohol.

Statistical Analysis
Based on clinical observations prior to the initiation of this study,
we noted that mean change in AST ranged from 7 to 10 U/L and
in ALT from 3 to 7 U/L and therefore we computed sample size
using effect size (changes in the mean AST is 8 U/L, statistical
power 90% and level of significance 5%, therefore the sample size
required was 35 participants). Descriptive statistics and Means ±
Standard Deviations (SD) were calculated for all continuous
variables in the study. Paired t-tests were performed to assess
the mean differences and fold changes following DAPA
treatment and to calculate the significance before and after the
DAPA treatment. All statistical analysis was done using
statistical analysis SAS version 9.4 software. A statistical
significance level (P-value) of <0.05 was considered as significant.
RESULTS

Between June 2017 and September 2018, 40 patients with T2D
were initiated on DAPA as add-on therapy to their existing
antidiabetic agents to achieve better glycemic control in the study
participants. Baseline characteristics are shown in Table 1. Mean
age was 51.3 ± 9.7 years, BMI 32.3 ± 6.0, HbA1c 9.1 ± 1.1% and
duration of diabetes 10.7 ± 5.4 years.

For the whole group, mean baseline ALT was 43.2 ± 43.3 U/l
and mean AST was 33.9 ± 37.0 U/l. Following add-on therapy
TABLE 1 | Baseline measurements and whole group analysis of clinical variables pre- and post-DAPA as add-on therapy.

Whole group analysis (n = 40).

Pre-DAPA/baselineMean (S.D) Post-DAPAMean (S.D) P

Sex (male/female) 24/16 –

Age (Y) 51.3 (9.7) –

Duration of diabetes (years) 10.7 (5.4) –

DAPA (months of treatment) 10.2 (2.7) –

WT (KG) 88.7 (17.5) 85.3 (16.4) ***
BMI (kg/m2) 32.3 (6.0) 30.9 (5.4) ***
SBP (mmHg) 132.3 (16.4) 124.8 (22.4) NS
DBP (mmHg) 75.7 (12.4) 71.0 (9.8) NS
HbA1c (%) 9.1 (1.1) 7.4 (0.9) ***
Creatinine (µmol/L) 77.4 (15.5) 74.0 (17.9) NS
ACR (mg/mmol) 15.0 (42.1) 11.1 (28.3) **
TCH (mmol/L) 4.2 (0.8) 4.1 (0.8) NS
HDL-C (mmol/L) 1.4 (2.0) 1.2 (0.4) NS
LDL-C (mmol/L) 2.4 (0.7) 2.3 (0.7) NS
TG (mmol/L) 1.4 (0.7) 1.4 (0.7) NS
ALT (U/L) 43.2 (43.3) 28.9 (13.1) ***
AST (U/L) 33.9 (37.0) 23.1 (5.6) **
October 2021 | Volume 2 | Article 733
The data are means and standard deviations (SD). Baseline differences, and effects of pre- and post-dapagliflozin treatment as add-on therapy. Data was assessed by paired t-test. DAPA,
dapagliflozin; WT, weight; BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; ACR, albumin to creatinine ratio; TCH, total
cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; ALT, alanine transaminase; AST, aspartate transaminase. A p value of
P < 0.05 was considered significant. ***p < 0.0001, **p < 0.001. NS, non significant.
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with DAPA, ALT and AST decreased to 28.9 ± 13.1 U/l
(p<0.0001) and 23.1 ± 5.6 U/l (p<0.009), respectively.
Following DAPA as add-on therapy for a duration of 12
months, there was a significant reduction in ALT (p<0.0001)
and AST (p <0.009) for the whole group (Table 1 and Figure 1).
Eleven patients had an elevation of ALT more than 41 U/L
(reference range 0-41 U/L); it was noted that these 11 patients
had a mean ALT of 59.5 ± 15.6 U/L and this was reduced
following DAPA treatment to 43.4 ± 12.6 U/L (P value= 0.004).
Subgroup analysis of patients on insulin and DAPA showed a
trend towards reduction in AST and significant reduction in ALT
(Table 2 and Figure 2).

Baseline mean urine ACR for the whole group (n=40) was
decreased from 15.0 mg/mmol to 11.1 mg/mmol [p<0.009]
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following treatment with DAPA. For the whole group, the
addition of DAPA to existing therapy did improve HbA1c
with a reduction from 9.1 ± 1.1% to 7.4 ± 0.9% (p<0.0001).
Subgroup analysis of patients who were on combination of
insulin therapy and metformin therapy (n=18) showed a
significant reduction in HbA1c from 9.6 ± 1.1% to 7.6 ± 1.0%
(p <0.0001). Furthermore, there was a trend towards reduction in
the required total daily dose of insulin in this group, although
this did not reach statistical significance. Subgroup analysis of
patients who were on a sulfonylurea (n=18) showed significant
reductions in HbA1c (p <0.0001). After 6 months of DAPA
therapy, sulphonylurea (p<0.05) was discontinued in 5 patients
as they maintained good glycemic index. For the whole group,
the addition of DAPA to existing therapy also showed a
FIGURE 1 | Effect of 12 months DAPA treatment as add-on therapy on HbA1c, BMI, ALT, AST and creatinine/albumin ratio whole group analysis. Significant
differences were determined by paired t-test with fold difference changes following DAPA therapy **p < 0.01; ***p < 0.0001.
TABLE 2 | Pre- and post-DAPA effects of combination of insulin and DAPA on clinical variables (n = 18).

Pre-DAPA/baselineMean (S.D) Post-DAPAMean (S.D) P

WT (kg) 88.27 (19.1) 84.6 (18.5) ***
BMI (kg/m2) 33.4 (6.8) 31.8 (6.0) ***
HbA1c (%) 9.6 (1.1) 7.6 (1.0) ***
SBP (mmHg) 129.8 (10.7) 121.6 (29.8) NS
DBP (mmHg) 74.6 (13.2) 67.5 (9.3) NS
ACR (mg/mmol) 19.2 (54.5) 11.3 (25.3) ***
TCH (mmol/L) 4.1 (0.7) 4.1 (0.7) NS
HDL (mmol/L) 1.8 (2.9) 1.1 (0.3) NS
LDL (mmol/L) 2.3 (0.7) 2.3 (0.6) NS
TG (mmol/L) 1.7 (0.8) 1.5 (0.7) NS
ALT (U/L) 30.9 (25.4) 14.4 (9.9) *
AST (U/L) 24.0 (5.9) 22.9 (4.9) NS
October 2021 | Volume 2 | Article 733
The data are means and standard deviations (SD). Baseline differences, and effects of combination of insulin and dapagliflozin on therapy. Data was assessed by paired t-test. WT, weight;
BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure: ACR, albumin to creatinine ratio; HbA1c, hemoglobin A1c; TCH, total cholesterol; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; ALT, alanine transaminase; AST, aspartate transaminase. A p value of P < 0.05 was considered
significant. *p < 0.05, ***p < 0.0001 was considered significant. NS, non significant.
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significant reduction in BMI (p<0.0001). Subgroup analysis
showed a significant reduction in BMI for the patients on
insulin therapy (p<0.0007).

Further analysis of DAPA response in T2D patients based on
duration of diabetes of less than or greater than 10 years showed
that ALT reduction was greater in less than 10 years group
(p<0.0001) compared to greater than 10 years group (p<0.05).
AST reduction was also greater in less than 10 years group
(p<0.001) compared to greater than 10 years group (ns). ACR
(p<0.0001) and BMI reduction was only observed in those
patients who were diagnosed with T2D more than 10 years.
However, improvement in HbA1c was similar in both the
groups (Figure 3).
Frontiers in Clinical Diabetes and Healthcare | www.frontiersin.org 5
DISCUSSION

A cross sectional epidemiological study from Qatar showed a 16%
prevalence of T2D. There is an epidemic of obesity in Qatar which
is closely associated with metabolic syndrome and NAFLD (15).
In our study, the mean BMI was 32.3 kg/m2 which indicates a
high prevalence of class 1 obesity associated with T2D with raised
ALT. The imbalance between insulin secretion and insulin
sensitivity results in hepatic insulin resistance which is well
known in T2D (16). A personalized patient centered approach
should be taken when initiating or optimizing therapy in patients
with T2D. Newer antidiabetic medications have additional
therapeutic benefits other than lowering blood sugars; these
A B

D

E F

G H

C

FIGURE 2 | Effect of 12 months DAPA treatment as add-on therapy on ALT, AST, ACR and HbA1c subgroup analysis fold changes. (A) ALT reduction in insulin
and DAPA group, (B) ALT reduction in sulfonyl and DAPA combination group, (C) AST reduction in insulin and DAPA group, (D) AST reduction in sulfonyl and DAPA
combination group, (E) ACR reduction in insulin and DAPA group, (F) ACR reduction in sulfonyl and DAPA combination group. (G) HbA1c reduction in insulin and
DAPA group, (H) ALT reduction in sulfonyl and DAPA combination group. Significant differences were determined by paired t-test with fold difference changes
following DAPA therapy *p < 0.05; **p < 0.01; ***p < 0.0001; ns, non significant.
October 2021 | Volume 2 | Article 733693
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effects may be synergistic effects or may work through different
pathophysiological mechanisms (17). When intensifying
treatment, there is also an increased risk of hypoglycemia
especially as add-on therapy to insulin or sulphonylurea. Non-
insulin dependent therapies, such as SGLT-2 inhibitors, have a
reduced risk of hypoglycemic incidents in T2D patients. For this
reason, these medications may become a first choice, or a second
choice added to metformin for treatment of T2D in the future.

In our group of patients with T2D with a mean duration of 10
years, addition of DAPA to existing anti-diabetic medications
lowered ALT and AST significantly. The fold change reduction
in ALT was noticeably higher in the group with duration of
diabetes less than 10 years as compared to those with T2D
duration of greater than 10 years. In a community based
Frontiers in Clinical Diabetes and Healthcare | www.frontiersin.org 6
prospective study by Cho et al, the investigators found that a
raised ALT level was associated with a 2-fold increase in the risk
of T2D. Hepatosteatosis and insulin resistance in obese type 2
diabetes causes increased influx of fatty acid, which triggers
inflammatory cytokines and hepatocyte destruction which can
cause high liver enzymes (5). The effect of DAPA and other
SGLT-2 inhibitors in randomized control trials has shown a
disease modifying effect on patients with NAFLD in addition to
its blood glucose lowering benefits. DAPA has been shown to
reduce hepatocyte injury biomarkers, plasma fibroblast growth
factor (FGF21), cytokeratin (CK) 18-M30 and CK 18-M65 which
could explain the reduction in liver enzymes (18). Patients with
adiposity-related hepatic insulin resistance have impaired beta
cell dysfunction prior to diagnosis of T2D (19, 20). We observed
A B

D

E

C

FIGURE 3 | Effect of DAPA treatment as add-on therapy on ALT, AST, ACR, HbA1c and BMI were measured in T2D patients who were diagnosed with diabetes
less than 10 year and more than 10 years of duration and represented as fold changes. (A) ALT changes, (B) AST changes, (C) ACR changes, (D) HbA1c changes,
(E) BMI changes. Significant differences were determined by paired t-test with fold difference changes following DAPA therapy *p < 0.05; **p < 0.01; ***p < 0.0001;
ns, non significant.
October 2021 | Volume 2 | Article 733693
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that early initiation of DAPA as add-on therapy caused a
significant reduction in ALT and a possible decrease in hepatic
insulin resistance. The benefits of the addition of an SGLT-2
inhibitor were observed within the first 12 months of therapy in a
real-life routine diabetic follow up clinic. Microalbuminuria in
T2D is an early indicator of systemic vasculopathy, causing
progressive renal damage, and is the leading cause of chronic
kidney disease. In addition to the glucose lowering effects of
SGLT-2 inhibitors, this class of drugs has other glucose
independent effects which alter renal hemodynamics and
reduce intraglomerular pressure (21).

In this study, addition of DAPA significantly reduced
microalbuminuria in the whole group, though the reduction
was more pronounced in patients with a duration of diabetes
greater than 10 years. Most patients in our study group (82%)
were already established on an ACE inhibitor prior to DAPA
therapy initiation. Despite this, we observed a further reduction
in microalbuminuria when DAPA was added to existing
antidiabetic medications. A similar prospective randomized
control trial showed a 36% reduction in 24-hour urine albumin
excretion and this effect was reproduced when patients were re-
exposed to DAPA 10 mg, indicating a true response to this class
of antidiabetic medications (22). A more recent DAPA-CKD
study showed benefit of adding DAPA to existing therapy in
reducing the decline of eGFR and all-cause mortality in patients
with diabetes and non-diabetic kidney disease (23).

Significant improvements in HbA1c and body weight were
found when DAPA was added to existing antidiabetic
medications and DAPA was well tolerated in our group of
patients. Improvement in glycemic control and additional
benefits of add-on therapy with DAPA were noted in patients
with a duration of diabetes more than 10 years. Meta-analysis of
randomized control studies in which SGLT-2 inhibitors were
compared to placebo or as add-on therapy to existing
medications showed long term additional benefits beyond
glycemic control (24). DAPA was well tolerated when added-
on to other antidiabetic medications. There was a reduction in
dosage of insulin and sulphonylureas which are known to cause
weight gain. No significant hypoglycemia was observed requiring
either hospitalization or discontinuation of the medication.
Genitourinary infections are reported as a common side effects
in other large, randomized control trials with SGLT-2 inhibitors;
however, in our observational study over 12 months, none of the
patients reported severe genitourinary infection requiring
discontinuation of the medication.

A strength of this study was that it was undertaken in a real-life
clinical setting. Limitations include limited patient data capture
and the small sample size. Most of the patients were on multiple
medications and therefore it is not possible to eliminate the
influence of the various classes of anti-diabetic medications on
our study outcomes. We were aware that other medications such
as GLP agonists have been shown to reduce liver enzymes.
Interestingly, addition of DAPA as add-on therapy further
reduced ALT and ACR. Given the nature of the study, it was
not possible to eliminate all confounding factors. However, all the
patients in our study were on a stable dose of medications for at
least 4 months preceding the initiation of DAPA. Due to the
Frontiers in Clinical Diabetes and Healthcare | www.frontiersin.org 7
nature of the study, we did not do radiological imaging to
diagnose NAFLD or NASH prior to study initiation. However,
participants in our study are likely to have undiagnosed NASH
based on their risk profile and previous epidemiological studies
from Qatar (15). Previous studies have already established the
safety of combining DAPA as add-on therapy to other
antidiabetic medications. Safety assessments after initiation of
DAPA to existing antidiabetic therapy were not specifically done
for this study. Patients were reviewed at 4 monthly intervals and
advised to report any concerns following initiation of DAPA.

In conclusion, in a real-life clinical setting, the addition of SGLT-
2 inhibitors is well tolerated and can be combined with all classes of
antidiabetic medications in patients with T2D. SGLT-2 inhibitors,
in addition to their benefits in improving glycemic control and
weight, as add-on therapy it is associated with a reduction ACR and
liver enzymes. To date, this is the first study looking at real life
clinical data in a Middle Eastern T2D population.
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