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Purpose of review

This review outlines recent research in the application of low carbohydrate diets (LCD) for insulin resistance
(IR) and metabolic syndrome (MetS).

Recent findings

Studies included in this review explore how a LCD can be used in the management of patients with IR and
MetS. LCDs have been shown to result in Type 2 Diabetes Mellitus (T2DM) remission, improve lipid profiles
and dramatically reduce intrahepatic fat.

Summary

The field of nutritional science is notoriously complex. The LCD has a simple narrative, which can easily
and safely be applied in clinical practice. Current guidelines recognise and encourage the use of LCD as a
valid option for patients with T2DM and obesity. Structured, evidence-based education should be available
for all clinicians to increase confidence and ensure consistency and quality control. Further real-world
evidence into the application and scalability of a LCD are required. The use of digital health solutions and
improved health technology should see significant advances in this field, with dietary habit being driven by
patient-derived health data in response to food, and not population-based food guidelines. The narrative
around MetS and IR needs to change from progression to remission, with a LCD being a valid option for this.
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Humans are not designed for modern living. Long
before the COVID-19 pandemic, healthcare profes-
sionals have been battling a silently spreading
endemic of insulin resistance (IR) and metabolic
syndrome (MetS). This is in part due to the overcon-
sumption of calorie dense, nutrient poor foods,
coupled with sedentary habits, resulting in a tidal
wave of lifestyle-related illnesses linked with IR.
According to the WHO Global Report on Diabetes
[1], an estimated 422 million adults worldwide were
living with diabetes in 2014 compared to 108 mil-
lion in 1980, with this number estimated to be 463
million at present with a projected incidence of
700million by 2045 [2]. In the UK, 10% of the
NHS annual budget is spent on diabetes, and when
indirect costs are considered, this rises from £10bil-
lion to £40billion by 2035 [3]. Previous views on
MetS were that this was a progressive condition with
limited proven treatment options, as evidenced by
its prevalence of more than 1 in 3 adults in the USA
[4]. In this paper, I aim to explore the relationship
between IR and MetS and the role in which a low
carbohydrate diet (LCD) can have in this cohort.
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The central features of the MetS are; IR, visceral adi-
posity, atherogenic dyslipidemia and endothelial dys-
function. Various definitions for MetS exist, with the
two most commonly used being either the updated
National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATPIII) [5] or the interna-
tionaldiabetes federationcriteria [6].TheNCEPATPIII
defines MetS if 3 or more of the following are present;
sex-specific raised waist circumference, hypertension,
fasting triglyceride level>150 mg/dl, sex-specific fast-
ing high-density lipoprotein, sex specific total choles-
terol and fasting glucose >100mg/dl[5]. In contrast,
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KEY POINTS

� Insulin resistance and metabolic syndrome are
intimately related, which can lead to many preventable
lifestyle-related diseases.

� A low carbohydrate diet is a safe dietary approach in
this cohort.

� Clinicians should have access to structured education in
how to use therapeutic carbohydrate restriction.

� Type 2 diabetes remission is now a realistic target for
patients and clinicians.

� Advances in digital health and health technology can
result in bespoke, patient-derived, real-time data to
support sustained behaviour change at scale.

Obesity and nutrition
INTERNATIONAL DIABETES FEDERATION criteria
include the same criteria but requires obesity as an
absolute requirement, with 2 or3 supporting biomark-
ers to be present for MetS to be diagnosed [6].
WHAT IS A LOW CARBOHYDRATE DIET?

It is generally accepted that a LCD reduces carbohy-
drate [CHO] consumption to <130 g/day [7], how-
ever, no universally accepted definition exists. This
therapeutic restriction reduces or omits sources of
starch and other sugars in the form of refined car-
bohydrates, grains and certain fruits and vegetables.
A LCD tends to be ad libitum with a focus on high-
fibre sources of carbohydrate such as leafy greens,
cruciferous vegetables and low GI fruits, vegetables,
nuts and seeds. Patients are encouraged to eat their
preferred sources of protein and also include healthy
sources of fat. The diet can be nutrient rich, with an
abundance of phytochemicals and phytonutrients
along with essential fatty acids and amino acids,
resulting in tighter blood sugar control and insulin
sensitivity, leading to significant improvements in
type 2 diabetes and obesity [8

&

]. A LCD is now
recognised by the American Diabetes Association
and is promoted as an approach to achieve Type 2
Diabetes Mellitus (T2DM) remission [9

&

]. A consensus
has yet to be reached on an agreed global definition
for T2DM remission. There is agreement, however,
that fasting plasma glucose or HbA1c needs to be
below the WHO diagnostic threshold on two separate
occasions separated by 6 months, and the complete
cessation of glucose-lowering therapies [52].

What is insulin?

Insulin is integral for human survival, with direct
impact on substrate use in multiple peripheral tis-
sues [10]. These include glucose uptake – and
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subsequent glycogen synthesis – in the liver and
skeletal muscle and the promotion of lipid storage in
adipocytes by triglyceride synthesis and lipolysis
inhibition [11].
What is insulin resistance?

IR results from the failure of target cells to respond to
circulating levels of insulin, leading to hyperglycae-
mia. In order to ensure homeostasis, more insulin is
then secreted which results in a combined state of
hyperglycaemia and hyperinsulinaemia in both
fasted and postprandial states [10]. IR is strongly
linked with physical inactivity, obesity and low-
grade inflammation, beta cell failure, T2DM, cardio-
vascular disease, altered liver function, polycystic
ovarian syndrome, and certain cancers [12]. What is
particularly alarming is that these processes can be
seen decades before diagnosis, resulting in a long lag
from potentially reversible processes to established
end-organ disease. Despite links between obesity
and IR, the underlying pathogenesis remains
unclear. The twin-cycle hypothesis postulates that
chronic calorie excess leads to ectopic fat accumu-
lation, most notably in the liver and pancreas with
IR ensuing [13].
Peripheral Insulin resistance

Liver IR results in both unsuppressed endogenous
glucose production and reduced glucose uptake [14]
and the un-suppression of de novo lipogenesis and
very low density lipoprotein (VLDL) production, driv-
ing elevated VLDL secretion [15]. Skeletal muscle IR
impairs glucose uptake via the GLUT4 transporter,
which leads to elevated postprandial glucose levels
and reduced glucose tolerance. The role of adipocyte IR
is more indirect. Patients with IR can have high levels
of plasma free fatty acids, which are taken up by
peripheral tissues (liver,pancreas and skeletal muscle),
contributing to ectopic fat accumulation and exacer-
bating the impact of IR [16]. There is no doubt that the
greater the volume of ectopic visceral fat in the body,
thegreater the riskofdeveloping IR.Althoughpatients
can be obese and remain ‘healthy’ – these patients are
the exception and not the norm [17].

Obesity is also associated with inflammatory
factors characterised by high levels of chemokines,
adipokines, pro-inflammatory cytokines, and adi-
pose tissue macrophages. These in turn have a con-
tributory effect to both impaired immunity and
immune memory for subsequent immune system
adaptivity [18]. This relationship has been acutely
apparent during the COVID-19 pandemic, with
poor metabolic health increasing morbidity [19]
and mortality [20].
Volume 28 � Number 5 � October 2021



Effect of low carbohydrate diets Foley
NUTRITION

A systematic review [21] found that patients with IR
eat about the same proportions of macronutrients as
the general population [22]. Although it is true that
a calorie is a calorie, the source of calories can have a
wide-ranging impact on subsequent metabolic
responses, especially insulin and blood glucose levels.
200 kcal from broccoli or salmon will have a different
metabolic impact than 200 kcal from refined carbo-
hydrates or indeed ultraprocessed foods. It is known
that metabolic responses to food can influence car-
diometabolic disease risk, however, thereare as yetno
high-scale high-resolution studies [23

&&

].
One study exploring the role of a LCD in

patients with MetS found that a rapid reversal could
be achieved in just 4 weeks with lasting improve-
ments in postprandial insulin sensitivity, with these
findings independent of weight loss, which was
locked out of the equation in this study [24].

Although not definitive, there can be a credible
role of carbohydrate overconsumption [24] in the
pathogenesis of MetS and the obesity epidemic [25].
There are no ‘essential’ carbohydrates for human
survival, with the amount of carbohydrate required
for optimal health unknown. Although glucose
itself is crucial for human survival, we have inbuilt
physiological processes enabling glucose produc-
tion in the liver if dietary sources are low, to fulfil
the body’s metabolic processes.

Although the ‘diet wars’ continue between car-
bohydrates and fat being prime causes of the obesity
epidemic, it is protein, which is perhaps the most
important macronutrient to focus on in my personal
opinion. One study revealed significant low levels of
protein intake in an older patient population, with
<50% achieving the lower end of recommended
daily intake and protein intake negatively correlat-
ing BMI [26

&

].
Certainly the ease in availability of calorie dense

ultraprocessed food – high in sugar, fat and salt –
does appear to have significant impact on caloric
intake, with one study suggesting that a diet with
ultra-processed food increases food intake by 500kcl
per day [27]. Although this study shows how ultra-
processed foods can lead to overeating, it also fur-
ther supports the argument of certain foods having
an impact on appetite far superior to their unpro-
cessed counterparts, which requires future research.
PRACTICAL ADVICE FOR LOW
CARBOHYDRATE DIET

The concept of a LCD is simple. Reduce dietary
intake of glucose to improve hyperinsulinaemia.
Dietary sources of glucose are often obvious to
patients, but many are unaware of ‘hidden sugar’
1752-296X Copyright � 2021 The Author(s). Published by Wolters Kluwe
in foods - often forming the foundation of a
‘healthy’ diet - which do not taste sweet, yet can
dramatically influence blood glucose levels, such as
starchy carbohydrates. Basic education about die-
tary sources of glucose, and identifying where the
sugar is in their diet can lead to dramatic improve-
ments in blood glucose control, weight and other
metabolic health parameters for patients.

Patients enjoy the freedom of eating to satiety ad
libitum, which can result in patients feeling as
though they have more autonomy without the con-
straints of calorie counting. When a LC diet is used
appropriately, patients can be in a negative energy
balance, whereas also feeling satiated and satisfied
with their diet. This is in part due to appropriate
protein intake and the stabilisation of blood sugar.

Real-world evidence in support of a LCD reports
93% remission of prediabetes and 46% drug-free
remission of T2DM over a 6 years period in an
NHS primary care setting. This was achieved
through standard 10 min appointments with regular
follow-up, the option of attending group classes and
a series of patient information sheets and illustrative
infographics to explain the role in which starchy
carbs can have on blood sugar [28

&&

].
Clinicians should be familiar with patient risk

profiles when considering a LCD, not least with
medication de-prescribing, however, practical advice
is available [29]. Ongoing clinical monitoring is
essential to ensure that health markers are showing
improvement, and that no unwanted effects of the
approach occur such as an increase in LDL or wors-
ening end-stage renal function. It must be stressed
that these are the exception and not the rule, but
warrant consideration when offering this approach
to our patients. Patients can also be reminded of the
abundance of dietary fibre when using a LCD espe-
cially from sources like non-starchy-veg.
LIVER

’Before the diagnosis of Type 2 Diabetes, there is a
long silent scream from the liver’ [30].

Non Alcoholic Fatty Liver Disease (NAFLD) is
defined as >5% IHF in the absence of alcohol abuse
and affects about 25% of the world population [31],
which can progress to steatohepatitis, liver-cirrhosis
and hepatocellular carcinoma [32]. IR is though to
be central in the accumulation of intrahepatic fat
(IHF) and is associated with raised liver enzymes
(ALT), T2DM, cardiovascular risk and extrahepatic
malignancies [33]. More recently, NAFLD has been
associated with decreased gut microbiome diversity
and gut microbial imbalance [23

&&

].
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The current evidence based strategy for NAFLD
supports weight loss through lifestyle interventions
[34]. It would appear obvious that any diet improv-
ing IR will have a positive impact on improving
NAFLD. We know from the DIRECT trial that low-
carb low-calorie meal replacements showed mag-
netic resonance imaging evidence of significant
IHF reduction among the intervention cohort
[35], with a further study showing reduced IHF after
just 6 weeks of a LCD [36].

Among other studies with varied carbohydrate
intake, some reported a significant reduction of
aminotransferases [37], with a recent meta-analysis
from 10 clinical trials showing that a LCD in this
patient cohort led to a significant reduction in IHF
[38] with further paper suggesting that a plant-based
Mediterranean style diet - supplemented with green
tea, walnuts and polyphenols - reduced NAFLD by
50% [39].
CARDIOVASCULAR HEALTH AND INSULIN
RESISTANCE

The adverse effect of obesity and abnormal lipid
profiles at a young age (20s) has strongly been linked
with future IR [40]. Clinical studies demonstrate
that 50% of hypertensive subjects have comorbid
hyperinsulinaemia or glucose intolerance with 80%
of patients with T2DM having hypertension [41].
The ‘dyslipidemia lipid triad’ induced by IR, coupled
with the direct impact of chronic hyperglycaemia
on cardiovascular cellular functions, including
hypertension, endothelial dysfunction, oxidative
stress and alterations in cardiac metabolism, result
in a significant impact on cardiovascular health. A
resulting underlying increased inflammatory state
can contribute to or is associated with atherosclero-
sis and the development of coronary artery disease
[41].

There is growing interest in reviewing the widely
held view that saturated fat should continue to be
restricted to <10% of calorie intake. Different satu-
rated fatty acids (SFA) have different metabolic
impacts, with recent studies suggesting that several
SFAs (whole fat dairy, dark chocolate, unprocessed
meat) are not associated with increased CVD or
T2DM risk [42]. It is prudent to consider the cardio-
vascular risk profile of a patient when considering
the merit of a LCD. Although a LCD can improve
lipid profiles [43], there is a potential for a sub-
cohort of patients to become ‘hyperresponders’ to
a LCD, which may increase cardiovascular risk,
however, this appears to be the exception, thus
monitoring of such cardiac risk is essential in
all patients.
466 www.co-endocrinology.com
DIGITAL HEALTH AND TECHNOLOGY

The downstream economical impact of MetS and IR
on healthcare systems is significant [3].

The potential for digital solutions, offering scal-
able interventions for IR and MetS and enhancing
healthcare ecosystems is promising. Promising data
have suggested up to 60% remission of T2DM at
1 year, using nutritional ketosis through remote
digital monitoring [44]. Furthermore, the digital
delivery of a structured nutrition-focused, low-carb
intervention can also result in significant health
improvements, with one intervention reporting
25% remission rates [45], using established evi-
dence-based behaviour-change techniques, shown
to be effective in digital platforms and improving
self-efficacy of chronic disease management [46].

Continuous glucose monitoring technology
gives further insight into the intricate relationship
between diet and metabolic health. In my view, this
technology can change the landscape for all
patients with IR. Patients can learn how certain
foods can impact their own health data, leading to
bespoke personal data-driven behaviour change
using real-world, real-time feedback. Such digital
solutions and technological tools need to be
explored further, as a means to offer proven, scal-
able, low-cost interventions.
A NEW DIABETES PARADIGM

IR is strongly linked with T2DM [12]. The current
diabetes management narrative describes T2DM as a
progressive disease [47] and promotes a low-fat diet,
where carbohydrate intolerant patients consume
high levels of refined carbohydrate. Inevitable
hyperglycaemia and hyperinsulinaemia ensues,
compounding the problem further. This standard
of care has a remission success rate of 0.25% [48].

We have seen a seismic shift in thinking over the
last 15 years, with an acceptance of the possibility of
T2DM remission having transatlantic recognition
[49]. This is in part thanks to landmark studies,
which showed 1-year remission rates of 46% when
participants took low calorie [700kcal] low-carb
meal replacements, with a gradual re-introduction
of food [33]. We know that diabetes remission is
achievable, using LCD, bariatric surgery or very low-
calorie diets [50], with a recent meta-analysis show-
ing no adverse consequences of a LCD after
6 months [8

&

]. Long-term maintenance of remission
remains unproven for both LC and VLCD, with the
best evidence base for sustained remission being
bariatric surgery, with 10-year remission rates of
83% [51].
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CONCLUSION

As with all change, if you don’t measure it, you
cannot change it. The narrative surrounding MetS
and IR needs to change from progression to remis-
sion. We need to act on patient’s early metabolic
derangements and address ‘false wellness’ before
end organ damage ensues. Although not the only
option available for patients, a LCD can be used
safely and effectively, with improvements seen in
just 1 month. Further research is required in this
field, particularly in exploring the scalability of
LCD in real-world studies. With the ongoing
developments in digital health and medical tech-
nology, I hope that we will be soon living in a
world using patient-derived data, empowering
sustained behaviour change at scale. This should
see a move away from population-based food
guidelines to more bespoke nutrition based on
an individual’s metabolic responses to food. The
future looks promising for this cohort, with a LCD
and the potential for digital-health and technol-
ogy offering hope as we turn the tide on
this epidemic.
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