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Recent Advances in Diabetes Technology: 
Continuous Glucose Monitoring Systems

Dr Chau Suet Ming, Nicole 
(周雪明醫生)
MBChB, MRCP (UK), FHKCP, FHKAM (Medicine)
Specialist in Diabetes, Endocrinology & Metabolism
Associate Consultant
Department of Medicine & Geriatrics
Princess Margaret Hospital

Key words:
Diabetes mellitus (糖尿病); Continuous 
glucose monitoring system (連續血
糖監測儀); Real-time blood glucose 
monitoring (即時血糖監測); Smartphone 
integration (智能手機整合) 

W hen a patient with diabetes 
walks into the consultation 
room, the first thing a doctor 

would ask for is their home blood glucose 
monitoring records. The usual way of 
measuring home blood glucose is using 
glucose meters. Patients need to prick 
a finger to put a drop of blood onto the 
glucose strip, and in less than a minute, a 
capillary blood glucose value is available.

In recent years, a ground-breaking 
new device named continuous glucose 
monitor (CGM) emerged as a useful alter-
native for home blood glucose monitoring 
(Figure 1). This FDA-approved system is 
suitable for use in adults and children. 
The device automatically records glucose 
level in interstitial fluid every 5 to 15 min-
utes. After analysis, the device provides 
values that correlate with blood sugar 
levels. With apps and software available, 
it provides graphical presentation of 

blood glucose trends and patterns (Figure 
2). The visualization of glucose variability 
allows a better understanding of the 
patient’s diabetic control over a period of 
time. It facilitates diabetes management 
including medication adjustment and 
behavioural education in subsequent 
clinic visits.

What is a continuous 
glucose monitoring 
system (CGMS)?
The CGMS records blood glucose 
continuously, 24 hours a day. Duration 
of use depends on the model. Some 
models require regular calibration with 
glucose meters, while some use factory 

Figure 1. CGM tracing of a patient.

Figure 2. The CGM system links with a mobile phone to provide real-time glucose 
data and trends to the patient.

Each GCMS set 
consists of:
1.  A sensor that 

attaches to the skin
2.  A transmitter 

attached to the 
sensor

3.  A reader that 
records the signals 
transmitted
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BG meter 
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the blood
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calibration. Some models require the use 
of a reader to read and display the glucose 
values, while some can be linked with a 
mobile phone to provide real-time values 
and alerts (Figure 3) to notify patients 
when extreme levels of blood glucose are 
detected. With smartphone integration 
and connection to the internet, glucose 
data can be shared with carers of paedi-
atric and geriatric patients.

Figure 3.  CGMS linked with 
mobile phone to provide 
real-time glucose data and 
trends to the patient.

Patients who may benefit 
from CGMS use
Four main types of patients may benefit from 
the regular use of CGMS:
1.  Patients with type 1 diabetes on insulin 

therapy or insulin pump
2.  Patients with type 2 diabetes on insulin 

therapy (multiple daily injections)
3.  Patients with gestational diabetes
4. Elderly patients

Using CGMS, a doctor can 
evaluate the following information 
from its report:
1.  Detection of dysglycaemia: 

postprandial glycaemic 
excursions and hypoglycae-
mic episodes (e.g. nocturnal 
hypoglycaemia)

2.  Evaluation of “time-in-range”
3.  Treatment effect review: 

e.g. evaluation of medication 
nonadherence

4.  Glycaemic control during 
special conditions: exercise, 
menstruation, illnesses, etc.

5.  A reflection of overall quality 
of HbA1c control





48  |  Journal of The Society of Physicians of Hong Kong APRIL 2020
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Dr Yuen Chi Pan, Simon 
(袁智斌醫生)
MBBS (HK), MRCS (Ed), FRCSEd (Orth), FHKCOS, 
FHKAM (Orthopaedic Surgery)
Specialist in Orthopaedics and Traumatology
Honorary Clinical Assistant Professor (HKU) 
Clinical Assistant Professor (Honorary) in the 
Department of Orthopaedics and Traumatology 
(CUHK) 

Key words:
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(夏柯氏神經骨關節病變)

D iabetic foot disease is one of the 
major complications of diabetes 
(Figure 1 and 2). The disease 

spectrum varies from foot ulcer to major 
amputation, from minor callosity to com-
plex deformity like Charcot arthropathy. 
With the coordination of multi-disciplinary 
expertise, evolving technology for earlier 
and more accurate diagnosis, and more 
advanced surgical techniques for defini-
tive treatment, we are empowered to be 
more aggressive in salvaging the diabetic 
limb from major amputation and improv-
ing patient quality of life.

Diabetic foot ulcer and 
amputation
The lifetime risk for a foot ulcer for dia-
betic patients is 10–25%. Neuropathy and 
ischaemia are the two most important 
risk factors for developing foot ulcer. 

Sensory neuropathy increases 
the foot ulcer risk by decreasing pain 
sensation and perception of pressure; 
while motor neuropathy leads to intrinsic 
and extrinsic muscle imbalance, small 
muscle wasting, foot deformities and gait 
disturbances. All these are closely associ-
ated with increased plantar pressure and 
callus formation. 

Diabetic ischaemia is mostly due 
to peripheral vascular disease and ath-
erosclerotic narrowing of small vessels 
in the lower extremities. This impairs 
microcirculation and the integrity of the 
skin. Once ulcers form, healing will also 
be delayed by the diminished local blood 
flow. Vascular status is a major predictor 
of outcome, in terms of amputation rate.

Other local and systemic risk 
factors for ulcer development include 
dry skin (autonomic dysfunction), nail 
deformities, poor foot hygiene, visual 
impairment, poor glycaemic control and 

smoking.1 When these factors are pres-
ent, a minor foot trauma, be it due to 
ill-fitting footwear, improper nail-clipping 
or scratching will kick off the vicious cycle 
of ulcer, infection and amputation. Minor 
injuries are not perceived by the patient 
initially because of the loss of protective 
sensation. When they continue their 
ordinary activities, a small injury enlarges 
and may eventually be complicated by 
infection and amputation.2

In order to pick up the ulcer at an 
earlier stage or identify patients at risk, 
all diabetic patients should be screened 
annually by targeted history and physical 
examination. Although 80% of the neuro-
pathic foot cases are asymptomatic, we 
should still ask specifically for neuropathic 
symptoms, like burning sensation, pins 
and needles discomfort, and shooting 
or stabbing pain. All lower limb periph-
eral pulses and protective sensations, 
including pain, temperature, light touch 
and proprioception, should be assessed. 
Deep tendon reflexes, especially ankle 
jerk, should be examined, as this is the 
first to be involved (either reduced or 
absent) in diabetic neuropathy. Signs of 
decreased perfusion of the extremities 
including diminished or absent foot 
pulses, decrease in skin temperature, 
thin skin and skin hair atrophy should 
be screened. The feet should also be 
evaluated for high-pressure areas. This 
can be checked clinically by looking for 
any callosity over inter-digital surfaces 
or bony prominence, typically over the 
heel, metatarsal heads or dorsum of 
the interphalangeal joints of toes. More 
sophisticated measuring tools, e.g. car-
bon paper imprint of the foot, podoscope 
or dynamic plantar pressure treadmill can 
also be used for detecting early deformity 
without callosity.3
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The management goal for diabetic 
ulcer should aim to achieve:
•   Multi-disciplinary approach to monitor 

and optimize all the risk factors
•   Early detection of limb at risk and pre-

vention of ulcer formation
•   Correction of the underlying anatomical 

deformity that causes high pressure 
areas (Figure 3). With advances in 
minimally invasive surgery, surgical 
trauma and wound complications can 
be minimized. Commonly used tech-
niques include percutaneous toe flexor 
tenotomy and endoscopic-guided 
cheilectomy4

•   Timely limited amputation to control 
unsalvageable infection (in the case of 
full-thickness ulceration with underly-
ing bone or joint involvement, or wet 
gangrene), preserving weight-bearing 
joints, in order to restore patient quality 
of life as soon as possible5

Charcot arthropathy 
(neuro-osteoarthropathy)
Diabetes is currently the most com-
mon aetiology of Charcot arthropathy 
(Figure 4). It is a progressive neuropathic 
joint disease characterized by painless 
destruction of bone and soft tissue 
at weight-bearing joints, resulting in 
pathologic fracture, joint dislocation and 
residual deformity. This can occur at any 
joints; most commonly the subtalar and 
tarsometatarsal joints.

According to a local study6, Charcot 
foot arthropathy is relatively uncommon 
in Chinese diabetic patients (0.6%) as 
compared to Caucasians (1–7%). The 
most common presentation is unilateral 
painless foot swelling in long-standing 
diabetic patients, which is commonly 
missed by the patient and the doctor 
due to lack of pain and subtle disease 
progression. 

Figure 1. Typical characteristics of a poorly managed diabetic foot: dry skin, nail 
dystrophy, multiple ulcers over pressure areas, foot deformities, previous little toe 
amputation.

Figure 2. Different stages of an 
infected diabetic foot: dry gangrene 
of third toe, wet gangrene of fourth 
toe, deep ulcer over dorsum of foot 
with tendon involvement and abscess 
collection.

The pathophysiology7 of this condi-
tion is not fully understood but is likely to 
be a combination of two mechanisms:
•   Neuro-traumatic: An unperceived 

trauma to an insensate foot. The patient 
is unaware of the injury and ambulation 
continues as usual. Repeated micro-
trauma leads to progressive osseous 
destruction and deformity

•   Neuro-vascular: A neural-mediated 
vascular reflex increases the blood 
flow to the extremity, which results 
in a mismatch between osteoclastic 
bony resorption and osteoblastic bony 
synthesis, leading to osteopenia 

Clinical presentation of Charcot 
arthropathy can vary widely depending 
on the stage of the disease and location 
of involvement. The acute stage almost 
always presents with signs of inflam-
mation: profound swelling, increase in 
local skin temperature (of more than 
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Figure 3. Percutaneous flexor tenotomy for lessor toe deformity. This can be performed under local anaesthesia. Ulcer will 
improve once the underlying anatomical deformity has been corrected.

Figure 4. Typical presentation of Charcot arthropathy: painless midfoot swelling 
with bony destruction and joint subluxation.

2°C) as compared to the unaffected foot, 
erythema and joint effusion. Peripheral 
pulses are usually present and bounding. 
The patient may still complain of pain, 
but to a significantly lesser extent than 
that expected based on the severity of 
clinical and radiographic findings. These 
characteristics are often pathognomonic 
of acute Charcot arthropathy. However, 
approximately 40% of patients with acute 
Charcot arthropathy have concomitant 
foot ulcer, which may make the diag-
nosis difficult and raise the concern of 
osteomyelitis. 

If acute Charcot arthropathy is not 
identified and managed properly, it will 
progress to marked joint resorption, 
deformity and collapse of the foot arch 
known as rocker-bottom deformity. This 
will result in ulcer, osteomyelitis and will 
eventually require amputation. 

Blood levels of inflammatory 
markers (white blood cell count, 
erythrocyte sedimentation rate and 
C-reactive protein) are usually normal or 

Pre-op Post-op
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only slightly elevated. X-rays may show 
bony fragmentation, destruction or joint 
subluxation. Therefore, diagnosis is made 
clinically based on a high index of suspi-
cion. Acute development of foot swelling 
in a patient with long-standing diabetes 
and peripheral neuropathy is a clue. 

The first-line treatment for Charcot 
arthropathy is non-operative. For the 
acute phase, we will brace the foot in a 

total contact cast for 3–6 months, aiming 
to stabilize the joint, control oedema, 
provide load-distribution and allow early 
weight bearing. For the post-acute 
phase, life-long protection of the involved 
extremity is essential, including patient 
education, special shoes and regular 
review by a multi-disciplinary foot care 
team. The total healing process typically 
takes 1–2 years. 

If conservative management fails 
with an evolving ulcer, minimally invasive 
endoscopic-guided exostectomy, to 
remove the plantar bony prominence, is 
a feasible and safe option.8 Other types 
of major reconstructive surgery are rarely 
indicated and are associated with high 
risk of infection and implant failure due 
to the poor bone quality and soft tissue 
conditions.
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Introduction
Graves’ disease (GD) is a common endo-
crine disease with a prevalence of up to 
0.5% of the general population. It is the 
most common cause of hyperthyroidism 
in adolescents and adults, which accounts 
for 50–80% of all cases.1 In Hong Kong, 
anti-thyroid drugs (ATDs) are the first-line 
treatment for GD. Even though ATDs are 
effective in rendering euthyroid status 
in GD patients, relapse after discontinu-
ation of ATDs is not uncommon. Within 
1 year, 40–50% of patients relapse, and 
within 10 years, up to 70% relapse, after 
discontinuation of medication.2,3 Aside 
from relapse, some patients have a 
medically refractory disease, defined as 
failure to achieve euthyroid status after 18 
months of ATD treatment or intolerance 
to its side effects. Definitive treatments, 

namely radioactive iodine (RAI) ablation or 
surgery, are recommended for patients 
with relapsing or medically refractory 
disease. At the moment, there is no 
consensus on the preference between 
RAI or surgery.4 In the presence of a size-
able goitre with pressure symptoms or a 
suspicion of malignant nodule, however, 
surgery is absolutely indicated. In addi-
tion, RAI is contraindicated for lactating or 
pregnant female patients, those expect-
ing pregnancy within one year or those 
who have significant Graves’ eye disease 
(Table 1).3,5 The choice of treatment thus 
depends on the presence or absence of 
indications and the expected outcomes 
of the treatment.

Surgery vs RAI: long term 
outcome 
Both RAI and surgery are feasible options 
for patients who do not have absolute indi-
cations. With surgery, patients will have 
instant complete remission after removal 
of the entire thyroid gland. However, 
there are risks of potential complications, 
including hoarseness of voice, hypocal-
caemia and unpleasant scar on the neck. 
Early reports in the 20th century showed 
that surgery was associated with more 
transient treatment-related complications 

than RAI (36.8% vs 2.7%, p<0.001).6 On 
the other hand, those undergoing RAI 
would experience fluctuations in thyroid 
hormone before complete ablation of 
thyroid tissue, which usually takes up to 
6 months. They might complain of symp-
toms of hyper- or hypothyroidism, such as 
malaise, lethargy and mental slowness.7 
Frequent follow-ups are indicated to 
monitor thyroid function until complete 
ablation is ascertained. The degree of 
thyroid ablation is unpredictable with 
RAI; persistent hyperthyroidism is noted 
in 5–25% of patients after 1 year of 
ablation.8

While RAI is preferred as a definitive 
treatment in the United States, use of 
surgery has increasingly been preferred 
in Japan and some South American and 
European countries.4,9,10 Emerging evi-
dence suggests inferiorities in RAI (e.g., 
on long-term thyrotoxicosis) compared 
with surgical treatment, which is associ-
ated with low rates of complications and 
high patient satisfaction. 

As surgical patients experience the 
stress of the operation and, potentially, 
suffer surgical complications, it results in 
a possible short-term reduction in quality 
of life (QoL) before and immediately after 
the treatment. However, surgery showed 

Table 1. Absolute and relative indications for surgery in patients with Graves’ disease

Indications for surgery

Goitre with pressure symptoms Expected pregnancy within 1 year*

Presence of malignant nodule Intolerance to ATD*

Pregnancy Relapse after discontinuation of ATD*

Lactation Refusal of RAI ablation*

Moderate to severe Graves’ eye disease

*Relative indications
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superiority in terms of long-term QoL 
compared with RAI. Recent studies sug-
gest that patients who have undergone 
RAI have lower QoL compared with those 
treated with surgery or ATD.11,12 Torring et 
al. reported that after 6–10 years of treat-
ment, the RAI-treated patients had inferior 
general QoL scores measured by SF-36 
compared with surgery-treated patients, 
except for bodily pain and the physical 
component summary. With THYPRO (a 
QoL measure specific for patients with 
benign thyroid disease), RAI was signifi-
cantly inferior compared with surgery in 
terms of hyperthyroid, hypothyroid, eye 
symptoms, tiredness, cognition, anxiety, 
depressivity, emotional susceptibility, 
social life, daily life and sex life.12 Patients 
who chose surgery as the definitive treat-
ment showed higher satisfaction levels 
compared with RAI.13

Besides the impairment in QoL and 
the known risk of deterioration of Graves’ 
orbitopathy, RAI also carries a risk due 
to radiation exposure.6 In a recent study 
published in February 2020, Gronich et 
al. reported that patients treated with 
RAI for hyperthyroidism have a higher 
overall cancer risk (hazard ratio [HR], 
2.11; 95% confidence interval [CI], 
1.59–2.80; p<0.0001) during the early 

period of follow-up (<4.2 years). There 
was a significant association between 
RAI and non-Hodgkin’s lymphoma in the 
univariate analysis (HR, 2.89; p=0.03), 
and a non-significant risk increase in the 
multivariate analysis (HR, 2.32; p= 0.09).14 
The impact of RAI was not limited to 
cancer prevalence but also cancer mortal-
ity. In a multi-centre follow-up study with 
18,805 patients, Kitahara et al. found that 
RAI was associated with all solid cancer 
mortality (relative risk [RR], 1.06; 95% 
CI, 1.02–1.10, p=0.002), including female 
breast cancer (RR, 1.12; p=0.04) and all 
other solid cancers combined (RR, 1.05; 
p=0.01). For every 1,000 patients with 
hyperthyroidism undergoing typical dos-
age of RAI, an estimated lifetime excess 
of 19 to 32 solid cancer deaths were 
predicted.15

Improving the surgical 
outcome
Prior to 2000, a high incidence of perma-
nent complications had been reported in 
patients following total thyroidectomy, 
leading to the recommendation of bilat-
eral subtotal thyroidectomy for treatment 
of GD.16 By leaving 2–4 g of remnant 
thyroid tissue on each side, the treatment 
aimed to establish a euthyroid state while 

avoiding injury to the recurrent laryngeal 
nerve (RLN) or the parathyroid glands. 
However, in one study, up to 48% of 
patients experienced hypothyroidism 
after subtotal thyroidectomy and 15% had 
persistent or recurrent GD at follow-up.17 
In case of recurrence, patients had to 
undergo re-operations which were asso-
ciated with higher complication rates, or 
opt for RAI which was initially declined. 
Recent studies suggested that total 
thyroidectomy had a near-zero recurrence 
rate and was as safe as subtotal thyroid-
ectomy if performed by an experienced 
high-volume surgeon.18–20 In a meta-anal-
ysis by Palit et al., the recurrence rate of 
patients undergoing total thyroidectomy 
was 0%. Rate of permanent RLN palsy 
and permanent hypoparathyroidism were 
0.9% and 1.6%, respectively, which were 
comparable with patients undergoing 
subtotal thyroidectomy.18

With the advance of technology, 
there are new measures to reduce surgical 
morbidity. At present, an intra-operative 
neuro-monitoring (IONM) system enables 
easy identification of the RLN, which 
helps confirm its integrity and prevent 
RLN injuries during the operation. In a 
meta-analysis comparing IONM to visual 
identification among patients with GD 

Figure 1. Near infra-red autofluorescence imaging of parathyroid glands

(A) A bright light image. A parathyroid gland is indicated by the blue arrow.  
(B) Near infra-red autofluorescence imaging. The parathyroid gland shows autofluorescence in green.
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undergoing thyroidectomy, use of IONM 
resulted in a non-significant reduction of 
permanent RLN palsy (0.6% vs 0.2%, 
p=0.051).21 Hypoparathyroidism is another 
common complication after thyroidectomy. 
Preservation of the parathyroid gland is dif-
ficult as it cannot be easily visualized and 
differentiated from thyroid or lymphatic tis-
sue by the naked eye. Introduction of near-
infra-red autofluorescence (NIR-AF) aids in 
early identification of parathyroid glands and 
can prevent inadvertent removal (Figure 1). 
Benmiloud et al. have recently published a 
multi-centre randomised clinical trial and 

stated that NIR-AF helped in identifying 
more parathyroid glands (p<0.001) and 
decreased the rate of temporary hypocal-
caemia (odds ratio, 0.35; p=0.02).22

Conclusion
Emerging evidence suggests that total thy-
roidectomy is a relatively safe option for the 
treatment of medically refractory or relaps-
ing GD. With the advance of technology in 
conjunction with experienced high-volume 
surgeons, the complications of thyroidec-
tomy can be minimised, and a definite cure 
for thyrotoxicosis can be attained.

References
1. Brent GA. Clinical practice. Graves' disease. N Engl J 

Med. 2008;358(24):2594-605.
2. Klein I, Becker DV, Levey GS. Treatment of hyperthyroid 

disease. Ann Intern Med. 1994;121(4):281-8.
3. Stalberg P, Svensson A, Hessman O, Akerstrom G, Hellman 

P. Surgical treatment of Graves' disease: evidence-based 
approach. World J Surg. 2008;32(7):1269-77.

4. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg 
P, Maia AL, et al. 2016 American Thyroid Association 
Guidelines for Diagnosis and Management of 
Hyperthyroidism and Other Causes of Thyrotoxicosis. 
Thyroid. 2016;26(10):1343-421.

5. Yip J, Lang BH, Lo CY. Changing trend in surgical 
indication and management for Graves' disease. Am J 
Surg. 2012;203(2):162-7.

6. Acharya SH, Avenell A, Philip S, Burr J, Bevan JS, 
Abraham P. Radioiodine therapy (RAI) for Graves' disease 
(GD) and the effect on ophthalmopathy: a systematic 
review. Clin Endocrinol (Oxf). 2008;69(6):943-50.

7. Weetman AP. Graves' disease. N Engl J Med. 
2000;343(17):1236-48.

8. Watson AB, Brownlie BE, Frampton CM, Turner JG, Rogers 
TG. Outcome following standardized 185 MBq dose 
131I therapy for Graves' disease. Clin Endocrinol (Oxf). 
1988;28(5):487-96.

9. Wartofsky L, Glinoer D, Solomon B, Nagataki S, Lagasse 
R, Nagayama Y, et al. Differences and similarities in the 
diagnosis and treatment of Graves' disease in Europe, 
Japan, and the United States. Thyroid. 1991;1:129-35.

10. Bahn RS, Burch HB, Cooper DS, Garber JR, Greenlee 
MC, Klein I, et al. Hyperthyroidism and other causes of 
thyrotoxicosis: management guidelines of the American 
Thyroid Association and American Association of Clinical 
Endocrinologists. Endocr Pract. 2011;17(3):456-520.

11. Abraham-Nordling M, Torring O, Hamberger B, Lundell 
G, Tallstedt L, Calissendorff J, et al. Graves' disease: a 
long-term quality-of-life follow up of patients randomized 
to treatment with antithyroid drugs, radioiodine, or 
surgery. Thyroid. 2005;15(11):1279-86.

12. Torring O, Watt T, Sjolin G, Bystrom K, Abraham-Nordling 
M, Calissendorff J, et al. Impaired quality of life after 
radioiodine therapy compared to antithyroid drugs 
or surgical treatment for Graves' hyperthyroidism: A 
long-term follow-up with the thyroid-related patient-
reported outcome questionnaire and 36-item short form 
health status survey. Thyroid. 2019;29(3):322-31.

13. Hookham J, Truran P, Allahabadia A, Balasubramanian SP. 
Patients' perceptions and views of surgery and radioiodine 
ablation in the definitive management of Graves' disease. 
Postgrad Med J. 2017;93(1099):266-70.

14. Gronich N, Lavi I, Rennert G, Saliba W. Cancer risk after 
radioactive iodine treatment for hyperthyroidism: A cohort 
study. Thyroid. 2020;30(2):243-50.

15. Kitahara CM, et al. Association of radioactive iodine 
treatment with cancer mortality in patients with 
hyperthyroidism. JAMA Intern Med. 2019;179(8):1034-42.

16. Bobanga ID, McHenry CR. Treatment of patients 
with Graves' disease and the appropriate extent of 
thyroidectomy. Best Pract Res Clin Endocrinol Metab. 
2019;33(4):101319.

17. Alsanea O, Clark OH. Treatment of Graves' disease: The 
advantages of surgery. Endocrinol Metab Clin North Am. 
2000;29(2):321-37.

18. Palit TK, Miller CC, 3rd, Miltenburg DM. The efficacy of 
thyroidectomy for Graves' disease: A meta-analysis. J 
Surg Res. 2000;90(2):161-5.

19. Barczynski M, Konturek A, Stopa M, Cichon S, Richter P, 
Nowak W. Total thyroidectomy for benign thyroid disease: 
is it really worthwhile? Ann Surg. 2011;254(5):724-29; 
discussion 729-30.

20. Liu ZW, Masterson L, Fish B, Jani P, Chatterjee K. Thyroid 
surgery for Graves' disease and Graves' ophthalmopathy. 
Cochrane Database Syst Rev. 2015(11):CD010576.

21. Wong KP, Lang BH. Graves' ophthalmopathy as an 
indication increased the risk of hypoparathyroidism after 
bilateral thyroidectomy. World J Surg. 2011;35(10):2212-8.

22. Benmiloud F, et al. Association of autofluorescence-based 
detection of the parathyroid glands during total 
thyroidectomy with postoperative hypocalcemia risk: 
Results of the PARAFLUO multicenter randomized clinical 
trial. JAMA Surg. 2019;155:106–112.

Presentation: 100 units of insulin glargine and 33 micrograms lixisenatide in pre�lled pen AND 100 units of insulin glargine and 50 micrograms lixisenatide in pre�lled pen. Indications: In combination with metformin 
for the treatment of adults with type 2 diabetes mellitus to improve glycaemic control when this has not been provided by metformin alone or metformin combined with another oral glucose lowering medicinal 
product or with basal insulin. Dosage: The dose must be individualised based on clinical response and is titrated based on the patient’s need for insulin. The lixisenatide dose is increased or decreased along with 
insulin glargine dose and also depends on which pen is used. Please refer to the full prescribing information for guidelines. Administration: Subcutaneous injection. Soliqua is not intended for intravenous use since 
it could result in severe hypoglycaemia. Soliqua must not be drawn from the cartridge of the SoloStar pre-�lled pen into a syringe or severe overdose can result. Contraindications: Hypersensitivity to insulin 
glargine or to any of the excipients. Precautions: Soliqua can be used in elderly patients. Elderly: progressive deterioration of renal function may lead to a steady decrease in insulin requirements. Renal impairment: 
insulin requirements may be diminished due to reduced insulin metabolism.  Hepatic impairment: insulin requirement may be diminished due to reduced capacity for gluconeogenesis and reduced insulin 
metabolism. Hypoglycaemia. Intercurrent illness. Combination of Toujeo with pioglitazone. Interactions: Effects enhanced by oral antidiabetics, ACEI, disopyramide, �brates, �uoxetine, MAOIs, pentoxifylline, 
propoxyphene, salicylates, sulfonamide antibiotics. Effects reduced by corticosteroids, danazol, diazoxide, diuretics, glucagons, isoniazid, oestrogens and progestogens, phenothiazine derivatives, somatropin, 
sympathomimetics, or thyroid hormones, atypical antipsychotics and protease inhibitors. Beta-blockers, clonidine, lithium or alcohol may either potentiate or weaken the effects of insulin. Pentamidine may cause 
hypoglycaemia, followed by hyperglycaemia. The signs of adrenergic counter-regulation may be reduced or absent under the in�uence of sympatholytic medicinal products such as Beta-blockers, clonidine, 
guanethidine and reserpine. Fertility, pregnancy and lactation: Animal studies do not indicate direct harmful effects with respect to fertility and reproductive toxicity. The use of Soliqua may be considered during 
pregnancy if clinically needed. It is unknown whether insulin glargine or lixisenatide is excreted in human milk. Overdose: Insulin overdose may lead to severe and sometimes long-term and life-threatening 
hypoglycaemia. Mild episodes of hypoglycaemia can usually be treated with oral carbohydrates. More severe episodes with coma, seizure or neurologic impairment may be treated with glucagon (intramuscular or 
subcutaneous) or concentrated glucose solution (intravenous). Undesirable effects: Hypoglycaemia, injection site reactions. For common, uncommon, rare and very rare undesirable effects, please refer to the full 
prescribing information. Storage: Before first use: Store in a refrigerator (2°C - 8°C). Do not freeze. Protect from light. After first use: Store below 25°C. Use within 28 days. Do not freeze. Preparation: Soliqua 3 x 
3ml pre�lled pen, 5 x 3ml pre�lled pen. Legal Classification: Part 1, First & Third Schedules Poison  Full prescribing information is available upon request.           API-HK-SOL-18.03

STUDY DESIGN
LIXILAN-L was an open-label, randomised, parallel-group, multinational, multicentre phase 3 clinical trial designed to evaluate the ef�cacy and safety of SOLIQUATM vs insulin glargine 100 Units/ml in 736 patients 
≥18 year of age with type 2 diabetes for ≥1 year before screening and uncontrolled on basal insulin with or without up to 2 oral antidiabetics (OADs) for ≥6 months. The primary ef�cacy endpoint was change in 
HbA1c from baseline to Week 30. Eligible patients (n=1018) entered a 6-week run in phase in which patients remained on or switched to insulin glargine 100 Units/mL, in case they took another basal insulin, and 
had their insulin dose titrated/stabilised while continuing metformin (if previously taken). Any other OADs were discontinued. At the end of the run-in period, patients with an HbA1c between 7% and 10%, FPG 
≥7.77 mmol/L, and insulin glargine daily dose of 20 to 50 Units, were randomised to either SOLIQUATM (n=367) or insulin glargine (n=369). Soliqua showed signi�cantly greater reduction in HbA1c compared to 
insulin glargine (-1.1% vs -0.6%, p<0.0001). The safety pro�le of SOLIQUATM generally re�ected the established safety pro�les of its components after 30 weeks of treatment.1,2

LIXILAN-O was an open-label, randomised, parallel-group, multinational, multicentre phase 3 clinical trial designed to evaluate the ef�cacy and safety of SOLIQUATM vs insulin glargine 100 Units/ml and 
lixisenatide in 1170 patients ≥1 year of age with type 2 diabetes for ≥18 before screening and uncontrolled with metformin +/- a second oral antidiabetc ≥3 months. The primary endpoint was change in HbA1c 
from baseline to Week 30. SOLIQUATM demonstrated signi�cantly greater HbA1c reduction at Week 30 vs insulin glargine 100 Units/ml and vs lixisenatide (-1.6% vs -1.3% vs -0.85%, p<0.0001). The safety pro�le 
of SOLIQUATM generally re�ected the established safety pro�les of its components after 30 weeks of treatment.1,2

A post hoc analysis of LIXILAN-O compared ef�cacy and hypoglycaemia outcomes at early study visits with iGlarLixi (insulin glargine U100 [iGlar] and lixisenatide) vs iGlar alone in patients with type 2 diabetes 
uncontrolled on oral antidiabetic drugs. Time to control, de�ned as days to achieve glycated haemoglobin (HbA1c) <7% or fasting plasma glucose (FPG) ≤7.2 mmol/L, was estimated using the Kaplan-Meier 
method.

REFERENCES: 1.  SOLIQUA EMA SmPC, March 2017. 2. Rosenstock J, Aronson R, Grunberger G, et al. Bene�ts of Lixilan, a titratable �xed-ratio combination of insulin glargine plus lixisenatide, versus insulin 
glargine and lixisenatide monocomponents in type 2 diabetes inadequately controlled on oral agents: The LixiLan-O randomized trial. Diabetes Care. 2016;39(11):2026–2035. 3. Frias J et al. Diabetes Obes 
Metab Publish Ahead of Print. Published online May 21, 2018 at https://www.ncbi.nlm.nih.gov/pubmed/29785837. 4. Aroda VR, Rosenstock J, Wysham C, et al; the LixiLan trial investigators. Ef�cacy and 
safety of LixiLan, a titratable �xed-ratio combination of insulin glargine plus lixisenatide in type2 diabetes inadequately controlled on basal insulin and metformin: the LixiLan-L randomized trial. Diabetes Care. 
2016;39(11):1972–1980.

SAHK.LALI.18.10.0383 11/18



APRIL 2020 Journal of The Society of Physicians of Hong Kong  |  55

Use of Sodium-Glucose Cotransporter-2 
Inhibitors in Heart Failure

Dr Lee Kin Tong, Joe 
(李健棠醫生)
MBBS (HK), MRCP (UK), FHKCP, FHKAM (Med), 
FRCP (Glasg)
Specialist in Cardiology, Private Practice

Key words:
Diabetes mellitus (糖尿病); Sodium 
glucose cotransporter-2 inhibitor  
(第二型鈉-葡萄糖轉運蛋白抑制劑);  
Heart failure (心臟衰竭); Glucose-
lowering agent (降血糖藥物)

Introduction
Due in part to the ageing world popula-
tion, the burden of diabetes mellitus (DM) 
and heart failure (HF) is growing globally, 
and both diseases are closely linked to 
each other. DM is an independent risk 
factor of HF.1 The prevalence of type 2 
DM (T2DM) among patients hospitalized 
for HF is as high as 40%.2 In addition 
to known pathological mechanism of 
HF including diabetic atherosclerosis 
and myocardial ischaemia, patients 
with diabetes are independently at risk 
of diabetic cardiomyopathy mediated 
by dysregulated oxidative metabolism. 
Approximately 10–25% of T2DM patients 
experience HF and have markedly higher 
rates of mortality.3,4

Managing diabetes with most 
antidiabetic agents in a ‘glucocentric’ 
approach, which only focuses on blood 

glucose control, may be effective in 
reducing the risks of microvascular com-
plications (e.g. nephropathy, neuropathy, 
retinopathy), however, the effects on 
reducing cardiovascular events have not 
been prominent. Some  glucose-lowering 
agents, such as thiazolidinediones and 
saxigliptin (a dipeptidyl peptidase-4 inhibi-
tor), have in fact been linked to increased 
risks of HF. In 2008, the US Food and 
Drug Administration (FDA) mandated 
dedicated clinical trials evaluating cardio-
vascular outcomes, out of the concern 
for significant cardiovascular risks poten-
tially associated with glucose-lowering 
therapies.

SGLT-2 inhibitors
Sodium-glucose cotransporter-2 (SGLT-
2) inhibitors represent a novel class of 
glucose-lowering agent. Recent clinical 
trials have demonstrated that in addition 
to glycaemic control, SGLT-2 inhibitors 
are associated with other favourable 
outcomes including weight loss, blood 
pressure reduction, and slowing down of 
renal disease progression.5 In contrast to 
the traditional glucose-lowering agents, 
SGLT-2 inhibitors are associated with 
lower rates of HF and major adverse car-
diovascular events (MACE), particularly in 
patients who have a high cardiovascular 
risk.6-8 The American Diabetes Association 
(ADA) and the European Association for 
the Study of Diabetes (EASD) now rec-
ommend SGLT-2 inhibitors as a preferred 
add-on glucose-lowering therapy to met-
formin in T2DM patients who have estab-
lished or are at high risk of cardiovascular 
disease (Figure 1).9 The European Society 
of Cardiology guidelines also advocate a 
class 1 indication (level of evidence A) for 
the use of SGLT-2 inhibitors in this patient 
group.10 Currently, four SGLT-2 inhibitors 

are approved for use (canagliflozin, dapa-
gliflozin, empagliflozin, and ertugliflozin). 
In this article, currently available evidence 
supporting the use of SGLT-2 inhibi-
tors in HF prevention and treatment is 
discussed.

SGLT-1 is widely expressed in 
multiple organs (proximal renal tubules, 
intestines, heart and skeletal muscles), 
while SGLT-2 is expressed primarily in 
the proximal renal tubules. Under normal 
conditions, glucose freely filters through 
the renal glomerulus into urine, and then 
is reabsorbed back into the blood at the 
proximal tubules primarily via SGLT-2 
(90%) as well as SGLT-1 (10%). In dia-
betic patients, SGLT-2 inhibitor works by 
inhibiting sodium and glucose reabsorp-
tion via SGLT-2 selectively in the kidneys, 
promoting glucosuria and blood glucose 
level control. The risk of hypoglycaemia 
is low because drug-promoted glucosuria 
only occurs in the presence of hyper-
glycaemia. As sodium is co-transported 
with glucose by SGLT-2, these agents also 
induce natriuresis and osmotic diuresis.

Cardiovascular outcome 
trials
Results from the landmark placebo-con-
trolled trials evaluating the cardiovascular 
outcomes of different SGLT-2 inhibitors 
are summarized in Table 1.

The Empagliflozin Cardiovascular 
Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients (EMPA-REG OUTCOME) 
was the first placebo-controlled trial 
to report the cardiovascular effects of 
SGLT-2 inhibitors.6 The trial investigated 
7,020 patients with T2DM with estab-
lished atherosclerotic disease. Compared 
with the placebo group, the empagliflozin 
group was associated with a significantly 
lower rate of achieving the primary 
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Figure 1. The American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) 
recommend SGLT-2 inhibitors as the preferred add-on glucose-lowering therapy to metformin in T2DM patients who have 
established or are at high risk of cardiovascular disease

Use metformin unless contraindicated or not tolerated
•  Continue melformin unless contraindicated (remember to adjust dose/stop metformin with declining eGFR)
• Add an SGLT2i or GLP-1 RA with proven CVD benefit1 (consider adding independently of individualized HbA1C target)
•  If individualized HbA1C target achieved and already on dual therapy or multiple glucose-lowering therapies when adding SGLT2i 

or GLP-1 RA, consider stopping or reducing dose of other glucose-lowering therapy to reduce the risk of hypoglycemia

ASCVD predominates
• Established ASCVD
 •  Indicators of high ASCVD risk (age ≥55 years with 

coronary, carotid or lower extremity artery stenosis 
>50%, or LVH)

If further intensification is required or patient is unable 
to tolerate GLP-1 RA and/or SGLT2i, choose agents 
demonstrating CV safety:
•  For patients on a GLP-1 RA, consider adding SGLT2i with 

proven CVD benefit1

•  DPP-4i if not on GLP-1 RA
• Basal insulin5

• TZD6

• SU7

1.  Proven CVD benefit means it has label indication of reducing CVD events
2.  Be aware that SGLT2i labelling varies by region and individual agent with 

regard to indicated level of eGFR for initiation and continued use
3.  Empagliflozin, canagliflozin and dapagliflozin have shown reduction in HF and 

to reduce CKD progression in CVOTs. Canagliflozin has primary renal outcome 
data from CREDENCE. Dapagliflozin has primary heart failure outcome data 
from DAPA-HF

4. Caution with GLP-1 RA in ESRD
5. Degludec and U100 glargine have demonstrated CVD safety
6.  Low dose may be better tolerated though less well studied for CVD effects
7.  Choose later generation SU to lower risk of hypoglycemia. Glimepiride has 

shown similar CV safety to DPP-4i

Updates to the 2018 consensus report are indicated in red font

•   Avoid TZD in the setting of HF

Choose agents demonstrating CV safety:

•  For patients on a SGLT2i, consider adding GLP-1 RA with 
proven CVD benefit1

•  DPP-4i (not saxagliptin) in the setting of HF (if not on 
GLP-1 RA)

• Basal insulin5

• SU7

Preferably

GLP-1 RA with proven CVD benefit1

OR
SGLT2i with proven CVD benefit1 if eGFR adequate2

If HbA1C above target If HbA1C above target

Preferably

SGLT2i with evidence of reducing HF and/or CKD 
progression in CVOTs if eGFR adequate3

OR
If SGLT2i not tolerated or contraindicated or if eGFR less 
than adequate2 add GLP-1 RA with proven CVD benefit1,4

HF or CKD predominates
•  Particularly HFrEF (LVEF <45%)
•  CKD: Specifically eGFR 30–60 mL/min/1.73 m2 or  

UACR >30 mg/g, particularly UACR >300 mg/g

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular 
filtration rate; ESRD, end stage renal disease; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HFrEF, heart failure reduced ejection fraction; HF, heart failure; LVEF, left 
ventricular ejection fraction; LVH, left ventricular hypertrophy; TZD, thiazolidinedione; UACR, urine albumin-to-creatinine ratio; SGLT-2, sodium-glucose cotransporter-2; SU, 
sulphonylurea.
Adapted from Buse et al.9 
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EMPA-REG OUTCOME6 CANVAS program7a DECLARE-TIMI 588 DAPA-HF21

SGLT-2 inhibitor (dosage) Empagliflozin (10mg, 25mg) Canagliflozin (100mg, 
300mg)

Dapagliflozin (10mg) Dapagliflozin (10mg)

Publication year 2015 2017 2019 2019

Number of participants 7020 10142 17160 4744

Established 
atherosclerotic diseaseb

99.5% 65.6% 40.6% Not available

Prior HFb 10.10% 14.40% 10% 100% (NYHA class II-IV, 
LVEF 40% or less)

Median follow-up 3.1 years 2.4 years 4.2 years 18.2 months

Primary endpoint MACE MACE Co-primary endpoints:
1) MACE
2) Composite of 
cardiovascular death or 
hospitalization for HF

Composite of worsening HF 
or cardiovascular death

MACEc, HR (95% CI) 0.86 (0.74–0.99)
p<0.001 for non-inferiority
p=0.04 for superiority

0.86 (0.75–0.97)
p<0.001 for non-inferiority
p=0.02 for superiority

0.93 (0.84–1.03)
p<0.001 for non-inferiority
p=0.17 for superiority

0.74 (0.65–0.85)
p<0.001

Hospitalization for HF 0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.73 (0.61–0.88) 0.70 (0.59–0.83)

Table 1. Cardiovascular outcome trials evaluating SGLT-2 inhibitors among patients with type 2 DM at high cardiovascular risk

CI, confidence interval; DM, diabetes mellitus; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular events; NYHA, New 
York Heart Association; SGLT-2, sodium-glucose cotransporter-2
a Integrated data from CANVAS and CANVAS-Renal studies; b At baseline; c Cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke

MACE endpoint - the composite of death 
from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke 
(hazard ratio [HR], 0.86). The result was 
driven by a marked reduction of 38% 
in risk of cardiovascular death, without 
significant effects on atherosclerotic 
ischemic events. Hospitalization for HF 
was an undefined secondary endpoint, 
which occurred less in patients using 
empagliflozin (relative risk reduction of 
35%). Such benefits in cardiovascular 
events began to emerge within the first 
three months of treatment. Subsequent 
analysis showed consistent effects of 
empagliflozin on HF events in patients 
with or without prior HF.11,12 These 
positive results led to FDA approval of 
empagliflozin in 2016 for prevention of 
cardiovascular death in adults with T2DM. 

The Canagliflozin Cardiovascular 
Assessment Study (CANVAS) Program 
integrated data from two sister trials 
(CANVAS and CANVAS-Renal). Among 
the 10,142 patients combined, 66% 
had established atherosclerotic disease 
(secondary prevention group), while the 

remainder only had a high risk of cardiovas-
cular events (primary prevention group).7 
The canagliflozin arm was associated with 
a significantly lower rate of MACE than 
the placebo group (HR, 0.86) – to a similar 
extent as the empagliflozin arm in the 
EMPA-REG OUTCOME study. There was 
a 33% relative risk reduction in hospitaliza-
tion for HF in the canagliflozin group.

The Dapagliflozin Effect on 
Cardiovascular Events – Thrombolysis 
in Myocardial Infarction 58 (DECLARE-
TIMI 58) study was unique among the 
cardiovascular outcome trials because it 
enrolled more patients (almost 60% of 
the study participants) without athero-
sclerotic disease, increasing the gener-
alizability of the study findings. Owing 
to the apparent cardiovascular benefit 
detected in the EMPA-REG OUTCOME 
study and the CANVAS Program, the 
DECLARE-TIMI 58 trial modified its 
primary objective to include co-primary 
efficacy outcomes of 1) MACE and 2) 
a composite of cardiovascular death 
and HF.8 Although dapagliflozin was 
associated with a similar rate of MACE 

compared to placebo (8.8% in the dapa-
gliflozin group and 9.4% in the placebo 
group; HR, 0.93; p=0.17), the rate of hos-
pitalization for HF or cardiovascular death 
was lower compared with placebo (4.9% 
vs 5.8%; HR, 0.83; p=0.005). The result 
was driven by a significant reduction in 
the risk of HF hospitalization by 27%. 
The benefit of reducing hospitalization 
for HF was seen in patients regardless of 
a recognized atherosclerotic disease or 
a previous history of HF. A sub-analysis 
of the DECLARE-TIMI trial showed that 
dapagliflozin reduced the rate of achieving 
the composite endpoint of cardiovascular 
death or hospitalization for HF more in 
patients with HF with reduced ejection 
fraction (left ventricular ejection fraction 
<45%) compared with those with pre-
served ejection fraction, or those without 
clinical HF.13

It is noteworthy that, among the 
aforementioned three randomized 
controlled trials, only empagliflozin 
reduced the incidence of cardiovascular 
and all-cause mortality. This finding may 
be explained by the fact that patients 
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enrolled in the EMPA-REG OUTCOME 
trial had higher baseline cardiovascular 
risks (the secondary prevention group), 
for whom drug intervention may confer 
greater cardiovascular protection. In line 
with the findings of the individual trials, a 
recent meta-analysis of SGLT-2 inhibitors 
demonstrated a class effect of reducing 
the risk of hospitalization for HF by 31%. 
The risk reduction was consistent regard-
less of the presence of atherosclerotic 
cardiovascular disease, or a previous 
history of HF. SGLT-2 inhibitors reduced 
the incidence of MACE by 11%; this 
benefit was only seen in patients with 
established atherosclerotic disease but 
not in those without.14 

The Evaluation of Ertugliflozin 
Efficacy and Safety – Cardiovascular 
Outcomes Study (VERTIS-CV), a cardio-
vascular outcome trial evaluating ertugli-
flozin, is still ongoing.

 
Mechanism of SGLT-2 
inhibitor impact on 
cardiovascular benefit
A prior meta-analysis has shown that 
intensive glycaemic control does not 
lower the risk of HF compared with a 
standard strategy; therefore, the cardio-
vascular benefits of SGLT-2 inhibitors, 
which manifests shortly after treatment 
in clinical trials, is likely not due to the 
modest improvement of the ability of the 
drug to control blood glucose.15 Instead, 
several distinct glucose-independent 

mechanisms for the cardioprotective 
effect are hypothesized (Table 2). 

SGLT-2 inhibitors modify the cardiac 
loading conditions, lowering the left 
ventricular preload via osmotic diuresis 
and natriuresis, and reducing the afterload 
by lowering arterial pressure and stiff-
ness.16 Under diabetic conditions such as 
peripheral insulin resistance and enhanced 
lipolysis, mitochondrial oxidation of fatty 
acids augments and glucose oxidation 
reduces, making cardiac fuel generation 
less efficient. SGLT-2 inhibitors increase 
hepatic synthesis and decrease urinary 
excretion of ketones. Under the state of 
hyperketonaemia, beta-hydroxybutyrate is 
utilized as an energy source by the cardio-
myocytes in preference to fatty acids and 
glucose. Such a shift in cardiac metabolism 
away from fatty acid and glucose oxidation 
produces ATP more efficiently with less 
oxygen consumption.17,18 In patients with 
DM and HF, the activity of sodium/hydro-
gen (Na+/H+) exchangers is enhanced. The 
accumulated intracellular Na+ in cardio-
myocytes stimulates the reverse activity 
of the sodium/calcium (Na+/Ca2+) exchang-
ers. The resulting increase in intracellular 
Ca2+ level and a lowered mitochondrial 
Ca2+ level impair mitochondrial function 
and ATP production in cardiomyocytes. 
Mediated by Na+/H+ exchanger inhibition 
in the myocardium, SGLT-2 inhibitors may 
restore mitochondrial function and reduce 
myocardial hypertrophy, fibrosis, adverse 
remodelling and systolic dysfunction. 

Safety of SGLT-2 inhibitors
SGLT-2 inhibitors are generally well toler-
ated and adverse events are mostly mild 
to moderate in severity, although some 
more serious adverse events have been 
reported in post-marketing surveillance 
programs.

A common side effect is genital 
mycotic infection (balanitis and vulvovagi-
nitis) related to glycosuria. Appropriate 
hygiene at the genital area should be 
emphasized to patients using SGLT-2 
inhibitors. When SGLT-2 inhibitors 
enhance lipolysis and augment hepatic 
ketogenesis, euglycemic diabetic 
ketoacidosis may rarely occur as a side 
effect. The osmotic diuretic effect of 
SGLT-2 inhibitors also exacerbates the 
hypovolemic state in diabetic ketoacido-
sis. Patients are particularly vulnerable 
during acute illness and the perioperative 
period, during which physicians should 
consider withholding SGLT-2 inhibitors. 
In the CANVAS Program, a low but 
significantly greater incidence of lower 
limb amputations (typically at the level 
of the toe or forefoot) was reported in 
patients treated with canagliflozin versus 
placebo (6.3 vs 3.4 participants per 1000 
patient-years; HR, 1.97).7 On the other 
hand, neither the EMPA-REG OUTCOME 
nor the DECLARE-TIMI 58 trial revealed 
such an association of amputations with 
empagliflozin or dapagliflozin. The results 
of several real-world studies investigating 
the amputation risk of SGLT-2 inhibitors 

Table 2. Overview of potential mechanisms of improved cardiac function with SGLT-2 inhibitors

Potential Mechanisms

Glucosuria leads to loss in calories, visceral adiposity, and body weight

Natriuresis and osmotic diuresis reduce preload and afterload

Blood pressure reduction, secondary to reduction in weight, intravascular volume, and vascular stiffness

More efficient myocardial substrate metabolism: shifting fuel energetics from fatty acid and glucose toward ketone bodies

Cardiomyocyte Na+/H+ exchanger inhibition: reduces intracellular Na+ and Ca2+ and increases mitochondrial Ca2+ level, improving cardiac systolic and 
diastolic function

Inhibiting left ventricular hypertrophy and myocardial fibrosis

Increase in erythropoietin, and haematocrit level (secondary to osmotic diuresis and haemoconcentration), improving oxygen delivery to cardiac tissue

Reno-protection: glomerular afferent arterioles vasoconstriction and intraglomerular pressure reduction, slowing down renal disease progression and heart 
failure
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have been contradictory and inconclu-
sive.19,20 As it still remains unclear whether 
the risk of amputation extends across the 
drug class, physicians should be cautious 
when prescribing SGLT-2 inhibitors in 
patients at high risk of amputation, such 
as those with active foot ulcer, osteo-
myelitis, gangrene, critical ischaemia, or 
with a history of amputation. 

 
SGLT-2 inhibitors as 
treatment of HF in 
patients with or without 
diabetes mellitus
In the above-mentioned randomized trials 
of SGLT-2, less than 15% of the enrolled 
patients had a background of HF (Table 
1). The phenotype of the patients’ HF 
(aetiology, functional class, left ventricular 
ejection fraction, natriuretic peptide level) 
was also not well defined. The reduction 
in the incidence of HF by SGLT-2 inhibi-
tors may therefore be due to primary 
prevention of HF in patients who had 
no history of HF at baseline. Whether 
SGLT-2 inhibitors can work as a treatment 
for established HF remains to be clari-
fied. Dedicated clinical trials have been 
recently completed or are underway to 
assess the potential of SGLT-2 inhibitor 
as a therapeutic option in the treatment 
of HF. As the natriuretic, glucosuric, and 

metabolic effects of SGLT-2 inhibitors 
have been demonstrated in patients 
regardless of the diabetic status, it is 
also of interest whether SGLT-2 inhibitors 
confer cardiovascular benefit in patients 
with HF without DM.  

Dapagliflozin and Prevention of 
Adverse Outcomes in HF (DAPA-HF) is a 
recently published placebo-controlled trial 
investigating the effects of dapagliflozin in 
symptomatic HF patients with a reduced 
ejection fraction (left ventricular ejection 
fraction 40% or less), regardless of the 
presence or absence of DM.21 Over a 
median of 18.2 months follow-up, the 
dapagliflozin group achieved the primary 
endpoint (composite of worsening HF 
or cardiovascular death) at a significantly 
lower rate  compared with the placebo 
group (16.3% vs 21.2%; HR, 0.74; 
p<0.001). The dapagliflozin group had a 
lower risk than the placebo group in each 
of the individual components of the pri-
mary endpoints: worsening of HF (10% 
vs 13.7%; HR, 0.70); cardiovascular death 
(9.6% vs 11.5%; HR, 0.82). The treatment 
benefits were apparent irrespective of 
the baseline diabetic status. An important 
point to note is that only 11% of the par-
ticipants were using sacubitril/valsartan, 
a HF drug providing combined inhibition 
of angiotensin receptor, and neprilysin, 

which has been proven to reduce mortal-
ity and hospitalization for HF.22 There are 
currently no data on how SGLT-2 inhibi-
tors interact with other guideline-directed 
medical therapies for HF. 

The ongoing Empagliflozin Outcome 
Trial in Patients with Chronic HF with 
Reduced Ejection Fraction (EMPEROR-
Reduced) and the Empagliflozin Outcome 
Trial in Patients with Chronic HF with 
Preserved Ejection Fraction (EMPEROR-
Preserved) studies evaluate the effects 
of empagliflozin on the incidence of HF 
with reduced or preserved left ventricular 
ejection fraction, respectively; these 
are placebo-controlled trials recruiting 
patients with and without DM. 

  
Conclusion
The advent of SGLT-2 inhibitors is a clini-
cal breakthrough for type 2 DM patients, 
particularly, for those who have high 
cardiovascular risk. Robust clinical data 
support the use of SGLT-2 inhibitors to 
prevent HF in at-risk patients with DM. 
As the cardiovascular benefits provided 
by SGLT-2 inhibitor are independent from 
its glucose-lowering effect, the drug is 
actively being studied for use in treat-
ing HF patients with or without DM. Its 
potential in shifting the paradigm of HF 
management is yet to be explored.
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