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Abstract

The most common causes of mortality and morbidity in patients with type 2 DM are CVD and renal diseases, taking into consideration that, globally the focusing was changed not only to provide
glycaemic control but also to produce cardiovascular and renal protection, many published studies and trial evaluated that some antihyperglycemic medications shown evidence of cardiovascular
benefits and one of those medications are Sodium-glucose co-transporter type 2 inhibitors (SGLT2i), many powered trials were published reviewing the cardiovascular effect and the renal outcome of
SGLT2 inhibitors in patients with type 2 Diabetes Mellitus namely canagliflozin (Invokana), dapagliflozin (Farxiga), empagliflozin (Jardiance), sotagliflozin and ertugliflozin (Steglatro), we reviewed the
multicentric trials and the clinical studies published after 2015 where the participants involved had type 2 diabetes mellitus with different baseline characteristics as in age, sex, duration of the disease
(type 2 DM), history of renal disease, history of established atherosclerotic cardiovascular disease, glomerular filtration rate, and presence of albuminuria, etc. despite their varies, SGLT2 inhibitors
were found to be significantly effective in decreasing the risk of, death from cardiovascular disease hospitalization of heart failure and all-causes of mortality, showed especially with empagliflozin,
dapagliflozin, sotagliflozin and canagliflozin, More useful and beneficial clinical studies and data are needed with a long follow up duration to emphasise this issue which is the cardiovascular and
renal benefits of SGLT2 inhibitors. (Rehman and Rahman, 2020)

THE CARDIOVASCULAR OUTCOMES

Name of Trial

Intervention

No. of

Patients

Duration of
follow up

(yrs)

Year of Project

Completion

Hearts of
Empagliflozin-Treated
Diabetics

Hearts of Untreated
Diabetics

Energy Deprived Improved Cardiac

Name of Trial Intervention

Renal outcomes

THE RENAL OUTCOMES

Estimated GFR

mL/min/1.73 m2

University of
South Wales
Prifysgol

De Cymru

History of CKD

CICIEELTICTRe DICE R AT Empaglifiozin - Time to the 7000 5 2015 Heart Function Cardiovascular Outcome Event Trial in Type 2 Diabetes Empagliflozin 10 or 25 mg daily Worsening nephropathy (defined as Mean of 74.1 meanl8mg/g Not required
Trial in Type 2 Diabetes 100r25mg  first ATP Mellitus Patients (EMPA-REG OUTCOME) progression to macroalbuminuria, doubling
Mellitus Patients (EMPA-REG [:EIIY occurrence of of serum creatinine, initiation of renal
OUTCOME) any of the replacement therapy or death from renal >9.4%
following normoalbuminuric
causes)
adjudicated
MO EMPAGLIFLOZIN :
. 29% micro
of the primary
composite 100
endpoint: CV 11% macro
death §
(including 5 = 5 6‘
- ) g % g (EMPA-KIDNEY) Empagliflozin daily with or without food Time to the first occurrence of kidney ratio 2200 mg/g with a history of chronic renal
atal stroke . ,
E o "2 E 0 -2 disease and the progression, renal death eGFR 220 to <45 mL/min/1.73m disease
and fatal Ml), £ -66 3 E -10 nd cardiovascular death 4+ eGFR 245 to <90 mL/min/1.73m?
< < . . o o .
nonfatal MI, e é = The Study of Heart and Kidney Protection with Empagliflozin szlggun:'gn/agryalbumm' creatinine ratio
and nonfatal R -
stroke
-100 : 100 : .
Glucose Ketone Fattyackd Glycolysis Glucose Ketone Fattyacdd Glycolysis
oxidation oxidation oxidation oxidation oxidation oxidation
CANVAS and CANVAS RENAL Canagliflozin 100 or 300 mg daily the progression of albuminuria, the
reduction in eGFR, the progression to the
Cardiac Energy (ATP) end stage and the death from renal causes.
Production Relative
(LTl (T eI Canaglifiozin  Major adverse 4330 >4 2017 to Normal Hearts CREDENCE trial Canagliflozin and Renal Events in Diabetes [WeENEL ity ooN; -EEHY composite of end-stage renal disease or the 30 to <90 ratio of albumin [mg]to  patients with chronic kidney
Assessment Study (CANVAS) [BTORTEL cardiovascular with Established Nephropathy Clinical Evaluation. progression to dialysis for around 30 days creatinine [g]) of >300-  disease with the standard
mg daily events, or, death from renal or cardiovascular 5,000 mg/g dose of renal protective
including CV (LO pa SCh u k a nd Verma' 2 02 0) causes and the increasing of creatinine level treatment
It VERTIS CV study Ertugliflozin 5 or 15 mg daily The primary outcome, major adverse estimated glomerularfiltration rate above NA with type 2 DM and a high risk
ol bl cardiovascular events(CV death, nonfatal 30 ml per minute per 1.73 m2 of body- of atherosclerotic CV disease
and nonfatal M, or nonfatal stroke) surface area.
stroke > Cardiovascular Outcomes Following Treatment with
DII'eCt Renal E Cts Ertugliflozin in Participants With Type 2 Diabetes Mellitus
1 Osmotic diuresis=>2 intestitial oressu and Established Vascular Disease. the secondary outcome was a composite of
T AT ‘ ' & death from cardiovascular causes or
AEINENGLRGRG NS N8 Canagliflozin - Time to the 4200 Median 2.62 2019 hospitalization for heart failure
Canagliflozin on Renal and 100 mg daily  first years
Cardiovascular Outcomes in occurrence of erular i f (DAPA-CKD) Dapagliflozin and Prevention of Adverse Dapagliflozin 10 mg daily progression of CKD without relation to the 25-75 ratio of albumin [mg] to  with a history of chronic renal
Participants with Diabetes aneventin Outcomes in Chronic Kidney Disease presence of Diabetes creatinine [g]) of >200— disease
type2 and kidney disease the primary ) 5,000 mg/g
(CREDENCE) composite nmaa ) Indirect Renal Effects : " _ o _ _ o
i densa ..' T DIAMOND Trial Dapagliflozin 10 mg daily in reduction of major chronic kidney At least 25 24 hr urinary protein patient with chronic kidney
v LA '.'di.k'. U .,-f 010 ! PIESSUTe outcomes in those with chronic kidney excretion between disease and not related to
ESRD, heart 1, . . .
) disease 500mg to 3500 mg, not being mediated by the
failure,
more presence of diabetes or not
doubling of
serum . .H
creatinine
' | &
I's ‘ THE MECHANISM OF ACTION OF SGLTZ2 INHIBITOR AND THE
death S | '
0 ! [ \ Lateral intercellular space
"4 KIDNEY —
] ] — 1 A . ~.  Basolateral
\ TS EAIGEIRGHAETEIGEES  Dapagliflozink®+ Time to the 17150 6 2019 e .‘ -— b
the Effect of Dapaglifiozin on [ElEaT-EH first event N Aoy l MOS[N dueto glycosuria P rOleal COﬂVOluted ’ Inhlbmon 0f glucose ] bincloaadoc
the Incidence of included in ‘: .‘ mbule reabsorpﬁon
Cardiovascular Events the composite ' 8 o Glucose Km 5 mmol/l
(DECLARE-TIMI58) outcome of kA ‘ l Mostly due to natriuresis ,
OV death, M " . Increased natriuresis and \ .
o | ! b Increased glycosuria R bl s
or ischemic ' %mOhC dlureSlS fr— Coup"ng (n) 111
stroke {
s Nt GM(:suria —
| Cardiorenal positive effects Phiorizin K, 11 nmolA
o glucouse Otk dures ‘ — @
VERTIS CV study Ertuglifiozin5  The primary 8246 3.5 years 2020 Uncosuna : p- m — Na*
/ 4 Y\ '
or15medaily  outcome, - Body mass and Improvements in vascular 0 \
Cardiovascular Outcomes . "~ - /
cardiovascular , . / \ ﬁ
Following Treatment with events(CV b ' Tiaht ]UMﬁOﬂ
Ertugliflozin in Participants death P |asma 81UC05€‘ l@VL‘l Enhanced Cafd.lac energy N g
P : : g ) metabolism )
ype 2 Diabetes Mellitus onfatal M Lo 4 -
and Established Vascular or nonfatal’ N f L ) , Lateral intercellular space
Disease. stroke) [_" Oxidative stress Decreased 5‘. .
\ J ' ' ' {a) e } "
| | | . " r ‘ | ischemiareperfusion injury | o = , s Badcha
Patients with type 2 DM who already established U : | o T membrane
the secondary . . . . m g lnﬂammanon : 3
B — cardiovascular (CV) diseases or at risk to major CV b \ ) ﬂ s
g Gl
| : : - - \ / ucose K 2 mmol/
2 composite events; SGLT2 especially empagliflozin, v f e b m
of death from ] ] . . ) Albummuna (lh t ' -ti f e
cardiovascular canagliflozin, and dapagliflozin are showed a ¢ L ) er systemic positive effects L Na' glucose
u - o o o = o s \ ) R ;
R significant lowering in MACE, heart failure «CFR ~ coupling (n) ~ 2:1
ospitalizatio '
nfor heart hospitalization and other CV mortalities, also, the \ ) Increased erytropoyetin
failu . . : - Phlorizin K 140 nmol/
T study showed that we can argue to use those drugs Extracellular fluid | andhemafocit . \ 8 '
as the first line due to their CV benefits and the k volume ) i 5 i — ;
P : [nhibited SNS
favourable outcomes. Systolic and diastolic \ ; . ?
Education is very important and effective to = | blood pressure
) o _ : ' Tight junction
SOLOIST-WHEF trial Sotagliflozin  Cardiovascula 1222 9months 2020 im p | ement an y C h an g es.
200 dail death and . . Ve ° V4 ° °
e eifector Sotaiifioninin [ B It could be provided through multiple methods such (Martinez-Vizcaino et al., 2021) (Ghezzi, Loo and Wright, 2018)
N . - - The risk of bias for each individual trial was already independently evaluated and reabsorption ;
. days after hospitalizatio ] i i . ] :
DM Patients and Recent discharge or heart as clinical trials pr studies to ensure a regu lar assessed using Cochrane Collaboration’s tool for assessing the risk of bias| 4 Metabolic demand "~y O AR
Worsening Heart Failure [N update and new management for the health care 1 Na* distal tubule | 2 Erythrogenesis
_ . . . Afferent arteriolar " lron utilization
hospital providers, as the prevention can’t stop the _ vasoconstriction 1 Oxygen delivery
Study/Trial Random Allocation Blinding Blinding Incomplete  Selective Other sources 4 Renal blood flow
I I sequence concealment  (participants outcome outcome reporting of bias ) ) \
occurrence of Diabetes. the health care services seavence & R PAr—— * Cicuiating
i i . - Oxidati t progenitor cells
DAPA-HF Dapagliflozin ~ Worsening of 4744 18.2 months 2019 n eed to Mmain tal n g (0]0) d q u al I ty care fO I th ose EMPA-REG EEEsE] / U : B::a.ah;:r:xr:t)sjwrate / oié)‘ \
SR et patients with diabetes by improving the skill of the OUTEONE mscisted EQ
Dapagliflozin in Patients with [REIAYs and death o . . . CANVAS SGLT2 Increased > '
Few | physicians and implementing up to date trials, Inhibitor EPO
Heart Failure regardless of the VERTIS CV 2 AFF SR
cardiovascular 1 1 1 1 erent a
eence or absence of guidelines and other medical supplies when s \ /'
P causes also _ ) DECLARE-TIMI , HEART
e the planning the treatment for each patient. 58 _ ¥ Inflammation 4 Oxygen
unplanned .- . . DAPA-HF O,,‘ & delivery .
e In the end, the physicians must weigh the benefits 502> ¥ Left ventricular
ospitalizatio mass
. gt SOLOIST-WHF
- and risks of any drugs before prescribing them and —
f |I r - - . - 3 -
doing that is suitable for each patient. EREREE PR apOiation

(Lopaschuk and Verma, 2020)
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