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Abstract

The incidence of diabetes mellitus (DM) in developing countries like Asia has increased over the past few years. This is
secondary to the changing development along with lifestyle of the younger generation who prefer to take up the western
style of eating high calorie fast food with minimum exercise. Previously, the rate of DM was very low but is increasing at
significant rates which are a cause of concern in Asia. There is not much literature available regarding T1D in Asian
countries in view of lack of lower field surveys and absence of quantitative data. However in USA approximately 30% of
subjects having T1D don’t achieve the aimed glycaemic targets and lot of comorbidities exist which suggest some novel
treatment avenues which include lifestyle modifications. Recent nutritional guidelines implicate a flexible approach in
carbohydrate intake which is in relation to intensive insulin therapy. Basically these guidelines are meant to get more
freedom in nutritional choices but may result in greater calorie intakes and unhealthy eating patterns which are resulting
in higher prevalence of obesity and Metabolic Syndrome in people living with T1D, a phenomenon observed worldwide,
so that recently the term diabesity got coined to understand the importance of treating the 2 together. Low carbohydrate
/day (LCD<130g/day) might be a better way of getting a glycaemic control and metabolic health in subjects with T1D.
Recreational exercise on a regular basis or getting a high athletic performance might be of importance in many people

living with T1D. Work done on subjects not having T1D implicates that if athletes do training using decreased
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carbohydrates enhance adaptation in contrast to that with normal/high carbohydrates. Yet this train low aspect has not

been checked in T1D subjects. Further use of low restricted/periodised carbohydrate diets in T1D athletes is discussed.
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Abbreviations: DM: Diabetes Mellitus, LCD: Low
Carbohydrate Diet, T1D: Typel Diabetes Mellitus, ADA:
American Diabetes Association, DAFNE: Dose Adjustment
For Normal Eating, VLCD: Very Low Carbohydrate Diets,
DKA: Diabetic Ketoacidosis, IR: Insulin Resistance, IMTG:
Intramuscular Triglyceride, SGLT2: Sodium Glucose
Transporter2, MAPK: Monophosphate Activated Protein
Kinase, IMCL: Intra Myocellular Lipids, Qol: Quality of Life,
AT: Adipose Tissue.

Introduction

Typel diabetes mellitus (T1D) 1is a chronic
inflammatory autoimmune disease where the insulin
producing cells within the pancreas get destroyed [1].
This results in lifelong dependency on exogenous insulin
and need for managing glucose profiles through diet and
exercise. Following a diagnosis of T1D control of blood
glucose levels remains challenging, with a continuous risk
of severe hypoglycemia and severe hyperglycemia along
with keto acidosis lifelong [2]. In long-term people with
T1D have an enhanced risk of micro as well as macro
vascular complications in view of exposure to improper
glucose throughout life [3,4]. The American diabetes
association (ADA) treatment guidelines suggest a target
Hb Alc of <7.0% (53mmol/mol in adults with T1D (7.5%)
for youth with TID to reduce the risk of long term
diabetes related complications [5]. Recent data from the
T1D Exchange of 22,697 people with T1D in the USA
showed that only 17% of children and adolescents under
18years, and only 21% of adults at age >30years are
achieving their Hb Alc targets. Rather than improving, it
has been found that Hb Alc levels are deteriorating,
despite development of technologies like continuous
glucose monitoring devices and insulin pumps. The high
proportion of subjects not achieving Hb Alc targets with
current therapies implicate need for novel intervention
strategies urgently to decrease this deterioration in
glycaemic control in this patient population. Evidence is
emerging that dietary manipulation and in particular low
carbohydrate intake (<130g per day) by using a proper
strategy for many people especially if weight loss and
prevention of hyperglycemia and hypoglycemia are a
concern [6].

Many people who live with T1D, especially those ones
who participate in physical activity on a recreational basis
or achieving a high level of athletic performance is
important to get a balance between glycaemic control and
nutritional intake to fuel performance that is pivotal for
these subjects. Different studies carried out in people
without T1D have shown the efficacy of periodic “train
low, compete high” paradigm where selected sessions are
undertaken deliberately with decreased carbohydrate
availability to activate molecular pathways, to augment
skeletal muscle adaptation [7,8]. Endurance training with
decreased muscle glycogen stores (training low) has been
demonstrated to enhance the expression of various genes
encoding for mitochondrial enzymes protein content and
activity, and increase the rates of lipid oxidation during
submaximal exercise when compared to training with
normal or high glycogen stores [9,10]. In case of athletes
having TID, training with decreased carbohydrate
availability might also represent a strategy which benefits
glycaemic control in day to day life and training-induced
increases in skeletal muscle oxidative capacity, which may
have benefits both in endurance performance and body
composition (i.e., reduced fat mass, enhanced lean mass).
But the long term effects of training and decreased
carbohydrate availability along with consumption of low
carbohydrate diets on skeletal muscle insulin sensitivity,
metabolic  health, training adaptation, exercise
performance, and glycaemic control during and after
exercise are yet to be investigated in people with TID.

Thus aims of this review are
a. to know the pros and cons of low carbohydrate diet
(LCD) in people having T1D

b. discuss if there is any potential for low and/or
restricted carbohydrate diets in recreationally active
individuals with T1D

c. Plan carbohydrate restriction strategies for elite or
recreational athletes with T1D as means to improve
training adaptation besides improving glycaemic
control.
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Previous History of Restriction of
Carbohydrates in T1D Patients

Prior to insulin availability carbohydrate and calorie
restriction as “Starvation diets” used to be the most
advanced treatment for T1D [11]. For this Frederick Allen
and Joslin E Proposed use of low carbohydrate restrictive
diets, since this was the only way of delaying death from
ketoacidosis [12]. Following the discovery of insulin in
1922, this practice of dietary restriction continued, to
some degree and carbohydrate liberalization was
introduced with a lot of caution. Over the next 50 years
diet advice for people with T1D still focused on limited
moderate-carbohydrate consumption with restriction of
refined sugars. Meal plans to be followed strictly got
calculated and exchange systems got developed, where
food portions, especially carbohydrates got weighed
carefully and measured.

This concept on diet got challenged in 1960’s, with
concerns raised regarding the risks of a low carbohydrate
diet, high saturated diet in an atherogenically disposed
individuals. Thus recommendation moved to decrease fat
intake (<3 5% of energy) and increasing carbohydrates to
approximately 50-55% of total energy intake, but with the
instructions that most carbohydrates had to be taken at
mealtime and snacks had to be taken from complex food
sources. Gradually sucrose got introduced into these
recommendations at an intake of no greater than 10% of
the total energy intake. Once faster acting meal time
insulin’s along with sophisticated delivery devices like
insulin pens and pumps got introduced, the tailoring to
precise doses to food intake preferences using
carbohydrate counting and insulin dose calculators could
be utilized. This concept of matching insulin to
carbohydrate intake, instead of matching food intake to
estimated energy needs and insulin dosages, became the
standard practice for T1D management. E.g. self-
management programs like Dose Adjustment for normal
Eating (DAFNE) have permitted greater dietary flexibility
with the provision of including potentially all foods.
Hence for past years, low fat and high carbohydrate diets
have been the recommendation and promoted for healthy
eating for people with DM along with for the general
population [13,14]. On analysis of the food pattern during
this more recent “obesity epidemic” revealed that an
increase of calories was almost entirely due to greater
carbohydrate intake [15]. In this modern day incidence of
obesity, Heart disease and DM have become the highest
than any other times [16], and the obesity prevalence in
T1D has reached very dangerous levels, partly because of
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this liberalization of diet and general sedentary life led by
this patient population.

Low Carbohydrate Diets-Definition

In 2018 the ADA Standards of Medical Care
recommended 15-20% of total energy from dietary
protein, 20-35%energy from fats that leaves a balance of
45-60% energy from carbohydrate [17]. These guidelines
are same for children along with adolescents having T1 D
[18]. No universal definitions that have been agreed by all
regarding “low carbohydrate diet” exist; still <130g of
carbohydrate /day or <26% of total energy has been
proposed [19] which will vary based on certain factors
including age, sex, and activity levels. Some reports show
that very low carbohydrate diets (VLCD), as defined that
25-50g of carbohydrate/day may decrease in HbAlc as
low as 5.3% [20] in people with T1D, besides some stray
reports regarding positive effects of VLCDs for glycaemic
control [21,22]. Although lowering HbAlc is beneficial
[23], not much evidence exists regarding any additive
benefit of getting HbA1c that is lower than 7.0% in T1D
when consider total premature risk of morbidity and
mortality [24], thus it may be unnecessary to promote
these extreme VLCDs, especially if there is a higher risk of
hypoglycemia or diabetic ketoacidosis(DKA) [25]. Some
reports show that subjects with T1D who had a week low
carbohydrate/day (<50g/d) were at a risk of impaired
response to glucagon rescue during mild hypoglycaemia
[26], possibly due to decreased liver glycogen content.
Normally VLCDs are not recommended by certified
diabetes educators and nutritionists for T1D subjects
taking into account the theoretical concerns over
potential DKA, hypoglycaemia, dyslipidaemia, nutritional
deficiencies and difficulty maintaining such diets over
long term [27]. Irrespective of whether VLCD’s are
efficacious in preventing glucose rise and for controlling
weight, it appears to be an unrealistic approach for most
of T1D patients, as compliance is expected to be very low.
While it is possible that an LCD (50-130g of
carbohydrate/day) might be a realistic target which is not
that restrictive and still might offer potential benefits.

Right now it is not clear whether restricting
carbohydrate/day may be very restrictive for active
individuals who have T1D like in case of athletes,
nutritional requirements would get influenced by the
metabolic demands of the sport for which they are
training for along with the periods of their training
schedule for competitive sports. Hence currently this
realization is made regarding use of carbohydrate/day
according to a sliding scale for active or athletic T1D
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subject [28] and hence needs adjustment day by day and
further meal by meal based on the training and
competition schedule as reported by Impey, et al. [8].
Nevertheless, subjects with T1D often make claims in
various social platforms that they can still be physically
active and train while still adhering to a LCD. La-Fountain
et al. observed that a 12weeks VLCD (<50g
carbohydrate/day) did not affect the physical
performance as compared to a mixed diet in military
personnel without T1D. This study also showed improved
insulin sensitivity along with body composition following
the VLCD alongside high adherence. In elite endurance
athletes (like cyclicists, runner, long distance swimmers)
lot of confusion exists both in acamedicians and athletic
circles regarding the correct terminology for use to refer
to the variety of periodised carbohydrate schedules which
are now commonly used for elite athletes [29]. For
extreme cases of highly trained endurance athletes that
don’t have T1D, like Chris Froome, was given a daily
carbohydrate plan which gave >6500Kcal and 18g
carbohydrate/kg body weight by support nutrition
consultant, author JPM of the article, during one very
challenging solo ride over mountains terrain during his
victory in the 2018 Giro d ’Italia [30]. Personal
observations of the athletes, coauthor JPM [31], showed
that elite professional cyclicists might adjust their daily
carbohydrate intake from 2-10g/kg body mass during
training depending on the goals of the particular training
phase. Having personal experiences with professional
cyclicists having T1D (Team Novo Nordisc) by author SNS,
suggest that the athletes with T1D also adjust their daily
intake based somewhat on daily expenditures, although
these athletes must also consume carbohydrate on the
ride to avoid hypoglycemia. Further research will need to
evaluate the effect of such high (and periodised)
carbohydrate intakes on daily glycaemic profiles and long
term metabolic health in endurance athletes with T1D.

T1D and Low carbohydrate Diets

A flexible approach to carbohydrate intake matched
with intensive insulin therapy is suggested by current
ADA guidelines [32] that are facilitated by programmes
like DAFNE [33]. Concern remains that a higher calorie
intakes along with potentially unhealthy eating patterns
in general, contribute to the high obesity prevalence and
the metabolic syndrome in people having T1D. Moreover
research has revealed that subjects with T1D are mostly
inaccurate when trying to estimate the carbohydrate
content of their food, especially when the carbohydrate
content is high [34]. It gets complicated by the fact that
subcutaneous insulin absorption rate might vary by as
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much as 30%,when insulin dosages levels are high [35],
suggesting that lower carbohydrate meals and hence thus
decreased insulin needs might help to decrease this
variability in insulin absorption rates. There is a
mismatch between carbohydrate absorption and insulin
action especially after large meals in individuals with T1D,
particularly with larger carbohydrate meals, that 2
glucose fluctuations with excessive increase in insulin
increasing the risk of hypoglycemia [36]. LCD’s might
enable more correct estimates of carbohydrate content at
a mealtime, and further exogenous insulin needs, for
subsequently decreasing glucose variability along with
incidence of hypoglycemia.

Very few studies show promise regarding LCD’s in
T1D subjects , though sample size were small [37]. The
effect of low vs. higher carbohydrate diets on variety of
T1D outcomes.; like Hb Alc, total daily insulin, incidence
of hypoglycemia, and BMI, was not determined with
conclusions in a review by Turton, et al. [38], because of
the marked heterogeneity of studies. A small study was
carried out by Kreb’s, et al. to give evidence that a LCD
might be possible for people with T1D who were
restricted to 100g of carbohydrate/day. They randomized
10 people having T1D for either LCD or a carbohydrate
counting course. After this intervention the carbohydrate
restricted group had a markedly decreased Hb Alc from
7.9mmol/L to 7.2 mmol/L and daily insulin use also
decreased on average, from 64 units to44 units/day. But
continuous glucometer data showed no change in
glycaemic variability with the low carbohydrate
intervention in contrast to carbohydrate counting. An
online survey with the use of social media platform to
evaluate glycaemic control among adults and parents of
children with T1D was done by Lennerz, et al. which
reported a mean carbohydrate intake of 36x15g/day. The
data was collected from 316 people who responded
(42%were parents of children with T1D) suggested
excellent glycaemic control (mean HbAlc was
5.67+0.66%) with low rate of side effects. But there are
lots of limitations in this study that include questions over
how generisable this sample population was to the rest of
population and difficulties of using self-reported data [39].
E.g 36g of carbohydrate /day 1is probably an
underestimation of their actual carbohydrate intake from
all dietary sources. A case study was done in an adult
female consuming 30-50g of carbohydrate/day by
Eiswirth, et al. whose HbA1c decreased from 7.5% to 5.3%
in 4 mths and average daily blood glucose readings
reduced from 10.4 mmol/L to 6.1mmol/L, with a reduced
blood glucose variability. They found no rise in hypo or
hyperglycaemic episodes. But this is just a case report on
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just one probably highly motivated subject, following a
strict insulin regimen with frequent blood glucose
checkups, so this might not apply to the broader T1D
population. Our example diets show how difficult it would
be for majority of people to follow such diets safely and
effectively over a long time. Short term effects of VLCD’s
(<50g carbohydrate /day) vs a high carbohydrate diet
(2250g carbohydrate/day) in 10 individuals with T1D
was studied by Ranjan, et al. [40]. No difference in mean
glucose levels between the interventions was found but
glycaemic variability was lower following the VLCD,
which meant that participants spent more time in
euglycaemia. The biggest positive evidence that LCD’s can
decrease glycaemic variability, body weight and time
spent in hyperglycemia comes from a recent article by
Schmidt, et al. [41]. They compared the effect of 12weeks
of LCD (<100g carbohydrate/day) to 12weeks of a high
carbohydrate diet to (>250g carbohydrate/day) in 14
people with T1D utilizing a randomized crossover design.
No difference was found in time spent in glycaemic target
range (3.9-10.0mmol/L) between conditions; yet time
spent in hypoglycaemia (<3.9mmol/L) and glycaemic
variability were lower in the LCD condition. Though some
positive effect is seen with LCD’s for people having T1D,
requirement is for longer time high quality interventions.
Moreover, effects of LCD’s on metabolic response during
exercise needs to be investigated

Expected benefits of LCD in T1D Subjects

Obesity is being found very commonly in T1D subjects
[42], of which most subjects don’t maintain a healthy
body mass or meet physical activity guidelines [43]. The
Pittsburgh Epidemiology of Diabetes Complication Study
results revealed that a seven fold increased prevalence of
obesity from 3% to23% over an 18 year follow up
between 1988-2007. This showed that a dramatic weight
gain occurred in this population. In large scale studies like
the Swedish National Diabetes Registry found that among
the 21,000 adults with T1D on their record, obesity was
associated with increased incidence of heart failure
significantly [44], while Price, et al. [45] found that
obesity was associated with retinopathy along with macro
vascular disease. These statistics are really cause for
concern on combining this with recent data that show the
glycaemic control in people with T1D is getting worse.

That LCD’s represent an effective strategy for weight
loss irrespective of the population was concluded by
Feinman et al. though this still needs to be checked in
people with T1D. i) As carbohydrate content of the diet is
decreased, the relative proportion of energy derived from
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protein and /or fat is increased that > increased satiety,
often = decreased calorie intake. The common forms of
LCD’s like the Atkins Diet [46] (20g carbohydrate/day
with a gradual rise to 50g/day) or protein Powder [47]
(=100g carbohydrate/day) imposed no formal limit on
caloric consumption because of assumption that higher
satiety of fat and protein will control caloric intake [48].

Further the increase in overweight and obesity might
be related to intensive insulin therapy in addition to a
positive energy balance. Insulin being an anabolic
hormone, stimulates lipogenesis along with slowing the
basal metabolism [42,49,50], thus resulting in fat
deposition. This is further increased by the fact that
exogenously administered insulin circulates systemically
initially so it disproportionately affects muscle and
adipose tissue (AT) when compared to hepatic tissue.
This is in contrast to healthy non diabetic people, where
endogenous insulin has to pass through the portal vein
initially to the liver where it suppresses neoglucogenesis,
and then only 40-50% of insulin moves into the systemic
circulation to act on the peripheral muscle and fat tissue
to increase peripheral uptake along with suppress
lipolysis. Weight gain means a barrier to compliance of
insulin therapy and DM control. This was emphasized by
Bryden, et al. [51] who kept a follow of 65 young patients
with T1D from adolescence to young adulthood and
discovered that 30% of the women admitted to
underdoing their insulin to manipulate their
weight .Restricting carbohydrate/day in diet might be
helpful in managing weight in T1D subjects, as calorie
intake might decrease with which insulin dosage would
decrease automatically. Research on dietary approaches
for optimising weight and glycaemic control in T1D is still
required.

Another potential factor affecting weight gain is
hypoglycaemia. Since acute hypoglycemia is associated
with food cravings, especially for carbohydrates to
resolve the hypoglycaemia, that may cause disinhibited
eating behaviors [52]. Most importantly, individuals
having T1D often take intake of carbohydrates greater
than that which is recommended to treat hypoglycemia
and often unnecessarily treat with foods which also
contain protein and fat [53]. Further the impact of regular
intake oh high carbohydrates either in snacks or meals
was demonstrated by Russell, et al. who found that
healthy, normal weight individuals who took an oral
glucose challenge (50g glucose) experienced a 1.5 times
higher rise in blood glucose concentration, as compared
to when they underwent a mixed meal challenge (21.7 g
protein, 4.8g fat, 41.0g carbohydrates). On contrast
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enhanced ultrasound it was seen that forearm muscle
micro vascular blood volume and flow increased
following the mixed meal but reduced after the glucose
challenge inspite of similar levels of hyperinsulinemia
between the 2 conditions [54]. This implies that high
glycaemic meals impair skeletal muscle micro vascular
blood flow that might limit glucose disposal into the
skeletal muscle. If LCD’s decrease the incidence of
hypoglycemia, this would decrease the input of corrective
carbohydrates, and finally help in managing weight and
thus potentially decrease the risk of microvascular insulin
resistance (IR).

IR is common in T1D individuals with the incidence
rising [52,55]. IR is an independent risk factor for
microvascular (neuropathy, nephropathy, retinopathy)
along with macrovascular (coronary and peripheral
vascular disease) complications in people having T1D [55-
58]. Overlap is possible in mechanisms of IR in T1D and
T2DM, including an increase in intramuscular triglyceride
(IMTG) content [59] and mitochondrial dysfunction [60].
But hyperglycemia is unable to explain the high
prevalence of IR seen in T1D [61]. It may be possible that
chronic exogenous use of insulin might be responsible for
the same, as human basal insulin like insulin detemir or
glargine have been shown to cause more IR, oxidative
stress, skeletal muscle ectopic fat collection along with
mitochondrial impairments in contrast to hypoglycemia
alone [62]. Studies are there that implicate that higher
insulin dose (i.e. IR) is associated with greater mortality
in T2DM subjects [63], though a cause and relationship
remains to be made. Since LCD’s are accompanied with
decreased insulin doses in T1D subjects, possibly due to
decreased carbohydrate intake [37,64], this decrease in
insulin exposure at least theoretically might improve
insulin sensitivity as supported by limited animal and
observational studies [65]. More studies are needed
which examine specifically this relationship of LCD’s on
insulin sensitivity using insulin clamp methods and/or
meal tolerance tests in subjects having T1D.

Risks of LCD in subjects having T1D

Few reports document that VLCD’s (30-40g
carbohydrates /day) in adults having T1D can cause
decreases in HbA1lc to as less as ~5.5%. But these studies
included either case reports or very small sizes of
possibly dedicated individuals who are not the proper
representative of the broader population, and the other
report is a large online survey of select cohorts where no
controls were used. Moreover no additional beneficial
effect is there of getting HbAlc under 7.0% on either
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overall health or mortality [66], especially if there is
greater risk of hypoglycemia [67] that suggests these
diets are extreme unnecessarily. Normally VLCD’s are not
recommended in T1D subjects in view of the risks of DKA
and oxidative stress, dyslipidemia, nutritional deficiencies
and difficulty in maintaining such diets over long periods.
Importantly VLCD’s which have ketogenic effects might
increase the risk of DKA especially in individuals taking
sodium glucose transporter2 (SGLT2) inhibitors since
total daily insulin intake decreases remarkably [68] and
thus a risk of euglycaemic DKA. Further there may be risk
for more frequent along with more severe hypoglycemia
with VLCD, at least in theory. Still with the increased use
of continuous glucose monitoring with alerts to warn of
impending hypoglycemia might help to facilitate a LCD or
VLCD [69]. Increased ketones in an insulin deficient state
in people having T1D are known to elicit oxidative stress
and inflammatory responses that play a pivotal role in the
development of complications [70]. Concerns were raised
by Ranjan, et al. regarding VLCD’s in people having T1D in
a study showed that one week of an isocaloric VLCD, diet
defined as <50g/day, decreased the treatment effect of
glucagon response to glucagon to the VLCD condition
might be due to decreased hepatic glycogen stores,
Moreover in VLCD condition, the 1st glucose bolus led to
significantly greater increase in free fatty acids and
ketone body concentrations compared to the high
carbohydrates diet condition, implicating that the VLCD
might increase the risk of ketogenesis under certain
conditions which raise glucagon levels like in prolonged
exercise. Thus one can propose that glucagon’s efficacy
when used as a rescue treatment in severe hypoglycemia
would be impaired with VLCD, Still more research in
required for testing it.

Another concern of LCD/VLCD’s is that dietary
carbohydrates is decreased, the intake of saturated fat
will likely increase for maintaining calorie intake. A study
wherell adults having T1D on a VLCD (<55g
carbohydrates /day), 82% were found to have increased
total and LDL cholesterol and increased total: HDL ratio
as seen in 64% of participants with 27% experiencing
increased serum triglycerides [71]. On same basis 62% of
participants in the observational study of a VLCD (mean
intake of 36+15g carbohydrates day) in adults and
children with T1D were shown to have dyslipidemia
(increased total and LDL cholesterol). The impact of LCD
on blood lipids in the nondiabetic population is
controversial; yet more studies gave evidence of positive
than negative effects [72-74]. Inspite of concerns, the
levels of increased cholesterol is not of much clinical
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relevance, mainly if the diet decreased risk of

complications due to improved glycaemic control.

Another point that bothers with a VLCD is the
potential of nutritional deficiencies. Though high
carbohydrates containing foods mostly contain
ingredients high in sugar or refined starches with little or
no nutritional quality, carbohydrates rich foods also have
a broad range of nutritionally valuable options like fruits,
vegetables, whole grains, milk, yogurt and legumes. Not
consuming these latter foods might not be ideal from a
healthy eating perspective, as they often contain valuable
nutrients and fibre. Dairy consumption has been shown to
have various health promoting effects in DM, possibly by
probiotic actions [75]. But though yogurt consumption, as
one e.g can be beneficial to health, products can vary
widely in sugar control and is common for the
carbohydrate content of low fat yogurts to be over 10%
due to the addition of low cost fructose syrup [76].
Further it is dangerous to consume regular high fructose
syrup in some yogurts and fizzy drinks, especially in
children, for the risk of obesity, IR, cardio vascular disease
(CVD), fatty liver disease and dental caries [77]. Further a
LCD does not differentiate between a higher quality and
lower quality food choices. E.g on analysis it was found
that Atkins for life VLCD (20-40g carbohydrates/day) was
insufficient in delivering Reference daily Intake for 12 of
the 27micronutrients [78]. A hypothetical design for a
case study, low carbohydrates (<130g/day), high fat diet
was found to meet all minimum micronutrient thresholds

besides iron in the female meal plans, that achieved 86-98%

of the threshold [79]. Further evidence exists that a HFD,
as a function of VLCD, can cause iron deficiency. 3 out of 7
men on a VLCD had low hemoglobin as per Leow, et al.
[71]. Thus evaluation and monitoring of vitamin and
mineral status in subjects with T1D following LCD need to
be encouraged along with recommending multi-vitamin
supplements might help In decreasing the risk of
deficiencies. Special concern regarding VLCD is on bone
health with insufficient calcium and Vitamin D intakes.
For T1D this is more important, as suboptimal glycaemic
control seems to be related to bone mineral density, and
almost 20% of people with T1D between 20-56 years
meet the criteria of osteoporosis [80]. Though limited
data on the long-term effects of a LCD in T1D subjects,
after a ketogenic diet results in decreased bone mineral
content in children with epilepsy [81,82]. Moreover,
despite marked evidence that low glycaemic index
carbohydrates are of benefit in management of post
pandial glycaemia, in T1D [83], recent trend is
emphasizing regarding quantity of carbohydrates in the
diet over quality. This seems to be simplification since
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restriction of poor quality, the refined carbohydrates high
in sugar and low in dietary fibers is of benefit for overall
health but some high-quality carbohydrates are possibly
health promoting, as they often have essential
micronutrients and other potentially nutraceuticals that
are of benefit. Guidelines regarding diet that includes
ADA’s Standard of Medical Care in Diabetes recommend
nutrient dense carbohydrates sources which are high in
fibre, including vegetables, fruits, legumes, whole grains,
along with dairy products [84].

Thus a diet that is rich in nutrients, which meets
energy, vitamin and mineral needs is essential regarding
normal growth and development, if these requirements
are not met, it may be especially harmful in children. A
series of case studies implicating that carbohydrates
restriction in growing children might = anthropometrical
and maturation deficits with increased CVD risk profile
because of increased fat intake was published by de Bock,
et al. [85]. But if compensatory energy is not provided in
the form of increased fat and protein, carbohydrates
restriction will cause total energy decrease along with
weight loss which has potential negative impact on
growth in children and adolescents. Thus role of a
specialist dietician in determining the overall diet for
ensuring all needs are met is believed to be important for
subjects living with T1D. ISPAD Clinical Practice
Consensus guidelines on nutritional management in
children and adolescents with DM gives further
information on nutritional management, what correct
energy intake is to develop optimal body weight, growth
and development. VLCD’s, generally are not
recommended for youth with T1D and one needs to
emphasize the timing and amount of carbohydrate intake
around exercise and physical activity that is an additional
challenge for the child along with their family. Right now
extra carbohydrate-based snacking is advocated for
prolonged activities to help in minimizing hypoglycemia
risk.

Thus in management of T1D marked effort is paid to
food selection along with portion size. If extra dietary
restriction is added, risk of food preoccupation gets raised.
In Contrast to people who don’t live with DM, T1D
subjects are at a higher risk of developing eating
disorders. Further long term LCD’s intake has given
different results. Studies that are long term on LCDs are
far and few, yet a retrospective audit of dietary
compliance (<75g carbohydrate/day) carried out by
Nielson, et al. showed that a dropout rate of
52%waspresent. Besides initiating, maintaining the diet
restriction is most vital. Hence it may be difficult to
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manage these diet restrictions both in short and long term
with different cultural factors, role of food in celebrations,

and other situations like in restaurants or while travelling.

This LCD diet may isolate the subject in context of society
and increase risk of disordered eating behaviors. This
explains why social media pages that tout VLCD are
common even in T1D community.

How to Remain Active on a LCD

Exercise puts special metabolic challenge for subjects
with T1D, since it markedly raises the risks of hyper or
hypoglycemia, based on umpteen variables [86] To
achieve an optimal glucose concentration, during and
following a bout of exercise, to get the best performance
and training adaptation is a balancing act between the
right insulin dosing strategy and carbohydrate intake.
Keeping a control on carbohydrate metabolism during
endurance exercise is based on how much endogenous
and exogenous stores are available, how much transport
proteins are there including their activity which transport
substrates across plasma and mitochondrial membranes
and activity of enzymes involved in metabolic pathways
[87]. Exericise intensity, its duration, nutritional status
and training status all impact the substrate utilization
during exercise and risk of glycaemic disturbances for
individuals with T1D. Other factors might also play a role
like on board insulin concentrations, etc. Optimising the
time and amount of carbohydrate intake might impact
largely on performance, blood glucose management along
with weight control.

Strategies of Carbohydrate Restriction for
Endurance Athletes with T1D-Practical
Options

Although low carbohydrate training is a very hotly
debated subject amongst athletes, coaches and sports
scientists, very little published research is available that is
specific for athletes with T1D. Carbohydrate needs are
based on training status and the event for which the
person is training for. More factors might influence the
blood glucose concentrations in athletes with T1D that
makes estimation of carbohydrate needs complex (Table
1). Lot of scientific evidence suggest role of high
carbohydrate diet in endurance performance athletes
along with nonathletes in people without T1D [88,89]. But
periodically doing endurance training with decreased
carbohydrate available, but still doing competition
without carbohydrate restriction (i.e. training low but
competing high) has been shown to promote superior
training adaptations in skeletal muscle when compared

Kulvinder Kochar Kaur, et al. Restricting Carbohydrates in the Diet-A Possible Method of

with high carbohydrate availability in athletes without
DM. Most of the studies suggest increased cell signaling,
gene expression and training induced increases in the
oxidative capacity of skeletal muscle (Figure 1). Yet these
adaptations always do not translate to improved exercise
performance [12,90]. To develop a nutritional strategy for
a high level or elite athlete having T1D is very complex
because of the number of factors which need to be taken
into consideration, besides the task of controlling blood
glucose levels which is already tough in daily life. More
carbohydrate is needed by athletes to fuel every training
session for being able to complete at intensity essential
for eliciting adaptation, and there may be need to
decrease fat mass and retain or raise lean mass to prepare
for competition [91]. There is need for both athlete and
their training coach regarding training loads and
competition schedule that means carbohydrate intake will
vary from day to day. Enough carbohydrate is required to
restore muscle glycogen stores between sessions, which
are particularly important for athletes who undertake
long duration or high intensity training sessions and
competing more than one in a short span of time [92]. To
control weight might be difficult for athletes having T1D
since high levels of insulin would raise the carbohydrate
requirements during exercise and decrease the use of
endogenous fuel stores. One has to keep this in mind
when competing in particular events like long distance
running, cycling where idea is to improve power to
weight ratio; or sports that entail particular weight
categories, needs have to be met like in boxing, martial
arts along with horse racing (Figure 2). A low
carbohydrate diet used chronically is possibly not suitable
in high level athletes having T1D in view of energy needed
to fuel their heavy training load. Yet a number of “train
low, compete high” strategies have been investigated,
past exercise carbohydrate restriction, and sleep low,
train low strategies; some of which might or might not be
of benefit for people with T1D (Figure 3). Athlete having
T1D has to make sure that training intensity is not
compromised when creating a metabolic milieu that helps
in facilitating endurance phenotype along with
maintaining a blood glucose concentration which is safe
and does not interfere with performance. Training with
low glycogen stores has some problems in athletes
without T1D s demonstrated by Bartlett, et al. [7]. E.g
doing exercises in a low exogenous carbohydrate might
be difficult to maintain the training intensity, and hence
impairs adaptation. Moreover, regular exercise with or
without low exogenous carbohydrate might affect the
ability to oxidize the further exogenous carbohydrate
when increase in intake is implemented [93].
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Figure 1: Courtesy ref no- 31 Schematic overview of the exercise-nutrient-sensitive cell signalling pathways
regulating enhanced mitochondrial adaptations associated with training with low carbohydrate availability in people
without Type 1 diabetes (T1D). Adapted with permission from [8]. (1) Reduced muscle glycogen enhances 50 AMP-
activated protein kinase (AMPK) and p38 mitogen-activated protein kinase (p38MAPK) phosphorylation resulting in
(2) activation and translocation of peroxisome proliferator-activated receptor gamma coactivator 1-_ (PGC-1_) and
p53 to the mitochondria and nucleus. (3) Upon entry into the nucleus, PGC-1_ co-activates additional transcription
factors (i.e, NRF1/2) to increase the expression of cytochrome c oxidase (COX) subunits and mitochondrial
transcription factor A (Tfam), as well as auto regulating its own expression. In the mitochondria, PGC1_ co-activates
Tfam to coordinate regulation of mtDNA, and induces expression of key mitochondrial proteins of the electron
transport chain; e.g,, COX subunits. Similar to PGC-1_, p53 also translocates to the mitochondria to modulate Tfam
activity and mtDNA expression and to the nucleus where it functions to increase expression of proteins involved in
mitochondrial fission and fusion (i.e., dynamin-related protein 1 and mitofusion-2) and electron transport chain
proteins. (4) Exercising in conditions of reduced carbohydrate availability increases adipose tissue and intramuscular
lipolysis via increased circulating adrenaline concentrations. (5) The resulting elevation in free fatty acids (FFA)
activates the nuclear transcription factor, peroxisome proliferator-activated receptor _, to increase expression of
proteins involved in lipid metabolism. (6) However, consuming pre-exercise meals rich in carbohydrates and/or
carbohydrate during exercise can downregulate lipolysis (thereby negating FFA-mediated signalling), as well as
reduce both AMPK and p38MAPK activity, thus having negative implications for downstream regulators. It is
important to note that these signalling responses are likely different in athletes with T1D due to dependence on
exogenous insulin that will suppress lipolysis and activation of the PPARs, which in turn may impair adaptations in
mitochondrial proteins and oxidative enzymes following exercise. This may suggest a mechanism for enhanced
adaptation with fasted exercise in athletes with T1D, but this hypothesis needs to be tested. (7) High fat feeding can
also modulate PPAR_ signalling and upregulate genes with regulatory roles in lipid metabolism and down regulate
carbohydrate metabolism.
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Figure 2: Courtesy ref no.31 An example day in the life of a high-level endurance athlete living with Type 1 diabetes.
This is a simplified schematic to demonstrate the complexity of managing the many factors that the athlete must take
into account to achieve optimal nutrition for training, recovery and to spend as long as possible in the target
glycaemic range. These factors will vary between and within athletes, depending on training schedule and nutrition
requirements. (1) Upon waking, liver glycogen levels will be low, therefore breakfast should be planned with the
morning training session in mind to ensure the athlete is fuelled and blood glucose levels are in the target range to
complete the session. (2) Reduced insulin dose with breakfast, by 25-75%, is an important consideration in order to
minimize a drop in blood glucose concentration during training. (3) In ride nutrition needs to be planned in
accordance with their workload, pre-exercise blood glucose concentration, and training conditions (e.g., if session is at
altitude and/or high ambient temperature). The aim is to ensure that the athlete is not at risk of hypoglycaemia or
hyperglycaemia while taking on carbohydrates to maintain carbohydrate availability to promote training intensity
(carbohydrate intake can be low, simply to reduce risk for hypoglycaemia, moderate if insulin dose reductions are
performed, or can be as high as 60-75g per hour to maximize performance. Hydration is also important, with fluid
consumption matched to water loss from sweat and respiration. (4) Post training nutrition is important to capitalize
on glycogen storage, which is particularly important if they plan on training on the same or following day. (5) The
athlete may consider adjusting their insulin dose post-training depending on their blood glucose levels. Typically less
basal insulin is required for active days]. (6) Snacks containing carbohydrates may be consumed throughout the rest
of the day to maintain fuelling and to prevent hypoglycaemia. (7) The macronutrient content of the evening meal and
insulin bolus is important to ensure refuelling glycogen stores following the training session. (8) It is also important
that the athlete gets enough undisturbed sleep to recover, which can be a challenge if glucose control is compromised
overall and because late day activity may compromise sleep quality since nocturnal hypoglycaemia risk increases. The
risk of nocturnal hypoglycaemia can be increased following certain training sessions. Therefore, the athlete should
consider adjusting their insulin dose overnight to increase the time in target and reduce the risk of disrupted sleep.
Continuous glucose monitoring is a useful tool for the athlete to monitor difficult areas throughout their daily
schedule to reduce the time spent in hyper or hypoglycaemia, and to help ensure that their nutrition is adequate for
their training schedule.

Fasted training Twice per day training Sleep low, train low

O KA

Moderate High Very High
Risk of Hypoglycaemia

Figure 3: Courtesy ref no.31-Summary of presumed hypoglycaemia risk and benefit to training adaptation in people
with Type 1 diabetes using ‘train low’ strategies.
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Factor Comments

Implications for the athlete with T1D

Exercise modality and
protocol
glycogenolysis.

Exercise modality, duration and
intensity can all affect muscle glucose
uptake and both liver and muscle

Carbohydrate requirements will be greater
with greater training loads. The type of
exercise influences the change in glycaemia
[86].

Environmental conditions

Training/competing at high
temperatures and/or at altitude
increases the risk of hypoglycaemia.

Extra consideration is needed, especially if
they are accustomed to lower temperatures.

Antecedent hypoglycaemia
and/or moderate intensity

exercise .
hypoglycaemia

Counter regulatory responses may be
impaired during subsequent exercise
bouts and increase the risk of

Following recent hypoglycaemia, carbohydrate
requirements during subsequent training
sessions may be greater than usual.

Pre-exercise blood glucose

There is evidence that blood glucose
drops more when starting exercise with

If blood glucose is elevated, carbohydrate
feeding may need to be delayed until blood
glucose has lowered. However, when pre-

levels higher blood glucose concentration. exercise blood glucose is low, high glycaemic
index carbohydrate may need to be consumed.
Exercising late in the afternoon may
increase the risk of nocturnal The athlete may require more vigilance after
Time of day hypoglycaemia. Early morning exercise an afternoon exercise session to reduce the

may reduce risk of hypoglycaemia due
to the ‘dawn effect’.

risk of nocturnal hypoglycaemia.

Hormonal factors

Menstrual cycle phase in women and
possibly competition stress (i.e., insulin
resistance during early luteal phase and

arise in glucose level during
competition stress associated with
cortisol and/or catechol amines)

Adrenaline release before competition may
cause blood glucose levels to rapidly rise.
Blood glucose responses during training may
be very different during high stress
competition settings.

Table 1: Factors to consider when calculating carbohydrate intake requirements for the active patient with Type 1

diabetes (T1D).

Lastly, any increased muscular adaptations using
these ‘train low’ strategies might have further metabolic
benefits in people having T1D in view of improved overall
skeletal health. Importance of this is highlighted by the
fact that skeletal muscle health has been shown to be
impaired in people with T1D (like mass, function
metabolism) and thus represents a therapeutic target
[60,94]. A hypothesis that T1D is a type of increased
ageing in skeletal muscles due to impairments in
mitochondrial structure and function potentially
accelerating the decline in muscle health was emphasized
by Monaco, et al. Thus it might be important to improve
skeletal muscle health in view of increased mitochondrial
protein expression for athletes with T1D, irrespective of
any performance benefits for improved glycaemic control
along with metabolic health that would implicate that one
needs to investigate if the effects of train low strategies is
really worthwhile. E,g increased cell signaling = improved
mitochondrial structure and function might be of benefit
for performance and/or metabolic health knowing that
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mitochondrial structure is impaired in people with T1D.
Bur since this is just a speculation it requires proper
exploration.

What are the adaptations to exercise under
carbohydrate restricted conditions have not been tested
in people with T1D, hence most of the further section s on
the bases of trying to extrapolate which mechanisms
possibly occur in people having T1D. Though focus is on
endurance athletes, it is still a very simple approach since
even among elite athletes, training loads can differ as
much as 10-12h / week with individual training sessions
lasting between 1-6h for cyclists and triathletes. To
conduct any research in this field, it is important that
glycaemic control during and after exercise and overall
metabolic health are given just as much attention as
performance outcomes while studying dietary needs and
interventions for subjects with T1D. Importance lies in
conducting studies which characterize the 24h glucose
profiles, changes in lipid metabolism, body composition
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and HbA1c following predisposition training strategies in
subjects with T1D.

Training twice /day

Training twice in a day is other training approach
which is designed so that athletes finishes a morning
training session followed by lot of hours of decreased
carbohydrate intake so that the 2nd training session is
started with decreased muscle glycogen (i.e depleted
training glycogen). In subjects without T1D, 3-10 weeks of
twice /day training increases oxidative enzyme activity as
demonstrated earlier [89,95]. Whole body composition,
and intramuscular lipid utilization, aerobic capacity and
performance [96] vis a vis once/day training. Initially
Hansen, et al. [95] used a one legged kicking model for
comparison of once training vs twice a day training every
alternate day. Which meant that the second bout in the
twice /day condition was done with low muscle glycogen.
These positive findings of twice /day training were then
shown on a whole -body level by others.

Though still to be tested in a research setting twice /day
training is going to be technically challenging for subjects
with T1D.

a. Antecedent exercise blunts the counter regulatory
responses on further exercise that would increase the
rise of hypoglycaemia [97].

b. twice /day training would need continuous glucose
checking throughout training days and increase watch
overnight to prevent nocturnal hypoglycemia
compared to a single session. Still under correct
conditions, athletes might be able to do twice /day
training if they take some carbohydrates at the 2nd
training session to prevent hypoglycemia along with
use continuous glucose monitoring.

Exercise in Fasting conditions in T1D Athletes

Exercise in Fasting conditions when breakfast is taken
following morning training sessions, is a simpler model
for training low which might > training in the fed state
[98]. Exercise in overnight fasted conditions in people
without DM has been associated with a lot of responses
which may translate to long term improvements in lipid
and glucose metabolism [99]. On exercising during fasting,
increase fat utilization, improved plasma lipid profiles
and increased activation of the molecular signaling
pathways increased mitochondrial content and capacity
to oxidize fat while suppressing glucose metabolism in
contrast to fed exercise [100,101]. 5’Adenosine
monophosphate activated protein kinase (MAPK) activity,
Ca MK, and p38MAPK are the kinases involved, While
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exercising these kinases translocate from the cytosol in to
the nucleus where they activate transcription factors
controlling the expression of nuclear genes known to
control mitochondrial biogenesis and genes encoding for
fatty acid transport into skeletal muscle, the capacity of
the carnitine shuttle and the [-oxidation enzymes.
Feeding prior to exercise lowers post exercise adipose
tissue gene expression of pyruvate dehydrogenase kinase
isozyme 4, adipocyte triglyceride lipase, hormone
sensitive lipase, GLUT4 and insulin receptor substrate 2
compared to the fasted state. Undertaking moderate to
high intensity steady state exercise (70%WMAX in the
fasted state increased fatty acid availability augmented
AMPKThr172 phosphorylation and Increased PDK4mRNA
expression compared to the same exercise bout in the fed
state. Carbohydrates intake before and during exercise
stimulates a contribution of blood glucose to the
metabolic substrate intake before and during exercise
stimulates a contribution of blood glucose to the
metabolic substrates pool fuelling muscle and inhibits fat
oxidation due to higher glycolytic flux and pyruvate
oxidation by the pyruvate dehydrogenase complex
[102,103]. This attenuated lipid utilization during
exercise, mainly due to higher insulin concentrations, that
help lipolysis both of the AT stores (reducing plasma
NEFA concentrations) and the IMTG stores [104]. The
high insulin concentration, as typically occurs in the post
meal state especially if carbohydrates are consumed will
also suppress liver glyconeogenesis, meaning that glucose
production by the liver will not match oxidation by the
muscle, thus blood glucose falls [105]. In comparison to
fed state exercise, during fasted exercise, an increase in
mobilization of triglycerides reserves from AT and
reduced re-esterification of NEFA and insulin
concentrations will be low, that a rise in concentrations of
circulating NEFA in the plasma and thus more lipid
provisions to the muscle for oxidation [106]. Low insulin
levels will also decreased blood glucose oxidation and
muscle glycogen breakdown, as well as liver glucose
production via glycolysis and gluconeogenesis. Subjects
with T1D can slightly change the fuel selection during
exercise on the basis of the time exercise is done, in
relation to their bolus insulin administration and how
much basal and bolus insulin is present in circulation at
the time of body’s reliance on carbohydrates as fuel [107].
But withholding insulin can itself dramatically increase
glycaemia and ketone production during exercise [108].

Evidence is coming forward regarding T1D’s who train
regularly in a fasted state is of benefit for metabolic
adaptations. The effects of six weeks of supervised
endurance training under tight dietary control on
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metabolic adaptations to exercise was studied by Van
Proeyen, et al. in which half of the participants trained
consistently in the fasted state and the other half were fed
carbohydrate before and during each training session.
Histology of the muscle revealed that fasted training
increased the contribution of intramyocellular lipids
(IMCL) to energy provision, but these changes were not
found in the fed group. This implicates that training in a
fasted state stimulates adaptations in muscle cells to shift
fat fuel selection towards a higher fraction of ICML
utilization, But though the study suggested that training in
the fasted state is a more potent stimulus than fed
training to increase muscle oxidative capacity, the
increased oxidative capacity in fasted training did not
translate to any better performance in the 60’time
interval. Thus particularly for T1D individuals, these
findings implicate the importance of decreasing insulin
dose before exercise to increase the contribution of lipid
oxidation to fuel the exercise bout that might help in
decreasing fat mass and prevent a decrease in blood
glucose concentration. To decrease insulin in an effective
way those on insulin pumps, aggressive basal rate
decrease (by 80%)~90 min pre-exercise is needed and
the effect of lipid utilization might just be marginal [109].

That training during fasting but not fed training
prevented the decrease in glucose concentrations induced
by exercise during a bout of fasted exercise that was done
post training was interesting in Van Proeyen’s, et al. study
[110]. They proposed that regular exercise in the fasted
state might stimulate adaptations in the liver to facilitate
glucose production via gluconeogenesis. If the same
adaptation also occurs in people with T1D, regular fasted
training might be a method of preventing the drop in
blood glucose during moderate intensity exercise hence
decreases the risk of hypoglycemia. Counter to this, fasted
training might help in consistent rise in blood glucose
level if the exercise was very vigorous. Also what was of
interest was Stannard’s, et al. results, who demonstrated
that training five times/week for 4 weeks in an overnight
fasted state increased muscle glycogen storage greater
than fed training . Increase in resting muscle glycogen
stores was only 3% in fed training condition in contrast to
55% in fasted state, implicating increased training
adaptations occur in T1D subjects as well, if done
regularly fasted training might improve metabolic
adaptations and improve glycaemic control as well and
decrease the risk of hypoglycemia over the 24h period.
The effects of regular long-term training in the fed vis a
vis fasted state has not been studied in T1D subjects
however.

Kulvinder Kochar Kaur, et al. Restricting Carbohydrates in the Diet-A Possible Method of

In T1D subjects, blood glucose levels have been found
to have greater stability after exercise done in fasted
condition in morning [111], opposite to the decrease in
blood glucose levels found in late day (fed state) aerobic
exercise [112-117] and high intensity training. It might be
because of more reliance on fat oxidation while fasted
exercise which might offset the fall in blood glucose level
and decrease the risk of hypoglycemia. Greater small
sessions of intensive high intensity interval type exercise
might even cause a marked rise in blood glucose levels
that needs insulin correction prior to 1st meal [118]. Still it
is not clear if exercising in the fasted state would be
helpful when going through training sessions of >30’, that
makes this knowledge impossible to relate to elite
athletes that usually train for >6hrs. Several explanations
are possible for these changes observed during fasted
exercise. 1st, lower circulating insulin during fasted
exercise prevents the suppression of hepatic
glycogenolysis and thus increases blood glucose level
during exercise. 2nd, subjects with T1D might experience
the so called “dawn phenomenon”, if the exercise is done
in early morning, where an early morning increase in
blood glucose level is probably secondary to a higher
circulating growth hormone [119,120]. Although these
theories are unconfirmed, one can still suggest that
people who are struggling with hypoglycemia during
exercise and or those who are trying to prevent use of
extra carbohydrates to help in weight management might
have greater success with early morning /fasted exercise
than they would when exercise is done later in the day.
Generally potential for overnight fasted exercise for
promoting better metabolic health is highlighted by these
studies than regular fed exercise, still there is limited
work in this area, particularly in T1D subjects. Still it
seems fasted exercise might be a good strategy for T1D
subjects, since it might decrease the risk of exercise
induced hypoglycemia besides improving adaptation, and
needs to be studied deeply.

“Sleep low Train Low”

This means doing a bout of exercise in the evening,
restrict carbohydrate intake overnight and then exercise
in the fasted state the next morning [121]. Low here
points to muscle glycogen stores and not to
hypoglycaemia. The anticipated benefit of this model is
that the collective total time spent in a state of decreased
muscle glycogen can be as long as 12-14h based on the
time and duration of the training sessions along with
sleep periods. Studied that have used this model of “Sleep
low Train Low” demonstrate increased activation of
AMPK, p38AMPK and p53 signaling [122]. The effects of
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1-3 weeks of sleep low training in the elite level cyclists
and triathletes without DM on a stimulated triathlon race
performance was studied by Marquet and others
[123,124]. Increased cycling efficiency, 20km time trial
performance and 10km running performance was found
by them as compared to traditional high carbohydrate
training. Still no trials have studied “Sleep low Train Low”
in subjects with T1D. Still irrespective of “Sleep low Train
Low” augmenting training adaptation, this strategy does
not seem to be a viable option for T1D subjects in view of
high risk of nocturnal hypoglycaemia.

Conclusion/Future Research Suggestions

With the modern trend of rising obesity rates and
impaired metabolic control in typel diabetics, inspite of
improved insulin quality and technology. Earlier we have
reviewed on TID aetiopathogenesis and concerns
regarding diabesity [125,126] so here we have
concentrated on ways that could be possible in preventing
diabesity. Some novel lifestyle changes that can be
achieved are required. LCD’s that consist of <130g of
carbohydrate/day might be a strategy to better glycaemic
control along with metabolic health in T1D subjects. The
/day demands imposed on a person with T1D for
controlling their glucose are complex, hence strategies
proposed should be achievable, better the quality of life
( QoL) and make sure the person enjoys his food taking
social and psychological factors into account. Guidance
regarding nutrition in T1D should be based on proper
research with good methods. Although limited work has
been done regarding LCD’s they seem to be a good option
for increasing glycaemic control along with metabolic
health in T1D, which would raise the time in target
glycaemia in view of decreased risk of hypo and
hyperglycaemia. Further large body of evidence suggests
that LCD would help in bettering total body composition
along with insulin needs that is of benefit for overall
cardio metabolic health. Still there are no properly done
randomized controlled trials to state this for sure that
degree of carbohydrate restriction which is safe, practical
and has efficacy over a long period in people with T1D.
Most of the published research have been cross sectional
studies where no control groups have been used or case
reports in this topic from highly motivated subjects who
have been self-selected, the one’s that follow intensive
insulin management treatments and thus are not
representative of the general subjects having T1D.
Moreover a lot of LCD studies are based on self-report
diet taken which has its own limitations. For the elite
athlete who is recreationally active having T1D, even
lesser research is available in this field. Although work
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done on individuals without T1D implicates “train low”
methods might be of benefit for metabolic adaptations as
compared to when training with high carbohydrate
present. Still in athletes having T1D these methods need
testing and some of them might have extra challenges that
makes them unsuitable for athletes having T1D,
irrespective of any potential efficacy in the performance.
Thus this research needs further attention in people living
with T1D.
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