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O

besity
is
associated
with
dyslipidaemia, which in turn is
related to atherosclerosis and
cardiovascular disease. Goals for lowering
low-density lipoprotein cholesterol should
be set according to the patient’s risk
stratification. Obesity is also a risk factor
for COVID-19 – it predisposes patients
to cytokine storm and may serve as a
reservoir for the virus. Particular organs,
such as the kidney, can be damaged by

obesity leading to proteinuria and renal
insufficiency.
Physical training, such as highintensity interval training, and aerobic
and resistance exercise, should form the
basis of lifestyle modification for obesity.
A wide array of drugs can be considered
for treating dyslipidaemia and diabetes
and providing renal protection. In addition, bariatric surgery may be beneficial
for selected patients.

The human epidermal growth factor
receptor 2 (HER2) is a well-known target
as a treatment option in breast cancer.
Indeed, HER2 overexpression and gene
mutation have also been identified in
many other solid organ cancer types (eg,
lung, gastrointestinal, gynaecological and
urological) with varying frequencies of
occurrence. Further studies are required
to explore treatment options targeting
non-breast HER2-positive cancers.

Pictorial Medical History (26)

Another site of great influence is
the Asclepieion in Pergamon on
the mid-western coast of Turkey.
Here the great physician Galen
(CE129–216) started his career
and went on to become Physician
to the Roman emperors Marcus
Aurelius and his son Commodus.
He was the most eminent doctor
of his time and one of the most
outstanding of all ages.
Road leading to the Asclepieion
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Obesity and Dyslipidaemia
An overview of lipid
metabolism
Dietary fat, triglycerides and free
fatty acids
Upon ingestion of dietary fat, TG are
broken down by pancreatic lipase in the
intestinal lumen into FFA and 2-monoacyl-

O

besity is frequently associated
with dyslipidaemia, with the link
being insulin resistance and proinflammatory adipokines. Dyslipidaemia
seen in obesity typically consists of
elevated triglycerides (TG) and free fatty
acids (FFA), reduced high-density lipoprotein cholesterol (HDL-C) with HDL dysfunction, and normal or slightly elevated
low-density lipoprotein cholesterol (LDLC) with increased small dense LDL. The
concentrations of plasma apolipoprotein
(apo) B are also often increased, partially
due to hepatic overproduction of apo Bcontaining lipoproteins.1 This article will
review the metabolism of lipids and
discuss how obesity would aggravate
atherogenic dyslipidaemia. Treatment for
obesity-associated dyslipidaemia will also
be discussed.

glycerols (MAG). These are subsequently
taken up by the enterocytes via passive
diffusion and specific transporters like
CD36.2 Cholesterol is taken up by the
enterocytes via the specific cholesterol
transporter, Niemann-Pick C1-Like 1
protein (NPC1L1).3 Inside the enterocyte,
cholesterol is transformed into cholesterol esters (CE), whereas FFA and MAG
are reassembled into TG. Finally, CE and
TG are combined with phospholipids and
apo B48 to form chylomicrons, which
enter the lymphatic system and, ultimately, the blood stream via the thoracic
duct and are delivered to various organs.
In the liver, food-derived TG and FFA
are re-synthesized into TG-rich lipoproteins called very low-density lipoproteins
(VLDL).1 VLDL contain the structural
protein apo B100, but are otherwise
almost identical to chylomicrons. The
remnants of VLDL, intermediate-density
lipoproteins (IDL) and LDL, also contain
apo B100.1 Chylomicrons that enter
the circulation and VLDL deliver FFA to
various organs, in particular the heart
and skeletal muscle, and adipose tissue,
for energy expenditure and storage,
respectively.1 The enzyme responsible
for circulating TG lipolysis is lipoprotein
lipase (LPL), which is strongly expressed
in tissues that require large amounts of
FFA.4 The amount of FFA liberated from
chylomicrons and VLDL depends on the
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activity of LPL, which is stimulated by
insulin.5 The post-prandial surge in insulin
further inhibits the hydrolysis of intracellular lipids. The combined effect of insulin
in these processes is a reduction in the
amount of TG and FFA in the circulation.

Low-density lipoproteins – the
“bad” cholesterol
With lipolysis, chylomicrons and VLDL
become smaller in diameter, resulting in
chylomicron remnants and dense LDL,
respectively. Chylomicron remnants are
taken up by the liver via multiple pathways
(eg, apo E, hepatic lipase, LDL receptor,
LDL receptor-related protein and heparan
sulphate proteoglycans), while LDL
is mainly taken up by the liver via the
LDL receptor.1 After further intracellular
processing, the LDL receptor is recycled
back to the cell surface, a process that
is regulated by the proprotein convertase
subtilisin/kexin type 9 (PCSK9).

High-density lipoproteins – the
“good” cholesterol
The liver and intestine also produce HDL,
which promotes the uptake of cholesterol
from peripheral tissues, such as the arterial wall, and the return of cholesterol to
the liver for elimination.1 Circulating HDL
also acquires TG from VLDL and LDL in
exchange for CE through the action of the
enzyme cholesteryl ester transfer protein
(CETP). Further removal of TG from LDL
by hepatic lipase leads to the formation
of small dense LDL (sdLDL), which has
been shown to have high atherogenic
potential.6 The circulating concentration
of HDL is decreased by the action of
CETP. As such, there is a dynamic balance between the depletion of HDL by
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circulating TG and the cholesterol-eliminating action of HDL, which is protective
against atherosclerosis, as evidenced
by the observed inverse relationship
between HDL levels and cardiovascular
disease and cardiovascular mortality.7

overnutrition by mounting an immune
response.9 The initial inflammatory trigger
is still unknown. This state of inflammation creates oxidative stress, which in
turn facilitates the formation of the highly
atherogenic oxidized LDL (ox-LDL).

Effect of obesity on lipid
metabolism

Treatment for obesityassociated dyslipidaemia

Insulin resistance

The key to ameliorating the deleterious
effects of obesity-associated dyslipidaemia
is to reduce insulin resistance and LDL.

In obesity, insulin resistance in peripheral
tissues leads to a reduction in the uptake
of TG and FFA into the intracellular compartment and an enhanced hepatic flux
of FFA from dietary sources, resulting in
an increase in hepatic synthesis of VLDL.
Furthermore, the increased remnants of
TG being transported to the liver compete
for LPL, leading to decreased lipolysis
of chylomicrons.1 Lipolysis is further
impaired in obesity by reduced mRNA
expression of LPL in adipose tissue and
reduced LPL activity in skeletal muscle.1
The post-prandial inhibitory effect of
insulin on lipolysis is also impaired with
insulin resistance in obesity, resulting in
enhanced lipolysis in the intravascular
compartment and in adipose tissue even
in the fed state.1
The hallmark of dyslipidaemia in obesity is, therefore, hypertriglyceridaemia,
which induces an increased exchange of
CE in HDL and TG in VLDL and LDL via
the action of CETP, thereby leading to a
reduction in HDL and increased formation
of sdLDL. These changes in TG, HDL and
sdLDL levels are termed “atherogenic
lipoprotein phenotype”.8 With the presence of elevated LDL levels, this phenotype has been termed “atherogenic
dyslipidaemia”, which has been shown to
increase the risk of atherosclerosis and
cardiovascular diseases.

Proinflammatory adipokines
Obesity is associated with excessive
adipocyte tissue. Adipocytes have an
important role in sensing and managing
energy status and seem to respond to
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Weight reduction and lifestyle
changes

recommended. Ezetimibe works by binding to the NPC1L1 protein in the intestine,
thereby reducing the uptake and absorption of cholesterol by the small intestinal
enterocytes. The unabsorbed cholesterol
remains in the intestinal lumen for excretion. Combinations of statin / ezetimibe
(eg, atorvastatin / ezetimibe) are available
on the market for convenience and to
improve compliance. If the maximally
tolerated dosages of both the statin and
ezetimibe fail to control LDL to goal,
PCSK9 inhibitors (eg, alirocumab and
evolocumab) may be considered.

Insulin sensitivity improves with weight

Conclusion

reduction as demonstrated by studies in
post-bariatric surgery patients.10 A single
60-minute session of aerobic exercise
has also been shown to reduce insulin
resistance for up to 48 hours as measured by hyperinsulinaemic euglycaemic
clamp.11 In terms of diet, a single day
of excessive dietary fat intake reduces
whole body insulin sensitivity.12 Other
diet manipulations, including low-fat
diets, low-carbohydrate diets, high-fibre
diets and intermittent fasting, have been
studied in terms of their relationship to
insulin resistance but definite conclusions
will require further elucidation.

Obesity is associated with a highly
atherogenic dyslipidaemia profile due to
insulin resistance and proinflammatory
cytokines. While weight reduction and
lifestyle changes remain the first priority
in the treatment of obesity-associated
dyslipidaemia, pharmacotherapy is often
recommended to reduce the risk for cardiovascular disease. Statins are the firstline treatment for LDL-lowering, while
ezetimibe should be added on if LDL goal
is not attained while on a maximally tolerated dose of statin.

Pharmacotherapy for
dyslipidaemia in obesity
While weight reduction and lifestyle modifications are important, individuals with
high LDL levels should be considered for
pharmacotherapy to reduce their cardiovascular risk. The European Society of
Cardiology and European Atherosclerosis
Society have defined several thresholds
for commencing pharmacotherapy based
on risk categories (Table).13 The first-line
drugs for LDL-lowering are statins, which
inhibit HMG-CoA reductase, the ratelimiting enzyme in LDL production that is
highly expressed in the liver. For patients
who fail to achieve LDL goals with maximally tolerated dose of statin over a 4–6
week period, the addition of ezetimibe is

References
1. Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and
potential targets. Nutrients 2013;5:1218-1240.
2. Pan X, Hussain MM. Gut triglyceride production. Biochim Biophys Acta
2012;1821:727-735.
3. Altmann SW, Davis HR, Jr., Zhu LJ, et al. Niemann-Pick C1 Like 1 protein
is critical for intestinal cholesterol absorption. Science 2004;303:12011204.
4. Goldberg IJ, Eckel RH, Abumrad NA. Regulation of fatty acid uptake into
tissues: lipoprotein lipase- and CD36-mediated pathways. J Lipid Res
2009;50 Suppl:S86-S90.
5. Karpe F, Dickmann JR, Frayn KN. Fatty acids, obesity, and insulin
resistance: time for a re-evaluation. Diabetes 2011;60:2441-2449.
6. Carmena R, Duriez P, Fruchart JC. Atherogenic lipoprotein particles in
atherosclerosis. Circulation 2004;109:III2-III7.
7. Cooney MT, Dudina A, De Bacquer D, et al. HDL cholesterol protects
against cardiovascular disease in both genders, at all ages and at all
levels of risk. Atherosclerosis 2009;206:611-616.
8. Austin MA, King MC, Vranizan KM, Krauss RM. Atherogenic lipoprotein
phenotype. A proposed genetic marker for coronary heart disease risk.
Circulation 1990;82:495-506.
9. Reilly SM, Saltiel AR. Adapting to obesity with adipose tissue
inflammation. Nat Rev Endocrinol 2017;13:633-643.
10. Muscelli E, Mingrone G, Camastra S, et al. Differential effect of weight
loss on insulin resistance in surgically treated obese patients. Am J Med
2005;118:51-57.
11. Mikines KJ, Sonne B, Farrell PA, Tronier B, Galbo H. Effect of physical
exercise on sensitivity and responsiveness to insulin in humans. Am J
Physiol 1988;254:E248-E259.
12. Parry SA, Woods RM, Hodson L, Hulston CJ. A single day of excessive
dietary fat intake reduces whole-body insulin sensitivity: The metabolic
consequence of binge eating. Nutrients 2017;9:818.
13. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines
for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. Eur Heart J 2020;41:111-188.

Journal of The Society of Physicians of Hong Kong | 88

Table. Categories of total cardiovascular risk proposed in the ESC/EAS 2020 Guidelines
Very high risk

High risk§

Moderate risk

Low risk

Young patients (T1DM <35 years;
T2DM <50 years) with DM duration
<10 years, without other risk factors

Documented ASCVD

Clinical/imaging*

DM

Target organ damage†, or
≥3 major risk factors‡, or
early onset of T1DM of long
duration (>20 years)

No target organ damage,
with DM duration ≥10 years
or another additional risk
factor

FH

ASCVD or with another
major risk factor

No other major risk factors

CKD (eGFR)

<30 mL/min/1.73 m2

30–59 mL/min/1.73 m2

SCORE (10-year risk)

≥10%

≥5% and <10%

≥1% and <5%

<1%

LDL goals

<1.4 mmol/L

<1.8 mmol/L

<2.6 mmol/L

<3.0 mmol/L

*Documented ASCVD includes previous ACS (MI or unstable angina), stable angina, coronary revascularization (PCI, CABG, and other arterial revascularization procedures),
stroke and TIA, and peripheral arterial disease. Unequivocally documented ASCVD on imaging includes those findings that are known to be predictive of clinical events, such as
significant plaque on coronary angiography or CT scan (multivessel coronary disease with two major epicardial arteries having >50% stenosis), or on carotid ultrasound.
Target organ damage is defined as microalbuminuria, retinopathy, or neuropathy. ‡Age, hypertension, dyslipidaemia, smoking, obesity; §Markedly elevated single risk factors, in
particular TC >8 mmol/L (>310 mg/dL), LDL-C >4.9 mmol/L (>190 mg/dL), or BP ≥180/110 mmHg.
†

ASC, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; BP, blood pressure; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CV,
cardiovascular; CT, computed tomography; DM, diabetes mellitus; EAS, European Atherosclerosis Society; eGFR, estimated glomerular filtration rate; ESC, European Society of
Cardiology; FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention; SCORE, Systematic
Coronary Risk Estimation; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TIA, transient ischaemic attack.
(Adapted from Mach et al. Eur Heart J 202013)

Medicine, History and Art (5)
The Drunkeness
of Noah

The Drunkeness
of Noah (1509)
Michelangelo,
Sistine Chapel,
The Vatican

S

eeing that men were corrupt and
did not worship the one true God,
the Lord ordered Noah to build an
ark. In it, Noah and his family took refuge,
after bringing in one pair of each kind of
land animal.

Then the Lord sent heavy rain that
lasted 40 days and 40 nights, covering
the highest mountain on Earth. When the
flood water receded, the ark landed on dry
land at Mount Ararat. Noah and his family
started to plant in the soil, and made wine
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from the grapes they cultivated. Noah is
known in history as the first man who
tilled the fields, and also the first drunkard.
This painting shows that Noah often got
drunk in the fields, and his sons had to
carry him back to the house.
AUGUST 2020

COVID-19 & Obesity – At the Intersection of
a Pandemic and an Epidemic
Introduction
The World Health Organization declared
coronavirus disease 2019 (COVID-19),
the infectious disease caused by the
coronavirus SARS-CoV-2, a pandemic on
March 12, 2020. Infection has manifested
as acute respiratory tract syndrome of
varying severity, from asymptomatic virus
shedding, to anosmia, to rhinorrhoea
and cough, to silent hypoxia, respiratory
failure, or even multiorgan failure.1

The theoretical effect of
obesity on the severity of
COVID-19
Given our current understanding of its
pathogenesis, it is not surprising that
COVID-19 poses a particular risk to
people living with pre-existing conditions
that impair immune response or amplify

proinflammatory reactions.2 Obesity is
a state of chronic, low-grade, systemic
inflammation that can predispose
patients to the cytokine storm characteristic of severe COVID-19. In addition,
adipose tissue may serve as a reservoir
for SARS-CoV-2 due to its elevated levels
of expression of angiotensin-converting
enzyme 2, perpetuating spread to other
organs.3 Furthermore, interleukin 6 and
tumour necrosis factor-α, both mediators
important to inflammation and cytokine
storm, are associated with, and often
elevated in, obesity and/or metabolic
syndrome.4
Pathophysiologically, obesity is
associated with decreased expiratory
reserve volume, functional capacity
and respiratory system compliance and
worsened supine ventilation-perfusion

Figure 1. Potential obesity implications and mechanisms in COVID-19 infection5
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Cardiometabolic disease

•
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and subpopulations
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AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; eRPF, effective renal plasma flow; ESRD, end-stage renal disease; FC, functional capacity; FF, filtration fraction;
HDL, high-density lipoprotein; HFpEF, heart failure with preserved ejection fraction; IL-6, interleukin 6; LDL, low-density lipoprotein; RSC, respiratory system compliance; TNF-α,
tumour necrosis factor α. (Adapted from Sanchis-Gomar et al. Mayo Clin Proc 20205)
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mismatch, all of which would reduce a
patient’s respiratory reserve. Endotheliitis
has been proven to be an important
intermediary step in the extrapulmonary
organ involvement in COVID-19, and
obesity-related endothelial dysfunction
is known to promote prothrombotic and
proatherogenic states, which provoke
the development of, and the further
progression to, vascular endothelial dysfunction. Other overlaps include the risk
of developing atrial fibrillation, venous
thromboembolism and disseminated
intravascular coagulation, as well as the
shared cardiometabolic aetiologies of

obesity and the important comorbidities known to worsen acute respiratory
distress syndrome outcomes, including
hypertension, diabetes and cardiovascular diseases.5 The complex interaction is
illustrated in Figure 1.

Proven link between
obesity and severe
COVID-19 disease
Indeed, early data from Wuhan confirmed
that more than half of COVID-19 patients
who were admitted to intensive care
units (ICU), required mechanical ventilation or died had a coexisting disorder

(39/67, 58.2%), most commonly a cardiometabolic comorbidity such as diabetes
(18/67, 26.9%), hypertension (24/67,
35.8%) and coronary artery disease (6/67,
9.0%).6 Later evidence from different
regions supported the notion that obesity
was associated with increased COVID-19
mortality after adjusting for potential
confounders such as age.7
Calculating the adjusted risk ratio
(ARR) of ICU admission using the data
from 2,491 hospitalized adults with confirmed COVID-19, the COVID-NET group
identified age (ARR 1.53–1.84), male
sex (ARR 1.34), immunosuppression

Figure 2. Points and score intervals considered for clinical score scale (A), and the corresponding Kaplan-Meir survival
analysis curves (B) used to evaluate lethality of COVID-19 under different risk categories12
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(ARR 1.29), diabetes (ARR 1.13) and
obesity (ARR 1.31) as independent risk
factors.8 Other studies have similarly
demonstrated obesity as an independent
risk factor for hospitalization (odds ratio
[OR] 6.2, 95% confidence interval [CI]
4.2–9.3),9 more severe pneumonia (OR
5.70, 95% CI 1.83–17.76),10 admission to
critical care (OR 3.6, 95% CI 2.5–5.3)7
and need for invasive mechanical ventilation (OR 7.36, 95% CI 1.63–33.14).11
Taken together, the interaction of
risk factors can be interpreted in totality
by way of the prediction model developed by a Mexican group (using data
from 51,663 subjects with SARS-CoV-2)

the gradient of risk increase is steeper
in those under age 70 years and in nonwhites (predominantly South Asian and
Afro-Caribbean patients) (Figure 3).13
It remains unclear whether the ethnic
difference observed in the Biobank data
is related to genetics or other underlying
disparities in the social determinants of
health.14

which similarly identified obesity as one
of the eight independent prognostic factors with a weight on par with diabetes,
chronic obstructive pulmonary disease
and immunosuppressive state.12 A useful
visual tool is included in Figure 2.
Preliminary findings from the UK
Biobank also seem to show a dosedependent relationship between body
mass index (BMI) and COVID-19–related
death and, importantly, suggest that

weight as a result of a significant decline
in the average amount of moderate- or
vigorous-intensity exercise performed.15
As there is considerable evidence supporting the role of physical activity or
exercise training in decreasing inflammation in overweight or obese individuals,
maintaining body weight and improving
fitness through regular exercise may
represent a crucial goal for possible future
pandemics.

How COVID-19 can affect
obesity
A group in Nanchong made an interesting observation that, while males with
BMI ≥24 lost weight during the period of
semi-lockdown, all other subjects gained
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Figure 3. Associations of BMI with COVID-19–related death by gender (A), age (B) and ethnicity (C)13
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Kidney Disorders and Renoprotection in
Obese Patients

Introduction
Obesity has emerged as an escalating
health issue in adults and children affecting over 640 million individuals worldwide.1 Pathological conditions can occur
in various organs as a result of obesity. In
this context, obesity inflicts multiple deleterious effects on the kidneys and is an
independent risk factor for development
of renal disorders. This review will focus
on the pathogenesis and management of
obesity-related kidney disorders.

Putative mechanisms
of renal injury resulting
from obesity
Obesity can induce direct haemodynamic
effects on the kidney, causing an increase
in effective plasma flow, glomerular
filtration and albumin excretion (Figure).
Structural modifications in the kidney,
such as increase in kidney weight and
glomerular planar surface, podocytic
injury and mesangial expansion, are
observed in obese individuals. These

haemodynamic and structural alterations
can lead to pathological abnormalities
such as glomerular enlargement and sclerosis.2,3 Clinically, obesity-related kidney
diseases may manifest as early-onset
subnephrotic-range proteinuria, overt
nephrotic syndrome and progressive
renal insufficiency. Previous studies have
suggested that adiposity is associated

managed in obese patients to prevent the
development of long-term adverse renal
outcomes.
Two classes of hypoglycaemic
agents have demonstrated favourable
effects on renoprotection and weight
management. Examples of these agents
are the sodium-glucose cotransporter
2 (SGLT2) inhibitors and glucagon-like

with reduction in adiponectin, accompanied by elevation in leptin, resistin and
visfatin.4 Such an aberrant “adipokines”
milieu further contributes to increased
insulin resistance, activation of the reninangiotensin-aldosterone system (RAAS),
inflammatory and oxidative stress and
abnormal lipid metabolisms, thereby
incurring noxious effects on the kidneys
in obese subjects (Figure).4 Obesity also
shows strong associations with diabetes
mellitus (DM) and hypertension, which
are significant risk factors for the development of chronic kidney disease (CKD).

peptide 1 receptor agonists (GLP-1
RA). These medications show multiple
benefits in glycaemic control and weight
management as well as cardiovascular
and renal outcomes; thus, they have
transformed the management paradigm
of kidney disorders secondary to DM or
obesity. Notably, some renoprotective
effects of these medications appear to be
independent of their actions on glycaemic
control.
Inhibition of SGLT2 impairs the
reabsorption of sodium and glucose at
the proximal renal tubules, thus enhancing renal sodium and glucose excretion
to achieve glycaemic and weight control.6
In the EMPA-REG study, empagliflozin
decreased the risk of incident or progression of nephropathy (as defined by progression to macroalbuminuria, doubling
of serum creatinine and initiation of renal
replacement therapy [RRT]) by 39%.7 The
canagliflozin data from other multicentre
randomized controlled trials (CANVAS and
CANVAS-R) corroborated the promising
results of EMPA-REG.8 The CREDENCE
study further confirmed the observations
in CANVAS and CANVAS-R, showing that
the use of canagliflozin was associated
with a 30–40% reduction of adverse cardiac or renal outcomes.9 Experience from
these landmark studies also showed that
SGLT2 inhibitors can be safely used in
patients with an estimated glomerular
filtration rate (eGFR) as low as 30 mL/

Potential interventions
for obesity-related kidney
diseases
An
efficacious
weight-management
programme involving lifestyle modification, medical therapies and surgical
interventions can potentially prevent and
reverse obesity-related kidney diseases.
In this context, bariatric surgery may be
beneficial in selected patients with CKD
or end-stage kidney disease (ESKD) who
are waitlisted for renal transplantation.5
RAAS blocking agents not only show
established efficacy for reducing proteinuria and delaying renal function decline,
but can also potentially antagonize
adipokine-associated RAAS activation
that is pertinent to the pathogenesis of
obesity-related CKD. DM or hypertension, if present, should be optimally
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min.7–9 Overall, the current evidence suggests that SGLT2 inhibitors are associated
with clinical benefits on various indicators
of kidney dysfunction (albuminuria, GFR
decline over time) and the incidence of
hard renal endpoints such as renal death
or time to initiation of RRT. It is postulated
that the renoprotective effects of SGLT2
inhibitors are mediated through increased
delivery of sodium and chloride to the
macula densa, thereby causing feedback
vasoconstriction of renal afferent arterioles to alleviate glomerular hyperfiltration
and intraglomerular pressure. These
pharmacological actions may also be
highly advantageous in obesity-related

NHE3-dependent sodium reabsorption in
the proximal tubules, suppression of the
intra-renal RAAS system and amelioration
of various pathological processes such as
ischaemia, inflammation, apoptosis and
neural signaling.10 Evidence from different clinical trials (LEADER, SUSTAIN-6,
ELIXA, EXSCEL and AWARD-7) has demonstrated that treatment with GLP-1 RA
was associated with lower risk of incident
macroalbuminuria and composite renal
outcomes in type 2 DM patients.11–16
However, whether GLP-1 RA can confer
renal benefits in type 2 DM patients with
moderate-to-severe renal impairment
remains controversial.16,17 Furthermore,

kidney diseases, in which maladaptive
glomerular hyperfiltration plays a pivotal
pathogenic role. The effect on weight
reduction is an added advantage of using
SGLT2 inhibitors in obese patients. Based
on the encouraging results in type 2 DM
patients, studies are underway to investigate the renoprotective effects of SGLT-2
inhibitors in non-diabetic kidney diseases.
GLP-1 RA represent another novel
medication for DM that shows beneficial
effects on the kidneys. The renoprotective actions of GLP-1 RA are thought to
be mediated through their effects on glucose and blood pressure lowering, diminution of circulating insulin and weight
reduction. Emerging data also suggest
that GLP-1 RA may also show direct
effects in the kidney via the inhibition of

data for GLP-1 RA on eGFR decline and
hard renal endpoints (eg, ESKD or eGFR
<15 mL/min/1.73 m2) are lacking. It
remains speculative whether GLP-1 RA
and SGLT2 inhibitors act synergistically
to protect the kidneys in type 2 DM
patients, especially in those who are
obese. Further studies are worthwhile
to examine the merits of this attractive
combination in patients with DM or
obesity-related kidney disorders.

Conclusions
Obesity is associated with various renal
abnormalities and is mediated through
multiple pathogenic mechanisms. While
current data suggest that both SGLT2
inhibitors and GLP-1 RA show favourable renal effects in patients with DM,

their pharmacological actions may also
confer significant benefits in patients with
obesity-related kidney disorders. Further
studies are warranted to investigate novel
compounds that can attenuate important
pathogenic processes in obesity-related
kidney diseases.
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Figure. Putative pathogenic mechanisms of obesity-related kidney diseases and potential management strategies
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Combating Obesity Through Physical
Activity
Table. Calories/hour expended in common physical activities5
Moderate physical activity
Hiking

370

Light gardening/yard work

330

Dancing

330

Golf (walking and carrying clubs)

330

Bicycling (<10 mph)

290

Walking (3.5 mph)

280

Weight lifting (general light workout)

220

Stretching

180

Vigorous physical activity

P

hysical activity is a key determinant of energy expenditure and
is fundamental to energy balance
and weight control. Thus, it is a potent
strategy to facilitate long-term weight
management.

Recommendations on
physical activity
For health maintenance, the World Health
Organization (WHO) and Centre for
Health Protection (CHP) of Hong Kong
recommend that adults aged 18 years or
older should perform at least 150 minutes
of moderate-intensity aerobic physical
activity, 75 minutes of vigorous-intensity
aerobic physical activity, or an equivalent
combination of moderate- and vigorousintensity aerobic physical activity per
week.1-2 Moreover, muscle-strengthening
activities involving major muscle groups
should be done on two or more days a
week.

Approximate calories/h for a 70 kg persona

Approximate calories/h for a 70 kg persona

Running/jogging (5 mph)

590

Bicycling (>10 mph)

590

Swimming (slow freestyle laps)

510

Aerobics

480

Walking (4.5 mph)

460

Heavy yard work (chopping wood)

440

Weight lifting (vigorous effort)

440

Basketball (vigorous)

440

Calories burned per hour will be higher for persons who weigh more than 70 kg and lower for persons who
weigh less.

a

Vigorous-intensity physical activities can be defined as activities that take
hard physical effort and cause large
increases in breathing or heart rates,
while moderate-intensity physical activities take moderate physical effort and
cause small increases in breathing or
heart rates.3

Physical activity and
weight management
Our energy expenditure has three primary
components: activity energy expenditure;
resting metabolic rate (RMR); and dietaryinduced thermogenesis (DIT). Per week,
a person must expend about 3,500 more
calories than they consume to lose 1 lb of
body weight.4
In addition to increasing energy
expenditure, exercise also reduces
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appetite and favours the oxidation of
dietary fat, which likely helps prevent
weight regain. Regular physical activity
causes adaptations in white adipose
tissue, including decreases in cell
size and lipid content and increases in
mitochondrial proteins. The changes to
white adipose tissue may be part of the
mechanism by which exercise improves
whole-body metabolic health.6

Ways to increase energy
expenditure
1) Aerobic exercise
Aerobic exercise is any physical activity that uses large muscle groups and
causes the body to consume more oxygen than it would while resting.4 The goal
is to increase cardiovascular endurance.
AUGUST 2020

Examples include running, cycling,
swimming, brisk walking, skipping rope,
rowing, hiking, dancing, playing tennis,
continuous training and long-distance
running.7 Aerobic training is the optimal
mode of exercise for reducing body
weight by enhancing the cardiovascular
system, which is the principal factor in
metabolic utilization of fat substances.8

However, the injury rate for resistance training is much higher than for
aerobic training.10 Individuals engaging
in resistance exercise should seek the
guidance of a trained professional for
appropriate machine adjustment, selection of specific exercises, appropriate initial exercise prescription and subsequent
exercise progression.11

2) Resistance exercise

3) Be active

Resistance exercise is any physical activity in which the muscles contract against
an external resistance with the expectation of increases in strength, tone, mass
and/or endurance. It works by causing

Adults are more likely to maintain a
healthy weight if they have an active
lifestyle.10,12 Walking or cycling for all or
part of your journey to work and taking
the stairs instead of the lift are good ways

mass.17 A systematic review of fat loss
in HIIT studies showed that HIIT could
cause modest reductions in subcutaneous fat in young and healthy individuals
but resulted in greater reductions for
overweight individuals.18 A meta-analysis
examining 39 studies found HIIT, particularly running, to be a time-efficient
strategy for decreasing abdominal and
visceral fat-mass deposits.19
Both HIIT and continuous aerobic
exercise programmes improve the body’s
physiological and metabolic functions.
HIIT is an attractive alternative to address
overweight and obesity given its potential
to offer similar benefits while requiring

microscopic damage or tears to the muscle cells, which are quickly repaired by the
body to help the muscles regenerate and
grow stronger. The external resistance
can be dumbbells, rubber exercise tubing,
body weight, bricks, bottles of water or
any other object that causes the muscles
to contract. A systematic review showed
that resistance exercise increased RMR
while aerobic and combined resistance
and aerobic exercise failed to induce a
robust effect on RMR.9

to increase daily physical activity.

less time.

HIIT in weight
management

Conclusion

Compared with moderate-intensity continuous training, high-intensity interval
training (HIIT) programmes promote
greater increases in VO2max13 and ventricular and endothelial function,14 greater
or comparable improvements in insulin
sensitivity15 and blood pressure,16 and
greater reductions in total absolute fat
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* KEYTRUDA, in combination with pemetrexed and platinum chemotherapy, is indicated for the first-line
treatment of patients with metastatic nonsquamous non-small cell lung cancer (NSCLC), with no EGFR or ALK
genomic tumor aberrations.2
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mNSCLC = metastatic NSCLC; EGFR = epidermal growth factor receptor; ALK = anaplastic lymphoma kinase. Plat/pem = cisplatin or carboplatin + pemetrexed; OS = overall survival; HR = hazard ratio; CI = confidence interval.
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Antibody–Drug Conjugate: A Rising HER2Targeted Therapy for Multiple Solid Cancers
HER2 in breast cancer
Targeted therapy offers effective anticancer treatment without the side effects of
traditional chemotherapy. The human epidermal growth factor receptor 2 (HER2)
belongs to the epidermal growth factor
receptor (EGFR) family. These receptors govern cellular processes such as
proliferation, differentiation and survival.1
Gene aberration is strongly associated
with growth of cancer. HER2 is a known
poor prognostic biomarker, but it is
also now a well-established target for
therapeutic options in breast cancer
and gastric cancer.2,3 Overexpression
of HER2 can be detected in 25–30% of
breast cancers. The first HER2-targeted
therapy, trastuzumab, is a monoclonal
antibody approved by the US Food and
Drug Administration (FDA) in 1998 for the
treatment of early-stage breast cancer.
Adjuvant use of trastuzumab effectively

reduced cancer recurrence by half,4 and
has since changed the disease course for
HER2-positive breast cancer. Numerous
anti-HER2 therapies have been developed
to improve the life expectancy of breast
cancer patients. They include anti-HER2
antibodies and small molecule tyrosine
kinase inhibitors (TKI) (Figure 1).5

Genetic aberration of
HER2 and receptor
activation
Unlike other growth factor receptors,
no endogenous ligands for HER2 have
been identified. The HER2 receptor is
activated by heterodimerization with
other EGFR family members, such as
HER3, to initiate kinase activation, receptor phosphorylation and cellular signaling.6 The majority of currently known
HER2-driven tumourigenesis is related
to overexpression of the receptor, as

Figure 1. Action of clinically available anti-HER2 therapy (image adapted from Lv et al, 20165)
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Figure 2. Frequency of HER2 aberration in various cancers (modified from Oh and Bang, 20207 and Nelson, 20148)
Frequency of HER2 aberration
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defined by immunohistochemistry (IHC),
and/or gene amplification. Besides breast
cancer, HER2 overexpression has been
reported in many other cancers, varying
from 10% to >50% of cases depending
on the cancer type (Figure 2).7,8 In recent
years, it has become clear that recurrent
somatic mutations of the HER2 gene,
in the absence of amplifications, can
also enhance the active dimer interface
or stabilize the receptor in an activated
conformation, which results in cancer
formation.9–12 HER2 mutations occur at a
lower frequency – they can be found in
about 1–3% of various cancers.

Efficacy of HER2-targeted
therapy in other cancers
Genetic aberration of HER2, either by

protein overexpression or gene mutations, is an important and attractive
target in HER2-driven cancers. Despite
the extensive development of antiHER2 therapies for breast cancer, their
development for other cancers has been
slow. Trastuzumab in combination with
chemotherapy in HER2-positive gastric
cancer in the first-line setting, as per the
ToGA trial,13 is currently the only approved
HER2-targeted therapy beyond breast
cancer. In this study, HER2-positive
gastric cancer patients who had not been
treated in the metastatic setting were
given chemotherapy plus trastuzumab or
placebo. The overall response rate (ORR)
was 47% and 35%, respectively, while
median overall survival (OS) was 13.8
months and 11.1 months, respectively
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(hazard ratio [HR] 0.74; p=0.0046).13 The
benefit was mainly observed in patients
with a high IHC score of 3+ or 2+ with
fluorescence in situ hybridization (FISH)
positivity. However, subsequent phase
3 clinical trials of other anti-HER2 agents
commonly used in breast cancer, including pertuzumab, lapatinib or trastuzumab
emtansine (T-DM1), failed to demonstrate
added meaningful survival benefit in the
first- or second-line settings. Intratumoural
HER2 expression in gastric cancer is heterogeneous due to its mixed histological
type. Furthermore, HER2 loss has been
observed in patients who progress on
first-line anti-HER2 therapy. These findings might explain the resistance that has
been documented with newer anti-HER2
therapy in gastric cancer.
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The development of traditional
HER2-targeted therapy in many other
cancers remained or ceased at an early
phase. Much of the experience is derived
from small phase 2 trials or subgroup
analyses of basket trials that recruited
patients with a mix of HER2 gene amplification, protein overexpression and gene
mutation. The cohorts tended to be small
with modest responses to anti-HER2
treatment. The most studied non-breast,
non-gastric cancers were colon, lung
and bladder cancer. In patients who had
progressed on standard of care, use
of an anti-HER2 regimen induced an
ORR of around 20–30%, with a short

In breast cancer, DS-8201 induced an
ORR of 60.9% and a median PFS of 16.4
months in heavily pretreated patients,
including those who had developed
resistance to T-DM1 (Figure 3).16 As a
result, the US FDA granted DS-8201 an
accelerated approval in December 2019
for patients with advanced-stage HER2positive breast cancer who have received
two or more prior anti-HER2–based regimens. This ADC has a unique property
in that the payload of DS8201 has high
membrane permeability.20 This leads to
“bystander” killing effects on tumour cells
neighbouring the HER2-positive cells,
thus improving the efficacy of this drug.

progression-free survival (PFS) of merely
a few months. Regrettably, the presence
of a HER2 aberration in solid cancers
other than breast cancer did not confer
an encouraging response to existing antiHER2 therapy.

In HER2-low breast cancer, as defined
by IHC 1+ or 2+ without FISH positivity,
DS-8201 showed a unprecedented ORR
of 44.2% and disease control rate (DCR)
of 79.1%.21 The median PFS was 7.6
months.
These findings suggest that
DS8201 has a targeted antitumor effect
even when the HER2 signal is suboptimal. This property could be beneficial
in cancers with heterogeneous overexpression of HER2, or when the HER2
signal becomes weaker in secondary
resistance. The encouraging preliminary
antitumor activity of DS8201 in a phase
1 study led to multiple phase 2 studies in
various non-breast cancers (Figure 3).17–19
In the randomized phase 2 trial, DESTINYGastric01, 187 patients with gastric cancer and strongly positive HER2 IHC who
had failed prior trastuzumab-based treatment were randomized in a 2:1 fashion
to receive DS-8201 or physicians’ choice
of treatment. Patients in the DS-8201 arm
had an ORR of 51%, which translated
into a significant 41% reduction in risk
of death (median OS 12.5 months vs 8.3
months: HR 0.59; p=0.01).17 In another
single-arm, phase 2 trial, DESTINYLung01, 42 patients with refractory nonsmall cell lung cancer (NSCLC) and HER2
mutation were given DS-8201. The results
were favourable: ORR was 61.9%, DCR
was 90.5% and median PFS was 14
months.19 The single-arm, phase 2 trial,

Antibody–drug conjugate
as an emerging strategy
for effective targeted
therapy
An antibody–drug conjugate (ADC) is a
targeted antibody conjugated with a
chemotherapy agent. Trastuzumab
emtansine (T-DM1) is the first ADC for
HER2-positive cancer and it displays
good efficacy in breast cancer. The preliminary efficacy of T-DM1 in non-breast,
non-gastric cancers has been tested in a
multi-cancer basket trial. Treatment with
T-DM1 in HER2-amplified cancer that was
refractory to standard treatment led to an
ORR of 50% (3/6) in lung cancer, 22%
(3/18) in endometrial cancer, 100% (5/5)
in salivary cancer and modest response
rates in biliary and ovarian cancer.14 HER2
amplification did not predict response.
HER2 amplification assessed by nextgeneration sequencing correlated well
with FISH positivity, but did not necessarily translate into IHC 3+ positivity.
Trastuzumab deruxtecan (DS-8201)
is a novel ADC that couples trastuzumab
with a payload topoisomerase I inhibitor
at a high drug-to-antibody ratio of 8.15
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DESTINY-CRC01, recruited 53 treatmentrefractory patients with HER2 overexpression.18 DS-8201 induced an ORR of
45.3% and median PFS of 6.9 months; in
patients with 3+ IHC expression (strongly
positive), ORR was even higher, at 57.5%.
Treatment with DS-8201 was associated
with haematological toxicities such
as anaemia (~35%), neutrophil count
decrease (~11%) and thrombocytopenia
(~13%). Up to 10% of patients developed interstitial lung disease, which is a
specific toxicity of this drug that requires
vigilant monitoring.18

Conclusion and the
future
HER2 aberrations are found in multiple
solid cancers and are an attractive target
for disease management. The traditional
anti-HER2 strategy includes a monoclonal antibody and a small molecule
TKI. Although effective in HER2-positive
breast cancer, the efficacy of this
regimen has been minimal in non-breast
HER2-positive cancers. ADC offers the
advantage of targeted therapy with the
added benefit of the cytotoxic agent
being delivered to the tumour area. Newgeneration ADCs, such as DS-8201, can
enhance treatment efficacy by optimizing
the physical properties of the payload
chemotherapy. Preliminary data from
early-phase trials have already shown
encouraging anticancer activity in nonbreast HER2-positive cancers, even in
heavily pretreated cases. Thus, further
testing is warranted. Besides ADCs,
many new HER2-targeted strategies
are under development. For instance,
bispecific antibodies, which concurrently
target HER2 and other intracellular
signaling pathways, and HER2-directed
immunotherapy. Defining the optimal
protocol for molecular testing of HER2
overexpression or gene mutation as a
biomarker for response in each cancer
type will ultimately play an important role
in clinical practice.
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Figure 3. Best change in tumour size across different solid tumours treated with DS-820116–19
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